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Encyclopedia of Obesity

Kathleen Keller, Ph.D.

Research Associate, New York Obesity Research Center

Assistant Professor, Columbia University Institute of Human Nutrition

Kathleen Keller received her doctoral degree 

in Nutritional Sciences at Rutgers University 

in 2002, and her thesis focused on the genet-

ics of taste perception, eating, and body weight 

in young children. She completed a three-year 

post-doctoral training fellowship at the New 

York Obesity Research Center where she spe-

cialized in childhood obesity research studies. 

In 2005, Keller received funding from the Na-

tional Institutes of Health to continue research 

in the area of taste genetics and obesity in children, and she continues to work 

on this research at present. Most of her studies take place in the Child Taste and 

Eating Laboratory at St. Luke’s Roosevelt Hospital in New York City, where she 

is currently serving as the Director.

While actively conducting research in childhood obesity, Keller has contin-

ued a number of mentoring, teaching, and writing activities. She is an Assistant 

Professor in the Institute of Human Nutrition at Columbia University, and an 

Assistant Adjunct Lecturer in the Department of Health Sciences at Brooklyn 

College. She regularly mentors high school research students, many of whom 

have gone on to win national recognition for research conducted in her labora-

tory. Further, Keller writes monthly executive summaries for a Columbia Uni-

versity seminar series on Appetitive Behavior. hrough these varied teaching 

and writing responsibilities, she has gained an appreciation for the complexities 

of the obesity epidemic and the broad interests of researchers who work in this 

important ield. 
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Introduction

IN MEDICAL TERMS, obesity is deined simply as 

an excess amount of adipose or fat tissue. he terms 

adipose and obesity both have their origins in Latin. 

Adipose stems from adeps, meaning fat, while obesity 

comes from the Latin—obesus—which, in turn, is a 

contraction of two Latin words, ob and edere, mean-

ing to devour or eat away. At the most basic level, 

obesity is a disease of imbalance. Energy (in the form 

of calories) that is coming into the body outweighs 

the energy that is expended. 

Historically, the disease has been known in every 

society, and can be evidenced as far back as the An-

cient Egyptians. Hippocrates, the so called father of 

medicine, made one of the irst accounts of the risks 

posed by being obese, and his suggestions for treat-

ment were not that far removed from diets of today. 

He prescribed hard labor, sleeping on a hard bed, eat-

ing only once per day, eating fatty food for greater 

satiation, and walking naked as long as possible! Cer-

tainly, his patients would have lost weight when fol-

lowing that regimen, however, the practicality of im-

plementing that medical advice today is questionable. 

he critical issue, however, is why obesity, despite 

origins in the ancient world, a simple cause and treat-

ment, is one of the most salient threats to the welfare 

of our present society. 

In recent years, the public’s general interest and 

alarm in the obesity epidemic has become apparent. 

It is no longer possible to avoid the issue: newspa-

pers, the evening news, health magazines, the fash-

ion industry, television and movies, all contribute to 

the public’s both interest, and inevitable saturation 

from the issues surrounding this epidemic. Cultural 

analysts would not be far of in stating that our cur-

rent society is obsessed with both food, and the con-

sequences of an excess of food—obesity. For a society 

that relies on the mass media for much of its educa-

tion, the genuine fear of many health and medical 

professionals is that the general public will receive in-

correct messages. As someone who works in the ield, 

I often ind myself biting my tongue at family func-

tions or social gatherings, simply to prevent getting 

involved in arguments about the latest diet fads (most 

of which are inefective). However, I also understand 

the public’s deep frustrations over the state of medi-

cally purveyed obesity treatments—because there is 

no magic pill or treatment to cure and eradicate the 

disease. he best medical advice is to reduce your ca-

loric intake by eating a variety of healthy foods and in-

crease the amount of physical activity you get. Seems 

quite simple, but still, the majority of us will struggle 

to maintain a healthy weight, and this struggle is one 

we must ight for the rest of our lives.

he current interest and obsession with both food 

and obesity in present society is a predictable reaction 

to the recent increases in the occurrence of this dis-

ease. Over the past three to four decades, the preva-

lence of obesity in the United States has been consis-
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tently on the rise, and depending on what resource 

you consult, the number of obese adults is estimated 

at anywhere between 30 and 35percent. If you ex-

pand this deinition to include overweight (a less se-

vere condition of excess body weight), those numbers 

skyrocket to between 60 and 65 percent. Further, ac-

cording to most recent data from the National Health 

and Nutrition Examination Survey (NHANES), one 

of the primary surveys designed to study the health 

and nutrition status of adults and children in the 

United States, it is estimated that between 16 to 18 

percent of children and adolescents are obese, while 

over one-third are overweight. Clearly, it is no won-

der why some experts have suggested that researchers 

no longer ask the question “What causes people to 

become obese?” and that a better question might be, 

“How do some people remain lean in an environment 

of excess?” 

he cut-ofs for obesity are deined using reference 

standards for Body Mass Index, or BMI. BMI is a unit 

of weight that is adjusted for height, and is thought 

to be a good estimation of the amount of body fat 

one has. Depending on where BMI lies, cut-ofs for 

lean, overweight, and obese have been deined. hese 

classiications were set by expert committees who as-

sessed some increased risk of morbidity and mortal-

ity with increasing BMI. But these categories are not 

without controversy, and even the scientiic research 

community is at odds for deining the exact contri-

bution that excess weight makes toward reducing life 

expectancies. he fact that obesity lowers quality of 

life is less controversial though, and it is well docu-

mented that even losing modest amounts of weight 

can improve health parameters and improve overall 

well-being.

While the contribution of obesity to increasing 

mortality risk in adults can be debated, there is grow-

ing concern that today’s youths will be the ones to pay 

most dearly for this epidemic. If estimates continue as 

projected, the current generation of children will grow 

up to become the most obese in history. More impor-

tantly, it is expected that today’s youths will actually 

be the irst to have shorter life expectancies than their 

parents, a fact mainly attributed to early deaths due 

to obesity-related diseases. A clear example of this 

can be seen with Type 2 diabetes, the type of diabetes 

that results because the body can no longer produce 

enough insulin to meet the body’s needs. Obesity ex-

acerbates the progression of this illness, and over the 

course of 10 to 20 years, eventually the body becomes 

completely resistant to the efects of insulin. Until re-

cently, this disease was rarely seen in children. Juve-

nile onset diabetes, now called Type 1 diabetes, was 

the form of this disease seen in children. Currently, 

it is estimated that over half of new diabetes cases in 

children are now Type 2. Once known as “adult-onset 

diabetes”, Type 2 diabetes can now be seen in children 

as young as 2 years of age. he combination of the 

right genetic and environmental conditions has made 

for astoundingly rapid increases in the development 

of this disease in a population where it was once non-

existent. 

he statistics are undoubtedly alarming. While 

awareness of the problem is arguably at an all time 

high, the general public and most health professionals 

are still unaware as to how to treat obesity, both on an 

individual basis and at the level of public policy. Fur-

thermore, the perception amongst both the lay public 

and many health professionals is that obesity is largely 

due to a lack of will power and occurs in individuals of 

weak constitution. hus, we blame the obese individ-

ual for his or her condition. Persons who sufer from 

the illness are made to pay for two seats on an air-

plane. hey are rejected for health and life insurance 

policies. hey are stigmatized in the mass media, in 

the workplace, and even by the medical professionals 

who treat them. Rarely has a medical condition been 

encountered where such ambiguity exists over how to 

treat the illness, and where on many occasions, the 

burden and blame is put on the individual. herefore, 

the most important reason for this text is to provide 

education and awareness to the public that obesity is 

a complex, multi-faceted disease with biological, en-

vironmental, and socially mediated causes and con-

sequences.

While several experts in the ield recently debated 

the relationship between obesity and increased mor-

tality, there is little argument for the direct role that 

being overweight plays on reducing quality of life. he 

burdens due to obesity, both individually and on a 

population level, are many. During childhood, obesity 

is particularly debilitating, and these children are of-

ten teased relentlessly and bullied by their classmates. 

Obesity is also associated with a range of health prob-

lems, such as Type 2 diabetes, cardiovascular disease, 

certain cancers, osteoarthritis, sleep apnea, hyperten-

sion, and many others. hus, shorter life expectancies 

in obese patients are most likely attributed to the 

wide range of alictions that coincide with this con-

dition. Even if life expectancy is not shortened, the 

quality of those years for an obese individual might 

be lower, as they are prone to sufer both physically 

viii Introduction



and cognitively. As a society, we all pay this burden 

through higher health care costs, which in 2005 were 

estimated at $75 billion annually. he cost to treat 

both obesity and obesity related illnesses contributes 

to nearly 10 percent of the total medical expenditure 

in the United States.

One of the most important questions to ask is why 

we, as a society, continue to “expand,” and similarly on 

an individual level, why is it so diicult to maintain 

a healthy weight. his question will be the focus of 

many of the topics explored in this encyclopedia. he 

answer is complex, in that despite the fact that obe-

sity is simply a disease of energy imbalance, the exact 

reasons for this imbalance are vast, and in some cases 

unknown. Variations in biology between one human 

and another have blessed some with a perpetually 

lean frame, while others continually battle to keep 

their waist lines down. 

Currently, we know of nearly 250 genes that can be 

altered, with outcomes afecting body weight regula-

tion, and thus risk for obesity. Perhaps more pervad-

ing, though, is the current environment in developed 

countries that seems to encourage energy consump-

tion. here are few places in the world where one can 

travel and not be within quick access to multiple fast 

restaurants and convenience stores. Economic condi-

tions are such that high fat, high carbohydrate foods 

cost much less per calorie than do more healthful 

fruits and vegetables. To complicate matters, most 

U.S. cities and suburbs are not designed to promote 

safe walking or bicycling, but rather favor the conve-

nience of automobile travel. Moreover, this generation 

of children are faced with multiple media sources, 

including television, computers, and ever-appealing 

video games. 

Taken together, these environmental conveniences 

that signify growth and development of society, favor 

over-consumption, while simultaneously reducing 

the energy required to perform daily activities. Our 

genes, some of which were selected for during times 

of famine and food scarcity, are now faced with sur-

vival in a time of unparalleled food surplus. Because 

we evolved when food environments were much dif-

ferent than they are today, we continue to be much 

more eicient at holding onto calories than we are at 

expending them. All of these efects, in concert, have 

contributed to the current obesity epidemic. 

THE ENCYCLOPEDIA

he purpose of this two-volume encyclopedia is to 

catalog entries from a variety of expert contribu-

tors from a vast array of obesity-related disciplines, 

including molecular biology, psychology, medicine, 

public health and policy, food science, environmental 

health, pharmaceuticals, physiology, endocrinology, 

and many others to summarize pertinent topics in 

obesity, and related health conditions. Approximately 

475 entries are included that address the broad scope 

of the disease, from molecular and genetic causes, to 

the treatment of this disease at the public policy level. 

he editors have chosen topics that capture the cur-

rent climate of obesity research, while still addressing 

and deining the core concepts related to this disease. 

Additionally, we have relied on experts from the med-

ical and scientiic research community to provide the 

majority of entries. In many cases, entries are writ-

ten by pioneering or premiere researchers in the topic 

at hand. Our intention in this text is to create a reli-

able, accurate, and thorough resource for information 

about the obesity epidemic. Scholars, educators, re-

searchers, physicians, and the general public should 

be able to access this resource for current, factual de-

tails on topics related to obesity.

his encyclopedia is targeted at a variety of audi-

ences, from scholars to the general public. It is intend-

ed to serve as a general and nontechnical resource for 

students, teachers, and researchers who wish to un-

derstand the development of obesity as it prevails in 

the developing and under-developed nations. 

Scholars who are conducting research will be able 

to access hundreds of topics related to obesity, all 

within a single text. his text should be a helpful ref-

erence to enrich current knowledge, or to investigate 

new topics of interest. Because obesity is such a per-

vading illness, the editors are dedicated to exploring 

the broad scope of topics related to obesity, in a user 

friendly manner that a variety of science and non-sci-

ence disciplines can access.

In determining which topics to include, the edi-

tors irst deined 15 to 20 major themes to address. 

Once the overall themes were established, we devel-

oped a list of potential topics to discuss within each 

theme. As a peer-review of these topics, we accepted 

feedback from many of the invited contributors, and 

adapted, added, or deleted many topics based on this 

review. 

he inal list is intended to be a broad overview 

of the relevant issues related to obesity, its etiology, 

consequences, treatment, outcomes, and policy im-

plications. It is, however, in no way an exhaustive list. 

hus, this resource is intended to be a starting place 

for learning about obesity, with additional references 
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provided at the end of each topic for additional re-

search.

A quick perusal of these volumes will alert the 

reader to several obvious details about the text. First, 

the scope of obesity is extremely broad. A number of 

the articles address speciic genes, proteins, recep-

tors, or hormones that are involved with the develop-

ment of obesity. Obviously, it would not be feasible, 

or practical, to write entries on each of the genes or 

proteins associated with obesity. hus, the editors 

and contributors attempted to capture the “high-

lights” of this genetic research, with general headings 

on the genetics of obesity addressing this literature on 

a broad spectrum. 

Second, the reader will notice that the layout of the 

text is much like that of a standard reference encyclo-

pedia. his convenient organization will assist readers 

most when they have a speciic idea of the term they 

wish to investigate, however, for readers who do not 

know the speciic search term, each article is cross-

referenced with other article headings. hird, as in 

most encyclopedias, there is some repetition in the 

material in these texts. For example, the topic of eat-

ing disorders is addressed in a number of sub-topics, 

(“Disordered Eating,” “Eating Disorders and Athletes,” 

“Eating Disorders and School Children,” and “Eating 

Disorders and Gender”). Each entry will have a slight-

ly diferent focus, but some major concepts might be 

reviewed in multiple entries. his redundancy is con-

sidered by the editors to be a positive attribute, since 

inevitably the themes that are repeated are ones that 

should be considered “take home messages.”

MOVING FORWARD IN AN  

EVER-EXPANDING WORLD

In 2002, two teenagers from New York City iled a 

lawsuit against McDonalds alleging that daily expo-

sure to the fast food giant’s meals caused them to be-

come obese and face lifelong health problems. Two 

years later, a documentary called “Super Size Me” 

followed Morgan Spurlock over 30 days of consum-

ing McDonald’s super sized entrees for three meals 

a day. Over the course of this time, he faced a range 

of unpleasant side efects, and medical consequences, 

the most logical conclusion being that McDonald’s 

caused these medical nightmares. As a third insult, 

Eric Schlosser’s 2001 book Fast Food Nation was 

made into a movie in 2006, which made light of the 

dark side of the fast food industry—one that is inter-

ested only in the bottom line and cares little about 

the quality of food and health of consumers. hese 

examples of what seemed to be common themes in 

the twenty-irst century shed light on the mindset of 

many individuals within the ield. As prominent Yale 

psychologist and weight loss expert Kelly D. Brownell 

describes, many feel as though we are living in a “toxic 

environment.” Undoubtedly, the politics of food and 

food acquisition in the United States and developing 

countries have made conditions ideal for the devel-

opment of widespread obesity. he future of this epi-

demic will likely see more attempts to strike against 

this system, and to ix problems at the policy level, so 

that on an individual basis, living a healthier lifestyle 

is feasible and encouraged. While smaller changes, 

such as taxation of “empty calorie” foods like sodas 

and candies in some states, have already occurred, it 

is unlikely that the fast food industry will be made to 

pay for these costs. None of the many health-related 

lawsuits against these industries have been success-

ful, and in 2004, the House banned future fast food 

lawsuits. 

Despite limited success in striking against fast food 

industries, many other changes in the environment to 

favor healthier lifestyles are occurring. In 2006, the 

Board of Health in New York City voted to make it 

the irst major city to ban the use of trans fats in res-

taurants by 2008. Following the largely successful ban 

on smoking in this city, the outlawing of trans fats was 

another step in the right direction. While trans fats 

are probably no more likely to make you obese than 

saturated or unsaturated fats, they have been linked to 

other health problems, such as coronary heart disease. 

Other major cities have passed similar laws. In addi-

tion, there are countless other examples of local and 

state initiatives to encourage more healthful lifestyles, 

by encouraging better access to parks, improving and 

building walking paths, reinstating physical activity in 

schools, improving choices of school lunches, and a 

variety of other examples, some of which will be high-

lighted in this text. While this does not eliminate the 

responsibility on the individual, it does help procure 

an environment that facilitates access to healthful 

food and safe activity for all, regardless of what neigh-

borhood, city, state, or country. Consequently, these 

policy changes over the past few years appear to be 

moving us in the right direction. With continued gov-

ernment interest and increased personal awareness, 

the ability to reverse the efects of this disease are well 

within reach. 

Kathleen Keller

General Editor
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Body Mass Index (BMI), also known as the Quetelet 

Index (see next page), is a measure combining the 

weight and height of an individual. Body mass index 

can be calculated by dividing the weight by the square 

of the height. 

Although invented in the mid 1800s by Belgian 

Adolphe Quetelet, BMI is currently used as a simple 

clinical tool for health care professionals to determine 

a patients potential risk for disease and call for inter-

vention. However, BMI has been recently and incor-

rectly as an “absolute” tool for medical diagnosis and 

care rather than an suggestive indicator of risk.  

BMI is used to classify individuals into categories.  

he most common deinitions used clinically in the 

United States for BMI categories include Under-

weight (BMI<18.5), Ideal (BMI 18.5–25), Overweight 

(BMI 25–30), Obese (BMI 30–40) and Morbidly 

Obese (BMI over 40). According to the U.S. National 

Health and Nutrition Examination Survey in 1994, 59 

percent of American men and 49 percent of women 

have BMIs over 25 and therefore categorized as either 

overweight or obese.  

BMI categories have important correlations with 

disease risk. Higher BMI values are associated with 

cardiovascular disease and higher morbidity and 

mortality rates for almost any disease. According to 

some studies, a BMI of 30 and greater translates to 

an increase risk of death from any cause by 50 to 150 

percent. Extremely low BMI values, below the ideal 

category, may indicate malnutrition or an eating dis-

order. Although a correlation may exist, researchers 

are also quick to acknowledge that BMI is not entirely 

accurate in predicting the risk of cardiovascular dis-

ease and death because it does not distinguish body 

muscle and fat. However, when used appropriately, 

categorization of an individual using the BMI can in-

dicate to a healthcare provider that some intervention 

may be needed. 

Jonathan Tan

Body Mass Index
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BMI 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Height

(inches) Body Weight (pounds)

58 91 96 100 105 110 115 119 124 129 134 138 143 148 153 158 162 167 172 177 181 186 191 196 201 205 210 215 220 224 229 234 239 244 248 253 258

59 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173 178 183 188 193 198 203 208 212 217 222 227 232 237 242 247 252 257 262 267

60 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179 184 189 194 199 204 209 215 220 225 230 235 240 245 250 255 261 266 271 276

61 100 106 111 116 122 127 132 137 143 148 153 158 164 169 174 180 185 190 195 201 206 211 217 222 227 232 238 243 248 254 259 264 269 275 280 285

62 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191 196 202 207 213 218 224 229 235 240 246 251 256 262 267 273 278 284 289 295

63 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197 203 208 214 220 225 231 237 242 248 254 259 265 270 278 282 287 293 299 304

64 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204 209 215 221 227 232 238 244 250 256 262 267 273 279 285 291 296 302 308 314

65 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210 216 222 228 234 240 246 252 258 264 270 276 282 288 294 300 306 312 318 324

66 118 124 130 136 142 148 155 161 167 173 179 186 192 198 204 210 216 223 229 235 241 247 253 260 266 272 278 284 291 297 303 309 315 322 328 334

67 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223 230 236 242 249 255 261 268 274 280 287 293 299 306 312 319 325 331 338 344

68 125 131 138 144 151 158 164 171 177 184 190 197 203 210 216 223 230 236 243 249 256 262 269 276 282 289 295 302 308 315 322 328 335 341 348 354

69 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236 243 250 257 263 270 277 284 291 297 304 311 318 324 331 338 345 351 358 365

70 132 139 146 153 160 167 174 181 188 195 202 209 216 222 229 236 243 250 257 264 271 278 285 292 299 306 313 320 327 334 341 348 355 362 369 376

71 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250 257 265 272 279 286 293 301 308 315 322 329 338 343 351 358 365 372 379 386

72 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258 265 272 279 287 294 302 309 316 324 331 338 346 353 361 368 375 383 390 397

73 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265 272 280 288 295 302 310 318 325 333 340 348 355 363 371 378 386 393 401 408

74 148 155 163 171 179 186 194 202 210 218 225 233 241 249 256 264 272 280 287 295 303 311 319 326 334 342 350 358 365 373 381 389 396 404 412 420

75 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279 287 295 303 311 319 327 335 343 351 359 367 375 383 391 399 407 415 423 431

76 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287 295 304 312 320 328 336 344 353 361 369 377 385 394 402 410 418 426 435 443

Source: Adapted from Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults: The Evidence Report.

Body Mass Index Table

Normal Overweight Obese Extreme Obesity

To use the table, ind the appropriate height in the left-hand column labeled Height. Move across to a 

given weight (in pounds). he number at the top of the column is the BMI at that height and weight. 

Pounds have been rounded of.
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Accessibility of Foods

IF OBESITY DEPENDS to some extent on the overeat-

ing of food, then removing access to that food should 

logically lead to a reduction in cases of obesity. On 

the other hand, easy access to foods and intensive 

marketing eforts to promote frequent overcon-

sumption can increase the prevalence of obesity. Of 

course, the principal issue with accessibility to food 

globally is the lack of food security faced by many 

millions of people. Although the green revolution of 

the 1970s led to the massive increase in the produc-

tivity of rice and wheat strains, alleviating problems 

of endemic starvation for millions, there continue 

to be many problems for those vulnerable peoples 

whose lives are threatened by climate change and 

environmental degradation. he inevitable added 

pressure of irrigation water needs have intensiied 

concerns over the depletion of clean water sources 

for some of the very poorest people.

However, in terms of obesity, accessibility implies a 

positive correlation between the presence of food and 

the overindulgence in eating. he human body and 

human societies have spent centuries or millennia 

evolving to the relative presence or scarcity of foods 

and devoting resources to ensuring the availability of 

some fresh, or at least edible food for as long as pos-

sible. his has led to the salting and drying of meats, 

ish, and fruit; the pickling of vegetables; and the vari-

ous technologies of smoking, preserving, and bot-

tling. In countries in which naturally occurring spices 

and herbs are few (as in Britain and much of northern 

Europe), this promoted the enormously high prices 

of spice trade commodities and possibly stimulated 

the drinking of wine or beer to vary the endlessly 

salty taste of food for the majority of the year. In oth-

er countries, it has provided the foods that are now 

the staples and delicacies of their respective cuisines; 

kimchi in Korea is one notable example of this. 

For the majority of people the majority of the time, 

food was very basic and involved a measure of the 

staple carbohydrate mixed with a small amount of 

vegetable or protein. Societies fortunate enough to 

live in climates in which fruit grows year-round have 

a natural alternative source of energy and, in premod-

ern years, those people tended to be stronger and 

healthier than those from colder climes. However, as 

agricultural productivity has improved and economic 

development has led to increased incomes for many 

millions of people around the world, it has become 

possible for people to eat the food once reserved for 

feasts or other special occasions on a regular basis, 

perhaps even on a daily basis. his has led to an im-

balance with the ways in which human bodies have 

evolved in order to deal with the intake of calories. he 

sudden, massive, and regular increase in calories has 

led to numerous problems with obesity from people 

whose bodies cannot cope with this unprecedented 



diet. his is a relatively recent development: in most 

of the Western world there was widespread threat of 

famine as recently as the years following World War 

II (post-1945).

Globalization, too, has had an impact on accessibil-

ity of food and its relationship with obesity. First, food 

from around the world is now available in many plac-

es year-round. hose foods may have originally been 

designed as special feast foods or else as part of a spe-

cialized local diet. Taken from their context and per-

haps adapted to local tastes by the addition of sweet 

or salty additives, these foods can cause rapid weight 

gain in bodies unadapted to them. he signiicant 

increase in obesity in many of the developing coun-

tries of East Asia may be attributed at least in part to 

this phenomenon, as Western foods (including dairy 

foods and chocolate-based confectionery) have been 

introduced in great quantities in societies in which 

they were previously almost entirely unknown.

Second, globalization also spreads diferent ideas 

and concepts of how other people around the world 

live. he accessibility of other cultures brings with it 

both the foods of other cultures and the encourage-

ment to try these new foods. he massive amount 

of marketing money behind the internationalization 

of American fast-food chains underscores the ex-

tent to which it is possible to change eating behavior 

through these means.

A third implication of globalization is that it chang-

es eating patterns. Partly through providing evidence 

of alternative lifestyles in which the historical nuclear 

or extended family ate the same food at the same time, 

and partly through creating diferent types of working 

life and lifestyle, globalization has changed the ways 

in which societies deal with food and eating. here 

has been a tendency to cause people to work longer, 

to eat at their desks, to graze throughout the waking 

day rather than at set times and to favor speed and 

taste rather than quality and nutrition. 

hese factors have been supported by the incredibly 

successful development of creation and distribution 

chains. In conjunction with the global phenomenon 

of urbanization, this has made possible a lifestyle in 

which obesity is a prevalent risk, whatever the attrac-

tions of that lifestyle. Habits and customs designed 

to enable the body to maximize the caloriic value of 

foods in a time when food security was in short sup-

ply are now largely counterproductive among people 

to whom food availability is never a problem. he 

pace of change even seems to be accelerating in de-

veloped countries in which people are increasingly 

time-poor and, hence, tempted to search for short-

term solutions for feeding and gratiication which in 

the long-term are destructive to their health. Wheth-

er it is feasible to reverse these tendencies completely 

is currently unknown. However, local initiatives in 

some parts of the world have achieved encouraging 

results by promoting consumption of foods produced 

within the surrounding area, treating such foods in 

traditional ways, and encouraging people to enjoy 

the foods at a much slower pace. In addition to many 

other efects, this movement has the beneit generally 

of increasing the quality of ingredients and, hence, 

making dishes much more palatable than they have 

been traditionally considered. Greater and more ef-

fective attempts at educating people in how to shop, 

cook, and eat food would also yield beneicial results. 

While this is occurring in countries like the United 

Kingdom, there is still a long way to go. 

SEE ALSO: Access to Nutritious Foods; Hunger.

BIBLIOGRAPHY. Philippe Apparicio, Marie-Soleil Cloutier, 

and Richard Shearmur, “he Case of Montreal’s Missing 

Food Deserts,” International Journal of Health Geography 

(v.6/4, 2007); M. White, “Food Access and Obesity,” Obesity 

Reviews (v.8/Suppl 1, 2007).

John Walsh 

Shinawatra University 

Access to Nutritious Foods 

THE ENVIRONMENT STRONGLY inluences food pur-

chasing and consumption behaviors. he ability to 

obtain nutritious and afordable food is of particular 

importance to individuals of low socioeconomic sta-

tus (SES), who must stretch limited resources to meet 

food and other vital needs. Yet, low SES individuals 

are disproportionately impacted by poor food access 

and high rates of obesity. Low SES individuals con-

front many barriers to the procurement of healthy 

food, including living in areas that are termed “food 

desserts.” his term refers to areas in which it is dif-

2 Access to Nutritious Foods



represents an inability to purchase nutritious, aford-

able food, particularly fresh fruits, vegetables, and 

other perishables. Healthy diets are compromised, 

contributing to a high prevalence of obesity.

READY AVAILABILITY OF FAST FOOD

While the abundance of fast-food restaurants in low 

SES neighborhoods may provide a source of conve-

nient and relatively cheap, tasty food, these establish-

ments typically do not ofer nutritious foods such as 

fresh fruit and vegetables. Instead, a typical fast-food 

meal is very calorie dense. Individuals who eat at fast-

food restaurants tend to consume more fats, sugars, 

and carbohydrates and fewer fruits and nonstarchy 

vegetables than individuals who do not eat fast food. 

FEDERAL NUTRITION PROGRAMS

Federal nutrition programs can increase access to 

high-quality, nutritious foods and improve nutrition 

The availability of nutritious foods is directly related to the number of 

supermarkets in the area of people’s homes.

icult to obtain a variety of healthy foods at afordable 

prices. Reasons for this diiculty include an absence 

of supermarkets, limited healthy food available at lo-

cal markets, and inadequate transportation. 

ABSENCE OF SUPERMARKETS

Low SES individuals disproportionately live in ar-

eas with fewer large supermarkets than their higher 

income counterparts. Middle- and upper-income 

neighborhoods have more than twice as many super-

markets per capita than low-income neighborhoods. 

Residents of low SES neighborhoods are more reliant 

on smaller shops, convenience stores, and bodegas to 

acquire food. As such, compared to people living in 

higher-income areas, residents of low-income urban 

neighborhoods have limited access to high-quality 

food, enjoy fewer options in the variety of goods that 

are available to them, and pay higher prices for the 

groceries that are available. 

LIMITED AVAILABILITY OF HEALTHY FOODS

Food availability in grocery stores is related to the di-

ets of residents in the area of the store. Small corner 

stores typically do not sell the great a breadth of foods 

as do larger supermarkets, and available food choices 

tend to be more costly. Because of slower stock turn-

over, corner stores tend to stock more nonperishable 

foods than do larger supermarkets. hese items re-

quire little sales experience to sell, and do not spoil 

or need care. As such, individuals residing in areas 

where corner stores provide the only available food 

choices may be confronted with the inability to access 

healthy foods, because those foods are not on their 

store shelves or are not afordable choices.

INADEQUATE TRANSPORTATION

Residents of many low SES communities lack ac-

cess to a supermarket within a reasonable walking 

distance of their homes. his group may also experi-

ence diiculty traveling to distant shopping facilities 

because of a lack of private transportation. Without 

cars, residents must depend on public transit, taxis, 

or friends to travel to supermarkets outside of their 

neighborhoods. Even with suicient public transpor-

tation, transporting large, heavy bags of groceries can 

be diicult on buses or subways. Taxi services are 

costly and friends are often unavailable or unreliable. 

herefore, absence of proximate supermarkets often 
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education for limited-resource families. Programs, 

such as food stamps and child nutrition initiatives 

support access to nutritious foods through supermar-

kets and farmers’ markets in low SES neighborhoods. 

Yet, in many low SES neighborhoods, food stamp re-

cipients are still at risk for food insecurity, defined as 

a “lack of access to enough food to fully meet basic 

needs at all times,” due to the lack of such foods at lo-

cal markets. Moreover, many individuals and families 

who are eligible for food stamps are not enrolled in 

the program. 

SEE ALSO: Food Insecurity and Obesity; Hunger; Obesity 

and Socioeconomic Status.

BIBLIOGRAPHY. A. Cheadle, et al., “Community-Level 

Comparisons between the Grocery Store Environment and 

Individual Dietary Practices,” Preventive Medicine (v.20/2, 

1991); K. Morland, et al., “Neighborhood Characteristics 

Associated with the Location of Food Stores and Food 

Service Places,” American Journal of Preventive Medicine 

(v.22/1, 2002); R. Nayga, Jr, “Sociodemographic Factors 

Associated with Obesity in the USA,” Journal of Consumer 

Studies and Home Economics (v.23/3, 1999); G. Turrell, et 

al., “Socioeconomic Differences in Food Purchasing Behav-

iour and Suggested Implications for Diet-Related Health 

Promotion,” Journal of Human Nutrition and Dietetics 

(v.15/5, 2002).
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Acomplia

ACOMPLIA IS THE trade name of rimonabant (gener-

ic name), which has been approved in the European 

Union (EU), Argentina, and Mexico for the treatment 

of obesity. As of March 2007, rimonabant (the pro-

posed U.S. trade name is Zimulti) is under review by 

the Food and Drug Administration (FDA) and it is not 

yet available in the United States. 

Rimonabant is the first inverse agonist discovered 

for the cannabinoid-1 receptor (CB1R). Although 

rimonabant binds to the CB1R, it is not a cannabi-

noid-like compound and bears no structural resem-

blance to cannabinoids. 

In cell-based in vitro assays, rimonabant inhibits 

the intrinsic activity of CB1R and produces an effect 

opposite that of an agonist; hence, rimonabant is clas-

sified as an inverse agonist. It also inhibits the binding 

of cannabinoid agonists and endocannabinoids to the 

CB1R, so it is sometimes referred to as an antagonist. 

In experimental animal studies, rimonabant does 

not exhibit cannabimimetic properties and it inhib-

its many agonist-induced effects. In rodent studies, 

rimonabant can cause significant weight loss or re-

duction of weight gain.

In clinical trials involving obese patients, 

rimonabant has been shown to cause weight loss 

and reduction of waist size. Beneficial secondary end 

points have also been demonstrated, including in-

creased high-density lipoprotein cholesterol (HDL-

C) and improved glycemic control. 

Rimonabant at 20 mg is generally well tolerated. 

As described in the Summary of Product Character-

istics approved by the EU regulatory agency, the most 

common adverse reactions resulting in discontinua-

tion include nausea, mood alteration with depressive 

symptoms, anxiety, and dizziness.

SEE ALSO: Cannabinoid System; G-Protein Coupled Re-

ceptor.

BIBLIOGRAPHY. C. Curioni and C. Andre, “Rimonabant for 

Overweight or Obesity,” Cochrane Database of Systematic 

Reviews (v.2006/4, 2006); Zimulti Acomplia Report, www.

acompliareport.com/ (cited August 2007).
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Addictive Behaviors

ADDICTION IS A psychiatric term that encompasses 

not only the uncontrolled use of drugs and the as-

sociated physical and psychological dependence to 

the substance, but also the social consequences of 

use. Addictive behavior is a term applied to a varying 

group of activities that share a common characteris-

tic: they all overtake the time and attention of an in-

4 Acomplia



dividual to the exclusion of other responsibilities. he 

emphasis on “to the exclusion of other responsibili-

ties” is an important one, because there are examples 

of exclusive attention that are not considered addic-

tive or undesirable, such as meditation and prayer as 

practiced by members of religious communities.

Common behaviors that can become addictive in-

clude use of illegal drugs, drinking of alcohol, smok-

ing of tobacco products, gambling, shopping, sex, and 

exercising. Some people also consider excessive food 

intake to be an addiction. he negative social con-

sequences associated with addictions proceed from 

characteristics common to most of the behaviors list-

ed above, namely: (1) craving (the obsessive thinking 

and desire for the substance or activity even in the ab-

sence of cues that indicate the availability of the sub-

stance); (2) compulsive seeking for the substance or 

activity even in the presence of harm; (3) loss of con-

trol over the activity even when professing conscious 

desire to stop; (4) physical and/or psychological with-

drawal symptoms after stopping the activity or sub-

stance usage; (5) lack of awareness of activities while 

engaged in substance use or other addictive activities; 

(6) denial of the detrimental efects of their actions 

toward substance use or activities; and (7) denial of 

substance use and behaviors and secretive substance 

use and behaviors. hese characteristics are usually 

accompanied by feelings of low self-esteem and de-

pression that create a vicious cycle of use, depression, 

lowered self-esteem, and more use.

While all addictive behaviors share common char-

acteristics, they all difer in the relative risk of addic-

tion through use or participation. Among the com-

mon abused drugs, relative rates of addiction from 

use are as follows: nicotine, 1:2; heroin, 1:3; cocaine, 

1:5; marijuana, 1:9; and alcohol, 1:10. Behavior addic-

tion risks are much lower, in the range of 1:100. he 

risk of addiction estimates the number of people who 

will become addicted among all people who engage in 

the particular activity; it does not address why a par-

ticular person will become addicted to one substance 

or activity versus another, or identify what substance 

or activity might be a successful alternative to divert 

the individual from his or her addiction. 

SEE ALSO: Carbohydrate “Addictions”; Food “Addictions.”

BIBLIOGRAPHY. Diagnostic and Statistical Manual, 4th ed. 

(DSM-IV) (American Psychiatric Association, 1994). Lina 

Ricciardelli, Robert J. Williams, and Jennifer Finemore, 

“Restraint as Misregulation in Drinking and Eating,” Ad-

dictive Behaviors (v26/5, 2001). 

Jennifer Nasser 

New York Obesity Research Center  

St. Luke’s/Roosevelt Hospital Center   

Adipocytes

ADIPOCYTES ARE THE cells that constitute the 

adipose tissue, more commonly known as fat cells. 

Adipocytes have many functions in the body. heir 

primary function is as the storage site for triglycer-

ides, the primary form in which the body stores fatty 

acids. Adipocytes can either use these stored fatty 

acids when energy is needed (during starvation), 

or they can release fatty acids into the body so that 

Addiction to substances create a vicious cycle of use, depression, 

lowered self-esteem, and further use.
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other organs, such as the heart and muscle, can use 

fatty acids when they need energy. 

Adipocytes have many other functions. For exam-

ple, fat tissue plays an important role in insulating the 

body and providing cushioning around many organs. 

Another newly discovered role is that adipocytes 

have endocrine-like properties, meaning the adiopo-

cytes can produce hormones (sometimes referred to 

adipokines) that afect the actions of other parts of 

the body. Leptin, the irst adipokine isolated, was dis-

covered 15 years ago. Leptin is believed to play a role 

in regulating a person’s food intake and energy use. 

Other adipokines include adiponectin, resistin, TNF-

alpha, and many interleukins. Many of their functions 

are still being clariied and there are likely many yet-

to-be-discovered adipokines.

here are two diferent types of adipocytes in mam-

mals: brown and white, a reference to the appearance 

of these cells under a microscope. Brown adipocytes 

have a greater number of mitochondria, more blood 

vessels, and uncoupling proteins (UCP) surrounding 

them than do white adipocytes. Brown adipocytes can 

generate heat while white adipocytes cannot. Adult 

humans have very few brown adipocytes, while infant 

humans have relatively many brown adipocytes. It is 

hypothesized that the brown adipocytes help regu-

late body temperature and provide energy for a de-

veloping child. Once development has ceased, brown 

adipocytes function diminishes and white adipocytes 

become the primary type of adipocytes in the body. 

Mammals that hibernate, such as bears, have many 

brown adipocytes, as these cells help normalize bot-

tom temperature at the end of hibernation.

When a person loses weight, his or her adipocytes 

become smaller. his is because he or she is using up 

the stored fat within the cell. However, these adipo-

cytes will still remain present in the body. his means 

once a person consumes extra calories, the adipocytes 

will be ready to store the excess fatty acids again. his 

may be one reason why it is so diicult for dieters to 

maintain their weight loss.

SEE ALSO: Adiponectin; Fatty Acid Transport Proteins.
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Adiponectin 

THIS ENTRY DESCRIBES the adipose tissue hor-

mone, adiponectin, its physical characteristics, and 

the variations with body fatness, gender, insulin sen-

sitivity, and cardiovascular disease, highlighting pos-

sible links between its circulating size and form and 

metabolic and antiinlammatory actions.

Adiponectin, also known as Acrp30 or AdipoQ, is a 

hormone almost exclusively produced by adipose tis-

sue. It is the most abundant adipose-derived circulat-

ing protein, being measured at high concentration (2–

20 ug/ml), with typically higher levels in females than 

males. Obese people have lower levels of adiponectin. 

hese levels increase after weight loss and correlate 

(negatively) better with the amount of visceral (rather 

than subcutaneous) fat. Lower levels are also found in 

insulin resistance, Type 2 diabetes, and cardiovascular 

disease. he protein may bind directly to molecules 

that cause inlammation, reducing their harmful po-

tential, or may act to improve glucose tolerance and 

insulin sensitivity. It does this by binding to two dis-

tinct receptors widely present in the body, especially 

in skeletal muscle and the liver. Receptor binding leads 

to activation (by phosphorylation) of an enzyme called 

AMP-activated protein kinase, which in turn causes 

metabolic changes in cells, restoring energy balance. 

hese changes include the increased uptake and use of 

glucose and the oxidation of fatty acids, which reduc-

es fat content in the tissue. Insulin-sensitizing drugs 

such as thiazolidinediones increase circulating levels 

of adiponectin. his improves insulin sensitivity and 

may lessen atherosclerosis through anti-inlammatory 

actions on macrophages and foam cells.

he basic subunit is a single protein chain (a mono-

mer), but the circulating forms are a trimer formed 

by the self-association of three monomers, a hexamer, 

and higher molecular weight (HMW) species. hese 

are stable in circulation, and each has diferent meta-
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bolic activities. High levels of HMW species are re-

peatedly associated positively with insulin sensitivity. 

Post-translational modiication to the protein, includ-

ing addition of sugar groups to amino acids in a col-

lagen-like tail region, are crucial to the formation of 

HMW species, and to their insulin-sensitizing activ-

ity. However, the exact mechanisms controlling how 

adiponectin activates its receptors are unclear. 

Mutant forms of the molecule which are unable to 

form HMW species have been found in some patients 

with diabetes, while mice in which the gene produc-

ing adiponectin has been destroyed tend to show in-

sulin resistance, glucose intolerance, and blood ves-

sels susceptible to damage. his is consistent with the 

postulated efect of adiponectin as a protective fac-

tor from atherosclerosis. Polymorphisms (inherited 

variations) of the genes for adiponectin and its recep-

tors have also been associated with insulin resistance 

in humans.

SEE ALSO: Adipocytes; Inlammation; Insulin; Type 2 

Diabetes.
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Adrenergic Receptors

ADRENERGIC RECEPTORS, ALSO referred to as adre-

noceptors, are a class of G-protein coupled receptors 

that are targeted by catecholamines. hese receptors, 

found in peripheral tissue, initiate a “ight-or-light” 

sympathetic nervous response when bound to their 

endogenous ligands. Speciically, adrenergic receptors 

are targeted by the catecholamines epinephrine and 

norepinephrine (also known as adrenaline and nor-

adrenaline, respectively). When the adrenal medulla 

releases these catecholamines in response to stress, 

the agonist-adrenergic receptor complex initiates re-

sponses including pupil dilation, energy mobilization, 

blood diversion toward skeletal muscle, sweating, in-

creased blood pressure, and increased heart rate.

here are several subtypes of adrenergic receptors. 

he two major classes include the alpha-adrenergic 

(α) and beta-adrenergic (β) receptors. α-adrenergic 

receptors bind norepinephrine and epinephrine. β-

adrenergic receptors link to G-proteins and initiate 

cAMP second messenger cascades when activated by 

catecholamine binding. Mediated by adenyl cyclase, 

β-receptor complexes work to increase the intracel-

lular concentration of cAMP secondary messengers. 

Adrenergic drugs stimulate the sympathetic ner-

vous system directly by binding to an adrenergic re-

ceptor, or indirectly by stimulating norepinephrine 

release. hese drugs are commonly used as therapy 

against bronchial asthma, cardiac arrest, and allergic 

reactions, but also hold great pharmacologic poten-

tial as appetite suppressants and obesity drugs. If one 

considers that weight control is the delicate balance 

between central and peripheral factors, it is easy to 

see why adrenergic receptors are a current, exciting 

pharmacologic target for obesity. While satiety and 

appetite are regulated by the central nervous system, 

energy mobilization is a function of the peripheral 

nervous system. he relatively new discovery of ad-

renergic receptors that control food cravings and en-

ergy expenditure suggests that obesity can be targeted 

both centrally and peripherally by the mediation of 

these receptors. 

he most commonly investigated adrenergic re-

ceptors for obesity include the beta-3-adrenergic re-

ceptor and the 5-HT2C receptors. he β-3-adrenergic 

receptor, located in adipose tissue, regulates lipolysis 

and thermogenesis. It is now thought that this recep-

tor plays a crucial role in weight control in humans, 

and a genetic mutation in the receptor has been iden-

tiied to cause morbid obesity and type 2 diabetes. 

his genetic receptor mutation is associated with the 

hereditary obesity seen in the Pima Indians of Ari-

zona. he stimulation of 5-HT2C receptors has been 

shown to decrease food consumption, and is the tar-

get of the popular prescription appetite suppressant 

sibutramine (Meridia®). Meridia stimulates 5-HT2C 
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receptors by blocking the reuptake of norepinephrine 

and serotonin, the major ligands for this adrenergic 

receptor.

SEE ALSO: Drug Targets that Decrease Food Intake/Appe-

tite; Pima Indians; Sibutramine (Meridia), Type 2 Diabetes.
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Advertising

OVER THE PAST decade, political momentum has 

grown for strong action to tackle childhood obesity 

and there is an emerging consensus that regulation 

of food advertising to children is both necessary and 

achievable. Creating an environment in which chil-

dren in the United States grow up healthy should be 

a priority for the nation. Yet the prevailing pattern of 

food and beverage marketing to children in Amer-

ica represents, at best a missed opportunity, and at 

worst, a direct threat to the health prospects of the 

next generation. Children’s and their families’ dietary 

and related health patterns are shaped by factors that 

include their biological ainities, culture and values, 

economic status, physical and social environments, 

and their commercial media environments. 

Among these environments, none have more rap-

idly assumed central socializing roles among chil-

dren and youth than the media. With the growth 

in the variety and the penetration of the media has 

come a parallel growth with their use for market-

ing, including the marketing of food and beverage 

products. Although advertising may contribute to 

dietary changes in America, the evidence does not 

support the notion that it is one of the major con-

tributors to obesity. 

ADVERTISING AND MARKETING 

It has been estimated that the average child currently 

views more than 40,000 commercials on television 

each year, a sharp increase from 20,000 in the 1970s. 

Furthermore, an accumulated body of research re-

veals that more than 50 percent of television adver-

tisements directed at children promote foods and 

beverages such as candy, convenience foods, snack 

foods, sugar-sweetened beverages and sweetened 

breakfast cereals that are high in calories and fat and 

low in iber and nutrient value. Recent statistics on 

food advertising to children indicate that annual sales 

of foods and beverages to young consumers exceeded 

$27 billion in 2002. he food and beverage advertisers 

collectively spend $10 to $12 billion annually to reach 

children and youth. More than $1 billion is spent on 

media advertising to children (primarily on televi-

sion), more than $4.5 billion is spent on youth-target-

ed public relations, and $3 billion is spent on packag-

ing designed for children. In addition, fast food outlets 

spend $3 billion in television ads targeted to children. 

At its peak, the main U.S. government nutrition edu-

cation program (“$5 a Day”) was given $3 million for 

promotion. he food industry spends one hundred 

times that to advertise fast foods to children.

A recent literature review by Kaiser Family Foun-

dation highlighted a number of studies that sug-

gested that advertising inluenced dietary and other 

food choices in children, which likely contributed to 

energy imbalance and weight gain. One study found 

that among children as young as three, the amount 

of weekly television viewing was signiicantly related 

to their caloric intake as well as requests and paren-

tal purchases of speciic foods they saw advertised on 

television. Several studies found a relationship be-

tween the amount of time children spent watching 

TV and how often they requested speciic products 

at the grocery store. 

he World Health Organization implies that mar-

keting afects food choices and inluences dietary 

habits with subsequent implications for weight gain 

and obesity. While the American Psychological As-

sociation in 2004 made a statement that advertising 

to children is unfair because of their limited compre-

hension of the nature and purpose of television ad-

vertising and warrants government action to protect 

young children. Lastly the American Academy of Pe-

diatrics implied that advertising and promotion of en-
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ergy dense, nutrient poor food products to children 

may need to be regulated or curtailed.

REVIEW OF THE EVIDENCE  

ON ADVERTISING AND OBESITY

A 2003 review of the available literature on advertis-

ing and obesity analyzed the relationship between 

advertising to children and obesity. Following the 

review of more than 30,000 articles, 120 were deter-

mined to be most relevant. Based on these, the study 

concluded that advertising to children has an adverse 

efect on food preferences, purchasing behavior, 

and consumption. However, these indings must be 

weighed against the fact that the strongest and most 

cited study in the review does not fully support this 

notion. his study involves a sample of 262 children 

selected from white families in Ohio, mainly of high 

socioeconomic status, and conducted more than 25 

years ago. Despite these limitations, much was made 

of the fact that this study revealed a statistically sig-

niicant relation between a child’s exposure to adver-

tising and the number of snacks eaten. However, even 

as food-commercial exposure did reduce children’s 

nutrient eiciency, only two percent of the variance 

was explained by this inding and had no direct efect 

on caloriic intake. he inluence of parental behavior 

was 15 times greater than that of television advertis-

ing, and subsequent studies have conirmed that this 

is the dominant inluence on children’s eating habits. 

A second study looked at the inluence of advertising 

relative to other factors and once again the inluence 

of food advertising was small. 

Taken together, these and other observations ef-

fectively undermine the main conclusions of the lit-

erature review. Despite media claims to the contrary, 

there is no absolute evidence that advertising has a 

substantial inluence on children’s food consumption 

and, consequently, no reason to believe that a com-

plete ban on advertising would have any useful im-

pact on childhood obesity rates. 

his conclusion is also supported by evidence from 

Quebec, where despite food advertising to children 

being banned since 1980, childhood obesity rates are 

no diferent from those in other Canadian provinces. 

In Sweden, a similar advertising ban has existed for 

over a decade, but again this has not translated into 

reduced obesity rates. A study in the United Kingdom 

evaluated 42 elementary-school aged children and 

found that lean, overweight, and obese children who 

watched television programs with snack food adver-

tising were more likely to choose high fat savory food 

options than lower fat sweet options. his group also 

consumed a greater volume of food than their similar 

weight peers in a non-advertisement control group. 

his study also established that weight status modi-

ied the ability to recall advertised products among 

a list of similar products (where children that are 

more obese displayed greater recall). hese authors 

suggested that these results support the notion that 

exposure to food advertising on television can afect 

eating behavior, stimulating energy intake from a 

range of advertised foods and exaggerating unhealthy 

choices in foods. 

PORTION SIZE

Increasing portion size is one of the many factors that 

are likely to contribute to the current obesity crisis, 

particularly the increase in beverage portions. Re-

searchers have concluded that when the calories from 

a caloric beverage is added to energy from food, total 

energy from intake at lunch was increased signiicant-

ly (p<.05) compared with non-caloric beverages. he 

consumption of sugar-sweetened drinks is associated 

with increased total caloric intake for many individu-

als, especially children and adolescents and contrib-

utes to obesity in children.

he concept of more product for less money is not 

inherently bad, but in the case of food, this strategy 

is applied disproportionately to unhealthy choices. 

Supersizing at fast food restaurants is well known, 

but the concept is used in other settings as well (e.g., 

movie theaters urge customers to buy large contain-

ers of popcorn and soft drinks). When one buys broc-

coli, oranges, or whole grains, the unit price does not 

decrease as one purchases more. A 2001 study ex-

amined the pricing and promotion of low fat snacks 

from vending machines. Low fat snacks in school 

vending machines were priced at four levels (equal 

price, 10 percent, 25 percent and 50 percent reduc-

tion) as compared to regular snacks. Results of this 

study showed that price reduction of low fat snacks 

increased sales signiicantly and average proit per 

vending machine did not change. Lowering the prices 

of low fat vending snacks had a strong efect on sales 

of low fat snacks from vending machines at diverse 

worksites and secondary schools.

 Advertising 9



Consumer research shows that people believe that 

larger packages are a better value, but also use more 

of a product when it comes in a larger package. his 

has been shown with eating behavior (i.e., people eat 

more when given larger portions) and use of non-

food products such as laundry detergent (i.e., people 

use more detergent per wash when it comes from a 

larger container). 

SUMMARY

Although advertising and the media may contribute 

to obesity, they are not the only ones at fault. he 

changing home environment such as single-family 

households, food insecurities, and lack of super-

markets in low socioeconomic areas are major con-

tributors to obesity. In 1970, about 25 percent of to-

tal food spending occurred in restaurants. By 1995, 

40 percent of food dollars were spent away from 

home. Americans’ spending on fast food increased 

from $6 billion to $110 billion over the last 30 years. 

On average, children ages 11–18 eat at fast food res-

taurants twice a week. he percentage of food con-

sumed by children in restaurants and fast-food out-

lets nearly tripled between 1977 (6.5 percent) and 

1996 (19.3 percent). A study in New Orleans found 

a higher proportion of fast-food restaurants in low 

income and African-American neighborhoods.

he decline in physical activity in children (and 

adults) has been exacerbated by the failure of the 

government to provide an environment in which 

physical activity can be incorporated into every-

day life. Parents who have concerned about traf-

ic or safety will probably opt for the car and not 

the pavement. he role of schools in promoting an 

active lifestyle needs more emphasis and funding. 

Many schools have insuicient resources to pur-

chase basic items of sports equipment. Emphasis on 

competition and sporting performance in schools 

alienates those children who are less physically gift-

ed and diminishes the importance of regular physi-

cal activity in relation to health. he National Cur-

riculum should include a lifestyle module in which 

children learn about the health beneits of physical 

activity for life, not simply competitive sport during 

their school years. Health policy makers and those 

who control the public purse should also bear in 

mind that active children are more likely to become 

physically active adults with lower rates of heart 

disease, diabetes and cancer. Even those who are 

obese but physically it can expect better long-term 

health outcomes than their sedentary, lean but unit 

counterparts.

FUTURE RESEARCH

Obesity, poor diet and inactivity are severe global 

problems, a consequence of the current environ-

ment. To make progress the environment must 

change. his will require close attention to both food 

and physical activity environments, and, support 

of inventiveness at the community level, increased 

funding, and perseverance despite deeply rooted 

systemic problems. 

For every complex problem, there is a simple so-

lution and it is always wrong. he claim that food 

advertising is a major contributor to children’s food 

choices and the rising tide of childhood obesity has 

obvious appeal, but as an argument, it does not 

stand up to scrutiny. In order to establish a causal 

relationship between food advertising and child-

hood obesity, many questions need to be answered 

using longitudinal studies designed with a suicient 

statistical power.

SEE ALSO: Children’s Television Programming; Comput-

ers and the Media; Fast Food; Food Marketing to Children; 

Supersizing; Television.
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Africa, North

THERE ARE REFERENCES to gluttony in several sur-

viving papyri from Ancient Egypt, and medical histo-

rians who are interested in Egyptology have tried to 

work out diagnoses for the deaths of the various Pha-

raohs of the XVIIIth dynasty. his has allowed them 

to dismiss the idea that the Pharaoh Akhenaton (d. 

1334/1336 bce) sufered from Florisch’s syndrome, 

which is usually accompanied by becoming over-

weight, although the Queen of Punt (15th century 

b.c.e.), shown on a relief in the temple of Hatshepsut 

at Deir el-Bahari, was clearly sufering from obesity. 

he Egyptian king, Ptolemy VIII “Physcon” (182–116 

b.c.e.), became well known for his obesity.

With a much larger wealthy urban elite than the 

other countries in North Africa, Egypt has had more 

of a problem with obesity than the rest of the area. 

In modern times, several important Egyptians have 

certainly sufered from obesity, perhaps the most well 

known being the famous Egyptian general Ibrahim 

Pasha (1789–1848) and the last king of Egypt, Farouk 

I (1920–65) who was deposed in 1952. In exile, Farouk 

became steadily more obese and weighed 300 pounds 

(136 kg) when he died on March 3, 1965, in Rome, 

Italy, after collapsing while eating an enormous meal.

During the second half of the 20th century, starting 

with the land reclamation law of 1953, there has been 

a major change in the lifestyle of most Egyptians, and 

this has been combined with a drastic alteration in the 

diet, with much food being imported, and many new 

foods introduced as agricultural production has not 

kept up with the increase in the country’s population. 

he consumption of dairy products, red meat, and sug-

ar has increased, along with processed cheese. he re-

sulting higher level of obesity in Egypt has led to a rise 

in the prevalence of certain types of diabetes and also 

coronary heart disease. To try to combat the problem, 
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there have been a number of surveys to ascertain the 

level of obesity in Egypt, the best publicized one being 

the Egyptian Integrated Household Survey conducted 

in 1997. his was critical of the Egyptian food subsidy 

program, which served to reduce the price of nutri-

ent-poor but energy-dense food, which has caused 

both obesity and also an increasing prevalence of mi-

cronutrient-deicient mothers in the country. Because 

of the problem in Egypt, there has been the growth of 

obesity surgery. Dr. Khaled Gawdat, professor of gen-

eral surgery at the Ain Shams School of Medicine, has 

been involved in morbid obesity surgery since 1996. 

In Morocco, there have been problems with obe-

sity in urban areas, especially among the middle-class 

elite. he researchers Drs. M. Rguibi and R. Belah-

sen, from the Training and Research Unit on Food 

Science, Laboratory of Physiology Applied to Nutri-

tion and Feeding, School of Sciences, Chouaib Douk-

kali University, El Jadida, have conducted a number 

of studies on obesity in Morocco and found that in 

1984/1985 only 4.1 percent of the adult population 

were obese, but that had risen to 10.3 percent in 

1998/1999. A survey in 2000 showed that 13.3 percent 

of all people aged 20 years or older were obese—the 

rates being 22 percent among women and 8 percent 

among men. hey were also able to show that obesity 

was more prevalent in urban areas; the likelihood of 

being obese increases with age, and is inversely pro-

portional to the level of schooling achieved. A later 

survey Rguibi and Belahsen in 2006 showed that the 

causes of obesity included social problems. heir 

studies of 249 Saharawi women showed 90.4 percent 

of the women wanting to gain weight, which they did 

through overeating, or in some cases, by steroid use. 

A 2005 study of Moroccans living in the Netherlands 

showed a higher level of obesity in Moroccan children 

than their native Dutch counterparts.

Many of the same trends from studies in Morocco 

and Egypt are evident in Algeria, with much higher 

levels of obesity among the middle-class urban elite. 

he causes seem largely to be higher energy con-

sumption, combined with a sedentary lifestyle and a 

lack of exercise. Some researchers have also believed 

that the Mediterranean diet, which is heavier in cho-

lesterol and saturated fats, has contributed, in a ma-

jor way, to obesity in Algeria and elsewhere.

In Tunisia, with a larger level of urban population to 

Morocco and Algeria, studies have been conducted on 

the level of obesity in the country under the auspices of 

the National Health and Nutrition Examination Survey 

(NHANES). hey studied boys and girls between the 

ages of 13 and 17 at two high schools, and found that 

the highest level of obesity—the overall being 5.1 per-

cent—was in youth aged 13–14. his was more statisti-

cally common for boys from wealthy families; the rates 

from both schools were similar. hey also studied par-

ents showing that 51 percent of obese adolescents had 

obese parents, indicating the importance of family his-

tory. hey found that the causes were excessive caloric 

intake in 52 percent of cases and excessive fat intake 

in 82 percent of cases. Of all the countries in North 

Africa, Libya has the lowest level of obesity, and conse-

quently better health indicators in other areas, such as 

the prevalence of diabetes mellitus, as shown by stud-

ies conducted at the Diabetes Hospital in Tripoli.

SEE ALSO: Africa, Sub-Saharan; World Patterns.
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Africa, Sub-Saharan 

IN PARTS OF sub-Saharan Africa, there has been a 

tradition of some rulers being overweight or obese, 

a tradition that has continued through to the mod-

ern era. As well as this, the increasing aluence of 

some areas has led to a rise in the prevalence of obe-

sity among the middle class, particularly westernized 

families. From the late 1980s, but especially during 

the 1990s and the 2000s, the impact of human im-

munodeiciency virus (HIV) and acquired immuno-

deiciency syndrome (AIDS) has been devastating, 

and AIDS is often called “slim” in Africa because of 

the wasting efect it has on its victims. his has led 

some people to think that those who are overweight 

or obese are less likely to be sufering from AIDS, al-

though this, obviously, is not the case. 

In former French West Africa, especially the 

northern region, obesity has not been a major prob-

lem until recently. A 1975 study by Dutch researchers 

R. De Hertogh, I. V. Vanderheyden, and M. de Gasp-

aro of the glucose tolerance in the Toubou Broayas of 

northeastern Niger found that obesity was unknown 

in their community because of diet and physical activ-

ity. Although obesity remains relatively rare in Mau-

ritania, it has been found that a very signiicant num-

ber of patients involved in treatment for cardiology 

problems have been sufering from obesity. In a study 

conducted in 2000 by M. L. Ba of the Centre Hos-

pitalier National, Nouakchott, Mauritania, he found 

that just over a third of patients involved in cardiolo-

gy treatment were obese. Of the 227, 187 were wom-

en and 40 were men, illustrating a much higher level 

of obesity among women. here have been a number 

of studies in Burkina Faso, which aimed to conirm 

the study by Dr. Ba in Mauritania, linking obesity to 

cardio-vascular problems. A study in 2001 by D. Ye, 

Y. J. Drabo, D. Ouedraogo, A. Samandoulougou and 

A. Sawadogo in Ouagadougou, the capital of Burkina 

Faso, showed the extremely low levels of obesity. Of 

the 1,470 students from primary schools and second-

ary schools, there were only 28 overweight cases, and 

only 4 of obesity—one of these four students having 

high blood pressure.

In Senegal, with a much higher urban population, 

there is an increased prevalence of obesity. hese 

people have been shown to have a much greater like-

lihood of having problems from heart disease and 

asthma. In Guinea, a study by N. M. Balde, et al. of 

the Endocrinology Service, into tuberculosis and dia-

betes in Conakry, the capital of the country, the con-

dition was closely associated with obesity. he much 

higher levels of the urban population in the Côte 

d’Ivoire, and the aluence of the population in Abi-

djan, the capital, has seen an increase in obesity in re-

cent years among the urban middle class, as has also 

happened in Lome, the capital of Togo, and Cotonou, 

the capital of Benin. 

In the former British colonies of West Africa, obe-

sity has also been a problem in some areas. In Gambia, 

where there has been much tourism and increased 

urbanization, a study in 2006 by M. Siervo, et al. of the 

MRC Human Nutrition Research, Elsie Widdowson 

Laboratory, Cambridge, United Kingdom, has shown 

the Gambian population to be far more accepting of 
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obesity, perhaps inluenced by the increasing levels of 

obesity in their society, than Americans. A 1998 study 

in Sierra Leone has shown that the Mende tribe—

which makes up nearly a third of the country’s popu-

lation—has an increased prevalence of obesity—the 

war and widespread food shortages in Sierra Leone 

resulting in a decline in obesity levels in recent years, 

even though the recent civil war has ended. 

here have been a number of studies of obesity in 

Ghana; that in 2005 by F. Ofei of the Endocrine and 

Metabolic Clinic, Department of Medicine and her-

apeutics, University of Ghana Medical School, Accra, 

published in the Ghana Medical Journal, is signii-

cant. He highlighted obesity as a major and prevent-

able condition. Dr. Ofei outlined a range of strategies 

largely around increased education of the popula-

tion, as many people, through greater aluence, went 

through “an economic and nutrition transition.”

Nigeria, traditionally the wealthiest country in 

West Africa—and the one with the largest and richest 

urban elite—continues to have a major problem with 

obesity. As with all countries, it is diicult to survey 

the general public, so E. N. Obikili and L. O. Nwoye 

of the Department of Anatomy, College of Medicine 

University of Nigeria, Enugu Campus, conducted a 

survey of a cross-sectional study of students at the 

University of Nigeria Enugu Campus. Rather than col-

lecting data, they were aiming to work out an accurate 

method of iguring out levels of obesity in the country, 

and concluded that the body mass index (W/H2) was 

the most suitable index to employ. However, the level 

of obesity, however measured, has certainly been par-

ticularly dramatic among some women. A study by N. 

P. Edomwonyi and P. E. Osaigbovo of the Department 

of Anaesthesia, University of Benin Teaching Hospital, 

Benin City, Edo State, into women scheduled for ce-

sarean section, showed that 50.7 percent were obese. 

In Liberia, owing to the poverty of the country and 

the incessant civil strife since 1979, the level of food 

available has been low, and consequently, the country 

has not faced a major problem of obesity. Similarly, 

in Guinea-Bissau, Cape Verde Islands, and São Tomé 

e Principe, all former Portuguese colonies, there has 

not been a problem of obesity; neither has there been 

a problem in the former Spanish colony of what is 

now Equatorial Guinea.

In former French Central Africa, there are ar-

eas of recent aluence, and this reveals itself in the 

increasing problems of obesity in Cameroon, Ga-

bon, and Congo. A study in 2007 in Cameroon, by 

researchers from the Department of Community 

Health and Psychiatry, University of the West In-

dies, Mona Campus, Kingston, Jamaica, has shown 

that 36.3 percent of urban men are overweight, with 

47.1 percent of women from urban areas—com-

pared with 9.5 percent of women and fewer men 

from rural parts of the country. he seriousness of 

the problem in the region is shown in a study for Ga-

bon, of the 108 patients sufering from diabetes who 

sought treatment at the Internal Medicine Depart-

ment of the Libreville Hospital Center, 64 of them 

were sufering from being overweight or obese. In 

the remainder of former French Central Africa, food 

shortages has resulted in malnutrition in some parts 

of Chad and to a lesser extent the Central African 

Republic, with obesity not being a problem. his was 

also the case in the Sudan, Ethiopia, and Somalia, as 

well as Djibouti. However, the 19th-century explorer 

Sir Samuel Baker in he Albert N’Yanza: Great Basin 

of the Nile (1866) refers to a custom by which wives 

of the King of Kisoona were forced to consume large 

quantities of milk—up to a gallon daily—thereby be-

coming obese, or face a whipping. It is a custom that 

has long fallen out of practice.

In East Africa, in Uganda, there has not been a 

major problem with obesity, although Idi Amin, who 

ruled the country from 1971 until he was overthrown 

in 1979, became noticeably overweight. In Kenya, the 

prosperity in the country and the much larger mid-

dle class has seen a steady increase in obesity and its 

related problems such as diabetes. he aluence in 

parts of neighboring Tanzania has resulted in obe-

sity there. As a result, there have been a number of 

studies, the most detailed probably being that by C. 

N. Nyaruhucha, et al. of the Department of Food Sci-

ence and Technology, Sokoine University of Agricul-

ture, Morogoro, into the level of obesity of students 

of diferent ages in schools and other educational 

institutions in the city of Morogoro, in the south-

ern highlands of Tanzania, west of Dar-es-Salaam. It 

shows that as much as 70 percent of younger children 

were not aware of the medical problems with obesity, 

and married adults had an obesity rate of 22.2 per-

cent compared to 4.7 percent for unmarried adults. 

he Democratic Republic of the Congo, formerly 

Zaire, there have been a level of obesity in the govern-
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ment circles with Mobutu Sese Seko (1930–97), pres-

ident from 1965 until 1997 was slim when he came 

to power but became steadily overweight during his 

long period of rule, and Laurent Kabila (1939–2001), 

who seized power from him in 1997 being signiicant-

ly overweight. Jonas Savimbi (1934–2002), the leader 

of the rebel UNITA movement in Angola was also 

overweight in his latter years.

In former British southern Africa, the aluence of 

much of the region and larger urban areas has led to 

greater levels of obesity, with the Zimbabwean na-

tionalist leader Joshua Nkomo (1917–99) being the 

most well-known African leader to sufer from obe-

sity, as did King Sobhuza II of Swaziland who reigned 

from 1899 until 1982. President Paul Kruger (1825–

1904) of the Transvaal was overweight but not obese, 

although some British cartoons during the Boer War 

exaggerated his size.

A 2001 study by A. R. Walker, F. Adam, and B. F. 

Walker of the Human Biochemistry Research Unit, 

Department of Tropical Diseases, University of the 

Witwatersrand, South Africa, showed the general lev-

el of obesity in rural South Africa, Botswana, Namib-

ia, and Zimbabwe remaining very low—between one 

and ive percent. However, in urban areas, it became 

much higher, reaching eight percent in Cape Town 

for men and 34 percent for women. In South Africa, 

people sufering from obesity had a much greater 

likelihood of facing problems from arthritis, diabetes, 

and heart disease. his has led to an increased aware-

ness campaign run by the Southern African Society 

for the Study of Obesity which has Professor Tessa 

van der Merwe of Netcare Bariatric Centres of Excel-

lence, Unitas Hospital, Lyttleton, Pretoria, being the 

national representative on the International Associa-

tion for the Study of Obesity.

SEE ALSO: Africa, North; World Patterns.
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African Americans

AFRICAN AMERICANS ARE Americans whose origins 

may be traced to any of the black racial groups of Af-

rica; it, therefore, includes recent émigrés from Africa 

and the Caribbean as well as African Americans who 

have lived in this country for generations. Accord-

ing to the U.S. Census, in 2000, there were 36.4 mil-

lion African Americans in the United States, making 

up 12.9 percent of the total population. In 2003, the 

Census Bureau announced that the Hispanic/Latino 

group had surpassed the African-American group 

in size, making African Americans the third largest 

racial group in the United States. New York has the 

greatest number of African Americans, followed by 

California and Texas; about half of African Ameri-

cans live in southern states. 

Although the health status of African Americans 

has improved in recent years, they still experience 

health disparities, particularly in relation to Cauca-

sian Americans. African Americans sufer dispro-

portionately from many diseases and have among the 

highest death rates and lowest life expectancies of any 

U.S. ethnic group. African Americans as a group also 

score lower on many socioeconomic indicators re-

lated to health, including income, education, employ-

ment, and access to healthcare.

OVERWEIGHT AND OBESITY

Overweight and obesity have been increasing for 

some years in the U.S. population as a whole, but 

rates are higher among most minority groups, 

with the exception of Asian Americans, and Af-

rican Americans have experienced some of the 

highest increases. 

his is a matter of both medical and public health 

concern because overweight and obesity in adults 

are associated with lower levels of health and high-

er risk of many diseases, including heart disease, 

stroke, diabetes, and some types of cancer, and are 

also associated with increased severity of other 

diseases including hypertension and arthritis. In 

children and adolescents, overweight and obesity 

increase the risk of becoming an overweight adult, 

and also increase the risk of diabetes, high choles-

terol, and liver abnormalities. 

For U.S. adults aged 20–74, the age-adjusted rate 

of overweight (deined as body mass index, BMI ≥25) 

has increased steadily since 1960. According to data 

from the National Health Interview Survey (NHIS) 

and National Health and Nutrition Examination Sur-

vey (NHANES), in 1960–62, 44.8 percent of adults 

were overweight. 

his increased in 1971–74 to 47.7 percent, in 

1976–80 to 47.4 percent, in 1988–94 to 56.0 percent, 

and in 2001–04 to 66.0 percent. In the non-Hispan-

ic Caucasian population, men are more likely to be 

overweight than women; this pattern is reversed in 

the African-American population, where women are 

more likely than men to be overweight. In 1976–80, 

53.8 percent of Caucasian, non-Hispanic men and 

38.7 percent of Caucasian, non-Hispanic women 

were overweight; while for African Americans, the 

numbers were 51.3 and 62.6 percent, respectively. 

In 1988–94, 61.6 percent of Caucasian men and 47.2 

percent of Caucasian women were overweight com-

pared to 58.2 percent of African-American men and 

68.5 percent of African-American women. In 2001–

04, 71.1 percent of Caucasian men and 57.1 percent 

of Caucasian women were overweight compared to 

66.8 percent of African-American men and 79.5 per-

cent of African-American women. 

Rates of obesity (deined as BMI ≥30) have also 

increased steadily in the U.S. population since 1960. 

Note that in the sources for these statistics, obesity 

is treated as a subcategory within overweight, so the 
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two categories should not be added together. In 1960–

62, 13.3 percent of the U.S. population was obese; in 

1971–74, this increased to 14.6 percent, in 1976–80 

to 15.1 percent, in 1988–1994 to 23.3 percent, and 

in 2001–03 to 32.1 percent. he rate of obesity has 

therefore increased more rapidly in the United States 

since 1960 than the rate of overweight. In distinction 

to overweight, women are more likely to be obese 

than men in both the Caucasian and African-Ameri-

can racial categories. 

In 1976–80, 12.4 percent of Caucasian men and 

15.4 percent of Caucasian women were obese, as 

compared with 16.5 percent of African-American 

men and 31.0 percent of African-American women. 

In 1988–94, 20.7 percent of Caucasian men and 23.3 

percent of Caucasian women were obese, compared 

with 21.3 percent of African-American men and 39.1 

percent of African-American women, and in 2001–

04, 31.2 percent of African-American men and 51.6 

percent of African-American women were obese. 

DISEASES RELATED TO BEING 

OVERWEIGHT AND OBESITY

Overweight and obesity are matters of medical and 

public health concern because they are risk factors for 

several serious diseases, and are implicated in both 

years of life lost and years of healthy life lost due to dis-

ease and disability. he fact that African Americans are 

disproportionately overweight and obese is logically 

related to the fact that they sufer disproportionately 

from a number of serious diseases for which over-

weight is a major risk factor, including diabetes, hyper-

tension, myocardial infarction, and stroke.

Type 2 diabetes, which accounts for over 90 percent 

of all cases of diabetes, is increasing rapidly through-

out the world as well as within the United States. Type 

2 diabetes used to be thought of as a disease of older 

adults, but is occurring more often in children and ado-

lescents as well. Obesity and physical inactivity are ma-

jor risk factors for Type 2 diabetes, and increased levels 

of both risk factors are implicated in both the overall 

increase and the increase among children and adoles-

cents. he Behavior Risk Factor Surveillance System 

(BRFSS), an annual, nationally representative random-

digit-dial health survey, found that the prevalence of 

diabetes (primarily Type 2 diabetes) increased 60 per-

cent between 1990 and 2001, and the greatest increases 

were among members of minority groups. he relative 

rate of increase, compared to Caucasian Americans, 

was 1.5 times as great among African Americans and 

2.5 times as great among Hispanic Americans. Sever-

al factors have been hypothesized to account for the 

greater increase among African Americans and other 

minorities, including genetic factors (including the 

thrifty gene hypothesis), environmental triggers such 

as changes in lifestyle, and substandard medical care.

Hypertension is a common disease worldwide as 

well as in the United States. Among American adults, 

approximately 29 percent are hypertensive. African 

Americans have a higher rate of hypertension after 

puberty and this diference persists into adult life; 33.5 

percent of African Americans are hypertensive com-

pared to 28.9 percent of non-Hispanic Caucasians. he 

racial diference increases with age; in the age group 

40–59 years, 50 percent of African Americans are hy-

pertensive compared to 30 percent of non-Hispanic 

Caucasians. Hypertension is also more severe among 

African Americans and is a greater risk factor for mor-

bidity, kidney disease, and heart disease. Among Afri-

can Americans, as compared to the general population, 

hypertension is associated with an 80 percent higher 

stroke mortality rate, a 50 percent higher heart disease 

mortality rate, and a 32 percent higher rate of end-stage 

renal disease (ESRD). Various explanations have been 

ofered for these diferences, including substandard 

medical care for African Americans, increased sodium 

sensitivity (possibly related to survival during the pas-

sage to America on slave ships), and suppressed anger 

due to the experience of racial discrimination. 

Myocardial infarction (MI), commonly referred to 

as a “heart attack,” is the leading cause of death for both 

Caucasian and African Americans. However, while the 

age-adjusted death rate for MI decreased 20 percent 

in the United States from 1987 to 1995, for African 

Americans the decrease was only 13 percent. Cauca-

sian Americans have an age-adjusted death rate from 

MI of 253.6 per 100,000, while for African Americans 

the rate is 326.5 per 100,000, the highest death rate 

from heart disease for any racial or ethnic group in an 

industrialized country. 

Stroke is the third leading cause of death as well 

as a leading cause of disability in the United States. 

African Americans, both men and women, have a 

higher age-adjusted prevalence of stroke than do 

Caucasian Americans, and a higher rate of mortal-

ity from stroke in every age category. he types of 
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stroke most common also varies by race; African 

Americans have higher rates of cerebral infarction, 

subarachnoid hemorrhage, and intracerebral hem-

orrhage, and among ischemic strokes, have dispro-

portionately high rates of lacunar infarcts and large 

artery intracranial occlusive disease. 

FACTORS RELATED TO BEING 

OVERWEIGHT AND OBESITY

Many hypotheses have been ofered for the dispropor-

tionate burden of overweight and obesity in the Afri-

can-American community. One is the difering stan-

dards of beauty or desirable body type among African 

Americans, who have demonstrated in studies to prefer 

a larger body type relative to non-Hispanic Caucasians 

and to have a greater satisfaction with their own bod-

ies. Another explanation is the well-demonstrated in-

verse relationship between socioeconomic status (SES) 

and overweight: because most African Americans have 

lower SES than non-Hispanic Caucasian Americans, it 

is predictable that they also have higher levels of over-

weight and obesity. his relationship is often attributed 

to lack of access to healthy foods, lack of nutritional 

and health-related knowledge, and lack of inclination 

or opportunity to exercise. As mentioned above, Afri-

can Americans on average have lower rates of physical 

activity, and consume fewer servings of fruits and veg-

etables than non-Hispanic Caucasian Americans; both 

behaviors are associated with higher rates of obesity. 

he Centers for Disease Control and Prevention 

(CDC) recommends regular physical activity (at least 

30 minutes of moderate activity ive times per week, 

or 20 minutes of vigorous activity three times per 

week) to improve physical functioning, aid in weight 

control, and reduce risks for many diseases including 

heart disease, diabetes, colon cancer, hypertension, 

and osteoporosis. Exercise is also associated with im-

proved mental health and lessening of arthritic symp-

toms. However, most American adults do not meet 

these recommendations, and African Americans rank 

among the lowest among U.S. ethnic groups in regular 

leisure-time physical activity. In 1998, according to the 

National Health Interview Survey (NHIS), only 22.6 

percent of African Americans reported regular leisure 

time physical activity compared to 30.7 percent of Cau-

casian Americans, 31.8 percent of Asian Americans, 

21.1 percent of Hispanic Americans, and 31.8 percent 

of American Indians and Alaska Natives (AI/AN). 

In 2004, the results were similar except for reduced 

leisure activity in the AI/AN population: 23.3 per-

cent of African Americans, 31.3 percent of Caucasian 

Americans, 21.9 percent of AI/AN Americans, 22.3 

percent of Hispanic Americans, and 27.5 percent of 

Asian Americans reported regular leisure-time physi-

cal activity. Lower rates of physical activity were also 

related to lower levels of income and education, a fact 

which is confounded with the racial/ethnic results, 

since the groups with lower activity levels (African 

Americans and AI/AN Americans), tend to also have 

higher levels of poverty.

A diet high in fruits and vegetables is associated 

with decreased risk for many chronic diseases, and is 

also recommended for weight management. Current 

goals from Healthy People 2010 include increasing 

the number of adults to consume at least two serv-

ings of fruits and three servings of vegetables daily. 

However, data from the 2005 BRFSS, disclosed that 

only 32.6 percent of American adults met the irst 

recommendation, and only 27.2 percent met the sec-

ond. African Americans were intermediate among 

U.S. ethnic groups in meeting both recommenda-

tions. About 35 percent of African Americans re-

ported eating at least two servings of fruit per day 

compared to 37.2 percent of Hispanics, 31.2 percent 

of Caucasians, and 35.5 percent of those classiied 

into other racial categories. Almost 24 percent of 

African Americans reported eating three or more 

servings of vegetables per day compared with 20.4 

percent of Hispanics, 28.6 percent of non-Hispanic 

Caucasians, and 29.3 percent of those classiied into 

other racial categories. Looking at all racial/ethnic 

groups together, higher levels of fruit and vegetable 

consumption were negatively related with overweight 

and obesity: 36.0 percent of people with normal body 

weight met the recommendation for fruit consump-

tion and 28.9 percent met the recommendation for 

vegetable consumption compared to 32.0 percent for 

fruits and 26.0 percent for vegetables for overweight 

Americans; only 28.1 percent of obese Americans 

met the fruits recommendation and 26.3 percent the 

vegetables recommendation. 

In addition to diferences in dietary patterns, bio-

logical and genetic diferences between African-

Americans and non-Hispanic whites may explain 

some of these variations in prevalence for obesity and 

obesity-related comorbidities.
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CHILDHOOD OBESITY

he increase in childhood obesity in the United States 

has been so extreme and sudden that some researchers 

refer to it as an epidemic. According to NHANES III, a 

nationally representative survey conducted 1988–94, 

14 percent of U.S. children are overweight. Rates of 

overweight are higher in minority ethnic groups, for 

instance, 21.5 percent in African-American children 

versus 12.3 percent of Caucasian children. Within 

ethnic minority groups, girls were more likely to be 

overweight than boys, and children living in impover-

ished communities were more likely to be overweight 

than those living in more prosperous communities. 

hese results are particularly worrying because per-

sistent overweight beginning in childhood is associ-

ated with greater morbidity and mortality than adult-

onset overweight.  

Many explanations have been ofered for this increase 

in childhood obesity, which is not limited to the United 

States. Genetic factors are one possibility; even though 

the increase in overweight and obesity has occurred 

too quickly to be accounted for by genetic change, it is 

possible that genetic predisposition to overweight, as 

suggested for instance by the “thrifty genotype” theory 

of Neel and others, may interact with the modern en-

vironment to produce high levels of obesity. Increased 

television watching, which results both in exposure to 

advertising of unhealthy foods and to physical inactiv-

ity, is another possibility. Studies, including NHANES 

III, have shown a correlation between hours of tele-

vision viewed and BMI. Studies have also found that  

African-American children watch more television than 

their Caucasian peers, and that prime-time television 

programs aimed for African-American audiences in-

cluded more overweight characters and carried more 

advertising for high-fat products. 

Changes in food consumption and exercise patterns 

are also logical explanations for the increase in weight 

gain. here has been a trend over the past decade in in-

creasing consumption of fat, sodium, cholesterol, sweet 

beverages, and grains, and a decline in lean meat, milk, 

raw fruits, and eggs by children and adolescents. Mi-

nority children show greater increases in fat and calo-

rie consumption, and disparities among racial groups 

are evident as early as 6–9 years of age in girls and 10–

13 years in boys. here has been an overall decline in 

participation of physical activity among children and 

adolescents, and minority children are also less likely 

to participate in physical activity than their Caucasian 

peers. A study by the Centers for Disease Control and 

Prevention (CDC) found physical activity levels high-

est (73.0 percent) among Caucasian boys and lowest 

(41.8 percent) among African-American girls. 

SEE ALSO: Africa, Sub-Saharan; Body Image; Cardiovas-

cular Disease in African Americans; Oice of Minority 

Health; Sisters Together; Stress; Stroke; Type 2 Diabetes. 
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Agouti and Agouti-Related  

Protein

THE COMMON TERM agouti refers to several rodent 

species of the genus asyprocta that look similar to 

guinea pigs and inhabit areas of Central America, the 

West Indies, and northern South America. he gene 

(called the agouti gene) that is responsible for the 
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speciic hair-color in these rodents (dark hairs that 

are lighter at the tip) also makes these animals fat. A 

similar gene is also found in various other mammals 

including humans. Its human homologue (version) 

is located on chromosome 20 and encodes for the 

agouti-related protein, consists of 132-amino-acids 

and is 81 percent identical to the one found in the 

agouti. he agouti-related protein (or agouti-related 

peptide, AgRP) is produced by a collection of neu-

rons called the arcuate nucleus in the hypothalamus 

region of the brain.

In 1997, two independent sets of researchers dis-

covered AgRP and showed that it stimulates appetite 

and is a putative cause of obesity. Understanding the 

role AgRP plays in weight gain holds the promise of 

enabling researchers to probe the metabolic processes 

that lead to obesity and discover therapeutics to treat 

this health disorder.

AgRP is critical to the mechanism by which the 

brain controls eating behavior. he arcuate nucleus of 

the brain has two sets of neurons. One set, the AgRP/

NPY (neuropeptide-Y) neurons, produces AgRP. he 

other set, the POMC neurons, produces proopiomel-

anocortin (POMC), a precursor to the melanocortin 

(MC) family of hormones that includes adrenocorti-

cotropin (ACTH) and the alpha-, beta-, and gamma-

melanocyte-stimulating hormones (MSH-α, β, and 

γ). Currently, there are ive known receptors of mela-

nocortins, MC1R through MC5R, that are agonized 

(activated) by them and antagonized (deactivated) by 

AgRP. In humans, MC1R is expressed in melanocytes; 

MC2R in the adrenal and adipose (fat) tissue; MC3R 

in the brain, placenta, and pancreas; and MC4R in the 

brain, muscle, and adipose tissue. MC5R is expressed 

ubiquitously in most tissues. Together, the MC re-

ceptors control lipogenesis (fat storage), lipolysis (fat 

burning), and food intake, as well as skin pigmenta-

tion, thermogenesis, sexual behavior, memory, and 

antiinlammatory and antipyretic efects. MC3R and 

MC4R, found in the brain, are known to control en-

ergy expenditure.

he presence of endogenous agonists (melanocor-

tins) and antagonist (AgRP) acting on the same recep-

tor system suggests tight control of energy metabolism 

by the brain. Central to the brain’s control of eating 

behavior is the protein hormone leptin produced 

in adipose (fat) tissue. When animals overeat or the 

body accumulates more fat, more leptin is produced. 

High levels of circulating leptins in the body decrease 

AgRP release and increase production of ACTH and 

MSH-α. In turn, this activates the MC receptors (es-

pecially MC3R and MC4R), which results in an in-

crease in metabolism and energy utilization, and a de-

crease in appetite. Conversely, fasting results in loss 

of adipose tissue and low leptin levels, which inhibits 

the activity of POMC neurons, thereby reducing en-

ergy usage and increasing appetite. he mechanism 

via deactivating melanocortin receptors is, however, 

not the only way in which AgRP is believed to prevent 

breakdown of fatty tissue. Some recent studies have 

indicated that AgRP can have similar efects through 

alternate physiological routes (calcium signaling 

channels in fat cells) as well.

Because AgRP has been shown to promote food in-

take and weight gain, it is thought to be a causal factor 

of obesity in the absence of leptin. It is also known 

as a hormone that prevents self-starvation. However, 

variants of the agouti-related protein can lead to a 

“decreased feeding signal” and is sometimes associ-

ated with susceptibility to anorexia nervosa.

SEE ALSO: Melanocortins; POMC Proopiomelanocortins.
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Alcohol

SINCE PREHISTORIC TIMES, people around the 

world have consumed alcoholic beverages for vari-

ous reasons. Alcoholic beverages have been used for 

the standard diet, for health related purposes, for re-

ligious purposes, for social and cultural purposes, and 

for the relaxant efects. he efect of alcohol on the 

body and mind has been the focus of various research 

groups. Research is continuing to reveal the contribu-
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tion of alcohol toward obesity through calories from 

the beverages and various efects on adipose tissue, 

also known as fat. In addition, alcohol and obesity 

have been independently shown to contribute to sim-

ilar diseases and health risks, such as cancer, diabe-

tes, hypertension, metabolic syndrome, and fatty liver 

disease. 

Alcoholic beverages contain an active chemical 

compound called ethanol, which is produced by the 

metabolism of carbohydrates by yeast during a pro-

cess called fermentation. Fruits, vegetables, and grains 

are used for fermentation. he fermented products 

are then separated by a process called distilling, mak-

ing wine, sake, beer, or mead.

When alcohol is consumed, about 20 percent is 

absorbed in the stomach walls and 80 percent is ab-

sorbed in the small intestine. Food in the stomach, 

especially carbohydrates and dietary fats, may reduce 

the absorption of alcohol by reducing the rate of food 

emptied into the small intestine from the stomach. 

he alcohol is then directly transported to the blood-

stream, which distributes the alcohol to various tis-

sue systems, such as the brain, liver, heart, pancreas, 

lungs, and kidneys. he alcohol is diluted by water in 

the blood and tissues. Eventually, enzymes in the liver 

detoxify the body.

Some research studies have shown that moderate 

intake of alcohol was associated with the lowest body 

mass index (BMI), which is measured by the weight 

and height. However, greater amounts of drinking 

have been associated with higher BMI scores. Higher 

BMI scores have been associated with various co-

morbidities, such as cardiovascular disease and dia-

betes. An individual is considered overweight if their 

BMI is over 25. An individual is categorized as obese 

if the BMI is over 30. A study involving 37,000 sub-

jects, conducted by the National Institutes of Health, 

showed that indivuals who consumed about one drink 

per day had the lowest BMI. While, heavy drinkers 

were the most overweight. In another study, BMI 

increased from the light-moderate to heavy drink-

ers. Heavy drinkers, who reduced their alcohol con-

sumption, lost greater amounts of weight or gained 

less weight compared to stable heavy drinkers or new 

heavy drinkers. 

Various mechanisms are being investigated to de-

termine how alcohol induces weight gain. When a 

food is consumed, the caloric density of the food is a 

measure of how much energy the food will provide for 

our bodies. Alcohol contains about seven calories per 

gram, which is compared to nine calories per gram in 

fat, four calories per gram in protein, and four calo-

ries per gram in carbohydrates. When the consumed 

calories is greater than the calories used by our bod-

ies via energy requiring physiological requirements 

for life, such as breathing, or exercise, the calories are 

stored as fat. 

Alcohol also seems to stimulate appetite and re-

duce self-control, which may lead to an increase in 

caloric intake. Various research has shown evidence 

for the ability of alcohol to decrease the amount of 

energy used by our bodies, which may lead to weight 

gain. Alcohol is also believed to encourage weight 

gain by altering hormone levels and other biologically 

active molecules. Alcohol may interrupt the sleep 

cycle and cause hormones such as leptin, which is a 

hormone involved in the control of food intake, ener-

gy balance, and body weight, to decrease. Ghrelin, an 

appetite-stimulating hormone, may also be increased 

Alcohol and obesity have been shown to cause similar health 

problems, including some cancers, hypertension, and diabetes.
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with sleep deprivation. Research has shown that the 

release of these biologically active molecules from fat 

tissue is inluenced by alcohol.

Alcohol appears to be a risk factor for cancer in the 

mouth, esophagus, pharynx, larynx, liver, breast, and 

ovary. here is a debate whether alcohol is a carcino-

gen or a cocarcinogen. A carcinogen is a substance 

that promotes cancer. A cocarcinogen promotes the 

carcinogenic efects of carcinogens such as tobacco. In 

comparison, obesity has been associated with cancers 

of the colon, breast, endometrium, kidney, esophagus, 

gallbladder, ovaries, and pancreas. 

Diabetes is a disease that is characterized by the 

inability of the body to metaboloize glucose.Various 

hormones are secreted in our bodies in response to 

the availability of glucose, which is the sugar that is the 

main source of energy. Heavy consumption of alcohol 

impairs the balance of hormones, which impairs the 

use of glucose, by inluencing the hormone producing 

organs. Alcohol inhibits the biological processes that 

allow glucose sources to become available for use, so 

alcohol may cause a person to have a low blood sugar 

level, especially if insulin or other diabetic drugs are 

used. Insulin and diabetic drugs helps the body to uti-

lize available glucose in the blood. Alcohol may also 

damage the pancreas and inluence the secrection of 

insulin, which may lead to diabetes. Obesity has been 

shown to the resistance of insulin, which leads to an 

increase of blood sugar. Insulin resistance can lead to 

diabetes if uncontrolled. 

Hypertension is a condition that is characterized by 

increased blood low to the arteries. Hypertension is 

diagnosed by measuring the blood pressure of an indi-

vidual. Atherosclerosis, stroke, heart attack, and kidney 

failure are a few complications caused by hypertension. 

Although the speciic mechanism is not well known, 

alcohol consumption has been linked to an increased 

risk of high blood pressure. In obesity, hypertension is 

believed to be induced by an increase of blood to the fat 

tissue, due to an increased requirement of oxygen and 

nutrients by the fat tissue. he increased blood low 

will increase the blood pressure on the arterial walls. 

Alcohol and obesity has been shown to increase the 

risk of metabolic syndrome. he metabolic syndrome 

consist of various cardiovascular risk factors including 

high blood pressure, elevated triglycerides, low levels 

of high density lipoprotein (HDL), impaired fasting 

glucose, and increased abdominal fat. An individual is 

believed to have metabolic syndrome if the individual 

has three or more of the risk factors. In contrast, stud-

ies have shown a protective beneit of alcohol against 

cardiovascular disease in moderate amounts. 

Alcohol and obesity has been shown to increase the 

risk of fatty liver disease. Obesity induced fatty liver 

disease is also known as nonalcoholic fatty liver dis-

ease. Fatty liver disease has three stages, which include 

steatosis, steatohepatitis, and cirrhosis. Steatosis is the 

accumulation of fat in the liver. In steatohepatitis, the 

accumulation of fat leads to inlammation, necrosis, 

which is the damage of liver cells, and ibrosis, which 

is the scarring of the liver. Cirrhosis is characterized by 

irreversible damage of the liver. 

SEE ALSO: Addictive Behaviors; American Obesity Associ-

ation; Fatty Liver; Food and Drug Administration; National 

Institutes of Health

BIBLIOGRAPHY. National Institute on Alcohol Abuse and 

Alcoholism (NIAAA), “Study Associates Alcohol Use Pat-

terns With Body Mass Index,” www.niaaa.nih.gov (cited 

February 2005); Andrew Prentice “Alcohol and Obesity,” 

International Journal of Obesity and Related Metabolic 

Disorders (v.19/suppl.5, November 1995); L. Kathleen Ma-

han and Sylvia Escott-Stump, Krause’s Food, Nutrition, & 

Diet herapy (Elsevier, 2004).

David Jaeho Mun 

Columbia University

American Academy of Pediatrics

THE MISSION OF the American Academy of Pediat-

rics (AAP) is to “attain optimal physical, mental, and 

social health and well-being for all infants, children, 

adolescents, and young adults.” he AAP was founded 

in 1930 as a not-for-proit organization with the prima-

ry purpose of promoting the idea within the medical 

community that children had special developmental 

and health needs distinct from adults. he AAP was 

founded by 35 pediatricians: in 2007, it has a member-

ship of over 60,000 pediatricians and employs a staf 

of over 350. here are 59 AAP chapters in the United 

States and Canada and the AAP oices are located in 

Elk Grove Village, Illinois, and Washington, D.C.
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A primary activity of the AAP is furthering the pro-

fessional education of its members; to this end, it spon-

sors continuing education courses, scientiic meetings, 

seminars, and publications. Pediatrics, a monthly sci-

entiic journal, is published by the AAP, as is Pediat-

rics in Review, a continuing education journal; AAP 

News, a membership newsletter; and a series of manu-

als, patient education brochures, and child care books. 

he AAP executes original research and promotes the 

funding of research, and advocates for children’s health 

needs at the federal and state levels. Funding for the 

AAP comes from membership dues, governmental 

and private grants, and revenues from publications and 

continuing education courses.

he Committee on Nutrition of the AAP issued a 

statement in 2003, which was later reconirmed, that 

overweight was epidemic among pediatric populations, 

and issued a number of recommendations concerning 

this problem. hese include a focus on prevention of 

overweight, research into genetic and environmental 

factors, routine monitoring of excessive weight gain in 

pediatric oice visits, education of families in correct 

child nutrition and appropriate physical activity levels, 

advocacy in the areas of physical activity and food pol-

icy for children, and improvement in insurance cover-

age for obesity care. 

he AAP maintains a website dedicated to pro-

viding information about childhood overweight and 

obesity (www.aap.org/obesity/) which includes links 

to a number of AAP publications and news releases, 

including the 2003 Committee on Nutrition statement 

and a 2004 policy statement from the AAP Commit-

tee on School Health discussing soft drinks in schools. 

Other resources available from the site include infor-

mation about car safety seats for overweight and obese 

children, curriculum guides for schools, educational 

materials for physicians, and information about the 

We Can! Program, a national program for parents of 

children aged 8–13 years to help their children main-

tain a healthy body weight and physical activity level. 

SEE ALSO: Bariatric Surgery in Children; Behavioral Treat-

ment of Child Obesity; Eating Disorders in School Chil-

dren; Medical Interventions for Children. 
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American College of  

Sports Medicine

THE AMERICAN College of Sports Medicine (ACSM) 

is the largest sports medicine and exercise science or-

ganization in the world, with over 20,000 members. 

hese members work in a wide range of medical spe-

cialties, allied health professions, and scientiic disci-

plines. he ACSM was founded in 1954 as the Federa-

tion of Sports Medicine during the annual meeting of 

the American Association for Health, Physical Educa-

tion, and Recreation; the name was changed to ACSM 

in 1955. According to its mission statement, the ACSM 

“promotes and integrates scientiic research, educa-

tion, and practical applications of sports medicine and 

exercise science to maintain and enhance physical per-

formance, itness, health and quality of life.” 

he National Center of the ACSM has been located 

in Indianapolis, Indiana, since 1984. he irst regional 

chapter of the ACSM was founded in 1970, and there 

are currently 12 regional chapters covering the entire 

United States. Over 10 percent of ACSM members 

live outside the United States, in over 75 countries, 

and about 20 percent of attendees at the ACSM annual 

meeting are non-U.S. citizens. 

he ACSM has established standards for health and 

exercise professionals and ofers educational work-

shops and testing opportunities that allow individuals 

to qualify for four types of certiications. he ACSM 

Certiied Personal Trainer certiication is intended 

for itness professionals involved in developing an in-

dividualized approach to exercise for individuals with 

medical clearance to exercise. he ACSM Health/Fit-

ness Instructor certiication is designed for people who 

lead preventive health programs aimed at individuals 

with controlled diseases such as diabetes and for low-

to-moderate-risk individuals. he ACSM Exercise 

Specialist certiication is for professionals who per-

form exercise testing and train clients with metabolic, 
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pulmonary and cardiovascular diseases. he ACSM 

Registered Clinical Exercise Physiologist is for individ-

uals who develop exercise programs for patients with 

chronic diseases. A searchable directory of ACSM-

certiied professionals is available from the ACSM  

website. 

Other educational activities of the ACSM include 

holding an annual scientiic meeting and sponsorship 

of a number of scientiic conferences, and continu-

ing education courses, including the Team Physician 

Course, intended for clinicians who care for members 

of athletic teams.

he ACSM Foundation, the fund-raising arm of 

the College, was organized in 1984. he Foundation 

accepts unrestricted gifts and also maintains a num-

ber of targeted funds, including the Carl V. Gisoli 

Memorial Research Fund which supports research in 

thermoregulation, exercise and hydration; the Clinical 

Sports Medicine Fund; the Education Endowment, the 

Michael L. Pollock Student Scholarship Fund, which 

assists students in attending the ACSM annual meet-

ing; the ACSM Minority Scholarship Fund, the Pafen-

barger-Blair Endowment for Epidemiological Research 

on Physical Activity; and the Research Endowment, 

which annually awards $10,000 to an outstanding re-

search project. he Foundation awards research grants 

valued at over $100,000 annually to graduate students 

and young investigators working in sports medicine 

and exercise science. 

SEE ALSO: Exercise; Fitness; Obesity and Sports; Physical 

Activity and Obesity. 
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American Diabetes Association

THE AMERICAN Diabetes Association (ADA), found-

ed in 1940, provides diabetes education, research, and 

advocacy. he mission of the ADA is “to prevent and 

cure diabetes and to improve the lives of all people af-

fected by diabetes.” he ADA has two types of mem-

bers: healthcare membership for professionals such 

as physicians, nurses, and research scientists, and 

consumer membership for people with diabetes and 

their families. 

he ADA research-funding program complements 

the diabetes research program of the National Insti-

tutes of Health (NIH) by supporting new investigators 

and new research ideas. In 2005, the ADA provided 

over $40 million in research funding for peer-re-

viewed research projects on topics ranging from cell 

biology and transplantations techniques to education 

and behavioral issues. Besides the usual professional 

medical journals, information about ADA-funded re-

search is disseminated through Forefront, a journal 

published twice per year, which contains proiles of 

researchers and their discoveries, written for a gen-

eral audience. Access: Diabetes Research, also writ-

ten for a general audience, is published irregularly by 

the ADA and contains summaries of recent diabetes 

research from medical journals. Each issue of Access 

focuses on a particular topic, such as blood glucose 

control or diabetic heart and blood vessel disease. 

Both Forefront and Access are accessible through the 

ADA Web site, as is other information about ADA-

funded research and applications for ADA research 

funding. he ADA Research Database is also acces-

sible through the ADA Web site: the Web site inter-

face allows the user to search for ADA-funded proj-

ects by a number of ields, including topic, grant type, 

researcher, and start and end dates.

he Government Afairs and Advocacy division 

of the ADA works to improve access to medical care, 

promote government funding of diabetes education 

and research programs, and ight discrimination 

against people with diabetes. ADA Advocacy goals 

for 2006 included protecting state diabetes insurance 

programs; ighting the federal Association Health Plan 

legislation, which would have allowed small business-

es to deny health insurance coverage for diabetes sup-

plies; establishing the National Diabetes Prison Coali-

tion to improve healthcare for inmates with diabetes; 

developing standards of employment for people with 

diabetes; establishing the Diabetes Legal Advocacy 

Fund; and protecting/restoring federal funding for 

diabetes research. 
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Obesity is a major concern for the ADA, because 

it is a major risk factors for Type 2 diabetes, a disease 

which is rapidly increasing in the United States, yet 

can frequently be prevented, delayed, or controlled 

through lifestyle changes, including dietary changes 

and increased physical activity. he ADA website in-

cludes information for the general public about risk 

factors for Type 2 diabetes, information about pre-dia-

betes (a condition which frequently precedes diagnosis 

with Type 2 diabetes), and suggestions on how to make 

changes in dietary and physical activity habits. he 

ADA also promotes a number of community events to 

raise funds, increase public awareness of diabetes, and 

promote activities known to delay and control Type 2 

diabetes, including the annual Tour de Cure (a bicy-

cling event) and America’s Walk for Diabetes. 

SEE ALSO: Nutrition Education; Physical Activity and Obe-

sity; Type 2 Diabetes; Women and Diabetes. 
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American Dietetic Association

THE AMERICAN DIETETIC Association (ADA) was 

founded in 1917 by a group of women, including Len-

na F. Cooper and Lulu C. Graves (the irst president 

of ADA), who were dedicated to improving public 

health and nutrition and aiding the government in 

conserving food during World War I. Today, the ADA 

has approximately 65,000 members and is the larg-

est organization of food and nutrition professionals in 

the United States. About 75 percent of ADA members 

are registered dietitians; other members include reg-

istered dietetic technicians, clinical and community 

dietetics professionals, educators and researchers, 

nutritionists, food service managers, and students. 

he ADA headquarters is located in Chicago, Illinois, 

and the organization also maintains a Washington, 

D.C. oice. In addition, there are state dietetic asso-

ciations in all 50 states, the District of Columbia and 

Puerto Rico, and the American Overseas Dietetic As-

sociation.

ADA’s mission is to lead the future of dietetics and 

to help people enjoy healthy lives. hey have identi-

ied ive areas of critical concern: obesity and over-

weight, particularly in children; healthy aging; ensur-

ing a safe, sustainable, and nutritious food supply; 

nutrigenetics and nutrigenomics; and integrative 

medicine, including alternative medicine and nutri-

tional supplements. 

he Commission on Accreditation for Dietetics 

Education (CADE) is the ADA’s accrediting agency, 

which establishes and enforces eligibility require-

ments and accreditations standards for educational 

program that train students for careers as registered 

dietitians (RDs) and dietetics technicians. In order 

to become an RD, a person must hold a bachelor’s 

degree from an accredited college or university in-

cluding course work approved by CADE, complete 

a CADE-accredited supervised practice program 

which typically lasts 6 to 12 months, and pass a na-

tional examination administered by the Commission 

on Dietetic Registration (CDR). Dietetics techni-

cians, registered (DTRs), must hold at least a two-

year associate’s degree from an accredited college or 

university, complete a CADE-approved dietetic tech-

nician program including 450 hours of supervised 

practice, and pass a national examination adminis-

tered by CADE. Both RDs and CDRs must complete 

continuing professional education requirements in 

order to maintain their registration.

he Journal of the American Dietetic Association 

(JADA), published monthly by Elsevier, is the oicial 

journal of the ADA. JADA is a peer-reviewed journal 

and is the most widely read professional publication 

in dietetics; its scope includes nutritional science, 

medical nutrition therapy, public health nutrition, 

food science and biotechnology, foodservice systems, 

leadership and management, and dietetics education. 

he ADA issued a position paper in 2002, available 

from the ADA Web site, stating that obesity is epi-

demic in the United States; that obesity was harmful 

to health and increasing obesity is a public health 

concern; that successful weight management re-

quires lifestyle modiications which include healthy 

eating habits and physical activity; that weight loss 

interventions should focus on prevention of weight 
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gain as well as total weight loss; and that weight loss 

interventions should be evaluated for their success 

in producing sustained, rather than merely short-

term, weight loss. 

SEE ALSO: Nutrition and Nutritionists; Nutrition Educa-

tion; Nutrition Fads; Overall Diet Quality. 
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American Heart Association

THE AMERICAN HEART Association (AHA) is a vol-

untary health agency whose mission is “to reduce dis-

ability and death from cardiovascular diseases and 

stroke.” he AHA has its roots in the Association for 

the Prevention and Relief of Heart Disease in 1915 in 

New York City, in order to study the progress of heart 

disease and whether patients could recover and return 

to work. Heart associations were founded in other 

American cities, and the need for a national organiza-

tion became apparent. In 1924, six cardiologists found-

ed the AHA: Lewis Conner, Robert Halsey, Paul White, 

Joseph Sailer, Robert Preble, and Hugh McCulloch. 

he AHA reorganized in 1948 to allow in nonmedi-

cal volunteers with skills in education, communica-

tion, business management, community organization, 

and fund-raising. he irst national fund-raising cam-

paign was launched in 1949 and raised $2.7 million. In 

2005, the AHA’s annual revenue was over $697 million, 

of which about one-third was raised from donations, 

one-third from fund-raising events, 11 percent from 

bequests, and the rest from a combination of sources. 

he AHA’s greatest expenditures in 2005 were for pub-

lic health education (about 40 percent) and research 

(about 21 percent). he National AHA Center is locat-

ed in Dallas, Texas; there are also 12 ailiate oices in 

the United States and Puerto Rico. 

Educating the public about heart disease and 

promoting a healthy lifestyle is a major goal of the 

AHA. Information about topics including choles-

terol, smoking, overweight and obesity, and physi-

cal activity and their relationship to heart disease 

is available from the AHA Web site. he AHA also 

produces publications for the purpose of promoting 

a heart-healthy lifestyle, including fact sheets and 

brochures and cookbooks, and also produces videos 

and CDs on related topics; many materials are avail-

able in both English and Spanish. 

he AHA promotes professional education through 

sponsorship of scientiic conferences and continuing 

education courses for health professionals. Slide sets 

for use in teaching and professional presentations 

are available from the AHA Web site. he AHA also 

funds research related to heart disease in a number 

of areas, including applied research, basic biomedi-

cal research, outcomes research, population health 

research, and translational research. 

he AHA has issued Scientiic Position state-

ments on several topics related to obesity, which 

are available from the AHA Web site. he AHA Sci-

entiic Position on Obesity and Overweight states 

that obesity is a major risk factor for coronary heart 

disease, and explains how obesity is deined using 

waist circumference measurement and the body 

mass index (BMI).

Other AHA Scientiic Position statements relating 

to obesity and overweight include statements on Obe-

sity and Cardiovascular Disease (2006), Overweight 

in Children and Adolescents (2005), Clinical Implica-

tions of Obesity (2004), Cardiovascular Health Pro-

motion in the Schools (2004), Clinical Management 

of Metabolic Syndrome (2004), and Obesity, Insulin 

Resistance, Diabetes and Cardiovascular Risk in Chil-

dren (2003).

SEE ALSO: Congestive Heart Failure; Coronary Heart 

Disease in Women; Metabolic Disorders and Childhood 

Obesity. 

BIBLIOGRAPHY. American Heart Association, American 

Heart Association: To Your Health! A Guide to Heart-

Smart Living (Clarkson Potter, 2001); American Heart 

Association, www.americanheart.org (cited February 

2007).
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American Medical Association

THE AMERICAN MEDICAL Association (AMA) is a 

membership association of physicians, resident phy-

sicians, and medical students, limited to those who 

reside and practice in the United States, Puerto Rico, 

Guam, and the Virgin Islands (physicians), who are 

completing an accredited residency or fellowship 

program in one of those locations (resident physi-

cians), or who are enrolled in a Liaison Committee 

on Medical Education (LCME) or American Osteo-

pathic Association (AOA) program (students). he 

AMA was founded in 1847 by Nathan S. Davis, who 

was also the irst editor of the Journal of the Ameri-

can Medical Association (JAMA), a scholarly journal 

founded in 1883. 

he mission of the AMA is “to promote the art 

and science of medicine and the betterment of public 

health.” he AMA is guided by two bodies: the 21-

member Board of Trustees is charged with keeping 

the AMA focused on the promotion of medicine and 

the betterment of public health, while the House of 

Delegates is the policy-making body of the AMA and 

conducts most of the business of the Association. he 

AMA Alliance, founded in 1922 as the Women’s Aux-

iliary to the AMA, is the volunteer arm of the AMA; 

membership is reserved for physicians and the spous-

es of physicians and medical students. he AMA 

Foundation is the philanthropic arm of the AMA; it 

develops and supports programs in medical educa-

tion, public health, and research.

A number of special-interest groups exist within 

the AMA. he Medical Student Section provides 

medical students with a forum to discuss and have an 

impact on issues in medicine and health policy. he 

Resident and Fellow section educates residents about 

issues in medicine, provides career development re-

sources, and represents and advocates for residents. 

he Young Physicians Section, for members under 

age 40 or in their irst eight years of practice, pro-

vides information, resources and representation for 

physicians in the early stages of their career. he Or-

ganized Medical Staf Section ofers education, infor-

mation, advocacy, and networking opportunities for 

physicians working in hospitals and other healthcare 

delivery systems. he Group Practice Physician Sec-

tion provides information about trends and patterns 

in group practices. he Women Physicians Congress 

helps develop women as leaders within medicine and 

advocates for women’s health issues. he Minority 

Afairs Consortium helps develop minority leader-

ship within the AMA and advocates for issues such as 

reducing health disparities. he International Medi-

cal Graduates section advocates for the concerns of 

international medical graduates within AMA and 

the larger medical community. he Senior Physician 

Group is for AMA members aged 65 or older who 

are retired or semi-retired. he Section on Medi-

cal Schools provides a forum for all medical schools 

within the United States to discuss and develop policy 

on medical education and national healthcare issues. 

he Advisory Committee on Gay, Lesbian, Bisexual, 

and Transgender (GLBT) Issues provides a mentor-

ing and networking forum for GLBT physicians and 

students and represents their interests concerning 

AMA policy, advocacy, and education issues. 

he AMA is involved in several advocacy eforts 

related to issues afecting healthcare and the practice 

of medicine; these include medical liability reform, 

Medicare physician payment reform, expanding in-

surance coverage for the uninsured, improving public 

health, funding for graduate medical education, and 

reforming managed care. he Advocacy Resource 

Center (ARC) was created in 1997 in order to con-

duct advocacy with state legislatures. he ARC is a 

partnership between the AMA and state medical as-

sociations and is governed by 14 Executive Commit-

tee members from the state medical associations. 

AMA advocacy activities relating to public health 

fall into three main categories: healthy lifestyles, 

health disparities, and disaster preparedness. In the 

healthy lifestyles area, the AMA conducts research 

and develops and disseminates clinical resources re-

lated to issues such as obesity, alcohol and drug abuse, 

and violence prevention. he AMA states on its web-

site that obesity “kills more Americans every year than 

AIDS, all cancers and all accidents combined” and is 

engaged in several eforts to halt the spread of obesity 

in children and adults. Among these, the AMA Work-

ing Group on Managing Childhood Obesity irst met 

in 2003 to develop strategies to reduce obesity and 

overweight in children, and to reduce racial and eth-

nic disparities in childhood obesity. In addition, the 

AMA produced a road map for adult obesity, which 

aims to help physicians integrate obesity intervention 

into routine managed care. 
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SEE ALSO: Ethnic Disparities in the Prevalence of Child-

hood Obesity; Fitness; Future of Medical Treatments for 

Obesity; Medical Interventions for Children; Physical Ac-

tivity and Obesity. 

BIBLIOGRAPHY. American Medical Association, www. 
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American Obesity Association

THE AMERICAN OBESITY Association (AOA), found-

ed in 1995 by the obesity researchers Richard L. Atkin-

son, MD, and Judith S. Stern, ScD, RD, is a nonproit 

corporation dedicated to changing public policy and 

perceptions about obesity. he mission of the AOA is “to 

act as an agent change, move society to re-conceptualize 

obesity as a disease and to fashion appropriate strate-

gies to deal with the epidemic.” he AOA is supported 

by the nonproit organization the American Obesity As-

sociation Research Foundation, which raises money and 

commissions studies on obesity. Since 1997, AOA head-

quarters have been located in Washington, D.C. 

Membership in the AOA is available in several dif-

ferent categories, including individual, professional 

provider, obesity-speciic clinic, corporation, non-

proit/government/small business, and student. AOA 

members who provide obesity-related services may 

be listed in the AOA Provider Directory, an online re-

source to help consumers ind professional assistance. 

Members providing obesity-related services are ex-

pected to adhere to the AOA Patient’s Bill of Rights, 

available on the AOA website. he document spells out 

patient rights in 15 diferent areas, including the right 

to be informed of treatment options and the likelihood 

of various outcomes, to be informed about the antici-

pated costs and duration of services, to be informed 

about realistic weight-loss goals, to be informed that 

rapid weight loss may cause serious health problems. 

he AOA has six programmatic areas of activity: 

education, research, prevention, treatment, consumer 

protection, and discrimination and stigma. Specif-

ic goals of the AOA include making obesity a public 

health priority, achieving recognition of obesity as a 

disease, supporting obesity prevention, getting obesity 

treatment included in health insurance coverage, ad-

vancing new treatments for obesity, expanding obesity 

research, improving the understanding of obesity, pro-

tecting consumers from obesity-related frauds, ight-

ing discrimination against obese person, and support-

ing the obesity community. 

AOA activities in support of these goals include 

lobbying and advocating before Congress, the White 

House, and federal agencies and departments for poli-

cies to support the AOA mission; interacting with the 

healthcare industry to develop, disseminate, and ex-

pand obesity treatment options; developing education-

al materials to explain AOA positions; creating coali-

tions with other organizations and corporations; and 

communicating AOA positions through news releases, 

testimony before Congress and federal agencies, ap-

pearances on television and at conferences and meet-

ings, and the AOA e-newsletters and website. 

In the area of education, AOA eforts are focused on 

gaining recognition of obesity as a chronic disease, ed-

ucating practitioners and the general public about the 

health costs of obesity, and advocacy to make obesity 

one of ten Leading Health Indicators for Healthy Peo-

ple 2010. he AOA fact sheet Health Effects of Obesity, 

available from the AOA website, details the associa-

tion of obesity with risk for many diseases and medical 

conditions, including diabetes, coronary heart disease, 

high blood pressure, and osteoarthritis. 

Research is supported by the AOA primarily 

through advocating for increases in research dollars 

award to obesity-related projects, and informing obesi-

ty researchers of funding sources from federal agencies 

and elsewhere. he AOA Fact Sheet Obesity Research 

summarizes the amount of public funding for obesity 

research, relative to health risks and diseases, and sum-

marizes its arguments for increased funding for obe-

sity research. he AOA has also developed a proposal 

for the creation of a National Institute for Obesity Re-

search within the National Institutes of Health (NIH). 

he AOA supports obesity prevention and treatment 

by summarizing and disseminating information about 

weight-gain prevention and weight-loss programs. he 
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AOA website also includes information about the eco-

nomic cost of obesity and the efectiveness and cost ef-

fectiveness of weight-loss interventions. In the area of 

consumer protection, the AOA’s primary activities are 

the collection and dissemination of information about 

consumer fraud in general, and weight loss and exer-

cise products in particular. 

Obesity-related discrimination is divided into three 

categories by the AOA: employment, healthcare, and 

education. he AOA position on obesity-related dis-

crimination, as stated on its website, is that “Persons 

with obesity are frequently the victims of discrimina-

tion. Obesity is often described as the last ‘acceptable’ 

form of discrimination based on physical appearanc-

es.” In the area of employment, the AOA website sum-

marizes studies from several researchers which found 

that overweight people were subject to employment 

discrimination, were stereotyped as having negative 

personality traits, and earned lower wages than nor-

mal-weight persons, and discusses legal protections 

and remedies available to overweight people. In the 

area of healthcare, the AOA website presents stud-

ies about the attitudes of medical personnel concern-

ing the obese and discrimination against the obese in 

healthcare. Concerning education, the AOA website 

summarizes studies that examine the school experi-

ence of overweight students, including teasing and 

bullying, and lower family support for education for 

overweight students.

SEE ALSO: Body Image; Fat Acceptance; Stereotypes and 

Obesity. 
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American Society for  

Bariatric Surgery

THE PURPOSE OF the American Society for Bariat-

ric Surgery (ASBS), founded in 1963, is to advanced 

the art and science of bariatric surgery (surgery on 

the stomach and/or intestines to aid weight loss in 

patients with extreme obesity). he ASBS is a found-

ing member of the International Federation for the 

Surgery of Obesity (IFSO) and all members of ASBS 

automatically become members of IFSO.

Regular membership in the ASBS is available to 

surgeons who are certiied by the American Board of 

Surgery or the American Osteopathic Board of Sur-

gery or are fellows of the American College of Sur-

geons or the Royal College of Surgeons, and have acted 

as primary surgeon on at least 25 bariatric surgeries 

in the last two years. Ailiate Surgeon membership 

is available to surgeons who lack the necessary cer-

tiication or have not performed suicient bariatric 

surgeries. Other membership classes are available for 

physicians who are not surgeons, medical students, 

residents, or fellows who are training in bariatric sur-

gery, and allied healthcare professionals.

he ASBS holds an annual meeting in June and 

sponsors educational courses for surgeons and other 

healthcare workers; the latter category includes nurs-

es, dietitians, psychologists, psychiatrists, physician 

assistants, social workers, counselors, and program 

managers interested in supporting bariatric surgery 

and research. 

Surgery for Obesity and Related Diseases (SoaRD), 

published by Elsevier, is the oicial journal of the 

ASBS. SoaRD is published six times a year and in-

cludes peer-reviewed manuscripts related to the 

treatment of severe obesity, including documenta-

tion of the efects of surgically induced weight loss on 

physiological, psychiatric, and social comorbidities.

In 2004, the ASBS issued a consensus statement 

concerning bariatric surgery for morbid obesity, 

which is available from the ASBS website. Among the 

positions advocated in this document are that bariat-

ric surgery is the most efective therapy for morbid 

obesity, that operative procedures are continuously 

evolving, that both open and laparascopic bariatric 

operations are efective therapies, that candidates 

for bariatric surgery should have attempted to lose 

weight by nonoperative means, that bariatric surgery 

can be cost efective before the fourth year of follow-

up, and that bariatric surgery should be considered 

for morbidly obese adolescents (BMIs > 40) and for 

persons with a BMI between 30 and 34.9 who have 

a comorbid condition (e.g., Type 2 diabetes) which 
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would be improved by weight loss. he ASBS Guide-

lines for Granting Privileges in Bariatric Surgery, 

available from the ASBS website, state ASBS recom-

mendations for experience and training required to 

perform diferent types of bariatric surgery. Sugges-

tions for the Pre-Surgical Psychological Assessment 

of Bariatric Surgery Candidates, issued by the Allied 

Health Sciences Section of the Ad Hoc Behavioral 

Health Committee of the ASBS in 2004 and available 

from the ASBS website, contain recommendations for 

the assessment of candidates for bariatric surgery in 

the areas of behavior (including previous attempts at 

weight management), cognitive and emotional func-

tioning, developmental history, current life situations, 

and motivation and expectations. 

SEE ALSO: Bariatric Surgery in Children; Bariatric Surgery 

in Women; Medication herapy After Bariatric Surgery; 

Qualiications for Gastric Surgery. 
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Amphetamines

AMPHETAMINES HAVE BEEN commonly prescribed 

for obesity since the irst introduction of amphet-

amine (Benzedrine) as a dietary aid in 1937 and con-

tinuing to the present day. By 1948, 92 percent of 

physicians surveyed were prescribing amphetamines 

for weight loss. In 1959, phentermine was approved 

for weight loss by the U.S. Food and Drug Adminis-

tration. As shown in the accompanying igure, phen-

termine difers from amphetamine itself only in the 

addition of a methyl group. he primary efect of this 

change is to slow its breakdown and therefore pro-

long its half-life within the body, so that phentermine 

can be taken once a day, whereas amphetamine itself 

is only active for around four hours. Phentermine is 

also closely related to methamphetamine, which has 

a methyl group attached to the amine nitrogen. Meth-

amphetamine has a faster onset of action, leading to 

intense euphoria, whereas phentermine has a much 

slower onset and is only a mild euphoriant.

Drugs in the amphetamine class are sympathomi-

metics, because they mimic the action of the sym-

pathetic nervous system. Amphetamines activate 

sympathetic nerve terminals release norepinephrine 

in three ways. First, they block the reuptake of nor-

epinephrine and dopamine by the nerve terminal, 

thereby prolonging the action of norepinephrine 

within the active zone of the nerve synapse. Second, 

they directly provoke the release of norepinephrine 

and dopamine from nerve terminals. hird, the am-

phetamines slightly inhibit the activity of monoamine 

oxidase, which breaks down norepinephrine and 

dopamine. hese three actions synergize to stimu-

late norepinephrine secreting nerve terminals. he 

nonamphetamine obesity drug sibutramine shares 

the irst action with amphetamine—blocking reup-

take—but lacks any efects on release and breakdown. 

hus, sibutramine has a milder stimulant action than 

amphetamines.

Increased norepinephrine and dopamine within the 

brain—speciically within the appetite centers of the 

hypothalamus—leads to suppression of appetite and 

reduced food intake. he efect on food intake tends 

to fade over time, so that maximum weight loss with 

amphetamine is achieved within 12 weeks. his is one 

reason why the use of amphetamines for weight loss is 

not recommended for more than 12 weeks. he addi-

Amphetamines have long been prescribed as an aid in dieting and 

weight loss, but with a potential cost to the health of users.
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tional weight loss relative to placebo ranges between 

5–20 lb. As would be expected, weight regain occurs 

rapidly upon discontinuation of amphetamines.

Amphetamines are not only active in the brain, 

but also throughout the body. Activation of the sym-

pathetic system slows the digestive tract leading to a 

sensation described as “butterlies in the stomach.” 

Undoubtedly, these systemic efects contribute to 

weight loss during amphetamine treatment. 

he sympathomimetic action of amphetamines 

can lead to a number of physiological side efects, 

especially on the cardiovascular system. According 

to the Hazardous Substances Databank, the primary 

hazards of phentermine are: 

Cardiotoxicity causing tachycardia, arrhythmias, 

hypertension and cardiovascular collapse; high risk 

of dependency and abuse; palpitation; chest pain; and 

hypertension are common. Cardiovascular collapse 

can occur in severe poisoning. Myocardial ischemia, 

infarction and ventricular dysfunction are described.

All of these efects are predictable based on the 

known functions of the sympathetic nervous system. 

Furthermore, sympathoinhibitory drugs such as beta-

blockers are commonly used in cardiology and have 

been shown to reduce cardiovascular mortality. 

Amphetamines are used with relative safety in 

children for the treatment of attention deicit disor-

der, but the doses used are much lower and treated 

children show a paradoxical tranquilizing response to 

amphetamine that is not common in adult obese pa-

tients treated with anorexic doses. Phenylpropanol-

amine and ephedrine, much milder stimulants used 

as an over-the-counter obesity treatment, were both 

removed from the market by the FDA following evi-

dence of increased risk of stroke, a well-known risk of 

all sympathomimetics. 

Side efects of stimulant medications such as am-

phetamines also include the possibility of addiction 

and dependence, which is one of the main reasons 

that treatment is not recommended long-term. he 

most severe psychiatric side efect has been described 

as “amphetamine psychosis,” which can be indistin-

guishable from schizophrenia, but usually resolves 

upon withdrawal of drug therapy.

All of these hazards and side efects are mainly 

characteristic of amphetamines, including phen-

termine, and do not apply to sibutramine, a milder 

sympathomimetic agent. Nonetheless, safety issues 

regarding elevation in blood pressure and stroke risk 

have been raised with sibutramine as well. 

SEE ALSO: Dopamine; Norepinephrine; Sibutramine  

(Meridia).
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Animal Models of Obesity

COMPLEX PHYSIOLOGICAL AND behavioral con-

ditions that occur in humans can be investigated in 

animal species that display, whether spontaneously or 

as a result of intervention, similar features of critical 

aspects of the condition being studied; such animals 

provide what is known as an animal model of the 

condition. In the case of obesity, the critical aspect 

is accumulation of excess body fat. Like humans, ad-

equately nourished nonhuman species store body fat 

in amounts that support growth and reproduction; 

the percent of body weight that is due to fat at a given 

age may be quite consistent for the species despite 

variation in environmental conditions. However, like 

humans, other animal species can accumulate addi-

tional body fat (i.e., show an obese phenotype); this 

excessive accumulation may be associated with the 

behavioral and metabolic changes characteristic of 

human obesity.

Animal models can provide valuable information 

about human conditions that would be diicult or 

even impossible to obtain from human subjects. he 

shorter gestation periods and life spans of rodents, for 

example, make it possible to examine progression of 

obesity throughout life, as well as maternal efects on 

ofspring and trends over many generations. Condi-

tions in the animal’s life, such as the composition and 

amount of food eaten, can be controlled and measured 
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continually. Animal models make it possible, for exam-

ple, to obtain tissues for study outside of the body, to 

use radioactivity or substances considered dangerous, 

to do surgery, or to implant devices in the brain, all of 

which can provide information crucial to understand-

ing the condition in question. Perhaps the most excit-

ing new use of animal models allows manipulation of 

the genome (the total deoxyribonucleic acid [DNA] of 

the organism) to uncover the roles that inherited traits 

play in controlling body fat accumulation and in me-

diating its efects.

GENETIC MODELS 

Animals living under standard conditions have been 

observed to spontaneously develop obesity; when 

this trait can be predictably passed to later genera-

tions, a genetic model of obesity may be deined. An 

example of a single-gene mutation that produces 

obesity is the ob/ob mouse. he recessive allele ob 

fails to produce the protein leptin, which the domi-

nant allele Ob codes for; inheritance of both reces-

sive alleles leads to absence of leptin and extreme 

obesity. Study of this genetic model led to the dis-

covery of the hormone leptin, synthesized in adi-

pose tissue, which inhibits feeding, increases energy 

expenditure, and alters metabolic pathways such as 

fat oxidation. Other spontaneous single-gene muta-

tions have been shown to produce obesity in ani-

mal models; combinations of several genetic traits 

(polygenic models) may also be responsible for in-

herited obesity.

he genome can be manipulated in the animal to 

prevent the production of the protein coded for by 

a particular gene; this technique produces a genetic 

knockout model for the particular trait. he oppo-

site efect, overexpression of a particular gene, can 

also be produced. hese efects are bodywide unless 

techniques are used to produce tissue-speciic efects. 

For example, nonfunctional membrane receptors for 

insulin might be produced only in certain tissues but 

not others; this would assist in the study of insulin 

resistance (a condition in which insulin is inefective 

in producing its efects on cells), one of the metabolic 

efects of obesity. New traits can be introduced into 

the genome as well, utilizing viruses to carry the ge-

netic information to targeted cell types. An example 

is introduction of a functional leptin gene (Ob) into 

speciic tissues of an ob/ob mouse.

Interactions between the genome and the environ-

ment can be investigated using animal models of obe-

sity. Epigenetics refers to non-DNA aspects of gene 

expression, some of which can be passed to the next 

generation. For example, substances in the diet that 

promote the addition of methyl (CH3) groups to DNA 

or its associated proteins can inluence the transcrip-

tion (formation of a strand of ribonucleic acid (RNA) 

that is complementary to the DNA) of a gene. he epi-

genetic inluence of maternal diet on the predisposi-

tion of the ofspring to obesity is of current interest.

DIETARY MODELS 

Accumulation of excess body fat results from chroni-

cally positive energy balance where energy intake from 

the diet exceeds energy output. Although animals liv-

ing in the wild or under standard laboratory condi-

tions tend to maintain dietary intakes that match en-

ergy outputs (zero balance), humans (and pets) may 

not. By altering the composition of the diet in ways 

that override the physiological/behavioral mecha-

nisms that would maintain zero energy balance, ani-

mals of various species can be made obese. Diets that 

are lower in iber and water content but higher in fat 

will provide more calories per gram; this higher en-

ergy density supports increased energy intake. Diets 

comprised of a variety of sweet, fatty, aromatic foods 

can promote greater food intake. Strain of animal or 

stage of development may afect the susceptibility to 

dietary efects. Dietary models allow investigation of 

behavioral and physiological responses to a human-

like situation and may ofer results with clear applica-

tion to humans.

DEVELOPMENTAL MODELS 

Maternal reproductive function, placental develop-

ment, and the intrauterine environment may have 

lasting efects on the ofspring’s later risk of obesity 

and obesity-related disease such as hypertension. 

Changes in these factors through diet, drugs, surgery, 

hormone administration, and other means allows 

controlled study of their efects on feeding behavior, 

body composition, and metabolic function over time, 

even over multiple generations.

SURGICAL/CHEMICAL MODELS 

Alterations in the coniguration or function of spe-

ciic neurological structures, endocrine glands, or 
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other tissues can produce obesity. Such manipula-

tions can reveal mechanisms that control feeding 

behavior, physical activity, and fuel storage. For ex-

ample, destruction of neural pathways that send in-

formation from the gastrointestinal tract to the brain 

has uncovered ways in which the small intestine in-

forms the brain about the nutrients that will be ab-

sorbed before these nutrients can reach the brain 

via the blood supply. Compounds that stimulate or 

inhibit the release of speciic hormones have estab-

lished the efects of these hormones on hunger and 

satiety. Surgical or drug treatments in animals may 

lead to increases in body fat stores, thereby support-

ing a role for the afected mechanisms in producing 

or preventing obesity.

SEE ALSO: Db/Db Mouse; Fiber and Obesity; Leptin; Ob/

Ob Mouse.
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Animal QTLs  

(Quantitative Trait Locus)

QUANTITATIVE TRAIT LOCUS, or QTL analysis, is a 

modern, genetically based way for breeders to tailor 

their livestock to the needs of consumers. Research-

ers performing QTL analysis investigate the role of 

genes, regionally located on chromosomes, in poly-

genic traits such as body fat, meat tenderness, or 

milk production. 

he genomes, or entire deoxyribonucleic acid 

(DNA) contents, of many livestock species have 

been sequenced. hese species include cattle, sheep, 

chickens, and more. Other important model organ-

isms such as mice and rats have also had their ge-

nomes sequenced. Researchers can use the vast in-

formation available for comparing and contrasting 

both diferent species as well as animals within a spe-

cies. he ultimate goal of QTL analysis is determin-

ing the genetic underpinnings of all traits and char-

acteristics, speciically those that are determined by 

multiple genes. Such traits are termed polygenic. 

DNA is organized in the cell into chromosomes. 

Roughly speaking, the chromosomes are organized 

into noncoding DNA and coding DNA which en-

codes proteins; the region of a chromosome which 

encodes a protein is called a gene. he hypothesis 

that forms the basis of QTL theory is that groups 

of genes near to each other on a chromosome may 

have a multigene efect on certain polygenic traits. 

Using sophisticated mathematics and genetic ex-

periments, investigators can examine these gene 

regions and their relationships to traits. his is the 

process for QTL mapping. In other words, scientists 

look at how often particular genes are expressed to-

gether in relation (linkage) to speciic traits. Breed-

ers can use this information to generate better, more 

nutritional meat for consumption. For example, 

pork backfat and cattle milk production have strong 

QTL linkages. 

QTLs can be used to help study many examples 

of human obesity as well, and in genome scans from 

2002, there were reported to be 68 QTLs for obesity 

in humans.

To aid researchers in their comparisons, there 

is a website called the Animal QTL database (Ani-

malQTLdb). As of 2007, the database includes infor-

mation on pigs, cattle, and sheep, and will expand to 

include more species.

SEE ALSO: Genetics; Genomics; Human QTLs; Quantita-

tive Trait Locus Mapping.
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Anorexia Nervosa

EATING DISORDERS ARE a spectrum of illnesses that 

have serious psychological and medical consequenc-

es, both in the short and long term. In the case of an-

orexia nervosa, the person has an unyielding pursuit 

of thinness, and may use a variety of behaviors to elic-

it a rapid and severe degree of weight loss. To under-

stand anorexia, a number of topics must be explored, 

including the clinical deinition, epidemiology, the 

signs and symptoms, treatment, and consequences. 

DEFINITION

Anorexia nervosa, as deined in the Diagnostic and 

Statistical Manual of Mental Disorders, 4th edition 

(DSM-IV), has four criteria. First, the individual must 

refuse to maintain a weight within a normal range for 

height and age, meaning more than 15 percent below 

ideal body weight. Second, the person experiences a 

fear of weight gain. hird, there is a severe body im-

age disturbance, and the determination of self-worth 

is measured based on body image without acknowl-

edgment of the severity of the illness. Last, in women 

who have begun to menstruate, amenorrhea, or the 

absence of three or more menstrual cycles, is part of 

the diagnostic criteria. Within this deinition, there 

are two subtypes: a restricting type and a binge eat-

ing/purging type. he restricting subtype maintains 

a low body weight by restricting caloric intake. he 

binge/purge subtype will either binge (large intake of 

calories) or purge (using vomiting and/or laxatives to 

remove calories) to control their weight. he diag-

nosis of anorexia is still appropriate with the binge/

purge subtype because there is still a body weight at 

15 percent less than ideal body weight.

EPIDEMIOLOGY

Most often, it is females who are afected by anorexia, 

with males representing only 5 percent of all anorexic 

patients. It is estimated that up to 0.5 percent of young 

females meet the criteria for anorexia nervosa. Onset 

is usually four to ive years after the onset of menarche. 

Overall data and trends of eating disorders are dii-

cult to establish because the deinition has changed 

over time and the disease often relies on self-report-

ing. Many studies demonstrate increasing prevalence 

of anorexia nervosa over the last 50 years in young 

women (15–24 years old) in the United States. he 

incidence of anorexia nervosa and other eating disor-

ders is lower in developing countries. However, some 

studies suggest that an increasing westernization and 

modernization of these countries is contributing to a 

changing self-image and body image among women, 

and an increased reporting of anorexia.

here is no medical consensus on the etiology of 

eating disorders including anorexia nervosa. Most 

models include psychological, biological, family, ge-

netic, environmental, and societal factors. here 

seems to be an even distribution of anorexia nervosa 

across social classes. hese forces can cause a de-

creased sense of self-esteem, body image, or self-con-

trol. here are several more speciic factors that may 

be inluential in the development of anorexia. For 

example, some literature suggests that an important 

predictor of eating disorders is dieting during ado-

lescence. In addition, if there is a preoccupation or 

obsession with thin body image or if one feels a social 

pressure to be thin, this may be associated with the 

development of eating disorders. Feminist psychol-

ogy theory has suggested that societal pressure to be 

“super” women in the setting of Western society can 

predispose women to develop eating disorders. hose 

who are later diagnosed with anorexia are often de-
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scribed as perfectionists, often excelling in school, 

athletics, and interpersonal experiences. It is unclear 

if there is a prodrome of symptoms that precede onset 

of anorexia. here may be family characteristics that 

are associated with individuals developing eating dis-

orders. In particular, there is an association with the 

experience of high parental expectations related to 

achievement and appearance, and settings with poor 

communication or marital tension.

In addition, there may be a genetic predisposition to 

development of eating disorders. If a irst-degree rela-

tive has an eating disorder, a young woman is six- to 

tenfold more at risk for developing an eating disorder. 

Twin studies of identical (monozygotic) twins show a 

higher concordance rate of eating disorders than be-

tween nonidentical (dizygotic) twins. However, these 

observations do not exclude the role of environment 

and family inluences. here is also a high incidence 

of psychiatric disorders in individuals with eating 

disorders. hese include afective disorders such as 

depression, anxiety disorders, obsessive-compulsive 

disorders, and personality disorders. he psychiatric 

illness may be present in childhood. here may also be 

a higher rate of substance abuse. 

Altered levels of neurotransmitters, including nor-

epinephrine and serotonin, may be involved in the de-

velopment of anorexia nervosa. here are decreased 

levels of norepinephrine in the brains of anorexics 

experiencing starvation, and this is thought to medi-

ate the slow heart rate (bradycardia) and low blood 

pressure (hypotension) seen in these individuals. he 

brain’s satiety center is inluenced by serotonin, and 

people with preexisting high level of seratonin in this 

region of the brain may be predisposed to obsessive 

behavior and eating disorders. here is also disruption 

of hormones in those with anorexia nervosa; however, 

many of them are seen in other states of starvation, and 

it is therefore unclear if the decreased levels of luteiniz-

ing hormone and decreased response to thyroid stimu-

lating hormonal are involved in causation of anorexia 

or are resultant from starvation.

SYMPTOMS

A universal presenting symptom of anorexia nervosa is 

a distorted body image. Often, there is a belief that the 

individual is fat regardless of how much weight is lost. 

Cognitive reasoning cannot alter the individual’s body 

perception. A person will use both diet and exercise to 

reduce body weight. he need to control caloric intake 

often manifests as an intense interest or obsession with 

food. Individuals will talk at length about food, will 

prepare elaborate meals, and the process of eating can 

become very ritualized. 

With the same intensity used to monitor caloric in-

take, individuals pursue exercise such as running, jog-

ging, or bicycling to loose weight. Weight lifting, swim-

ming, or other activities that would increase muscle 

mass are avoided. Another method of removing calo-

ries and losing weight is self-induced vomiting after 

meals, as seen in the binge/purge subtype of anorexia 

nervosa. Laxative use to speed bowel transit time is an-

other method of removing food and reducing absorp-

tion of calories. 

hese behaviors may lead to signiicant weight loss, 

often apparent to a casual observer. However, if the on-

set of anorexia nervosa is during puberty, the individu-

al may not technically lose weight, but they will fail to 

gain weight as their height increases. As anorexia pro-

gresses and weight is lost, patients often feel depressed, 

have trouble concentrating, and experience insomnia. 

Amenorrhea is common and may manifest as delay in 

onset of menstruation, or discontinuation of menstru-

ation in a previously menstruating female. he physical 

response to starvation can be seen in these individuals. 

here is a low body temperature, decreased heart rate, 

and a low blood pressure. Skin is dry and scaled, and a 

ine hair (lanugo) grows to cover the body. In patients 

with the binge/purge subtype, there may be erosion of 

teeth secondary to exposure to stomach acid. 

here is a low level of red blood cells, platelets, and 

white blood cells in a patient with anorexia nervosa, 

increasing the risk of serious infections. Low levels 

of blood potassium is often seen, either secondary to 

vomiting or diarrhea or low dietary intake. Liver func-

tion tests are often abnormally elevated, and there are 

deiciencies in nutrients such as magnesium and thia-

mine. Beta-carotene levels are often elevated, giving 

skin a yellow coloration. Evaluation of heart electrical 

conduction with an electrocardiogram (ECG) often 

shows slowed heart rate and a variety of arrhythmias, 

including ventricular ibrillation, which may cause sud-

den cardiac death.

TREATMENT 

Treatment of anorexia nervosa is goal-oriented, with 

a focus on weight restoration and reintegration of the 
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patient into his/her family and social structure. Medi-

cal and behavioral therapy are used toward the goal of 

weight gain. Initial management involves deciding if an 

individual needs to be hospitalized or can be followed 

as an outpatient. However, due to the life-threatening 

nature of many of the manifestations of anorexia, pa-

tients are often hospitalized at the point that they pres-

ent for medical care.

Initial medical management involves correcting 

life-threatening alterations in blood potassium, mag-

nesium, and thiamine with supplementation. Forced 

feeding through nasogastric feeding tubes, or more 

rarely, through parentaral nutrition administered 

through the veins, may be used. Subsequently, goal or 

ideal end weight is established by taking into consid-

eration premorbid weight, the patient’s level of com-

fort, bone structure, and other factors. Establishment 

of a daily routine, including weighing before and after 

meals and voiding (urine and bowel movements) is 

begun with a common goal of gaining at least half a 

pound per day. Care must be taken to avoid refeeding 

syndrome in severely underweight individuals. With-

holding of rewarding activities is often used, as is the 

use of isolation with limited contact with family mem-

bers or medical staf. Meals are presented at regular 

intervals, and snacks are available as desired.

In addition to intense behavioral modiication, there 

are interventions with the family to establish realistic 

expectations. Similarly, psychotherapy has an impor-

tant role in management of anorexia nervosa, on an 

individual and sometimes on the family level. Patients 

must develop coping skills both to manage healthy 

weight gain and to deal with challenges of adolescence. 

he use of medications in the treatment of anorexia 

nervosa is limited. Often, use of pharmacotherapy is to 

treat comorbidities, such as depression or obsessive-

compulsive disorders. Medicines that decrease anxiety 

may be useful before meals.

MORBIDITY AND MORTALITY

here is signiicant mortality associated with anorexia 

nervosa. Young women with anorexia have a tenfold 

increased mortality as compared to unafected women. 

A long-term, 10-year follow-up study found that the 

overall mortality rate was 6.6 percent, although other 

studies have found relatively lower rates when includ-

ing women treated as outpatients. he natural course 

of anorexia demonstrates that without intervention, 

only 40 percent of patients will experience signiicant 

recovery, 35 percent will have some improvement, 20 

percent will remain acutely ill and may still meet crite-

ria for anorexia at 12 years after initial diagnosis, and 

the remaining ive percent will die from medical com-

plications related to anorexia or suicide.

here are several serious complications secondary 

to eating disorders such as anorexia nervosa, including 

osteopenia or osteoporosis, cardiac impairment, cog-

nitive changes, gastrointestinal problems, hormone 

changes, and electrolyte abnormalities. Osteopenia or 

osteoporosis is often seen in anorexic patients, possi-

bly due to estrogen deiciency, or low vitamin D and 

calcium intake. It is characterized by increased bone 

resorption and decreased bone formation, and may 

lead to increased risk of fractures later in life. Several 

cardiac problems are associated with anorexia nervosa, 

including mitral valve prolapse, changes in electrical 

activity, and heart failure. he risk of heart failure is 

greatest during the irst two weeks of refeeding after 

prolonged starvation. Hormonal changes during star-

vation can lead to cessation of menstruation, which 

typically resumes within 6 months of achieving 90 per-

cent of ideal body weight.

SEE ALSO: Bulimia Nervosa; Eating Disorders and Athletes; 

Eating Disorders and Gender; Eating Disorders and Obesi-

ty; Eating Disorders in School Children; Sexual Abuse and 

Eating Disorders.
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Antidepressants

ANTIDEPRESSANTS ARE AMONG the most common-

ly prescribed classes of medications. Antidepressants 
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are efective in the treatment of multiple psychiat-

ric conditions including depression, schizophrenia, 

bipolar disorder, panic disorder, generalized anxiety 

disorder, obsessive-compulsive disorder, and other 

personality disorders. In addition to psychiatric con-

ditions, antidepressants are also efective in treating 

pain, preventing migraines, and treating eating dis-

orders such as anorexia nervosa and bulimia nervo-

sa. Patients who sufer from obesity are commonly 

treated for depression or multiple other conditions 

for which antidepressants are prescribed. Speciic 

considerations of possible weight-related side efects 

should be made prior to initiating antidepressant 

therapy in obese patients. 

Most medications, including antidepressants, are 

classiied by their chemical structure and how they 

work in the body. Currently, there are six diferent 

classes of medications that are considered to be anti-

depressants: tricyclic antidepressants (TCAs), nonse-

lective norepinephrine reuptake inhibitors, serotonin/

norepinephrine reuptake inhibitors (SNRIs), selective 

serotonin reuptake inhibitors (SSRIs), aminoketones, 

and monoamine oxidase inhibitors (MAO-Is). In ad-

dition to traditional medications, hyperforin and ad-

hyperforin, substances found in the herb St. John’s 

Wort, has antidepressant efects. 

TCAs work in the body by increasing the amount 

of several natural chemicals in the body; speciically 

of interest are norepinephrine and serotonin, which 

directly help to improve nerve function. Improve-

ment of nerve function can help many diferent medi-

cal conditions, including depression and pain relief. 

TCAs’ activity is not limited to one area of the body 

and it is common for patients to experience side ef-

fects including sedation, dry mouth, decreased need 

to urinate, and decreased blood pressure. TCAs are 

also associated with moderate weight gain, a side ef-

fect that should be considered prior to use in obese pa-

tients. Nonselective norepinephrine reuptake inhibi-

tors provide similar beneits and side efects as TCAs.

SNRIs such as venlafaxine (Efexor) and duloxetine 

(Cymbalta) work similarly to TCAs. Unlike TCAs, 

SNRIs work speciically by increasing levels of nor-

epinephrine and serotonin and results in greater im-

provements in depression symptoms with a lower 

occurrence of side efects in comparison to TCAs. 

SNRIs are efective in the treatment of chronic pain, 

nerve pain, and pain occurring as part of depression 

symptoms. SNRIs are also not associated with weight 

gain, unlike other antidepressant classes.

SSRIs are the most widely used antidepressants. 

Examples of these include Prozac, Zoloft, Lexapro, 

and Celaxa. Unlike the other antidepressant classes, 

SSRIs speciically work to increase levels of serotonin. 

he occurrence of side efects from SSRIs is much less 

than that of TCAs, resulting in better patient satisfac-

tion with therapy. Although TCAs provide greater im-

provement in symptoms of depression, SSRIs may be 

beneicial in patients with bipolar depression due to 

their possibility of triggering manic symptoms. SSRIs 

may also be used for the management of pain, but are 

not as efective as other antidepressant classes. SSRIs 

are not commonly associated with weight gain. 

Currently, bupropion is the only available aminok-

etone available in the United States. Bupropion works 

to primarily increase levels of dopamine, but may also 

increase levels of norepinephrine and serotonin at 

higher doses. he increase in dopamine, a precursor, 

or norepinephrine, leads to greater improvements in 

depression symptoms with a lower occurrence of side 

efects in comparison to other antidepressants. Al-

though rare, bupropion has been associated with the 

onset of seizures at high doses and should be avoided 

in patients at risk for or with a history of seizures. Of 

the available antidepressants, bupropion is the least 

likely to cause weight gain and sexual dysfunction. 

Bupropion use should also be avoided in patients with 

a history of eating disorders. 

Monoamine oxidase inhibitors (MAO-Is) prevent 

the breakdown of norepinephrine, serotonin, and do-

pamine, hence increasing their levels available in the 

body. Similar to the other medications that increase 

levels of these chemicals, MAO-Is improve the symp-

toms of depression, but may also be used for the man-

agement of pain, prevention of headaches, and many 

other disease states that are afected by these natu-

ral chemicals. Due to their ability to afect multiple 

chemicals, MAO-Is are more likely to cause a greater 

number of side efects, including insomnia, agitation, 

changes in blood pressure, and sexual dysfunction. 

MAO-Is should only be used in patients whose symp-

toms of depression are not resolved by other antide-

pressant treatments due to the greater number of drug 

interactions and dietary restrictions required to pre-

vent negative side efects. Patients receiving MAO-Is 

should be educated on avoiding tyramine-containing 
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foods such as wine and aged cheese to prevent dras-

tic, harmful increases in blood pressure.

In addition to the many available prescription 

medications, an alternative herbal medicine that has 

shown beneits in relieving the symptoms of depres-

sion is St. John’s Wort. Hyperforin and adhyperforin 

are components found in St. John’s Wort that appear 

to provide antidepressant efects by preventing the 

reuptake of serotonin, dopamine, and norepineph-

rine. Doses greater than 2–4 grams of St. John’s Wort 

daily may cause negative skin reactions and should 

be avoided. Similar to prescription and nonprescrip-

tion medications, alternative herbal medicine interact 

with other medications. St. John’s Wort interacts with 

a large number of medications; therefore, patients 

should check with their physician or pharmacist prior 

to using any herbal medication. Patients should also 

be aware that the U.S. Food and Drug Administra-

tion does not approve alternative herbal medications; 

hence, the ingredients may vary from product to 

product and risks or beneits cannot be veriied.

Selecting the most appropriate treatment for a 

patient should be based on the individual patient’s 

needs and goals of therapy while limiting medication 

side efects. 

SEE ALSO: Depression; Dopamine; Norepinephrine; Psy-

chiatric Medicine and Obesity.
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Anxiety

FEAR, WORRY AND apprehension are a combination 

of emotions that are often deined as anxiety. Anxi-

ety symptoms are heart palpitations, nausea, chest 

pain, shortness of breath, or tension headache. he 

other common symptoms of anxiety are increased 

blood pressure, heart rate, sweating, and blood low; 

inhibited immune and digestive systems; thyroid, re-

spiratory, and gastrointestinal disturbances; arthritis; 

migraine; and allergic conditions. Pale skin, sweating, 

trembling, and pupillary dilation are outward signs 

of anxiety. Obese people have a 25 percent increased 

risk for developing anxiety disorders.

Severe anxiety leads to generalized anxiety disor-

ders (GAD). Forty million American adults age 18 

years and older (about 18 percent) exhibit symptoms 

of anxiety disorder. Anxiety disorders last at least 6 

months and commonly occur along with other mental 

or physical illnesses, including alcohol or substance 

abuse, which may mask anxiety symptoms or make 

them worse. While there are many diferent symp-

toms of anxiety disorders, all these symptoms cluster 

around irrational fear and dread.

TYPES OF ANXIETY

Existential anxiety. his is part of obsessive com-

pulsive disorder, and typically about sex and religion 

Anxiety comes in many forms and from many sources, but all feature 

similar symptoms in patients.

38 Anxiety



or death. Eating disorders are commonly seen in ado-

lescent girls with obsessive compulsive disorder.

Test anxiety. Test anxiety is the uneasiness, appre-

hension, or nervousness felt by students who have a 

fear of failing an exam. hese students may experi-

ence any of the following: the association of grades 

with personal worth, embarrassment by a teacher, 

taking a class that is beyond their ability, fear of alien-

ation from parents or friends, time pressures, or feel-

ing a loss of control. An association of obesity-binge 

eating disorders is enhanced by the presence of psy-

chical disorders, like depression, anxiety, or bipolar 

disorders. Sixty percent of patients with binge eating 

disorder also present with anxiety. Emotional, cogni-

tive, behavioral, and physical components may pres-

ent in test anxiety. he common symptoms are sweat-

ing, dizziness, headaches, racing heartbeats, nausea, 

idgeting, and drumming.

Stranger anxiety. Stranger anxiety is a type of anxi-

ety that occurs when meeting or interacting with peo-

ple that are unknown, and is a common stage of devel-

opment in young people. Stranger anxiety in younger 

people is not a phobia in the classic sense; rather it is 

a developmentally appropriate fear by young children 

of those who do not share a “loved-one,” caregiver, or 

parenting role. In adults, an excessive fear of other 

people is not a developmentally common stage.

Panic disorder. Panic disorder is characterized by 

sudden attacks of terror, usually accompanied by a 

pounding heart, sweatiness, weakness, faintness, or 

dizziness. During these attacks, people with panic 

disorder may lush or feel chilled; their hands may 

tingle or feel numb; and they may experience nausea, 

chest pain, or smothering sensations. Panic attacks 

usually produce a sense of unreality, a fear of impend-

ing doom, or a fear of losing control. Panic disorder 

afects about six million American adults; this disor-

der is twice as common in women as in men. Panic 

disorder is often accompanied by other serious prob-

lems, such as depression, drug abuse, or alcoholism. 

Obsessive-compulsive disorder (OCD). People 

with obsessive-compulsive disorder (OCD) have 

persistent, upsetting thoughts (obsessions) and use 

rituals (compulsions) to control the anxiety. OCD af-

fects about 2.2 million American adults. OCD may 

accompanied by eating disorders, other anxiety dis-

orders, or depression. It strikes men and women in 

roughly equal numbers and usually appears in child-

hood, adolescence, or early adulthood. One-third of 

adults with OCD develop symptoms as children, and 

research indicates that OCD might run in families. 

OCD patients treated for 2.5 years with clomipramine 

or selective serotonin reuptake inhibitors observed a 

non-signiicant weight gain (34.8 percent) compared 

with sertraline and luoxetine.

Post-traumatic stress disorder (PTSD). Post-trau-

matic stress disorder (PTSD) develops after a terrify-

ing ordeal that involved physical harm or the threat of 

physical harm. PTSD afects about 7.7 million Ameri-

can adults, but it can occur at any age, including 

childhood. Women are more likely to develop PTSD 

than men.

Social phobia (or social anxiety disorder). Social 

phobia afects about 15 million American adults. Peo-

ple with social phobia have an intense, persistent, and 

chronic fear of being watched and judged by others and 

of doing things that will embarrass them. Women and 

men are equally likely to develop the disorder, which 

usually begins in childhood or early adolescence. here 

is some evidence that genetic factors are involved. So-

cial phobia is often accompanied by other anxiety dis-

orders or depression, and substance abuse may develop 

if people try to self-medicate their anxiety. 

Specific phobias. A speciic phobia is an intense 

fear of something that poses little or no actual dan-

ger. Some of the more common speciic phobias are 

centered on closed-in places, heights, escalators, tun-

nels, highway driving, water, lying, dogs, and injuries 

involving blood.

Generalized anxiety disorder (GAD). GAD is di-

agnosed when a person worries excessively about a 

variety of everyday problems for at least six months. 

Approximately 6.8 million American adults, or about 

3.1 percent of people age 18 and over, have GAD. 

People with GAD can not relax, startle easily, and 

have diiculty concentrating. Physical symptoms 

include fatigue, headaches, muscle tension, muscle 

aches, diiculty swallowing, trembling, twitching, 
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irritability, sweating, nausea, lightheadedness, hav-

ing to go to the bathroom frequently, feeling out of 

breath, and hot lashes.

OBESITY AND ANXIETY DISORDERS

Obesity is associated with an approximately 25 percent 

increase in odds of mood and anxiety disorders and an 

approximately 25 percent decrease in odds of substance 

use disorders. Weight reduction maintained for 2 years 

was associated with changes in practically all personal-

ity traits in proportion to the magnitude of weight loss.

ANXIETY DRUGS AND OBESITY 

Azaspirones; benzodiazepines; beta blockers; tricy-

clics; monoamine oxidase inhibitors and serotonin 

reuptake inhibitors are antianxiety drugs. Currently, 

it is known that tricyclics and serotonin reuptake in-

hibitors may increase weight gain. Betablockers may 

reduce coenzyme Q10 and decreases HDL-C. 

SEE ALSO: Antidepressants.
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Appearance

THOSE WHO ARE overweight or obese sufer from is-

sues regarding and related to their appearance. West-

ern society as a whole values a particular body ideal 

that does not comport with the outward appearance 

of those with excess weight. Western society also im-

bues the ideal with value judgments based on compli-

ance with the accepted body ideal, and those who do 

not meet the ideal are judged to be lacking and less 

than acceptable in many aspects.

he prevailing body ideal of the dominant Western 

culture is predominantly biased against fat and excess 

weight. hose who carry excess weight are often as-

sumed by the populace to be of lower intelligence, to 

have less personal discipline, and to be lazy, glutton-

ous, or slovenly. Overweight and obese individuals are 

consistently hearing and internalizing messages from 

society to this efect, and thus either tend to make it a 

self-fulilling prophecy, or otherwise let it negatively 

afect their self-perception and self-esteem. 

he overweight and obese internalize much of 

the negative messaging society and individuals aim 

at them; this manifests as self-loathing, guilt, and 

shame. hese in turn can lead to anxiety, depression, 

and further disordered eating patterns. In fact, anxi-

ety and depression rates are three to four times higher 

in obese individuals than in their leaner counterparts. 

he frequency of being teased about weight and size 

while growing up has been proven to be negatively 

correlated with evaluation of one’s appearance, and 

positively correlated with body dissatisfaction during 

adulthood. Further, subjects with early-onset obesity 

reported greater body dissatisfaction than did sub-

jects with adult-onset obesity. 

Body dissatisfaction is quite often manifested in a 

distorted image of one’s appearance, attractiveness, 

and/or self-worth. hese manifestations surface in 

situations such as career choice, clothing and dress, 

dating, and intimate and sexual circumstances. 

While overweight individuals tend to choose occu-

pations and careers that are about on par with their 

thinner counterparts, obese and morbidly obese in-

dividuals often choose occupations and careers that 

do not require them to be out in the public eye, or 

that require a limited contact with persons outside 

their comfort zones. 

Both groups often have trouble inding clothing 

that relects the current fashion trends or that its 

properly. hey are penalized for their size through 

increased prices for clothes made in bigger sizes, de-

spite the fact that the manufacturing cost is not pro-

portionate to the increase in retail cost. 
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Stores catering to larger individuals are fewer and 

far between, in direct contrast to the fact that 65 per-

cent of the American population is overweight or 

obese. Clothing is often merely serviceable, or made 

from lower quality fabric and materials. Larger indi-

viduals are rarely encouraged by the media to dress 

fashionably, tend to their health and itness in the 

same ways directed toward thinner persons, or care 

for their outward personal appearance through hair, 

makeup, accessorization, or other personal hygiene 

issues. As a result, larger people tend to feel segre-

gated by society. hey feel second rate, which again 

manifests as shame and embarrassment. 

Embarrassment regarding personal appearance 

crosses over from the internal to the external when 

larger people seek intimate relationships. Dating is 

more diicult for heavy people as they ield quite a bit 

of rejection based solely on appearance. Some rejec-

tion comes in the form of polite excuses, while oth-

ers are more pointed and direct about the fact that 

the individual is not only unattracted to the heavier 

person, but may actually be repulsed or disgusted by 

the heavy person’s lack of compliance with the social 

ideal. Some people will even directly express their 

anger that the heavy individual is not even trying to 

meet the body ideal. his, of course, is often merely 

a perception, as most heavy individuals are in a con-

stant state of attempting to achieve the social body 

ideal and change their appearance.

Even when intimate personal relationships are 

achieved, personal appearance and the attendant 

issues insinuate themselves into the sexual relation-

ship. It is extremely diicult for heavy people to lit-

erally bare themselves to the examination and po-

tential criticism or ridicule of another human being. 

It is tremendously diicult to reveal that which one 

may have spent a lifetime trying to hide or disguise. 

In fact, it is so diicult that many heavy individuals 

refrain from visiting medical professionals for fear 

of physical examination, recrimination, and repri-

mand. he patient is in much more control in the 

medical setting than in the sexual setting, as a rule. 

In an intimate relationship, the bedroom is where 

one bares both body and soul, and risks hearing 

again about one’s unacceptability because of out-

ward appearance and weight.

Bias, prejudice, and discrimination are prevalent 

in dating, intimate, and even family relationships. 

Because of the entrenched societal nature of the body 

ideal and the attitude toward heavy people, individu-

als in society are socialized to accept the attitudes 

and opinions, and perpetuate the same through in-

teractions with each other. As two-thirds of the pop-

ulation is overweight or obese, heavy individuals are 

constantly running head irst into these attitudes and 

opinions in every interpersonal relationship in their 

lives. Family, friends, coworkers, medical and other 

professionals, acquaintances, and sometimes even 

perfect strangers somehow feel the need or duty to 

comment on a heavy person’s appearance, and rarely 

in a positive way. 

here has been a small turn in the tide of society’s 

negative attitudes about size, but not necessarily 

about “fat.” More larger sized actresses and enter-

tainers are appearing in television, ilm, and theatre, 

but they are still in the drastic minority. A major cos-

metic company has chosen an attractive, overweight 

singer as one of its spokespersons, and a major soap 

and skin care company has launched a campaign “for 

real beauty” that involves women of varying sizes and 

shapes, but does not include obviously obese women. 

In virtually all instances, the media has expressed is-

sues with accepting these women as role models, but 

the trend continues nonetheless. he women depict-

ed in all of these roles, however, do appear to meet all 

of the other criteria of the body ideal in that they are 

attractive, well spoken, it, young, healthy, conident, 

and not obese or morbidly obese. Other than being 

larger than the ideal would dictate, they comport 

with society’s expectations in all other respects.

he appearance of the heavy person to society af-

fects almost all aspects of the interaction of that per-

son with society. Individuals often do not hold doors 

open for heavy people. Heavy people do not get hired 

as often when up against a less qualiied candidate 

who is thin. People are less likely to want to sit by 

a heavy person if they can avoid it. Heavy individu-

als are discriminated against in a multitude of ways, 

almost always based solely on their appearance as 

heavy people, and not on qualiications, attitude, val-

ues, or beliefs. his form of discrimination based on 

weight is not a protected characteristic under law, 

except in Michigan and a few select major cities. It 

is, therefore, a well-accepted and well-tolerated form 

of societal discrimination that permeates all layers of 

the socioeconomic system in the dominant culture.

 Appearance 41



Some subcultures and insular groups, however, do 

express a more tolerant and accepting view of heavy 

people. As groups, African Americans, Native Ameri-

cans, and Hispanic Americans are all more culturally 

accepting of overweight and obese individuals. Not all 

members of these minority cultures subscribe to the 

minority view, as many have been socialized to accept 

the views of the dominant culture through media, 

education, politics, religious, and familial messaging. 

Some subcultures may be more accepting of obesity in 

one gender over another, or in certain circumstances 

over another, but these same situational exceptions 

can also apply in small pockets in the dominant West-

ern culture as well.

Overall, the dominant Western culture has main-

tained the ideal of a thin body type, and has equated 

overweight and obese individuals with a subpar sta-

tus. he constant internalization of this message has 

created a society illed with individuals sufering not 

only from the disease of obesity and its attendant 

problems, but also from the ravages of shame, guilt, 

embarrassment, humiliation, and damaged self-es-

teem. Heavy persons should not be judged solely 

by their appearance. heir qualities, attributes, at-

titudes, value, and worth are, like their thin coun-

terparts, not evident at irst glance. We could all do 

well to remember that unlike beauty, being fat is not 

only skin deep.

SEE ALSO: Anxiety; Body Dysmorphic Disorder; Body Im-

age; Depression; Fat Acceptance; Obesity and the Media; 

Quality of Life; Self-Esteem and Obesity; Stereotypes and 

Obesity; Weight Discrimination.
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Appetite Control

APPETITE IS THE drive to ingest food. his drive is 

regulated by various hormonal and neural stimuli 

that originate in the adipose tissue and the endocrine, 

neurological, and gastrointestinal systems. Various 

functional centers in the brain then integrate these 

stimuli and regulate the energy homeostasis through 

energy expenditure and energy intake. Any imbalance 

in this homeostatic process results in obesity. 

42 Appetite Control

A sedentary lifestyle and the availability of food may cause some 

people to have difficulty in controlling appetite.



Obesity is the most common nutritional problem 

in the United States, afecting approximately 33 per-

cent of adults. he United States has the highest rates 

of obesity in the developed world, and the prevalence 

is steadily increasing. According to a recent U.S. study, 

17 percent of children and adolescents are overweight 

and 32 percent of adults are obese.

he rise in obesity prevalence is attributed to en-

vironmental factors rather than individual behaviors. 

he current environment promotes a sedentary life-

style with increased calorie consumption. his, cou-

pled with the drive to eat when food is readily avail-

able due to evolutionary pressure has led to increasing 

rates of obesity.

Obese individuals have a greater risk of developing 

high blood pressure, high cholesterol and other lipid 

disorders, Type 2 diabetes, heart disease, strokes, and 

certain cancers. Fortunately, even a small amount of 

weight loss (as little as 10 percent) will help lower the 

risk of developing these diseases.

BODY MASS INDEX

Obesity is deined as a body mass index (BMI) of over 

30, whereas morbid obesity is deined as BMI over 40. 

BMI is a measure of body fat based on both height 

and weight that applies to men and women. BMI is 

calculated by dividing the weight by the squared 

height, and is expressed in Kg/m2. 

THE APPETITE CONTROL SYSTEM

In most adults, weight is relatively constant despite 

huge variations in the daily food intake and the en-

ergy expended. his is due to the fact that a complex 

system consisting of various signals and relevant re-

sponses balances the energy intake and expenditure. 

he signals, in the form of various hormones in the 

blood and neural stimuli, are integrated in the hy-

pothalamus and the brainstem, which inluence the 

energy balance (i.e., energy intake and expenditure) 

through various neuropeptides (chemicals secreted 

by neurons in the brain).

Several regions in the brain are important in pro-

cessing information of food and relating it to body 

weight. hese regions, with their locations and func-

tions, include the following:

(1)  he arcuate nucleus (ARC), situated at the base of 

hypothalamus, plays a pivotal role as it has access 

to circulating energy levels. here are two popu-

lations of neurons in the ARC that regulate the 

energy balance: one neuronal circuit inhibits food 

intake and the other neuronal circuit stimulates 

food intake.

(2)   he nucleus of tractus solitarius, present in the 

hindbrain, integrates the vagal and other neuro-

nal circuits.

(3)   he paraventricular nucleus (PVN) and the dor-

somedial hypothalamus (DMH) receive neuronal 

inputs from the ARC and form important part of 

the response system.

(4)   he ventromedial hypothalamus, the destruction 

of which results in increased food intake and obe-

sity and thus called the satiety center.

(5)   he lateral hypothalamic nucleus, which if dam-

aged, may decrease feeding and lower the body 

weight, thus called the hunger center.

STIMULATORS OF FOOD INTAKE

Neuropeptide Y (NPY) is one of the most potent and 

abundant neurotransmitters that stimulates food in-

take. It has been shown that injection of NPY in the 

paraventricular nucleus not only causes increased ap-

petite and obesity, but it also reduces the energy ex-

penditure, inhibits the thyroid axis, and suppresses 

the sympathetic nervous system.

Ghrelin is a gut hormone secreted by the stomach 

and the small intestine and its levels are regulated by 

the calorie intake and other nutritional signals. Ad-

ministration of ghrelin increases food intake and de-

creases fat utilization. he fall in blood ghrelin levels 

after bariatric surgery for morbid obesity is thought 

to be partly responsible for the suppression of appe-

tite and weight loss seen after these operations.

Other stimulators of food intake include dynor-

phin, melanin-stimulating hormone, growth hor-

mone releasing hormone, and norepinephrine.

INHIBITORS OF FOOD INTAKE

Cholecystokinin, predominantly a gut hormone that 

is synthesized in the brain as well, has been shown to 

decrease food intake by inducing feelings of satiety.

Leptin is synthesized by the adipose tissues (fat tis-

sues) and its levels correlate with the adipose tissue 

mass in the body. Systemic administration of leptin 

reduces food intake and increases energy expendi-

ture. In addition to its efect on appetite, leptin levels 
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also afect neuroendocrine function of the gonadal, 

adrenal, and thyroid axes, and the immune function. 

A mutation in the gene responsible for synthesizing 

leptin may result in low or absent circulating leptin 

levels and cause obesity and hypogonadism.

Another gut hormone, peptide YY 3-36, has been 

shown to reduce food intake in obese as well as nor-

mal-weight individuals. PYY 3-36 levels are low in 

obese individuals.

Insulin also reduces food intake through various 

neurohormonal mechanisms; nevertheless, hyperin-

sulinemia and exogenous insulin are associated with 

weight gain. Other inhibitors include other gut hor-

mones such as obestatin and enterostatin.

ENERGY EXPENDITURE

Energy expenditure is controlled by the sympathetic 

system, which is an efector system via the thermo-

genic tissues (tissues that generate heat) and the pe-

ripheral nerves that control food intake. he sympa-

thetic activation results in increased heat production 

and reduced food intake.

Glucocorticoids also form the second key com-

ponent of the efector system. hey act by increas-

ing the food intake in response to the signals from 

various hormones and neural circuits. If the gluco-

corticoids are deicient, the deiciency of leptin or 

the destruction of ventromedial nucleus does not 

cause obesity.

BALANCING FOOD INTAKE AND ENERGY  

EXPENDITURE BY LIFESTYLE MODIFICATIONS

Appetite control and adequate exercise is the most ef-

fective way to control weight. Approximately 22–25 

kcal/kg is required to maintain 1 kg of bodyweight in 

a normal individual. Intake of fewer than 1,200 kcal/

day would result in weight loss for the majority of av-

erage weight individuals. More severe calorie restric-

tion is needed to induce weight loss more quickly. 

One pound consists of 3500 kcal, so an average deicit 

of more than 500 kcal/day should result in a weight 

loss of 0.45 kg (1 lb) per week. However, there is a 

wide variability as weight loss is inluenced by a vari-

ety of other factors such as gender, age, and genetics. 

A healthy and a balanced composition of diet consist-

ing of minimal amounts of proteins, essential fatty ac-

ids, vitamins, and minerals according to age-speciic 

recommendations is more efective than drastically 

altered proportions of nutrients for reducing weight. 

However, low-fat diets may help in short-term weight 

loss as well as help in maintaining weight in the long 

term.

he eicacy of weight loss is assessed by the degree 

of sustained improvement in the associated risk fac-

tors such as diabetes and high blood pressure.

DRUG THERAPY TARGETING APPETITE

Drug therapy for weight loss may be ofered to those 

who have failed to achieve adequate weight loss 

through diet and exercise alone. It is also useful for 

obese people with sleep apnea and for whom gastro-

intestinal bypass surgery is being considered. How-

ever, there are some concerns regarding the safety 

and eicacy of these drugs as well as the observation 

that most people regain weight after the drugs are 

stopped. Drug therapy does not cure obesity. It has 

been observed that weight loss ceases after the maxi-

mal efect has been achieved and continuation after 

that results in weight regain.

he medications currently approved for weight loss 

in the United States fall into two categories: drugs that 

decrease weight by decreasing appetite or increasing 

satiety, known as appetite suppressants, and those 

that decrease the absorption of nutrients. he Food 

and Drug Administration (FDA) does not currently 

approve another category of drugs that increases en-

ergy expenditure for the treatment of obesity in the 

United States.

APPETITE SUPPRESSANTS

Appetite suppressant drugs work by increasing the 

amounts of certain neurotransmitters such as nor-

adrenaline, dopamine, or serotonin in the brain.

Noradrenergic agents are drugs that increase the 

amounts of noradrenaline in the brain and include 

agents such as phentermine, diethylpropion, phen-

dimetrazine, and benzphentamine. All these drugs 

have been approved by the FDA to be used only for 

a brief period of about 12 weeks or less for the treat-

ment of obesity. Side efects of these medications 

include insomnia, dry mouth, constipation, palpita-

tions, euphoria, and hypertension.

Serotonergic agents, which increase the levels of 

serotonin, have been associated with valvular heart 

disease and pulmonary hypertension and so have 

been withdrawn from the market.
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Sibutramine is a mixed noradrenergic and seroto-

nergic agent, which increases the levels of both these 

neurotransmitters in the brain and thus induces a feel-

ing of satiety. In various trials conducted, sibutramine 

has been shown to induce a weight loss of 5 to 8 per-

cent of the body weight when compared with a place-

bo (group receiving no medication). Sibutramine has 

also been shown to maintain the reduced body weight 

compared to other drugs, with which patients tend to 

regain the lost weight after continuation for long peri-

ods. Side efects of sibutramine include mild increases 

in blood pressure and pulse, insomnia, dry mouth, 

constipation, and headache. he associated comor-

bid conditions such as high cholesterol, uric acid, and 

blood insulin levels improve with weight loss. 

EFFECTS OF DRUGS THAT REDUCE  

NUTRIENT ABSORPTION ON FOOD INTAKE

Of the drugs that work by reducing nutrient absorp-

tion, the only drug that has been approved for weight 

loss in the United States is Orlistat. Although the pri-

mary efects of Orlistat are to reduce the absorption 

of fats, several unpleasant side efects can result, in-

cluding diarrhea and anal leakage due to excess fat in 

the stool. hese can be prevented, however, by avoid-

ing consumption of high fat foods, and limiting total 

fat in the diet to less than 30 percent of total calories. 

OTHER DRUGS USED FOR WEIGHT CONTROL

Various herbal medications and dietary supplements 

are available containing ephedra alkaloids (ma huang), 

chitosan, chromium picolinate, conjugated linoleic 

acid, and garcinia cambogia which have claimed to 

bring about considerable weight loss. However, these 

have not been tested in proper trials, so there is in-

suicient evidence about the safety and eicacy of 

these agents promoting weight loss. Herbal prepara-

tions containing ephedra alkaloids and cafeine have 

shown some eicacy in short-term trials. here have 

been reports of serious cardiovascular and central 

nervous system events including cardiac arrhythmia, 

hypertension, stroke, seizure, heart attack, and even 

sudden death with preparations containing ephedra 

alkaloids in high doses. Because of these potentially 

harmful side efects, the FDA banned products con-

taining Ephedra or Ma Huang in 2005.

A variety of drugs used for treating other disorders 

are being studied for their supplementary efects of 

decreasing the weight. hese include bupropion, an 

antidepressant; topiramate, an antiepileptic; and met-

formin, an antidiabetic agent. Other experimental 

drugs include rimonabant, and various peptides such 

as leptin, peptide YY3-36, oxyntomodulin, and melo-

nocortin-4 receptor agonists.

EFFECTS OF BARIATRIC SURGERY

For patients with BMI >40 who have failed diet and 

exercise with or without drug therapy, and for those 

with BMI >35 with obesity-related conditions (co-

morbid conditions) such as hypertension, diabetes, 

or sleep apnea, bariatric surgery is recommended. 

Bariatric surgery has reduced monthly medication 

costs and improved the quality of life by improving 

or resolving the above-mentioned conditions. While 

diverse in their techniques and performances, these 

procedures produce a feeling of satiety even after 

small amounts of food are ingested. 

SEE ALSO: Amphetamines; Appetite Signals; Sibutramine 

(Meridia); Well-Being.

BIBLIOGRAPHY. American Obesity Association, www.obe-

sity.org (cited July 2007); National Library of Medicine, 

www.nlm.nih.gov/medlineplus/healthtopics.html (cited 

July 2007); he North American Association for the Study 

of Obesity, www.naaso.org (cited July 2007); M. Rosen-M. Rosen-

baum, R. Leibel, and J. Hirsch, “Medical Progress: Obesi-

ty,“ New England Journal of Medicine (v.337/6, 1997); K. 

Wynne, et al., “Appetite Control,” Journal of Endocrinology 

(v.184, 2005).

Saleh Aldasouqi 

Anuja Choure  

Michigan State University

Appetite Signals

APPETITE, THE URGE to seek food, is controlled by 

a complex interplay between endocrine, neural, and 

metabolic signals from multiple body organs and 

neurons (nerve cell) and neuropeptides (molecules 

made by nerve cells) in the brain. 

Sight, taste, and smell of food are important signals 

for regulating food intake. here are receptors in the 
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mouth that recognize the taste, texture, and tempera-

ture of ingested food, and taste plays an important 

role in the selection of foods. here are several pep-

tides (molecules made of short chains of amino acids) 

that are important for perception of taste, three of 

which are: substance P, opioids, and cholecystokinin 

(CCK). Substance P, found in the nerve ibers of taste 

buds in the tongue, released on ingestion of foods 

such as chili peppers, reduces intake of water com-

pared to sweet solutions containing sucrose. Opioid 

peptides seem to stimulate ingestion of sweet-tasting 

foods. CCK modulates taste preferences through the 

gastrointestinal tract.

GUT HORMONES

he next set of appetite signals come from various 

gastrointestinal organs. CCK is released from the 

duodenum (irst part of the small bowel) in response 

to ingestion of proteins and fats and helps their di-

gestion by stimulating secretion of digestive enzymes 

and bile. CCK, upon release, inhibits appetite via two 

mechanisms. 

It acts via the vagus nerve to send signals to areas 

in the brainstem (lower part of the brain, just above 

the spinal cord). It also acts locally to constrict the last 

part of the stomach and slow down stomach empty-

ing, thus causing a sense of fullness. It is also possible 

that CCK may act directly in the brain. However, the 

efects of CCK are short lived.

Peptide YY (PYY) is released from the cells in the 

small bowel and colon rapidly after food ingestion. It 

has been shown to reduce appetite. It acts via neu-

ropeptide Y receptors; it decreases stomach motility, 

decreases release of secretions from the stomach and 

pancreas and inally increases absorption of water 

and electrolytes in the gut. PYY also acts directly in 

the brain by inhibiting certain neurons in the hypo-

thalamus (speciic region in the brain) that stimulate 

appetite. Unlike CCK, the efect of PYY lasts for sev-

eral hours after a meal. 

Ghrelin is secreted primarily from oxyntic cells 

in the stomach and, to a lesser extent, from cells 

of the bowel. Ghrelin is a strong appetite stimulant 

and it acts via certain neurons in the hypothalamus 

and brain stem. Blood levels of ghrelin are regulated 

by endogenous diurnal rhythm and by food intake. 

Ghrelin levels are high in the morning and low at 

night. Ghrelin levels increase during fasting (thus 

increasing appetite) and fall after food intake (de-

creasing appetite).

However the fall in ghrelin levels after fat intake 

is transient and returns to normal after 45 minutes, 

whereas carbohydrate intake causes a longer-last-

ing fall in ghrelin levels. Interestingly, ghrelin levels 

do not fall after ingestion of water, suggesting stom-

ach distension has no role in its release. On the other 

hand, ingestion of small amounts of alcohol increases 

release of ghrelin and stimulates appetite. Research 

has found that obese persons do not show the rapid 

fall in ghrelin levels after meals, which in turn may 

lead to continued food intake and obesity.

Oxyntomodulin (OXM) and glucagon like peptide-

1 (GLP-1) are released from cells in the small bowel 

following food intake and subsequently act to de-

crease food intake. OXM release has a diurnal varia-

tion (like ghrelin), with peak levels in the evening and 

nadir in the early morning (unlike ghrelin). 

PANCREATIC HORMONES

Insulin is well known for its role in glucose metab-

olism. However, it also plays an important role in 

appetite control. Insulin acts as an anorectic (ap-

petite suppressing) signal within the brain by alter-

ing expression of genes that regulate food intake. 

Blood insulin concentration is higher in persons 

with greater total body fat stores and levels also rise 

rapidly after a meal. Insulin easily enters the brain, 

acting on receptors in the hypothalamus to exert its 

efect on appetite.

Pancreatic polypeptide (PP) is another peptide 

secreted from the pancreas and its concentration 

rises based on caloric intake. PP suppresses appetite 

via multiple mechanisms: It acts on the vagus nerve, 

regulates hypothalamic neuropeptides, and decreases 

ghrelin release from the stomach. 

ADIPOSE TISSUE HORMONES

Adipose (fat) tissue was originally thought to be in-

ert and solely for storage of energy. Research has 

shown that it is actually an active endocrine organ 

and adipocytes (fat cells) release various hormones. 

Leptin is the most important hormone and it inlu-

ences multiple systems in the body. Leptin levels in 

the blood correlate to whole-body adipose tissue 

mass, and levels are higher in people with increased 

adipose tissue. Food restriction suppresses leptin 
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release and food intake increases its release. Leptin 

acts as an appetite suppressant and over long term 

leads to loss of fat mass and body weight. Leptin ex-

erts its efect on appetite by acting on speciic recep-

tors in the hypothalamus and brain stem. It activates 

the nerve cells that produce appetite-suppressing 

signals and inhibits those that produce appetite-

stimulating signals.

Adiponectin and resistin are also produced by adi-

pocytes. However, their role in appetite regulation is 

not fully understood.

NUTRIENT SIGNALS

Certain nutrient molecules upon entry into the blood 

inhibit appetite. Glucose (from dietary carbohydrates 

and liver metabolism), fatty acids (from dietary fat), 

and ketones (produced in the liver) act on the vagus 

nerve to inhibit signaling to the brain and thus sup-

press appetite. he hypothalamus is the major site for 

appetite regulation in the brain.

SEE ALSO: Adiponectin; Appetite Control; Cannabinoid 

System; Leptin.
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Asia, Central 

OBESITY IN CENTRAL Asia has long been a problem 

afecting small groups of the population. However, in 

recent decades, it has emerged as a major problem, 

especially with children, raising serious healthcare is-

sues for the future. his has been particularly true of 

Iran and also of some of the former Soviet republics 

in Central Asia.

Although Jalal Talabani, the president of Iraq, has 

occasionally made jokes about his own obesity, in 

Iran, the government has conducted many surveys 

to try to ascertain the level of the problem, and then 

implement ways of dealing with it. Some statisticians 

quote that up to 13 percent of young people in Iran 

are substantially overweight or obese. To collect the 

data, a research team from the Department of Pathol-

ogy at Alzahra University Hospital, Isfahan, studying 

some of the population of Arak, determined that the 

waist circumference and the weight-to-height ratio 

were the easiest statistics to be collected for clinical 

and epidemiological studies.

Dr. M. Maddah of the Department of Human Nu-

trition, School of Public Health, Guilan University 

of Medical Sciences and Health Services, Rasht, has 

been one of the main researchers in Iran working in 

the ield of obesity. His work shows that contrary to 

the views of many people in Iran at the time, only 18.2 

percent of children who were overweight or obese 

came from families with low levels of female educa-

tion, and that there is no extra likelihood of obesity in 

children of uneducated women. In another study, Dr. 

Maddah continued to study the level of maternal edu-

cation against the prevalence of overweight children. 

An old man has a traditional weight of Central Asians, but obesity has 

become of increasing concern of late.
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He worked with adolescent girls between the ages 14–

17; his study of 1,054 randomly selected schoolgirls 

in Rasht showed that 21.9 percent of the girls were 

overweight and 5.3 percent were obese. However, this 

shows a far higher level of obesity among adolescent 

girls who have mothers with low educational levels 

than is the case from mothers who were well edu-

cated. his indicates a marked diference between the 

much higher levels of obesity in adolescent daughters 

of poorly educated mothers in an urban setting, as 

opposed to the igures for the entire country. Others 

doing important work include R. Kelishadi of the De-

partment of Preventive Pediatric Cardiology, Isfahan 

Cardiovascular Research Center (World Health Or-

ganization Collaborating Center) at Isfahan Univer-

sity of Medical Sciences.

To explain these and similar indings in other coun-

tries, it has been suggested that children from poor 

families traditionally ate more fatty food, which was 

often cheaper, but did not become overweight when 

they were involved in a more strenuous lifestyle. How-

ever, with some of these families moving to towns and 

cities and adopting a more sedentary lifestyle with 

little or no change in their diet, overweight became a 

potential result.

In neighboring Afghanistan, there has been little 

problem of obesity. Indeed, a study of the population 

in the country in 2003 showed that as much as 40 per-

cent of the entire population had a high dietary ener-

gy deicit, resulting in malnutrition. he lack of access 

to cars and public transport has often meant people 

having to travel on foot, which again, has helped with 

many people not becoming overweight.

In the Soviet Union, much research was devoted 

to ensuring that the population had good nutrition, 

and there were health campaigns to try to prevent 

any increase in obesity. he journal Voprosy pitaniia 

has published much on the ield, and since the end 

of the Soviet Union in 1991, it has continued to help 

researchers investigating the mounting rates of obe-

sity in Kazakhstan, Kyrgyzstan, Tajikistan, Turkmeni-

stan, and Uzbekistan. However, since 1991, there have 

been far fewer surveys of health risks, and the health 

indicators in these countries have fallen.

From the 1920s, there was some malnutrition and 

occasional food shortages in parts of Soviet Central 

Asia. Even in the 1970s and the 1980s, the incidence 

of underweight in Kazakhstan was quite high, as 

food shortages continued. Leading Kazakh obesity 

researchers B. A. Salkhanov and R. K. Kadyrova were 

involved, in 1989, in a study of the etiologic factors 

of obesity and found that 32.6 percent of those who 

were obese (above the age of 15) had excessive body 

mass alimentary disorders; there was low energy ex-

penditure in 26.6 percent; endocrine disorders were 

noticed in 15.4 percent; and in 6.9 percent there was 

some acknowledgment of hereditary factors. here 

were, of course, variations between the urban and the 

rural population, between males and females, and 

also between the less mountainous north and west of 

the country and other areas.

In another survey in the following year, Salkhanov 

and Kadyrova tried to ascertain the diferent levels of 

obesity between people in the north, south, and west 

of Kazakhstan. Again, restricted to people above the 

age of 15, they found excessive body mass in 36.1 per-

cent of them, with obesity diagnosed in 23.7 percent 

of them—the rate increasing with age. Salkhanov and 

Kadyrova noticed that obesity was also more com-

mon among urban women and rural men, with the 

rate of obesity in the mountainous north being far 

higher than elsewhere in the country.

Surveys have also been carried out in the neigh-

boring Republic of Kyrgyzstan, which is much poorer 

than Kazakhstan. In 1988 while Kazakhstan was still 

a part of the Soviet Union, studies on people living in 

the capital Frunze showed that the nutritional hab-

its of the indigenous Kirghiz people were very dif-

ferent from Europeans who had settled there. While 

the former were involved in heavier consumption of 

proteins and complex carbohydrates, the Russians, 

Ukrainians, and others included more simple car-

bohydrates such as sugar, fat, and monounsaturated 

fatty acids in their diets. However, in spite of these 

diferences, cases of excess body mass were the same 

for the two population groups, as were cases of coro-

nary heart disease. he study found that much of this 

could come from equally low rates of physical exer-

cise in both groups of people. 

hat physical exercise was the main predetermi-

nant for a higher prevalence of obesity was also shown 

out on a later survey of people in Tien Shan and the 

Pamirs, which showed clearly that among men aged 

40–59, there was a far higher rate of obesity in low-

land dwellers, with mountain dwellers being forced 

by their environment to undertake a more arduous 
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lifestyle. In 1998, a detailed survey of the population 

in Kyrgyzstan and Turkmenistan, undertaken by Is-

raeli researchers came up with similar indings.

he most recent survey of obesity in Central Asia 

was undertaken by V. Mishra, et al. on the epidemiol-

ogy of obesity in Uzbekistan. Published in 2006, it uti-

lized data from the Uzbekistan Health Examination 

Survey in 2002 to work out behavioral risk factors. 

his showed that there was a strong positive correla-

tion between the prevalence of obesity and hyperten-

sion in adult men and women in Uzbekistan, although 

the nature of the relationship difered between that 

experienced by men and women.

SEE ALSO: Asia, East; Asia, South; Asia, Southeast.
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Asia, East 

IN EAST ASIA, there has long been a tradition of 

obesity among many wealthy oicials, even in an-

cient China. he mythical emperor Shennong (Shen 

Nung), often known as the Yan Emperor, and who is 

claimed to have lived in about 3,000 bce, is said to 

have asked his people to drink green tea to reduce 

obesity levels. An Lushan (703–757), the military 

leader of Turkic-Sogdian origin during the Tang dy-

nasty sufered from obesity which led to diabetes; and 

Kublai Khan (reigned as Emperor of China 1271–94), 

was also plagued by obesity and gout during the last 

10 years of his reign. his has been attributed to his 

eating many animal organs. he most well-known 

overweight emperor was the Wanli Emperor (reigned 

1572–1620) near the end of the Ming dynasty. He was 

ruling when the Jesuit missionary Matteo Ricci vis-

ited Beijing, and his reign is seen as representing the 

decline of the Ming, the grossness of his igure being 

used by historians to emphasize this. 

he Emperor himself had become so large that he 

apparently was unable to stand without assistance. 

Some books also credit Yang Guifei (719–756), one of 
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the “Four Beauties of ancient China” as being obese. 

However, recent historical research points to the mis-

conception coming from a comparison with the slen-

der Zhao Faiyan (c.32–1 b.c.e.), the wife of Emperor 

Cheng of Han, possibly suggesting that Yang Guifei 

was either of normal build or slightly overweight.

he irst European artists to visit China often cari-

catured Chinese oicials for being fat, with some of 

the cartoons associated with the Macartney mission 

to China in 1793–94 showing clearly obese oicials—

obesity being used to try to represent slothfulness 

and corruption. his tradition of caricature continued 

with Commissioner Lin (Lin Zexu) (1785–1850), the 

main oicial who fought opium smuggling, leading to 

the First Opium War of 1839–42, also being portrayed 

as obese, with more sympathetic paintings showing 

him as only a little overweight. he cultural stereo-

types continued onto the 20th century, with novelist 

Ernest Bramah referring to the Chinese gods being 

old and obese. he New Zealand-born writer Rewi 

Alley (1897–1987), who lived in China and became 

a member of the Chinese Communist Party, sufered 

from obesity during his last years

he main problem facing China in the 21st cen-

tury has been the massive rise in childhood obesity. 

One of the main factors of child obesity in China has 

been that the one-child policy has led to many par-

ents spoiling their children, devoting more money to 

providing food, often Western-style foods, for them. 

his has largely come about through overeating, eat-

ing fatty food, insuicient exercise, and a sedentary 

lifestyle, all stemming from a rise in prosperity. A 

study in 2007 by B. Xie et al. showed that of the 6,863 

middle school and high school students measured, 10 

percent of the girls and 17 percent of the boys were 

overweight. he study showed that the higher the 

level of parental education and the higher the level 

of family income, the greater the prevalence of the 

children being either overweight or obese. In another 

study by H. W. Marsh et al., also carried out in 2007, 

some 763 Chinese children aged 8–15 also showed 

high levels of overweight.

For the adult population, the major recent study 

was conducted by F. Xu, X. M. Yin, and Y. Wang, and 

investigated areas such as smoking and other life-

style issues, among people from three urban areas 

and two rural areas in Nanjing. It found that 36.1 

percent of people were overweight, with the prev-

alence being signiicantly lower among those still 

smoking (33 percent), as against nonsmokers (39.9 

percent) and ex-smokers (39.2 percent). In fact, the 

study actually showed that the higher the number 

of cigarettes smoked daily, the lower the prevalence 

of obesity. It concluded that there was the possibil-

ity of a link between the cessation of smoking and 

increased body weight. 

he major survey of obesity in China has been car-

ried out by the Working Group on Obesity in China, 

at the Institute of Child and Adolescent Health, Pe-

king Medical University Health Science Center, Bei-

jing. Analyzing igures from 1985 until 2000, they 

found that the prevalence of overweight and obesity 

in 2000 for boys aged 7–18 was 11.3 percent and 6.5 

percent, respectively, for Beijing, 13.2 percent and 4.9 

percent in Shanghai, 9.9 percent and 4.5 percent in 

large coastal cities, and 5.8 percent and 2.0 percent 

in smaller coastal cities. he corresponding igures 

for girls were 8.2 percent and 3.7 percent in Beijing, 

7.3 percent and 2.6 percent in Shanghai, 5.9 percent 

and 2.8 percent in large coastal cities, and 4.9 percent 

and 1.7 percent in smaller coastal cities—in all cases, 

lower than boys. he Hong Kong Association for the 

Study of Obesity is headed by Dr. Gary Tin Choi Ko of 

the Department of Medicine, AH Nethersole Hospi-

tal who is the national representative on the Interna-

tional Association for the Study of Obesity (IASO).

In Taiwan, some 29.3 percent of people aged over 

60, in a 1999 study, were found to be overweight, with 

6.4 percent being underweight. he Chinese Taipei 

Association for the Study of Obesity appointed Dr. 

Hwa-yen Liu, the General Director of the Tianlu Clin-

ic, Hsin-chu City, as the national representative on 

the IASO. As with many other industrializing coun-

tries, there has been a major problem of overweight 

and obesity in South Korea. he Korean Society for 

the Study of Obesity was established in 1991, with 

Professor Hyungjoon Yoo of Seoul as the country’s 

national representative on the IASO. he major study 

of obesity in Korea, undertaken by D. M. Kim, C. W. 

Ahn, and S. Y. Nam of the Endocrinology and Metab-

olism, Yongdong Severance Hospital, Yonsei Univer-

sity, College of Medicine, Seoul, has shown that there 

has been a dramatic increase in type 2 diabetes in the 

country, and this has been in spite of the country be-

ing geographically isolated, with few migrants and 

hence a low level of genetic heterogeneity. In North 
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Korea, where the population is heavily isolated from 

outside inluences, and there have been food shortag-

es, especially of dairy products and meat; thus, there 

has been no problem with obesity. 

Although in Mongolia the diet has traditionally 

been extremely fatty, the extreme cold climates and 

the hard physical activity of the Mongolian people 

has meant that obesity has not been a major problem 

in the country, although it has had a high rate of prev-

alence among foreign workers in the country, such as 

European Russians, many of whom were involved in a 

more sedentary lifestyle.

In Japan, as with China, traditionally some oicials 

have been obese, and sumo wrestlers are encouraged 

to be obese, in a sport where size is of great impor-

tance. However, Japan has the lowest obesity rate in 

the industrialized world, with Japanese people having 

the longest life expectancy rates. he rate of obesity in 

Japanese women is only 3 percent, with that for men 

being only slightly higher. his led Naomi Moriyama 

and her husband William Doyle to write the book 

Japanese Women Don’t Get Old or Fat (2005) high-

lighting the Japanese diet of relatively small helpings 

and a heavy emphasis on ish. he Japanese Society 

for the Study of Obesity has Professor Hironobu Yo-

shimatsu, Department of Anatomy, Biology & Inter-

nal Medicine, Faculty of Medicine, Oita University, 

being the national representative on the IASO.
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IN HINDU INDIAN mythology, overweight was seen 

as a sign of inner contentment, with some statues 

and other representations of several of the gods often 

showing signs of central obesity. In historical times, 

early European traders have included accounts of 

overweight Indian merchants with cartoons often 

caricaturing obesity. Even allowing for exaggeration, 

it was clear that there was a level of obesity among 

some wealthy Indians for several centuries.

Although Bollywood, the Indian ilm industry, 

tends to center its ilms on slim men and women, obe-

sity is increasing in India, as it is around most of the 

rest of the world. Atal Behari Vajpayee, prime minister 

of India from 1998 until 2004, has had a problem with 

being overweight, with medical operations on both 
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of his knees. Indian prince Kumar Shri Ranjitsinhji 

(1872–1933) after retiring from cricket, became over-

weight, and Sri Lankan cricketer turned politician 

Arjuna Ranatunga (b. 1963) also put on considerable 

weight after leaving cricket.

However, the modern concern with obesity is not 

in terms of dealing with a small number of overweight 

people, but with the massive rise in obesity through-

out India, Pakistan, and also Bangladesh, Nepal, and 

Sri Lanka, especially in the increasing middle class. 

Much of this has come from the sedentary lifestyle, 

a lack of exercise and increased access to, and con-

sumption of Western foods. Not only has the increase 

in obesity created problems of its own, but it has also 

led to a rise in the levels of diabetes and cardiovascu-

lar problems facing many people in South Asia.

As a result, there has been much research on obe-

sity in India, with a website www.obesityindia.com 

promoting the message “Lose Weight. Gain Health.” 

here is also the All India Association for Advancing 

Research in Obesity (AIAARO). 

As with many other countries in the world, the 

cause of much of the increasing level of obesity has 

been the rapid nutritional and lifestyle changes, par-

ticularly prevalent in urban areas. As well as obesity, 

it has also led to a rise in the prevalence of the meta-

bolic syndrome, and this has led to joint studies of 

obesity and metabolic syndrome, the latter afecting 

20 to 25 percent of all urban South Asians.

here is also mounting evidence that obesity in In-

dia, as elsewhere in the region, is caused by heredity. 

Drs. J. Kumar, R. R. Sunkishala, G. Karthikeyan, and 

S. Sengupta of the Department of Proteomics and 

Structural Biology, Institute of Genomics and Integra-

tive Biology, New Delhi, carried out a recent study of 

a genetic variation upstream of insulin-induced gene 

2 (INSIG2) (rs7566605) which they believed could 

be connected with rising levels of obesity. he study 

was complicated by the lifestyle and diet changes that 

many Indians have seen during the same period. his 

led researchers to divide their work between the 1,577 

healthy people, and the 610 who were sufering from 

coronary artery disease. When the two groups were 

compared, it was found that there was no signiicant 

level of association between the polymorphism and 

body mass index (BMI). 

his, as well as other factors, allowed Dr. Kumar 

and his colleagues to conclude that the variant up-

stream of INSIG2 could not be shown to be a deter-

minant of BMI in the Indian population. However, 

there are many other potential genetic links to obe-

sity, and future genome scans may shed insight as to 

why the overall prevalence of obesity has increased in 

certain groups.  

In Pakistan, the Pakistan Association for the 

Study of Obesity (PASO) was founded with Dr. Atta-

ur-Rehman being the national representative on the 

International Association for the Study of Obesity. 

Recently, in Pakistan, there has been a study by T. H. 

Jafar, N. Chaturvedi, and G. Pappas analyzing data 

from 8,972 people aged over the 15 years, working 

on those with a BMI of 23 kg/m2 or greater as be-

ing overweight, and those who have a BMI of 27 kg/

m2 or more as being obese. Projected to the entire 

population, this showed that about a quarter of the 

people in Pakistan were overweight, with 10.3 per-

cent being obese. 

hey were also able to show that the factors asso-

ciated with overweight and obesity were greater age, 

having a high or very low economic status, and having 

a high intake of meat. he study revealed that women 

who were literate and living in an urban area also had 

an increase prevalence of obesity.
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UNTIL RECENT TIMES, there has not been a seri-

ous problem of obesity in Southeast Asia with the 

diet generally being relatively good, and also non-

sedentary lifestyle ensuring that most people were 

able to get plenty of exercise. Most early imagery of 

humans tends to show relatively well-proportioned 

bodies. However, there are some early represen-

tations of human-like figures, such as that of the 

seated Buddha, where the people are slightly over-

weight, and certainly not obese, being shown as a 

sign of contentment.

here is little evidence of obesity in Southeast Asia 

in medieval times, although it did undoubtedly occur. 

During the period of French colonial rule in Indochi-

na, the increased prosperity as well as the increase in 

the sedentary lifestyle for the wealthy did result in a 

rise in people who were overweight, and even a num-

ber who became obese. his led to the tradition that 

obesity became associated, in the public imagination 

if nowhere else, with gluttony and also, to some ex-

tent, political corruption. 

In Cambodia, one of the obese politicians, Trinh 

Hoanh, for many years a prominent journalist, was 

one of the men who plotted the overthrow of Prince 
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Norodom Sihanouk in March 1970, was also high-

lighted as being corrupt. Several other political activ-

ists of the 1960s and early 1970s who were also notably 

overweight included the Communist Poc Doeuskomar, 

the Royalist secret police chief Kou Roun, prominent 

member of Parliament Hoeur Lay Inn, Laau Bounpa, 

Republican Dy Bellon, and Khaou Bun Sun (brother 

of millionaire developer Khaou Chuly). From the Roy-

al family, the sisters Princess Pinpeang Yukanthor and 

Princess Pengpas Yukanthor were both overweight, and 

also two of the wives of Prince Sihanouk, Princess Siso-

wath Pongsamoni and Princess Mam Monivann, both 

became overweight during the early 1970s along with 

Prince Sisowath Monireth, a former prime minister and 

uncle and adviser to Sihanouk.

With the privations in Cambodia from the mid-

1970s, it was not until the tourist boom from the 1990s 

that resulted in an increase in deep-fried takeout food, 

an increase in prosperity, and a signiicant decline in 

manual work, which led to a signiicant prevalence of 

overweight and obese Cambodians not just in the cap-

ital Phnom Penh, but throughout increasing parts of 

the countryside. A survey in 2005 by King et al. of Cen-

tre Européen d’Étude du Diabète, Strasbourg, France, 

showed that there were higher levels of obesity in 

Kampong Cham compared to Siem Reap, and this also 

coincided with much higher levels of impaired glucose 

intolerance and hypertension in Kampong Cham com-

pared to Siem Reap. 

In Vietnam, obesity was generally associated with 

wealthy businessmen and corrupt politicians in south-

ern Vietnam during the French Indochina War (1946–

54) and then the subsequent U.S. involvement in Viet-

nam, with the increasing availability of Western-style 

food and drink. From the end of the Vietnam War until 

the tourist boom from the early 1990s, obesity was not 

a problem, but it has become important with the easy 

availability of fatty food and the more sedentary life-

style followed by more and more urban Vietnamese. 

Much was made of the overweight of former emperor 

Bao Dai (1913–97) who was slim when he ascended 

the throne in 1926 and during the 1930s, but put on 

weight in the 1950s and 1960s.

here has not been a major problem of obesity 

in Laos, although the introduction of Western-style 

food and a change in the lifestyle has seen some cases 

of obesity in the urban populations of Vientiane and 

Luang Prabang. 

With many refugees from Cambodia, Vietnam, and 

Laos living in the United States, Australia, Canada, 

and other parts of the Western world, there have been 

many studies on how these communities have adapted 

after migration and these have tended to show much 

higher levels of obesity in the West than in Indochina, 

causing worrying higher levels of cardiovascular dis-

ease and diabetes.

In hailand and Myanmar (formerly Burma), there 

are many obese characters in iction, many being cor-

rupt businessmen such as those in Steven Sills’ novel, 

Corpus of a Siam Mosquito (c. 2002); and the portrayal 

of the ictional slimy businessman Leh Shin as “greasy” 

and “obese” in Marjorie Douie’s he Pointing Man: A 

Burmese Mystery (1920). In hailand, overweight has 

recently become noticeable in Bangkok and other cit-

ies, among both men and women, as greater access to 

Western-style food and less exercise has contributed 

to a higher prevalence of obesity. By contrast in Myan-

mar, owing to its relative isolation from the Western 

world and the lack of access to Western food, has had 

a much lower level of overweight and obesity than its 

eastern neighbor.

In Malaysia, there has been a rising level of over-

weight in the population with data studied by the 

National Health Morbidity Survey showing that 20.7 

percent of adults in Malaysia in 2002 were overweight 

with 5.8 percent being obese. he data also showed 

that the prevalence of obesity was signiicantly more 

for women than men. In addition, an analysis of the 

data revealed that obesity rates were higher in women 

from the Indian and Malay communities than those 

from the Chinese communities, but for men, the high-

est prevalence of obesity was for Chinese, followed by 

the Malay and Indian communities. he survey also 

conirmed earlier studies showing that the energy in-

take of Indians was often signiicantly less than those 

from other ethnic groups, with Malay women having a 

substantially higher energy intake than other groups.

In comparing urban and nonurban dwellers, urban 

women consumed less energy than their country coun-

terparts, whereas the data showed the opposite for ur-

ban men. Certainly fat intakes were much higher for 

Chinese and urban people in general. However, with 

Chinese women ordinarily less active than Chinese 

men, the cause of obesity in urban Chinese communi-

ties seemed to have more to do with intake than lack of 

exercise. hose working the land had far lower levels of 

54 Asia, Southeast



obesity. here can also be seen to be an increasing level 

of obesity among the Dayak population in east Malay-

sia, owing to increased energy intake and a massive re-

duction in physical exertion, a lot caused by moving the 

people out of the forests into organized settlements.

he spread of obesity from urban areas to all parts 

of Malaysia, and the consequent health problems that 

result, has led the Malaysian government to embark on 

a program of education to try to reduce the problem, 

and also sponsoring more research. he Department of 

Social and Preventive Medicine in the Faculty of Medi-

cine at the University of Malaya in Malaysia has tried 

to use the promotion of health in the workplace as a 

major way of reducing obesity by promotion of more 

physical activity.

In a 2006 study (published in 2007) by Yusof et al. 

of the Department of Food Science, Faculty of Agro-

technology and Food Science, Kolej Universiti Sains 

dan Teknologi Malaysia, showed that 10.1 percent of 

indigenous Orang Asli adults in Lembah Belum, Grik, 

were either overweight or obese, although 26.7 percent 

were underweight, possibly sufering from undernutri-

tion. In those who were overweight or obese, the waist 

circumference and waist-to-hip ratios were high and 

these igures correlated to high alcohol consumption 

with smokers tending to have a lower body mass index. 

Research in Malaysia is now coordinated by the Malay-

sian Association for the Study of Obesity (MASO) with 

Dr. Mohd Ismail Noor of the Department of Nutrition 

& Dietetics, Faculty of Allied Health Sciences, Univer-

siti Kebangsaan Malaysia, Kuala Lumpur, being the na-

tional representative on the International Association 

for the Study of Obesity (IASO).

With the increasing prosperity of Singapore, there 

has been a sharp rise in the level of obesity with it par-

ticularly noticeable among the youth during the 1970s 

with the introduction of Western-style food and a more 

sedentary lifestyle. he introduction of compulsory na-

tional service for men at around the same time helped 

initially to create a healthier environment for these 

young men, and has certainly stemmed some of the 

rise in obesity. Combined with compulsory sports at 

schools in Singapore, there have been many measures 

which have served to delay the onset of obesity with 

many obese men gaining weight during their 20s rather 

than as teenagers. Pua, Lim, and Ang of the Physiother-

apy Department, Rehabilitative Services, Alexandra 

Hospital, Singapore, completed an important study of 

the efects of obesity indices in nonsmoking Singapor-

ean women. Other studies have also shown that there 

is a higher rate of overweight and obesity in Singapor-

eans living outside Singapore than in the country itself. 

Research in Singapore is coordinated by the Singapore 

Association for the Study of Obesity (SASO) with Dr. 

Chung Horn Lee of Gleaneagles Medical Centre be-

ing the national representative on the IASO. In iction 

based in Malaysia and Singapore, obesity is often still 

connected with corrupt businessmen such as the ic-

tional grossly obese and sleazy businessman Morgan 

Khoo, addicted to ice cream, who appears in Ian Stew-

art’s novel, he Seizing of Singapore.

As with Singapore, the massive prosperity in Brunei 

from the 1960s has resulted in increased levels of obe-

sity, although for the most part, it has been relected 

in an increasingly overweight population, with genuine 

cases of obesity still extremely rare.

In Indonesia, obesity has become a major problem 

among the urban Chinese, where prosperity, access to 

Western-style food and a sedentary lifestyle have all 

combined to lead to many overweight children, some 

of whom have become obese adults. In fact, this has 

led to the establishment of the Indonesian Society for 

the Study of Obesity (ISSO) with Professor Sidartawan 

Soegondo of the Division of Endocrinology & Me-

tabolism, Department of Internal Medicine, Faculty of 

Medicine, University of Indonesia, being the national 

representative on the IASO. 

In the Philippines, there have been higher rates of 

overweight and obesity in recent years in the cities. In 

the Philippines, older adults (aged 60 and over) have a 

prevalence of overweight of 12.2 percent, and a preva-

lence of underweight of 29.9 percent. Traditionally, 

novels and short stories associated obesity with busi-

ness and political corruption. To raise the proile of 

the problem, the Philippine Association for the Study 

of Overweight and Obesity (PASOO) has been estab-

lished with Dr. Rosa Allyn G. Sy of the Medical Plaza, 

Ortigas Centre, Pasig City, being the national represen-

tative on the IASO.

SEE ALSO: Asia, Central; Asia, East; Asia, South.
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Asian Americans

ASIAN AMERICANS ARE deined by the federal gov-

ernment as Americans who trace their ancestry back 

to the original peoples of the Far East, Southeast 

Asia, or the Indian subcontinent. According to the 

U.S. Census Bureau, in 2005, there were about 14.4 

million Asian Americans living in the United States, 

representing about 5 percent of the total population. 

he largest concentrations of Asian Americans are in 

California, New York, Hawaii, Texas, and New Jersey. 

Asian Americans are a diverse group of people with 

regard to national origin, customs, language, genetic 

makeup, acculturation, and economic and social sta-

tus in the United States, and any statistics computed 

for this group as a whole must be interpreted with 

caution, particularly in reference to any particular 

ethnic subgroup. In fact, creation of the ethnic cat-

egory Asian American is based more on bureaucrat-

ic convenience and sociological validity, because it 

would not be practical to collect and report data on 

so many small ethnic and tribal groups. 

Because Asian Americans constitute a relatively 

small proportion of the U.S. population, for reporting 

purposes, data concerning them are often combined 

with that gathered from another relatively small 

group, Native Hawaiians and other Paciic Islanders 

(NH/PI), creating the classiication Asian and Paciic 

Islander (API). Native Hawaiians and other Paciic 

Islanders are people whose origins lie in the original 

people of Hawaii, Guam, Samoa, or the other Paciic 

Islands. According to the U.S. Census Bureau, there 

were just under 1 million NH/PI people residing in 

the United States in 2005, representing about 0.1 per-

cent of the U.S. population; about 46 percent were 

native Hawaiians, with the next largest groups being 

Samoan and Chamorro/Guamanian. About 280,000 

NH/PI people live in Hawaii; other states with sub-

stantial NH/PI population include California, Wash-

ington, Texas, New York, Florida, and Utah. In 2000, 

according to the Census Bureau, the six largest ethnic 

categories within the API group were Chinese, Filipi-

no, Asian Indian, Vietnamese, Korean, and Japanese. 

Although the combination of the Asian and NH/PI 

groups may be a practical necessity and can be de-

fended on some geographical, historical, and cultural 

grounds, it also creates an even more diverse and het-

erogenous group of people (including at least 50 iden-

tiiable subgroups) for whom summary statistics may 

be misleading. However, individual API subgroups 

in the United States usually constitute too small a 

proportion of any national sample to allow accurate 

estimation within the subgroups, and even the com-
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bined API category often represents so small a per-

centage of the total that it is not reported separately. 

his lack of data is a serious problem in studying the 

health of Asian or API Americans, and scholars must 

often draw on several sources, including results from 

national surveys, results from smaller and more nar-

rowly targeted studies, and results from studies col-

lected on Asians living in outside the United States.

Asian Americans are sometimes considered to be 

a “model minority” who have achieved the highest 

social and health status of any U.S. ethnic group, ex-

ceeding even that of Caucasian Americans. However, 

this characterization overlooks the diversity of expe-

rience within the Asian or API groups. For instance, 

life expectancy in 2002 was higher among the API 

group than any other racial/ethnic group in the Unit-

ed States, but showed considerable variability: Female 

life expectancy among API subgroups ranged from 

86.1 for Caucasians and 74.9 for African Americans. 

To take another example, Asian Americans overall are 

20 percent less likely than non-Hispanic Caucasians 

to die from diabetes, but Native Hawaiians living in 

Hawaii are over 5.7 times as likely as Caucasians liv-

ing in Hawaii to die from diabetes. 

Data from the 1997 National Health Interview 

Survey (NHIS), a nationally representative cross-sec-

tional survey of U.S. adults conducted annually, found 

that 54.3 percent of U.S. adults were overweight (de-

ined as BMI >25, based on self-reported height and 

weight) and 19.1 percent were obese (BMI >30). How-

ever, only 29.8 percent of non-Hispanic API Ameri-

cans were overweight and only 6 percent were obese, 

in both cases the smallest percentage among the eth-

nic groups studied. he same pattern was found in 

gender-speciic breakdowns: 35.2 percent of non-His-

panic API men were overweight and 5.8 percent were 

obese, compared to national averages of 62.3 percent 

and 18.8 percent, and 25.2 percent of non-Hispanic 

API women were overweight and 5.9 percent were 

obese, compared to national averages of 46.6 percent 

and 19.3 percent. 

Klatsky and Armstrong looked at mean BMI and 

obesity rates among four categories of Asian Ameri-

cans (Chinese, Filipino, Japanese, and other Asian) 

belonging to a particular health maintenance organi-

zation (HMO) in northern California. he mean BMI 

adjusted for age, marital status, education, and alco-

hol intake was similar among the four groups for both 

men and women, and was within the normal range 

(18–25) for all groups, but the percent overweight 

varied considerably. For women, 12.8 percent of Chi-

nese, 25.5 percent of Filipinos, 18.0 percent Japanese, 

and 14.6 percent of other Asians were overweight 

(BMI >25)., while for men, 26.9 percent of Chinese, 

41.8 percent of Filipinos, 38.0 percent of Japanese, 

and 28.9 percent of other Asians were overweight. 

Lauderdale and Rathouz combined data from 4 

years of the NHIS to have suicient data to look at 

obesity rates among adults the largest Asian sub-

groups (Chinese, Filipino, Asian Indian, Japanese, Ko-

rean, and Vietnamese). hey found that the percent 

overweight varied widely among these subgroups, but 

was in each case less than among the U.S. population 

as a whole. For instance, they found that the percent 

overweight among men ranged from 17 percent for 

Vietnamese to 42 percent for Japanese, versus the 57 

percent for the total male population. For women, 

the percent overweight ranged form 9 percent for 

Vietnamese and Chinese to 25 percent for Asian In-

dians, versus a national average of 38 percent. Very 

few Asian Americans were obese, but the rates were 

higher for those born in the United States than for the 

foreign born. Lauderdale and Rathouz also found that 

among foreign-born Asian Americans, years living in 

the United States was associated with a higher risk 

of being overweight, suggesting that the prevalence 

of overweight may rise among Asian Americans in 

the future, as more Asian Americans are born in the 
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United States and as émigrés have lived in the United 

States for longer periods. 

Asian-American adolescents also have lower rates 

of obesity than other U.S. ethnic groups. he 1998 

National Longitudinal Study of Adolescent Health 

found that 26.5 percent of adolescents in the United 

States were overweight. Among ethnic groups, Asian 

Americans had the lowest rate (20.6 percent), versus 

30.9 percent for Blacks, 30.4 percent for Latinos, and 

24.2 percent for Caucasians. Overweight was much 

higher for Asian-American males (25.7 percent) than 

for Asian-American females (15.0 percent). his study 

also found that similar to Lauderdale and Rathouz’s 

results, overweight among Asian-American adoles-

cents was associated with assimilation to American 

culture. Asian-American adolescents born abroad 

were least likely to be overweight (15.6 percent), while 

among second-generation Asian Americans (born in 

the United States with at least one foreign-born par-

ent), 30.8 percent were overweight, and among third-

generation Asian Americans (born in the United 

States to parents born in the United States), 34.6 per-

cent were overweight. 

his relationship between assimilation and accul-

turation and decreased health is often seen among 

immigrants groups. In this case, it is hypothesized 

that as Asians live longer in the United States, they 

adopt American eating habits, leading to obesity. 

hese changes include greater consumption of meat 

and dairy foods, greater fat intake, lower consump-

tion of fruits and vegetables, increased consump-

tion of sweets, greater consumption of convenience 

foods rather than home-cooked traditional foods, and 

greater overall caloric intake which is not matched by 

an increase in physical activity. 

SEE ALSO: Asia, Central; Asia, East; Asia, South; Asia, 

Southeast; Australia and Paciic; Body Image; Ethnic Varia-

tions in Obesity-Related Health Risks; Immigration and 

Obesity.
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Assessment of Obesity  

and Health Risks

OBESITY IS THE accumulation of excess adipose tis-

sue within the body. he degree of adiposity and the 

distribution of body fat have been consistently cor-

related with relative risk of adverse health. Originat-

ing in the early 20th century with the Metropolitan 

Insurance Company weight and height-for-weight 

tables, assessment techniques now include a variety 

of methodologies that involve varying levels of accu-

racy in estimation and measurement of adiposity and 

body composition. Choosing how to measure adipos-

ity and associated health risk depends on the setting 

and purpose of the assessment. 

MEASUREMENT METHODS

Sophisticated adiposity assessment methodologies 

are generally used in research rather than large-scale 

screening. Technologies such as dual energy X-ray 

absorptiometry (DEXA), computerized tomography 

(CT) scanning, and air displacement-plethysmogra-

phy (Bod Pod) all ofer a high level of accuracy but 

are expensive and time consuming. Others methods, 

including underwater weighting and stable isotope 

dilution measurement, although safe, are invasive 

and inconvenient in clinical settings. Bioelectrical 

impedance analysis and the measurement of body di-

mensions, such as arm circumference and subscapu-

lar skin fold thickness, estimate body fatness and are 

easy to perform, but lack reliability and are inaccurate 

with obese persons making them less than optimal for 

measuring obesity across populations. 
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BODY MASS INDEX (BMI)

Determined by the indirect calculation of weight in ki-

lograms to the square of height in meters (kg/m2), BMI 

is a simple and convenient proxy measure for excess 

adiposity in clinical settings. Many health-related in-

dices, such as mortality risk, heart disease, high blood 

pressure, and diabetes, have a graded and continuous 

correlation with BMI. BMI is highly correlated with the 

precise DEXA method of fat assessment and is thus the 

universal acceptance as the standard index for the dei-

nition of overweight and obesity. hree methods are 

used to determine BMI: the calculation of the individ-

ual’s weight divided by the height in meters squared, 

the use of several Web-based computation sites, or 

comparison with published reference tables that plot 

BMI as height and weight intersect. In adults, regard-

less of sex or age, one set of BMI values is used to as-

sess adiposity and health risk. Based on classiication 

by the National Heart Lung and Blood Institute of the 

National Institutes of Health (NIH), a BMI under 25 is 

normal, 25–29.9 is overweight, and a BMI of 30 and 

above is obese. 

BMI is particularly useful for large population sur-

veys and for screening purposes; however, it may not 

always categorize individual risk well. Although BMI 

represents the degree of body fat, it does not distin-

guish between excess weight due to fat mass and non-

fat mass such as muscle, edema, or bone. For example 

body builders have a low percentage of body fat, but 

their BMI may be in the overweight range because of 

their large lean muscle mass. Individuals with higher 

fat mass may be classiied as normal BMI despite hav-

ing a low bone density or muscle mass. Another limi-

tation of BMI is that the relationship to body fatness 

for those of diferent gender, age, and ethnicity has not 

been irmly established. In a family study of 665 Af-

rican American and Caucasian men and women over 

the age of 17, the relationship of BMI and fat mass was 

dependent on gender and age, particularly at lower 

BMI levels. For women, race was also a factor. 

BMI USE IN CHILDREN

For children and adolescents, there is controversy re-

garding the deinition of normal BMI values due to con-

cerns about possible interference with normal growth, 

self-esteem, and the desire to promote the development 

of healthy food behaviors and habits. During child-

hood, BMI changes with growth and development. 

here are several periods in which sex, growth, and 

maturation patterns afect muscular gains and account 

for BMI variation, rather than adiposity. hus, several 

authorities have developed child BMI levels including 

the International Obesity Task Force, the British Child 

Growth Foundation, and the U.S. Centers for Disease 

Control and Prevention (CDC). In the United States, 

the CDC charts are based primarily on data collected 

during national health examination surveys conducted 

by the National Center for Health Statistics between 

1963 and 1994, and as such, are not skewed by recent 

increases in the prevalence of overweight children. A 

BMI equal or greater than CDC’s 95th percentile for 

age and gender has a sensitivity of 49 percent and spec-

iicity of 90 percent in identifying children with three 

or more risk factors for cardiovascular disease. 

Excess adiposity in children is known to produce a 

number of comorbidities in childhood as well as in-

creasing the risk for obesity in adulthood. hus, the 

American Academy of Pediatrics and U. S. Preventive 

Services Task Force (USPSTF) recommend annual 

screening with the BMI growth charts for children be-

tween 24 months and 19 years of age. As in adults, the 

criterion-referenced BMI scale for children does not 

quantify body composition variations that occur with 

race and/or ethnicity. 

HEALTH RISKS AND BMI MEASUREMENT

he use of BMI is an accepted method of classifying 

a patient’s risk of the mortality and morbidity due to 

numerous chronic diseases associated with obesity, 

including hypertension, hypercholesterolemia, and 

Type 2 diabetes mellitus (T2DM). hese conditions 

are known to predispose individuals to cardiovascular 

disease and stroke and may further increase the risk of 

subsequent mortality. Numerous health risks that are 

not usually life threatening are also known to be linked 

to obesity, including sleep apnea, osteoarthritis, gall 

bladder disease, gastroesophageal relux disease, re-

spiratory problems, and depression. In women, obesity 

is associated with higher levels of pregnancy compli-

cations, menstrual irregularities, stress incontinence, 

and hirsutism (hair growth in places where it is usually 

minimal or nonexistent). Breast, endometrial, prostate, 

and colon cancer have also been found to occur more 

frequently in obese individuals. For all complications, 

the risk is graded beginning at a BMI level of 20 and 

rises more steeply as BMI increases. 
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ABDOMINAL FAT

he distribution of body fat has signiicant health 

implications. Abdominal, particularly visceral, fat as 

compared to subcutaneous or retroperitoneal abdomi-

nal fat is associated with higher risk of metabolic syn-

drome and T2DM. Abdominal obesity, as measured 

by waist circumference (WC), is known to be a better 

predictor of health risk among those of normal weight, 

overweight, and obese categories than percent fat mea-

sured by DEXA or BMI. Waist circumferences >102 

centimeters or >40 inches in men and >88 centimeters 

or >35 inches in women are associated with increased 

risks for T2DM, dyslipidemia, hypertension, and car-

diovascular disease. CT and MRI can accurately mea-

sure the amount of visceral fat, but these methods are 

too expensive for routine use. 

Waist circumference coupled with BMI is a better 

predictor of health risk than BMI alone, except for 

individuals with BMIs ≥35. In these individuals, the 

WC provides no additional predictive power as WC 

is likely to measure above the recommended cutof. 

In those with a BMI between 25–34.9, WC is impor-

tant for assessing obesity disease risk. Monitoring for 

changes over time provides a reference to risk increase 

or improvement. In older persons, who are likely to 

have more fat in relationship to muscle mass, measure-

ment of WC should be considered even for those of 

normal weight. In addition to the gender and age dif-

ferences, ethnic diferences are seen in abdominal fat 

and WC associations with disease risk; in particular, 

Asian Americans or those of Asian descent living out-

side Asia have increased risk at levels below the recom-

mended cutofs. 

In children and adolescents, there are no published 

WC parameters for assessment of health risk. Assess-

ing WC has potential for identifying health risk in this 

population and standards are likely to be developed. In 

9- to 11.5-year-old boys and girls, signiicant correla-

tions with WC and fasting insulin, high-density lipo-

protein cholesterol (HDL-C), total triglyceride (TG), 

and C-reactive protein (CRP) have been found. 

ASSESSING FOR HEALTH  

COMPLICATIONS OF OBESITY

he routine screening guidelines recommendations for 

obese persons include annual fasting lipid panel, which 

includes a total, low-density lipoprotein (LDL), HDL-

C, and triglyceride levels along with a blood glucose 

(fasting or random), and blood pressure measurement. 

Measurement of blood pressure in obese persons pres-

ents a special challenge because of the need for adult 

large (15 centimeters) or thigh (18 centimeters) sized 

cufs. Should a cuf too small be used, the patient may 

be inappropriately diagnosed with hypertension. he 

correctly sized bladder cuf will cover 40 to 50 per-

cent of upper arm and it one to one-and-a-half times 

around the circumference of the arm. If there is doubt 

as to the appropriate size of cuf, arm circumference 

should be determined. Typically, an arm circumference 

of 23 to 33 centimeters warrants an adult cuf; 33.1 to 

40 centimeters warrants an adult large cuf; and 40.1 to 

50 centimeters warrants a thigh cuf. 

Health conditions associated with obesity typically 

rise with increasing levels of obesity. Obese persons are 

at higher risk for numerous conditions such as asthma, 

nonalcoholic fatty liver disease, gout, hernias, varicose 

veins, thrombophlebitis, lymphedema, infertility, de-

pression, social stigmatization, and low self-esteem. 

he extensive list of potential problems suggests that 

routine laboratory or diagnostic test assessment might 

not reveal the associated health complications. Instead, 

a thorough health history and physical exam should be 

employed so as to identify areas needing further diag-

nostic testing and treatment. 

SEE ALSO: Body Mass Index; DEXA (Dual Energy X-ray 

Absorptiometry); Doubly Labeled Water; Elevated Cho-

lesterol; Ethnic Variations in Body Fat Storage; Metabolic 

Disorders and Childhood Obesity; Type 2 Diabetes; Waist 

Circumference; Waist-to-Hip Ratio. 
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Asthma

THE PREVALENCE OF obesity in the United States 

is rising. his rise has led to an increased awareness 

of medical conditions associated with obesity. One 

such association is that of obesity and asthma. It is 

intriguing to note that the incidence of both disor-

ders has increased simultaneously, doubling in the 

past 20 years. 

Previously, it was accepted that asthma leads to 

obesity due to the sedentary lifestyles of the patients, 

but now, there is evidence to the contrary. Stud-

ies are now suggesting that obesity leads to asthma 

or asthma-like symptoms, which is worsened with 

weight gain. 

he fact that there is a relationship between the 

two is becoming clear. However, what is not under-

stood is the nature of the association: if it is directly 

causal or if there is a common factor, such as airway 

inlammation, linking the two. Also, research is being 

performed to determine if there is a common genetic 

link between the two disorders. Other comorbidities 

of obesity, such as gastroesophageal relux disease 

(acid relux) and obstructive sleep apnea (breathing 

problems during sleep) can also impact the course 

and severity of asthma.

RISK ASSOCIATION

It has been noted that there is a stronger association 

between obesity and asthma in females than in males, 

especially in the adolescent population. he risk is in-

creased if there is a family history of allergies and ec-

zema. Obese females have more nonallergic asthma, 

compared to obese males with asthma.

he risk of both conditions is increased in the in-

ner-city population, afecting minorities, especially 

the African-American population, and is associ-

ated with environmental exposures such as cigarette 

smoke.

AIRWAY FUNCTION

he hallmark of asthma is reversible airway obstruc-

tion. here is obstruction to the airlow, temporarily 

relieved by medications that dilate the airways, called 

hyperresponsiveness. In obese patients, a likely ex-

planation for development of asthma is that airway 

obstruction is due to mechanical compression. hese 

patients have excess weight, which causes them to 

breathe shallow, resulting in decreased lung volumes 

on lung function tests. his decreased lung volume 

results in airway narrowing, causing altered muscle 

function in the airway, leading to increased response 

with bronchodilator administration. 

Studies have shown an improvement in the lung 

functions with weight loss. However, if left unrecog-

nized and untreated, the airway tends to go through 

a permanent, irreversible remodeling that results in a 

lack of response to medication administration.

AIRWAY INFLAMMATION

A growing number of animal and human studies are 

reporting airway inlammation as the common thread 

between obesity and asthma. It has been found that 

factors such as leptin and adiponectin, produced by 

fat cells or adipocytes along with mediators produced 

elsewhere, contribute to airway inlammation in re-

sponse to environmental triggers. Other promoters of 

inlammation are cells such as leukocytes, and media-

tors such as cytokines and TNF alpha. 

SUMMARY

Although longitudinal studies are needed to conirm 

the link, obesity has been suggested to be a strong but 

modiiable risk factor for asthma. A focus on preven-

tion of obesity would be a great investment from the 

perspective of public health. Also, because weight loss 

has been related to an improvement in the symptoms 

and lung functions, it is evident that eforts need to be 

made for early diagnosis and treatment of obesity.

The hallmark of asthma is reversible airway obstruction, and studies 

have shown an improvement in the lung functions with weight loss.  
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SEE ALSO: National Heart, Lung, and Blood Institute.
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Atherosclerosis

ATHEROSCLEROSIS IS A term used to describe the 

accumulation of fats and lipids (molecules consist-

ing mainly of cholesterol) that ultimately results in 

the formation of plaque within arteries in the body. 

his process can eventually result in the disruption 

or complete obstruction of blood low through these 

arteries, causing a heart attack or stoke.

Atherosclerosis is a well-recognized process that 

results directly in coronary and cerebrovascular dis-

ease and, thus, cardiovascular death. It remains the 

major cause of death and disability in developed na-

tions. It is estimated that one-half of all cardiovascu-

lar deaths each year are secondary to coronary artery 

disease and roughly 20 percent more are due to stroke. 

Additionally, atherosclerotic changes in blood vessels 

begin to occur in the irst two decades of life.

As the human life span has continued to increase, 

so too has the prevalence of atherosclerotic disease 

and the comorbidities and mortality with which it is 

associated. Certain risk factors have been identiied 

that put people at a higher risk for developing such 

changes. hese include smoking (speciically tobac-

co products), high blood pressure, high cholesterol, 

diabetes, a family history of cardiac disease, and the 

person’s age. In addition, obesity is also a risk factor 

for atheroclerosis and coronary artery disease. Recent 

research studies have suggested that obesity may ac-

celerate the progression of coronary atherocleroris. 

Often atherosclerotic change due to these risks is not 

discovered until an acute event occurs. 

Atherosclerosis typically begins with the formation 

of small lesions, referred to as fatty streaks, or ath-

eromas, in the internal wall of arteries (blood vessels 

in the body that deliver oxygenated blood from the 

heart to the body). Accumulation of such fatty streaks 

results in a loss of mobility in the arterial wall. Further 

accumulation of fatty streaks results in the migration 

of inlammatory mediators to these sites. Invasion of 

the deeper layers of the arterial wall then occurs with 

eventual formation of atherosclerotic plaques. hese 

plaques will eventually calcify over time and con-

tribute to coronary artery remodeling. Such changes 

result in a decreased intraluminal (inner space of ar-

tery) size within arteries and a decrease in oxygenated 

blood low through these blood vessels. Such changes 

can ultimately result in heart attack and stroke.

Atherosclerosis has not, in the past, been moni-

tored via imaging studies such as X-ray, computer-

ized tomography (CT) scan, or magnetic resonance 

imaging (MRI). Testing has usually been limited to 

blood samples that are used to measure a person’s 

lipid panel. Such a panel measures the total choles-

terol that is circulating, low-density lipoprotein (also 

known as “bad” cholesterol), high-density lipoprotein 

(also known as “good cholesterol”), and triglycerides 

(cells that store and transport fat molecules). While 

measures of cholesterol are useful in monitoring val-

ues on an annual basis, they have never provided an 

adequate internal view of plaque accumulation. With 

the advent of stress testing in the 1960s, physicians 

gained a tool for monitoring physical and electrocar-

diographic changes during exercise that may indicate 

signiicant atherosclerotic disease in the coronary ar-

teries. During this same period, cardiac catheteriza-

tion was perfected as a technique for gaining visual 

access to the anatomy of the coronary arteries. 

Today, cardiac catheterization is performed on 

a routine basis to visualize coronary and peripheral 

arteries and to diagnose atherosclerotic plaques and 

calciications that may, or are, posing a threat to the 

patient. Cardiac catheterization has also become a 

mode of therapy for atherosclerotic disease, as inter-

ventional cardiologists are able to insert balloons and 

stents to correct defects in the coronary and periph-

eral arteries caused by atherosclerotic plaques. 

More recent progress includes the development of 

radiologic testing, including CT scan and MRI. hese 

allow physicians to visualize atherosclerotic disease in 

coronary arteries without having to enter the patient’s 

body. Such modalities are aimed to increase patient 
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safety and allow greater convenience in diagnosis of 

such a common disease process.

In treating atherosclerosis, there has been a ma-

jor shift in paradigm over the last 20 years. Specii-

cally, an efort has been made to treat the efects of 

high cholesterol levels by utilizing methods other 

than medications. Coronary artery and carotid artery 

stenting have aided in restoring blood low in arteries 

that have signiicant atherosclerotic change. Howev-

er, these act as measures to correct changes that have 

already occurred. Measures are now being taken to 

prevent these changes from initially occurring, thus, 

preventing future events from taking place. In addi-

tion, physicians are now targeting changes in the life-

style of their patients. As stated before, most of the 

major risk factors for atherosclerosis and cardiovas-

cular disease are modiiable. Of these factors, smok-

ing is clearly the most important. Smoking accounts 

for 400,000 deaths annually, with 35 to 40 percent of 

all smoking-related deaths due to ischemic heart dis-

ease. More importantly, those who smoke 20 or more 

cigarettes per day have a two- to threefold increase in 

the incidence of heart disease. 

In addition to reduction of risk factors, treatment of 

atherosclerosis is aimed mainly at reducing the caus-

ative agent of this disease. Cholesterol is known to aid 

in production of atherosclerotic plaque. Additionally, 

studies have shown that higher cholesterol levels cor-

relate with increased amounts of atherosclerotic and 

cardiovascular disease. Reduction of cholesterol lev-

els decreases the amount of atherosclerotic plaque 

and cardiovascular disease based on these same stud-

ies. With these indings in mind, multiple classes of 

medications have been created that aid in the reduc-

tion of serum cholesterol levels. Statins (HMG-CoA 

reductase inhibitors), ibrates, nicotinic acid, bile acid 

sequestrants, and others have been identiied as hav-

ing the ability to decrease cholesterol levels and, in 

turn, decrease the risk of coronary artery and cardio-

vascular disease. Of these, the statins have shown to 

be the most beneicial in providing substantial reduc-

tions in low-density lipoprotein (LDL) (bad choles-

terol) levels. While statins and other medications aid 

in improving high-density lipoprotein (HDL) levels, 

exercise remains an integral tool in raising intrinsic 

HDL levels. Concern over HDL levels stems from the 

knowledge that increased HDL levels act to ofset 

atherosclerotic change. 

he future for treatment of atherosclerosis remains 

making prevention a primary concern and, doing so 

at earlier ages. his consists of advocating physical ac-

tivity, proper diet, as well as medication when neces-

sary to prevent formation of atherosclerotic plaques. 

SEE ALSO: Atherosclerosis in Children; Computerized To-

mography; High Density Lipoproteins; Low Density Lipo-

proteins.
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Atherosclerosis in Children

ATHEROSCLEROTIC CARDIOVASCULAR DISEASE is 

the leading cause of death in the adult population of 

Western societies. It is a process of progressive thick-

ening and hardening of the walls of the arteries as a 

result of fat deposits on their inner lining. However, 

the pathological processes and risk factors associated 

with its development begin during childhood. Envi-

ronmental and genetic factors such as diet, obesity, 

exercise, and certain inherited dyslipidemias inlu-

ence the progression of such lesions.

Atherosclerosis risk factors are present in children 

and adolescents. Traditional risk factors include obe-

sity, hypertension, and diabetes mellitus. However, 

endothelial dysfunction is the key event in atheroscle-

rosis with a signiicant number of young people hav-

ing advanced coronary artery plaques. As the number 

of cardiovascular risk factors increases, so does the 

severity of asymptomatic coronary and aortic athero-

sclerosis in young people. Also, the degree of athero-

sclerotic changes in children and young adults can be 

correlated with the presence of the same risk factors 

seen in adults. his trend is associated with increasing 

blood pressure and the occurrence of Type 2 diabetes 

mellitus in young individuals. Together, these trends 
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may result in increased cardiovascular morbidity and 

mortality as these overweight pediatric patients be-

come obese adults.

However, only the irst stage of atherosclerosis, the 

highly reversible fatty streak, occurs in childhood. 

he more harmful second stage of atherosclerosis, 

the atheromatous plaque, does not appear until after 

puberty in boys and much later in girls. he associa-

tion of lipoprotein risk factors with intermediate type 

atherosclerotic lesions becomes evident in subjects 

in their late teens, whereas associations with raised 

lesions become evident in subjects greater than 25 

years of age, which is consistent with a transitional 

role of intermediate lesion in the formation of ad-

vanced plaques. Early atherosclerosis is accelerated 

by lipoprotein risk factors. hus, long-range preven-

tion of atherosclerosis should begin in childhood and 

should include measures to control hyperlipidemia.

Systemic inlammation is present in children and 

adults with obesity. Inlammation associated with 

obesity appears to be central to the development of 

insulin resistance and atherosclerosis and may be im-

portant in the pathogenesis of other comorbid condi-

tions. However, inlammation associated with obesity 

declines after weight loss and with exercise. High lev-

els of blood homocysteine may be an important factor 

of the obesity-induced early arterial atherosclerosis 

during childhood. High levels of blood homocysteine 

may be an important factor of obesity-induced early 

arterial atherosclerosis during childhood. Other ath-

erosclerosis risk factors include (Lp(a), Apolipopro-

teins A1 and B, and certain markers of ibrinolysis, 

the process where ibrin clots are broken down.

Rates of overweight and obesity in both adults and 

children have risen sharply during the past 20 years. 

Although the reasons for this escalation in obesity are 

not fully determined, sedentary lifestyle and dietary 

changes in combination with genetic predisposition 

are probably involved. Obesity beginning in child-

hood often precedes the hyperinsulinemic state. Met-

abolic syndrome is a constellation of disorders that 

produces a high risk of atherosclerosis. Children of 

patients with metabolic syndrome have higher values 

of the serum markers of inlammation, which may be 

associated with increased risk for development of car-

diovascular disease. Current knowledge suggests that 

better control of blood glucose is likely to lead to im-

proved long-term microvascular and macrovascular 

outcomes. hus, the best approach to prevention of 

future cardiovascular disease in these young patients 

is early recognition and aggressive therapy.

here are currently a variety of noninvasive tests 

to assess the structural and functional properties sug-

gestive of “early atherosclerosis.” It should be noted 

that many of the major risk factors can be modiied 

through diet, body mass control, exercise, and phar-

macological intervention, if necessary. Also, it is 

reasonable to suggest that lifestyle modiication and 

weight control in childhood could reduce the risk of 

developing the insulin-resistance syndrome, Type 2 

diabetes mellitus, and cardiovascular disease.

SEE ALSO: Atherosclerosis.
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Atkins Diet

THE ATKINS DIET, also known as the Atkins Nutri-

tional Approach, is a high-fat, high-protein, low-car-

bohydrate weight-loss diet developed by Dr. Robert 

Atkins in the 1960s. Atkins published a series of books 

explaining this type of diet, beginning with Dr. Atkin’s 

Diet Revolution in 1972, and in 1989 founded the 

company Atkins Nutritionals, which produces food 

products and other merchandise intended to support 

people following the Atkins Diet. he Atkins Diet has 

waxed and waned in popularity over the years and has 

spawned a number of imitators. Although severely 

criticized by many nutritionists since its inception, 

few clinical studies were conducted until recently, 

and most have shown that the diet does have at least 

short-term eicacy in promoting weight loss and im-

provements in health without endangering the health 

of normally healthy individuals. Exercise is encour-

aged within the Atkins program (for instance, on the 

Atkins Nutritional Web site) although it is not strictly 

speaking a requirement for following the diet. 

he Atkins Diet runs counter to most mainstream 

nutritional advice, including that of the Food Pyra-

mid popularized by the U.S. Department of Agricul-

ture, which recommends that most of a person’s diet 

should be based on complex carbohydrates and fruits 

and vegetables. Instead, the Atkins Diet is based on 

the belief that consumption of carbohydrates, par-

ticularly reined carbohydrates, is the primary cause 

of obesity in the Western world, and also that satu-

rated fat is less harmful to health than is commonly 

supposed. he early stages of the Atkins Diet are in-

tended to put a person into ketosis, a state in which 

their body is suiciently deprived of carbohydrates 

that it will break down fatty acids into ketone bod-

ies that are burned for energy (rather than glucose, 

which is the typical energy source for humans). Pro-

longed states of ketosis can damage the liver and kid-

neys, and therefore, standard medical advice for per-

sons following strict low-carbohydrate diets intended 

to produce ketosis are recommended to do so for only 

short periods of time (such as 14 days). 

he Atkins Diet program is divided into four phas-

es. he irst phase, induction, lasts two weeks and is 

intended to put the individual into a state of ketosis. 

his is achieved by restricting carbohydrate consump-

tion to 20 grams per day, while allowing consumption 

of large quantities of meat, eggs, cheese, butter, and 

oils, as well as low-carbohydrate vegetables. Rapid 

weight loss is typical during this period (1–2 pounds 

per day), although some of this loss may be attributed 

to dehydration. he second phase, ongoing weight 

loss, allows an increase of 5 grams of carbohydrates 

per week while still keeping the level low enough that 

weight loss continues. Ongoing weight loss contin-

ues until a weight close to the optimal (i.e., within 

10 pounds) is achieved. Pre-maintenance is the third 

phase; in this period, carbohydrate consumption is 

further increased and may raise the body out of keto-

sis. Lifetime maintenance is the inal phase in which 

individuals follow a healthy diet and monitor their 

weight, so they may return to one of the earlier phases 

if they start to regain previously lost weight.

Although the Atkins Diet has been around since 

the 1960s, scientiic research into its safety and ef-

icacy stems mostly from 2000 and later. he more 

recent research may have been prompted by the 
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extreme popularity of the diet in 2003 and 2004, at 

which point, some estimate that as many as 9 per-

cent of adults in North America were following it or 

a similar diet. he inluence of the low-carbohydrate 

diets during this time was blamed for sharply declin-

ing sales of carbohydrate foods such as potatoes and 

pasta, and spurred the creation of low-carbohydrate 

products and the advertising of naturally low-carbo-

hydrate products (such as salad dressing) as such. he 

Atkins Diet sufered a drop in popularity after Robert 

Atkins died in 2003. Although his death was caused 

by a head injury sufered in a fall, the release of medi-

cal records revealing that he had a history of conges-

tive heart failure tended to discredit the diet. 

he Atkins Diet has been criticized on many fronts. 

One is that it is expensive: Forbes magazine calculat-

ed in 2005 that following the Atkins Diet would cost 

about 80 percent more than the typical food expenses 

for an American. Many medical professionals also 

point out that the rapid early weight loss is typical of 

many diets that begin with very low caloric intake, 

and is due largely to dehydration rather than actual 

loss of fat. Many health concerns have been raised 

about the Atkins Diet, including the fact that it may 

cause diarrhea, osteoporosis, bad breath (due to keto-

sis), fatigue, and increased risk of heart disease. Oth-

ers critics believe that the basic logic behind the diet 

is lawed, because the daily diet of people in much of 

the world consists largely of carbohydrates (e.g., rice 

or noodles) and yet obesity is not endemic through-

out East Asia, for instance. Finally, many nutritionists 

believed that individuals following the Atkins Diet 

would sufer increases in blood cholesterol and tri-

glycerides, both associated with heart disease. 

Because scientiic examination of the Atkins Diet 

and similar high-protein, high-fat, low-carbohydrate 

diets is relatively recent, little can be said about its 

long-term efects on health or how well weight loss 

is maintained over a longer period of time. However, 

numerous studies have shown the Atkins Diet to be 

efective for weight loss and health improvement in 

the short term. For instance, Foster and colleagues 

conducted a randomized controlled trial for 1 year 

testing a high-protein, high-fat, high-carbohydrate 

diet against a conventional high-carbohydrate, low-

fat diet. hey found that individuals on the low-car-

bohydrate diet lost signiicantly more weight at 6 

months (averaging about 7 percent versus 3 percent 

of body weight), but that the diferences were not 

signiicant at 1 year (4.4 percent versus 2.5 percent). 

Both groups showed improved health, in terms of sig-

niicantly reduced glucose response and decreased 

diastolic blood pressure, and the low-carbohydrate 

groups showed greater increase in high-density lipo-

protein (“good”) cholesterol and decrease in triglyc-

eride concentrations. Samaha and colleagues found 

that severely obese individuals (mean body mass in-

dex 43) lost more weight over 6 months on a low-car-

bohydrate versus a low-fat diet, and also had greater 

decreases in triglyceride levels and improvement in 

insulin sensitivity. 

SEE ALSO: Fat Intake; Food Guide Pyramid; High-Protein 

Diets. 
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Australia and Pacific 

IN AUSTRALIA, PRIOR to European settlement in 

1788, because of their diet and lifestyle, there appears 

to have been no prevalence of obesity among the na-

tive Aboriginal population. he diet of the Aboriginals 

involved relatively low consumption of meat, the vast 

majority of it being from lean animals. It was not until 
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the second half of the 20th century that the increasingly 

sedentary lifestyle, fatty foods, and the dairy products 

resulted in a signiicant level of obesity in the Aborigi-

nal community, leading to problems with diabetes and 

other medical conditions.

he arrival of European convicts and settlers from 

1788 resulted in the raising of beef and dairy cattle and 

pigs. A number of the early settlers were able to con-

sume fatty meat and dairy products, as well as drink 

beer, at much higher rates than they had done in Eu-

rope. Although contemporary photographs do not 

show him as such, the early governor of New South 

Wales Philip Gidley King (1758–1808) was overweight. 

By the 19th century, obesity was starting to become a 

problem, mainly for some of the squatters and other 

large landowners, publicans, and politicians. he most 

well-known case of obesity was that of the “Tichborne 

claimant”—the butcher from Wagga Wagga, New 

South Wales, who, in 1866 went to England to claim 

that he was the missing Sir Roger Tichborne who was 

believed to have been lost in a shipwreck of the coast 

of Chile 12 years earlier. Although overweight before 

the subsequent court cases began, he quickly gained 

27 stones (378 pounds), and became popular with cari-

caturists. Politician Alfred homas Clarke (1845–88) 

came under attack in 1874 after his paper, the William-

stown Advertiser, claimed that Queen Victoria was “an 

obese, not overburdened with brain, old woman.”

Caricaturists also had a ield day in the land boom 

of the late 1880s and early 1890s in Melbourne, with 

some of the famous “land boomers” and politicians as-

sociated with them, such as Tommy Bent (1838–1909), 

being overweight. Other famous people of this period 

who sufered from obesity included the boxer Albert 

Griiths (1871–1927); the professional cyclist Robert 

Adam Spears (1893–1950); sporting commentator 

Cyril Joseph Angles (1906–62); journalist Warren Ed-

win Denning (1906–75); newspaper editor and jour-

nalist Clarence Sydney McNulty (1903–64); farmer 

and soldier George James Rankin (1887–57); and the 

prominent surgeon Sir William D. C. Williams (1856–

1919). Roman Catholic archbishop homas Joseph 

Carr (1839–1917) was also well known for his obesity, 

and politician Sir George Reid (1845–1918), who was 

premier of New South Wales from 1894 until 1899, and 

prime minister from 1904 until 1905, became obese to-

ward the end of his political career. When army oicer 

and banker Murray John Moten (1899–1953) applied 

to serve in World War II, he was rejected due to his 

being overweight.

In recent years, numbers of prominent politicians 

have been known for being overweight, often becom-

ing subject to attacks by cartoonists and satirists. 

hese include Queensland minister of main roads and 

racing, Russ Hinze (1919–91); former federal minister 

of defense Robert Ray (b. 1947); former minister for 

immigration Amanda Vanstone (b. 1952); backbench 

Tasmanian politician Dick Adams (b. 1951); and min-

ister for employment and workplace relations, Joe 

Hockey (b. 1965). 

Although there have been many prominent well-

known obese and overweight people, the major worry 

for healthcare professionals is a massive rise in the 

general level of obesity throughout Australia. As a re-

sult, there has been increased attention given to the 

problem by the Australasian Society for the Study of 

Obesity, and especially by Professor Louise Baur of the 

Children’s Hospital at Westmead, New South Wales, 

who is the national representative on the International 

Association for the Study of Obesity. he 10th Inter-

national Congress on Obesity was held on September 

3–8, 2006, in Sydney.

With the rising level of obesity, in March 2007, Pro-

fessor Mike Daube of Health Policy, Curtin University, 

Western Australia, proposed a 15 percent tax on “junk 

food,” whereby taxes are placed on goods which are 

high in fat, sugar, and salt. his would be a way of re-

ducing obesity by reducing the amount of people eat-

ing fatty food, and at the same time provide money to 

fund a health campaign to alert people to the dangers 

of obesity. Gavin Mooney of Health Economics, also 

of Curtin University, urged that the taxation system 

should hit the “junk food” operators harder through 

higher taxation, but his idea, and that of Mike Daub 

were both rejected by the Australian Federal Health 

Minister Tony Abbott. Another recent study, published 

in May 2007 in the Medical Journal of Australia by Dr. 

Lisa Gibson of the Telethon Institute for Child Health 

Research in Perth, investigated the higher prevalence 

of overweight among single mothers. It concluded that 

this could have come about from bad dietary habits 

as a result possibly eating larger quantities of energy-

rich and also fatty food. Having considerably more re-

stricted time, some single mothers have had to resort 

to poor diets and have had less opportunity for regular 

recreational exercise. here have also been suggestions 
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that obesity should be raised to a disease status, with 

a section of the health budget diverted to deal with 

prevention of obesity which has resulted in the deaths, 

each year, of between 12,000 to 15,000 people from 

obesity-related complaints.

In New Zealand, nutritionist and medical research-

er Muriel Emma Bell (1898–1974) was very interested 

in the connection between diets and heart disease. In 

the 1950s, she had tried unsuccessfully to persuade 

some insurance companies to collect data on obesity. 

Although they did not feel it was necessary to collect 

the data, Bell persisted with her research and studied 

Maori and Paciic Islander diets. Although the Maori 

and Paciic Islander communities in New Zealand 

have a high prevalence of obesity, owing to a change 

in their diet and lifestyle, many other New Zealanders 

of European ancestry have also sufered from obesity. 

David Lange (1942–2005), from a German family, was 

a leading trade unionist and prime minister of New 

Zealand from 1984 until 1989. He sufered from obe-

sity for much of his life, and even attributed his caustic 

wit as having to come from the need to defend himself 

as a teenager. In 1982, he weighed 165 kilograms and 

embarked on surgery to staple his stomach to force 

him to lose weight. his succeeded to some extent, 

but by 2002, he was sufering from a variety of medi-

cal problems, including complications from diabetes, 

dying from renal failure and blood disease in 2005. In 

New Zealand, the national representative of the Aus-

tralasian Society for the Study of Obesity on the Inter-

national Association for the Study of Obesity is Elaine 

Rush of the Faculty of Health and Environmental Sci-

ence, Auckland University of Technology.

In the Paciic Islands, there has been a major prob-

lem of obesity owing to inappropriate diet and the 

change in the lifestyle of the Paciic Islanders. One of 

the worst examples of obesity is the Kingdom of Tonga 

where some 92 percent of the total population is of-

icially overweight, with a massive rise in recent years 

in heart disease, diabetes, and complications resulting 

from high blood pressure. he rates of diabetes run at 

20 percent, seven times that in the United Kingdom, 

yet there are only ive diabetes specialists in the en-

tire country. Until the 1960s, the government had a 

policy of allocating 8 acres to each person, and half of 

the country’s population worked on the land until the 

mid-1980s. With popular foods including lamb laps 

imported from New Zealand, and a high consump-

tion of spam and corned beef, this has exacerbated the 

problem.

In Fiji there has also been a period of rapid social 

change, resulting in many cases of obesity among the 

native Fijian population, and also among some of the 

Indian community. Traditional Fijian diet involved 

the consumption of starchy food such as breadfruit 

and taro, as well as ish and coconut milk, the latter 

of which has 25 percent saturated fat. A 1998 survey 

found that 84 percent of the ethnic Fijian women were 

overweight, of whom a signiicant number were obese, 

compared to only 60 percent in 1989. he situation 

during that period was even more marked in Nauru, 

which went through a period of immense prosperity 

in the 1980s. Similar problems of obesity have also af-

fected Samoa, Guam, and the other Paciic islands.

SEE ALSO: Asia, Central; Asia, East; Asia, Southeast.
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Autonomic Nervous System

THE AUTONOMIC NERVOUS system (ANS) is a com-

plex system of nerves and ganglia primarily involved 

in the control of involuntary activity. It consists of 

two arms: the sympathetic nervous system (SNS) 

and the parasympathetic nervous system. Although it 

has been suggested that alterations in ANS tone may 

play a role in the development of obesity, it remains 

unclear whether defects in ANS tone are a primary 

etiological factor in the development of obesity or, 

rather, whether ANS imbalance is a consequence of 

the obese state. 

MEASUREMENT OF ANS FUNCTION

Traditionally, whole-body sympathetic activity was 

most commonly assessed by measuring plasma, plate-

let, or 24-hour urinary levels of catecholamines and 

their metabolites. More recent techniques include 

isotope dilution-derived measurements of noradren-

aline release to plasma, and microneurography, to 

measure muscle sympathetic nerve activity (MSNA). 

ANS function can also be assessed by spectral analy-

sis of heart rate variability (HRV), which provides in-

formation regarding both sympathetic and parasym-

pathetic (vagal) nerve activity.

IS ANS ACTIVITY ALTERED IN OBESITY?

Although it has been controversial regarding whether 

“obesity” (i.e., excess adipose tissue deposition) is as-

sociated with altered sympathetic neural activity, more 

recent studies demonstrate that a state of basal/resting 

sympathetic overdrive characterizes obese individu-

als. Some of this discrepancy between studies is likely 

to be due to diferences in the methods used to assess 

ANS function in the literature. Furthermore, failure to 

measure and account for the demonstrated efects of 

central adiposity, insulin resistance, elevated fatty acid 

levels, and glucose intolerance on ANS tone may also 

explain some of this inconsistency.

In spite of increased basal sympathetic neural activ-

ity, recent data suggest that obese individuals may ex-

hibit reduced “responsiveness” to sympathetic stimuli. 

For example, it has been shown that although the basal 

(unstimulated) LF/HF ratio (an HRV measure of sym-

pathovagal balance) is higher in obese versus lean indi-

viduals, insulin (delivered during a hyperinsulinemic-

euglycemic clamp) fails to increase the LF/HF ratio in 

obese subjects. Furthermore, a recent study examined 

the efect of physiological (meal-induced) hyperinsu-

linemia on the LF/HF ratio in lean and obese subjects 

using high- and low-carbohydrate meals. he main 

indings were: (1) SNS tone increased postprandially; 

(2) the postprandial increase in SNS tone was signii-

cantly greater following the high-carbohydrate meal 

compared to the low-carbohydrate meal; and (3) the 

carbohydrate (insulin)-induced increase in SNS tone 

following the meal was blunted in obese subjects. 

However, it cannot be concluded from these re-

ports that reduced sympathetic responsiveness con-

tributes to the development of obesity, as altered 

sympathetic tone may be a consequence of the obese 

state and, perhaps, its associated comorbidities, par-

ticularly insulin resistance. To answer this question, it 

is imperative that ANS activity is examined prior to 

the onset of these disorders in pre-obese individuals. 

Although reports in Pima Indians provide some evi-

dence that reduced sympathetic activity may predict 

weight gain, it has been argued that the unique ge-

netic makeup of the Pima Indians makes it diicult to 

extrapolate these indings to other populations.

POTENTIAL MECHANISMS LINKING OBESITY 

WITH ALTERATIONS IN ANS FUNCTION

If conirmed, is it biologically plausible that alterations 

in autonomic neural activity (i.e., reduced sympathetic 

responsiveness) could contribute to the accumulation 

of body fat in insulin resistance? One possible mecha-

nism is that hyperinsulinemia is an initiating factor 

leading to activation of basal SNS tone in insulin-re-

sistant individuals. As there is some evidence to sug-

gest that persistently elevated SNS activity leads to ad-

renoreceptor downregulation, this may, over time, lead 

to a blunted sympathetic response to stimuli such as 

insulin, which may have important implications in the 

postprandial state. Indeed, the SNS plays an important 

role in the regulation of energy balance, particularly 

in relation to suppressing appetite following a meal. 

here is also evidence from both animal and human 

studies that the SNS is a key regulator of adaptive ther-

mogenesis. Furthermore, studies using pharmacologi-

cal blockade of the SNS suggest that oxidation of fat 

in the postprandial state is particularly dependent on 

SNS activation. 

Alternatively, activation of SNS tone may be a con-

sequence of the obese state, rather than a primary 
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etiological factor. Indeed, the accumulation of body 

fat is known to be associated with a proportional 

release of leptin from adipose tissue. Furthermore, 

there is some evidence to support the notion that 

leptin activates central sympathetic outlow within 

the hypothalamus. herefore, coupled with hyperin-

sulinemia, leptin may be a potential mechanism by 

which the SNS is activated in obese individuals. 

SEE ALSO: Central Nervous System; Peripheral Nervous 

System; Pima Indians.
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Axokine

AMONG THE SECOND-GENERATION biologic factors 

being investigated as antiobesity agents, ciliary neu-

rotrophic factor (CNTF) appeared among the more 

promising. As its name suggests, CNTF was origi-

nally identiied as a hormone-like factor responsible 

for growth and diferentiation of neuronal tissue. 

Unlike hormones such as leptin, CNTF is not secret-

ed peripherally and is only found naturally inside de-

veloping neuronal cells. Despite this, speciic recep-

tors for CNTF are present on multiple nonneuronal 

cells, including skeletal muscle tissue.

Activation of the CNTF receptor on skeletal 

muscle can prevent age-related degeneration. his 

property was investigated when CNTF was given to 

patients with amyotrophic lateral sclerosis (ALS), 

a chronic degenerative muscle condition. Seren-

dipitously, patients treated with CNTF experienced 

signiicant involuntary weight loss, which led to its 

investigation as a possible antiobesity agent.

he mechanism by which CNTF might promote 

weight loss involves its efects on both the central 

nervous system and peripheral tissues. In the brain, 

CNTF receptors are found in the hypothalamus, the 

region responsible for appetite control. Stimulation 

of those receptors in leptin-resistant mice leads to 

weight loss and decreased food intake. On a molecu-

lar level, this may be due to the inhibition of an in-

tracellular signaling enzyme (AMP-kinase) similarly 

inhibited by activation of central leptin receptors.

CNTF may also act peripherally to prevent obe-

sity. It has been demonstrated that CNTF admin-

istration leads to decreased lipid accumulation in 

the skeletal muscle of animals fed a high-fat diet. 

Increased deposition of lipid in skeletal muscle may 

contribute to peripheral insulin resistance, which in 

turn can cause weight gain. CNTF receptor activa-

tion may also interact with the PPARγ pathway, in 

turn promoting increased insulin sensitivity.

In humans, CNTF (brand name Axokine) has 

been tested as a potential antiobesity agent. After 1 

year of treatment, individuals given CNTF experi-

enced an average weight loss of 6 pounds compared 

to 2 pounds in patients given a placebo. Unfortu-

nately, 70 percent of patients treated with CNTF 

developed blocking antibodies that limited its con-

tinued effectiveness. 

Current research strategies to address the short-

comings of CNTF as an antiobesity agent are focus-

ing on the peripheral efects of CNTF. By designing 

novel molecules that speciically target the periph-

eral CNTF receptors, CNTF may yet prove to be an 

efective new tool in the ight against obesity.

SEE ALSO: Leptin; Leptin Supplements; PPAR (Peroxisome 

Proliferator-Activated Receptor).
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Back Pain

THE BACK IS used in nearly every activity people do 

in the normal course of a day. On top of its extensive 

use, the human back has a characteristic letter “S” 

shape that creates some concavities, notably near 

the neck and lower back. Due to the involved nature 

of the back and its S shape, humans are very prone 

to developing back pain.

he human back has many bones and muscles 

that work in unison. Pain can occur if something 

disrupts this function. In many such cases, identi-

iable causes can be found using modern medical 

diagnostic methods. Instances of herniated discs, 

cancer, sciatica, spinal infection, and direct trau-

ma are typically identiiable and treatable. In these 

cases, established medical procedures that can treat 

the pain exist.

Despite the medical advances available to identi-

iable causes of back pain, modern medical science 

cannot concretely identify the mechanisms respon-

sible for all back pain. Nearly 80 percent of Ameri-

cans will experience lower back pain and 30 percent 

will have chronic lower back pain. he intercon-

nectedness of the muscles of the back, the physical 

motions made capable by the human skeleton, and 

the broad surface area that the back muscles occupy 

all contribute to a very dynamic system that can be 

easily disturbed. he human back tends to be very 

much afected by the daily course of human activity 

and the overall well-being of the person. Many areas 

of human concern are incorporated into the healthy 

function of the back. Paying attention to the natu-

ral biomechanics of the human skeleton can greatly 

reduce the frequency of a person’s back pain. Addi-

tionally, stress tends to accumulate in the back and 

can cause a distortion in muscular tension. Because 

of the back’s rather broad surface area, a tightly con-

tracted muscle, also known as a knot, can have a 

greater efect than in more compact muscles.

Being overweight is at the top of the list of causes 

of back pain. Being even a few pounds overweight 

can place undue stress on the back, particularly the 

lower back. he back supports the weight of the up-

per torso and can be subtly shifted out of alignment 

by the forward pull of excess belly fat. Over time, 

such a condition can create muscular imbalances, 

strains, and uncomfortable spinal adjustments. Be-

ing overweight does not only include weight due to 

excess body fat; too much muscle mass can also have 

ill efects. Due to the S shape, the vertebral columns 

are not held together in a completely vertical col-

umn. Having extra weight, fat, or muscle, will place 

strain on the angled sections and can cause pain. 

Back pain can be caused by many diferent factors. 

While many are readily identiiable, some are not. For 

those cases that do not seem to have a clearly identii-

able mechanism of pain, the lifestyle of the person, 
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including body weight, is generally suggested as a po-

tential source of the discomfort. 

SEE ALSO: Body Mass Index; Central Obesity. 
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Bardet-Biedl Syndrome

BARDET-BIEDL SYNDROME (BBS) is a pleiotropic 

autosomal recessive disorder. his clinically complex 

genetically heterogeneous disorder is associated with 

mostly monogenic causes. BBS is a rare condition and 

is said to occur in 1 in every 150,000 persons born in 

the population.

he syndrome is deined by a range of primary and 

secondary features including retinitis pigmentosa, 

retinopathy, obesity (early-onset morbid obesity is 

associated with abnormalities chromosome 15), hy-

pogonadism, renal dysfunction, postaxial polydactyly 

(said to be linked to abnormalities in chromosome 3), 

and mental retardation. Other manifestations include 

diabetes mellitus, heart disease, hepatic ibrosis, neu-

rological abnormalities, reproductive abnormalities, 

endocrine disturbances, short stature, myopia, strabis-

mus, and cataracts. Individuals may also have partial 

or complete anosmia due to loss of function of the BBS 

protein which afects the olfactory epithelium.

Patients often experience a late onset of symptoms 

and, thus, the diagnosis of BBS is usually made during 

childhood. Obesity appears around age 2–3 years in the 

patient; however, as this is not diagnostic of the disor-

der, the actual disorder is diagnosed at approximately 9 

years of age when visual problems irst appear. 

BBS may be occur due to mutations in certain 

genes (BBS1, BBS2, BBS3 (ARL6), BBS4, BBS5, BBS6 

(MKKS), BBS7, BBS8 (TTC8), BBS9, BBS10, BBS11, 

BBS12). All these gene codes for proteins are associ-

ated with the centrioles part of the cytoskeletal system 

and play a role in cilia function. BBS is possibly caused 

by a defect of the basal body of ciliated cells. BBS1 is 

caused by mutation in a gene that maps to chromo-

some 11q13. he BBS1 is associated with the greatest 

occurrence of the disorder followed by BBS2. BBS2 is 

caused by mutation in a gene that maps to chromo-

some 16q21. BBS3 is caused by mutation in the ADP-

ribosylation factor (ARF)-like-6 gene (ARL6) on chro-

mosome 3p13-p12. BBS4 is caused by mutation in a 

gene that maps to chromosome 15q22.3-q23. BBS5 is 

caused by mutation in a gene that maps to chromo-

some 2q31. BBS6 is caused by mutation in MKKS, 

located on 20p12. BBS7 is caused by mutation in a 

gene that maps to chromosome 4q27. BBS8 is caused 

by a mutation in a tetratricopeptide repeat protein, 

TTC8. he BBS8 gene mutations encodes a protein 
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Though anyone can have back pain, obesity can cause severe back 

pain due to the strain of the additional weight on the body.



with a prokaryotic domain, pilF; this is involved in pi-

lus formation and twitching mobility. BBS9 is caused 

by mutation in the parathyroid hormone-responsive 

gene B1 (PTHB1). BBS10 is caused by mutation in 

the C12ORF58 gene. Mutation in the tripartite mo-

tif-containing protein-32 gene (TRIM32) BBS11. Mu-

tation in the C4ORF24 gene causes BBS12. Reports 

suggest that the BBS genes may predispose male het-

erozygote patients to obesity.

here has been long-standing uncertainty as to the 

relationship between the Laurence-Moon syndrome 

and BBS. Patients sufering from these disorders re-

port similar symptoms and, thus, it was previously 

diicult to distinguish between the two disorders. 

However, it is generally reported that the patients 

of Laurence and Moon have a distinct disorder with 

paraplegia and without polydactyly and obesity.

he prognosis for BBS varies according to the se-

verity of symptoms, visual prognosis is poor and 

complication of obesity and renal impairment may 

increase morbidity and mortality rates. 

SEE ALSO: Genetic Mapping of Obesity-Related Genes.
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Bariatric Surgery in Children

BARIATRIC SURGERY IS a treatment option for care-

fully selected severely obese youth for whom all oth-

er medical, dietary, and behavioral approaches have 

been unsuccessful. he history, indications, risks, and 

beneits of bariatric surgery in children are reviewed 

briely, ending with controversies and future direc-

tions. he terms children, adolescents, and youth are 

used interchangeably. 

he history of surgical treatment of extreme obesi-

ty in children and adolescents dates back to the 1970s, 

with initial reports appearing in the literature on 

small series of youth treated with surgery for weight 

loss, including some with Prader-Willi Syndrome. In 

1991, a National Institutes of Health (NIH) consensus 

development conference recommended that gastric 

restrictive or bypass procedures could be considered 

for well-informed and motivated patients with accept-

able operative risks, but indicated that children and 

adolescents had not been suiciently studied to allow 

a recommendation for surgery. Since 1991, Roux-

en-Y gastric bypass has become the most commonly 

performed procedure in the United States. However, 

the published literature on bariatric surgery in chil-

dren remains scant, and no deinitive, evidence-based 

guidelines exist for youth. 

Patient selection begins with a detailed, multidis-

ciplinary assessment, including medical, surgical, 

nutritional, and psychiatric expertise, ideally con-

ducted in a specialized and experienced program set-

ting. Due to the permanent impact of gastric bypass 

on gastrointestinal anatomy and lifestyle, presurgical 

evaluation and education in children is extensive. Eli-

gible patients have attained or nearly attained physi-

ologic maturity, failed more conservative approaches 

to treatment, and must meet additional eligibility cri-

teria including weight greater than 100 pounds over-

weight. he family environment plays an important 

role in postoperative support and compliance, and 

both parents and child are involved in the process of 

obtaining informed consent. 

he risks and beneits of gastric bypass in children 

appear to include the same outcomes seen in adults. 

Rarely seen, but early complications include bowel 

obstruction, bleeding, blood clots, and persistent 

nausea. Late problems can include gallstones, hernias, 

vitamin and iron deiciencies, inadequate weight loss, 

or weight regain. Potential beneits include improve-

ments in long-term weight control, reduced medical 

comorbidities such as diabetes, and enhanced psy-

chosocial functioning. Unfortunately, no reliable 

predictors of outcome have been identiied. Lifelong 

medical and nutritional surveillance is mandatory. 

he role of bariatric surgery in the treatment of 

severe obesity in children remains controversial. 

Some express concerns over the potential adverse 

long-term impact on growth and development, and 
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question a child’s ability to consent to a procedure 

that has lifelong efects; others focus on the serious 

health and psychosocial consequences of childhood 

obesity that may persist into adulthood in the ab-

sence of surgical intervention. Future directions in-

dicate the need for long-term prospective outcome 

analyses of various bariatric surgery procedures in 

younger patients, including the role of behavioral 

weight control as an adjunct for efective longitudi-

nal management of this patient population.

SEE ALSO: American Society for Bariatric Surgery; Behav-

ioral Treatment of Child Obesity; Child Obesity Programs; 

Medical Interventions for Children; Morbid Obesity in 

Children. 
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Bariatric Surgery in Women

THE AMERICAN SOCIETY for Bariatric Surgery esti-

mates that more than 200,000 bariatric, or weight-

loss surgery, procedures were performed in the 

United States in 2007. he typical bariatric surgery 

patient is a woman, age 25–45, overweight since 

childhood, having faced a lifetime of discrimination, 

with multiple attempts at weight loss via diet and 

exercise. hey average 2 years of research into sur-

gery before making the decision that surgery is the 

choice for them.

Why would a woman turn to surgery for weight 

loss? It works when all other therapies fail. Once 

someone has reached the morbidly obese level, diet 

and exercise alone is only successful in less than 5 

percent of the population. Bariatric surgery has a 

50 percent success rate at 16 years after surgery. A 

meta-analysis presented in 2004 that represented 

136 studies and over 22,000 patients demonstrated 

that after bariatric surgery, 86 percent of diabetes 

was resolved or improved, 70 percent of hyperlipid-

emia was improved, 78 percent of hypertension was 

resolved or improved, 83 percent of obstructive sleep 

apnea was resolved or improved, and perhaps most 

impressively, there was a 400-percent reduction in 

the incidence of cancer. he weight loss achieved 

and maintained after bariatric surgery results in de-

creased healthcare costs, decreased rates of disabil-

ity, and a decreased risk of death. 

In 1991, the National Institute of Health released 

a consensus statement on the state of bariatric sur-

gery. he indications for surgery from the NIH are 

as follows: BMI >40 or BMI 35–39 with comorbid 

condition; documented inefective weight-loss at-

tempts; and treatment with a multidisciplinary team 

approach. At the time of the statement, gastric re-

strictive (vertical banded gastroplasty), or bypass 

procedures, were deemed appropriate for moti-

vated patients. hey went on to state that surgery is 

the only approach providing consistent, permanent 

weight loss for morbidly obese patients. he NIH is 

expected to release an updated consensus statement 

in 2008 which will include laparoscopic adjustable 

gastric banding.

In 2006, the Centers for Medicare and Medicaid 

Services released a National Coverage Determina-

tion for bariatric surgery. he criteria for surgery 

listed are as follows: BMI >35 with comorbid condi-

tion; documented inefective weight-loss attempts; 

treatment at a Center of Excellence (American Col-

lege of Surgeons level 1A–1B and/or SRC full status 

designation). Speciic procedures covered include:  

Roux-en-Y gastric bypass, Laproscopic Gastric By-

pass, and Laparoscopic Bilopancreatic Diversion w/

wo duodenal switch. his excludes vertical banded 

gastroplasty (VBG). Surgery is for the treatment of 

comorbidities and medical complications related to 

obesity, and is not considered cosmetic surgery.

Surgical options include restrictive procedures 

that limit the size of the stomach without changing 

the basic anatomy (primarily, this is laparoscopic ad-

justable gastric banding); malabsorptive procedures 

that change the basic stomach anatomy and bypass 

a portion of the small intestines (an example is the 
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biliopancreatic diversion with or without duodenal 

switch; the most frequently performed procedure 

in the United States and considered to be the gold-

standard procedure is a combination of restrictive 

and malabsorptive procedures, the gastric bypass 

(Roux-en-Y) open or laparoscopic. 

Women should be advised that with malabsorp-

tive procedures, the absorption, and therefore the 

effectiveness of oral contraceptives, will be dimin-

ished. They will need to either change to another 

form of contraception or utilize a second form in 

conjunction with oral contraceptives. As weight 

loss occurs and the amount of hormones secreted 

by the peripheral adipose tissue decreases, women 

who were previously thought to be infertile may 

now find themselves ovulating regularly and now 

fertile. It is recommended that pregnancy be avoid-

ed for the first 12 to 18 months after any bariat-

ric surgery procedure to allow for optimal weight 

loss prior to conception and to allow the woman to 

reach a stage where she can take in a more normal 

amount of nutrition.

Bariatric surgery is frequently referred to as a tool. 

Just like any tool, it must be used correctly to opti-

mize the results. A multidisciplinary team at a Cen-

ter of Excellence will have the mechanisms in place 

to educate patients properly prior to surgery.

SEE ALSO: Body Mass Index; Lap Band; Morbid Obesity 

in Women.
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Barker Hypothesis

THE BARKER HYPOTHESIS is named for David 

Barker, M.D., Ph.D., currently Professor of Clinical 

Epidemiology at the University of Southampton in 

the United Kingdom and Professor in the Depart-

ment of Medicine at Oregon Health and Science Uni-

versity. Also known as the fetal origins hypothesis, 

the Barker hypothesis posits that common chronic 

diseases such as coronary heart disease, hyperten-

sion, and type 2 diabetes mellitus (T2DM) occur at 

greater rates among adults who were born at lower 

birth weight and remained thin during the first year 

or two of life. While the pathogenesis of these chron-

ic diseases is a complex combination between genetic 

and environmental factors throughout the life span, 

Barker points to the fetal nutritional environment as 

a source of fetal “programming” for a greater predis-

position to these conditions. He and his colleagues 

first discovered the link between low birth weight 

and higher rates of coronary heart disease in 1989, 

and the British Medical Journal had coined the term 

“Barker hypothesis” by 1992. 

Much of Barker’s own work has come from a hand-

ful of longitudinal studies; his findings have been cor-

roborated by others. He has collaborated extensively 

with Dr. Johan Erikkson at the National Public Health 

Institute in Finland, which has followed 20,000 men 

and women born in Helsinki between 1924 and 1944, 

all of whom have detailed information on birth weight 

and childhood growth. He has also followed a cohort 

born between 1920 and 1930 in Hertfordshire, Eng-

land, whose birth weights and weights at one year 

of age were recorded. With Dr. Dan Lackland at the 

Medical University of South Carolina, he has used a 

cohort of Medicaid beneficiaries with birth weight 

records dating from 1950. Additionally, his collab-

orative efforts in India, Holland, and China have sup-

ported his previous findings.

Barker’s initial work reported an association be-

tween birth weight and coronary heart disease 

(CHD). In a study of 8,760 children from the Helsinki 

study, Barker and colleagues found that those who 

developed CHD as adults were small at birth and 

during the first 2 years of life but gained weight more 

rapidly than the other children between ages two 

and 11. Compared to children with a birth weight 

of >3,500 grams and a body mass index (BMI) of 17 
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at two years old, those born at <3,000 grams who 

achieved a BMI of only <16 by age two had a hazard 

ratio for adult CHD of 1.9 (1.3–2.9), adjusted for sex, 

adult occupational status, and household income. 

his study also showed that systolic blood pressure, 

fasting plasma glucose and insulin, and fasting serum 

triglycerides decreased with increasing birth weight 

and BMI at 2 years old. Correlation between CHD 

and low birth weight and/or low weight in infancy 

has been replicated in other studies in Europe, India, 

and the United States. In some of these studies, this 

efect has proven to be independent of potential con-

founding variables such as smoking, physical activity, 

and occupational status. 

Increased blood pressure is a known risk factor 

for CHD and may be one of the mechanisms through 

which low birth weight increases the risk of CHD. 

In a systematic review of eight studies, Huxley and 

colleagues showed a modest negative association 

between birth weight and adult systolic blood pres-

sure (SBP), which increased 2 mmHg for every 1-kg 

decrease in birth weight. he mechanism of this as-

sociation likely involves the in utero development of 

the kidneys. Autopsy studies have shown that adults 

with hypertension have fewer glomeruli in their kid-

neys, the microscopic units of blood iltration. Ani-

mal studies show that individuals born at lower birth 

weights have fewer glomeruli, the result of poorer 

nutrient delivery to the fetal kidneys. As a result, the 

kidneys have a smaller iltration surface area and thus 

face increased hydrostatic pressure, leading to renal 

scarring and hypertension. Barker’s South Carolina 

study showed that the blood pressure of those indi-

viduals with low birth weights was more diicult to 

lower despite the use of multiple medications. he 

Helsinki study showed, however, that the efect of 

birth weight on blood pressure was conined only to 

those participants being treated for hypertension, not 

in normotensive individuals. In people without hy-

pertension, neuroendocrine mechanisms are able to 

keep blood pressure within a normal range of values. 

Barker has proposed that the efect of birth weight on 

blood pressure is hidden by these counter-regulatory 

mechanisms in normotensive individuals and that it 

is evident only when these mechanisms cannot over-

come the underlying deicit in glomeruli. 

T2DM is also a signiicant risk factor for CHD 

and may be another mechanism through which low 

birth weight is associated with CHD. Several studies 

have conirmed that the risk of T2DM and glucose 

intolerance, a prediabetic condition, increases with 

decreasing birth weight. Among 468 English men 

aged 64, the BMI-adjusted odds ratio of glucose in-

tolerance increased with each 1-pound decrease in 

birth weight, such that a baby born at ≤5.5 pounds 

had an odds ratio of 6.6 for glucose intolerance by age 

64 compared to a baby born at >9.5 pounds. hese 

results have been repeated in other studies and in 

women, and a similar trend has been seen between 

weight at one year of age and the risk of glucose in-

tolerance in adulthood. hese associations are inde-

pendent of social class, smoking, BMI, and alcohol 

consumption. In fact, Henrik Sørensen showed in a 

Danish cohort that BMI in young adulthood actually 

increases with birth weight, suggesting that factors 

other than absolute adiposity inluence the risk of 

T2DM. In addition to absolute values of weight at 

birth and 1 year of age, the tempo of growth in child-

hood is correlated with the risk of T2DM in adult-

hood. he adiposity rebound is the normal decrease 

in BMI from birth until early childhood, followed 

by increase starting between ages 3 and 8 years. he 

Helsinki study showed that earlier adiposity rebound 

is associated with low birth weight and thinness at 

one year of age and that the earlier this rebound oc-

curs, the greater the risk for T2DM in adulthood. 

he link between low birth weight and altered glu-

cose metabolism may be due to the developmental 

plasticity of the human fetus, an ability to adapt to 

environmental conditions during fetal development. 

Poorer maternal nutrient delivery to the fetus in 

utero may indicate an outside environment in which 

food is scarce, and the fetus adapts to this “forecast” 

by remaining smaller and by switching on genes that 

allow it to use energy more eiciently, resulting in 

the so-called “thrifty phenotype.” Lower birth weight 

may be a crude indicator that such an adaptation has 

occurred, but the adaptation likely occurs at the mo-

lecular level. his “thrifty phenotype” uses mecha-

nisms such as insulin resistance to make the most of 

scarce food energy and ensure suicient glucose de-

livery to the brain. However, when food supplies are 

adequate in childhood or adulthood, these adapta-

tions predispose these individuals to glucose intoler-

ance and T2DM. Less nutrient delivery in utero also 

results in the development of less muscle mass and 
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consequently a greater body fat percentage in adult-

hood that contributes to insulin resistance and glu-

cose intolerance. 

On the macroscopic environmental level, there 

may also be an interaction between the efects of birth 

weight and adult socioeconomic status. Lower socio-

economic status is a well-known risk factor for CHD, 

but in the Helsinki study, the negative association be-

tween household income and CHD was evident only 

in those men who were thin at birth. Citing studies 

that show persistently elevated cortisol levels in adults 

born at low birth weights, Barker has suggested that 

those who are small at birth are less well equipped to 

handle the stress of low socioeconomic status and are 

therefore more susceptible to its deleterious health 

efects. Such interaction is probably just one of many 

phenotype-environment interactions afecting the 

risk of chronic disease.

he largest criticism of the Barker hypothesis 

is the possibility that low birth weight is associated 

with other environmental risk factors for CHD, hy-

pertension, and T2DM and is therefore not by itself 

a true independent risk factor for these conditions. 

Such potential confounders may include risk factors 

such as smoking, lack of exercise, high caloric intake, 

high fat consumption, and low socioeconomic status. 

Most of the studies supporting the Barker hypothesis 

adjusted their analyses to control for some of these 

environmental risk factors, but the possibility exists 

that residual confounding remains or that important 

risk factors were not measured and accounted for. 

Still, a sizable body of epidemiologic evidence and a 

growing body of basic science research supports the 

Barker hypothesis, which has considerable public 

health import. If Barker’s ideas hold true, the preven-

tion of the chronic diseases that kill millions of people 

yearly may require intervention before birth. 

SEE ALSO: Infant Growth Rate; Low Birth Rate; hrifty 

Gene Hypothesis..
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Behavioral Treatment of  

Childhood Obesity

BEHAVIORAL TREATMENT PROGRAMS for over-

weight youth uniformly incorporate three main ele-

ments: diet, exercise, and behavior therapy. he be-

havioral component of treatment emphasizes positive 

behavioral changes, as well as the application of op-

erant conditioning and social learning strategies for 

making lifestyle changes. he body of work by Leon-

ard Epstein and colleagues, as well as others has dem-

onstrated the success and importance of including 

behavior therapy in the treatment of childhood obe-

sity. In addition, parental involvement in this therapy 

has been shown to improve treatment efects and 

outcomes. Such therapy assumes that helping par-

ents and children develop a set of skills that will help 

them correct maladaptive eating and exercise habits 

will allow them to lose excess weight and to maintain 

healthy weight. Behavioral treatment for obesity also 

promotes cognitive approaches and assumes that cog-

nitive change will lead to behavior change, although 

the eicacy of cognitive components for child over-

weight is limited. 

LEARNING THEORY

Learning theory about eating postulates that eating 

is prompted by environmental cues and generally re-

inforced by positive or a lack of negative responses 

(either internal or external) to such behavior. Be-

havioral treatment aims to identify cues that trigger 

inappropriate eating and sedentary behaviors and 

helps individuals modify such cues (i.e., environment  
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control) or to have diferent responses to eating be-

haviors (e.g., parents praising healthy food choices 

or lower consumption). Behavioral treatment is 

goal-oriented, with goals often speciied in precise 

and measurable terms. In addition to clear goals, the 

treatment also provides children and parents means 

by which to achieve such goals via the development 

of various skills. Last, success is often attained in 

small, approximated steps toward the optimal behav-

ior, based on operant conditioning learning strategy 

of shaping. Rewards for achieving the smaller steps 

thus provide multiple successful experiences along 

the pathway to major change. Given the role of family 

and particularly parents in determining the environ-

ment in which children live and in providing rein-

forcement for performed behaviors, family involve-

ment is seen as essential in the behavioral treatment 

of childhood obesity, particularly for elementary 

school-aged children.

BEHAVIORAL SKILLS 

Behavioral treatment provides children and parents 

with a set of skills to help modify dietary and physi-

cal activity habits. hese skills include self-monitor-

ing, goal setting, stimulus control, and behavioral 

substitution. 

Self-monitoring is the tracking of speciied behav-

iors, usually through written or electronic documen-

tation (e.g., writing down everything eaten in a day). 

Behavior therapy often irst educates children and 

parents on how to use measurement tools, food la-

bels, and calorie-counting guides to help them imple-

ment self-monitoring of dietary intake appropriately. 

Such monitoring has been shown to be important in 

impacting weight loss among adults and children. he 

ideal form of self-monitoring and what (e.g., calories, 

food groups) and how often to self-monitor for opti-

mal success is not yet known, but many programs en-

courage daily monitoring of food and beverage con-

sumption. Self-monitoring can also monitor physical 

activity performance and sedentary behaviors. 

As mentioned above, behavioral treatment encour-

ages participants to set speciic and clear goals. Goals 

should be measurable so that participants can easily 

determine success and/or failure. Vague goals such as 

“trying harder” or “improving” are discouraged and 

replaced by speciic goals such as “I will exercise 10 

minutes on Mondays, Wednesdays, and Fridays” or 

“I will eat at home on Tuesdays and Fridays.” Goals 

are also required to be time limited with a usual time 

frame of a week to accomplish determined goals. 

Given the speciicity of goals, goals should be realis-

tic and small in scope to encourage the likelihood of 

success and thus reinforcement. Within behavioral 

treatment for childhood overweight, goal attainment 

is often accompanied by rewards, preferably those 

that encourage healthy eating and more physical ac-

tivity. Parents are often asked to aid in the goal setting 

and achievement process via creating home environ-

ments that encourage the desired behaviors (i.e., via 

modeling and/or providing positive cues and rewards 

for desired behaviors). 

Based on operant conditioning principles that rein-

forcing stimuli or cues will increase behavior perfor-

mance, identiication of stimuli that prompt maladap-

tive eating and inactivity behaviors is an important 

aspect of behavioral treatment of obesity. Once such 

cues or stimuli are identiied, avoidance or reprogram-

ming of such cues can be performed. In addition, cues 

that reinforce healthy behaviors should be identiied 

and increased in the environment so as to promote 

desired behaviors. For example, eating stimuli can be 

restricted or controlled by having patients avoid ex-

posure to high calorie, problem foods (i.e., by avoid-

ing fast-food, all-you-can-eat venues, convenience 

stores, etc.). his often involves parents making sub-

stantial changes in the home food environment such 

as no processed food or carbonated beverages, thus 

positively impacting the eating behavior of the entire 

family. Physical activity stimuli can be promoted by 

encouraging children to go to recreational sites.

BEHAVIORAL SUBSTITUTION

In cases where the stimulus associated with a mal-

adaptive behavior is internal (emotional), behavioral 

substitution may be a more feasible option to modify 

an individual’s lifestyle. In behavioral substitution, the 

prior maladaptive behavior is substituted by another 

behavior in response to a given cue. For example, one 

might substitute walking the dog for eating in an at-

tempt to reprogram the common stress-eating (cue-

behavior) cycle.

COGNITIVE APPROACHES

In addition to the standard behavioral techniques 

described above, cognitive approaches to behavioral 
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change are also used to implement change. Cogni-

tive approaches assume that cognitions precede and 

inluence behavior, that cognitions can be modiied, 

and that cognitive change can produce behavioral 

change. Such approaches, in the case of children, 

obviously must take into account the cognitive de-

velopment of the client. he cognitive skills most 

commonly taught to achieve behavioral change are 

problem solving and cognitive restructuring. he ef-

icacy of adding cognitive skills training to the core 

behavioral treatment package has not been shown 

for childhood overweight.

PROBLEM SOLVING

he problem-solving process involves identiication 

of the problem, identifying the predecessors of the 

problem, generation of potential solutions, and se-

lection of the best or most feasible solution via a pro 

and con or cost–beneit analysis. After a solution is 

selected, the solution is then put into practice and its 

outcomes evaluated. If the outcome is not the desired 

efect, then the process begins again. 

COGNITIVE RESTRUCTURING

In cognitive restructuring, negative thoughts that may 

hinder achievement of behavioral goals are identiied 

and reprogrammed. Usually such negative thoughts 

are distortions of reality, and cognitive restructuring 

aims to replace the distorted thoughts with more re-

alistic or rational cognitions. 

Ultimately, the cognitive and behavioral skills 

taught to patients in behavioral treatment plans 

for childhood obesity are meant to not only induce 

weight loss and maintenance but also to prevent 

weight regain and maladaptive behavior relapse. 

While short-term success is often attainable by be-

havioral treatment programs for obesity, long-term 

success remains diicult to achieve, although some 

evidence suggests that children have better long-term 

outcomes than adults in such programs. Research in 

adults suggests that long-term treatment is required 

for long-term success but retention rates of such pro-

grams are often poor. Among children, evidence to 

date suggests that family involvement is essential to 

weight management success, at least among younger 

children. In fact, some evidence suggests children un-

der 7 may not even need to attend treatment, with 

eicacy derived from their parents’ participation in a 

child-targeted program. Further research is required 

regarding whether nonpersonal contacts such as via 

Internet, mail, or phone might provide additional 

means or methods for providing efective long-term 

weight management.

SEE ALSO: Childhood Onset Eating Disorders; Child Obe-

sity Programs; Children and Diets.
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Beverage Choices in Children

BEVERAGE CHOICE, particularly over-consumption of 

sugar-sweetened beverages such as sodas and juices, 

might be associated with obesity in children. An in-

crease in the amount of high-calorie drinks consumed 

by children at home and school is strikingly high. 

Many parents and adults are not informed about the 

importance of encouraging healthy beverage choices 

in children. Proper nutritional uptake is dependent 

greatly on the beverages a child is given or chooses to 

drink. Further, the media negatively impacts children 

who are attempting to make healthy choices about the 

beverages they drink.
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High-calorie beverage choices for children include 

soft drinks and several juices. An increase in the con-

sumption rates in the past few decades is evident 

through statistics that show that children (ages 6–11) 

are now drinking double the amount of soft drinks 

and nearly triple the amount of high-calorie juices 

compared to children in 1978. 

Further, both children and teens drink about 20.6 

gallons of soft drinks per year. In less than two de-

cades, that amount nearly tripled to approximately 

64.5 gallons of high-calorie drinks. During around the 

same time, reports show that childhood and adoles-

cent obesity signiicantly increased. his strongly sug-

gests that the beverages impact the overall increasing 

obesity rate.

CANS OF SODA

Calories in popular beverages for children are very 

high. For example, anywhere from 124 to 189 calories 

can be found in a 12-ounce serving of soda. On aver-

age, a male adolescent consumes three 12-ounce cans, 

and females drink approximately two 12-ounce cans 

a day. Energy booster drinks are just as unhealthy as 

soda. On average, energy drinks have about 160 calo-

ries and are packed with sugar. Artiicially lavored as 

well as drinks with added sugars are full in calorie val-

ue but empty in nutritional value. On the other hand, 

2-percent low-fat milk is approximately 183 calories, 

but provides vitamin A, folate, vitamin B12, calcium, 

magnesium, and other important nutrients for the 

body. 

With respect to obesity, the drinks consumed by 

children are just as important as the foods they eat. 

Although children choose which beverages they pre-

fer, parents and guardians can play an important role 

in helping them decide. About 21 percent of Ameri-

can children (aged 12–19) are obese. his number 

is rapidly increasing. Not only parents, but also pe-

diatricians, caregivers, and nutritionists are making 

an efort to teach children to make healthy beverage 

choices. 

To break the high-calorie fruit drink and soft drink 

habit, Cornell University’s Nutrition Information 

Center has set forth recommendations for adults that 

can potentially address the ongoing obesity crisis in 

children. For example, healthy beverages can be made 

more lavorful and accessible to kids. By adding natu-

ral lavoring, the beverage remains healthy and deli-

cious. Caregivers can also begin substituting health-

ier drinks for nutritionally deprived liquids during 

children’s meals. By ofering lavored 2-percent low-

fat milk, children can gradually become introduced 

to healthier options. 

BAD DRINKING HABITS

Many health issues are characterized by improper 

beverage consumption. Because of undersupplied 

calcium-intake levels, osteoporosis and tooth decay 

can result from bad drinking habits. he lack of wa-

ter consumption in children has become an increas-

ingly important problem. With insuicient drinking 

water outlets in shopping malls, entertainment loca-

tions, and other public areas, the problem of dehy-

dration is growing. 

During intense physical exercise, unhealthy fruit 

drinks and soft drinks are often served when water is 

the best option. Healthy drinking habits are formed at 

a young age; therefore, caregivers are recommended 

to introduce water as the primary thirst quencher 

during physical activity. 

A high priority should be set on cultivating an en-

vironment that allows children to make healthy deci-

sions. Advertisement of unhealthy food and beverag-

es handicaps children from making the right choices. 

Big beverage industries such as Coca-Cola, Pepsi, 

and other carbonated drink companies are constantly 

placing new advertisements make their drinks more 

appealing. However, the marketing of unhealthy 

drink options serves as a direct threat to the health of 

American children. 

Overall, the rate of high-calorie/low-nutritional 

beverage consumption has increased, which has aid-

ed the obesity epidemic. his problem is multifacet-

ed, but can be helped in various ways, ranging from 

lowering the calorie counts in drinks, to educating 

parents about healthy diet habits, to disregarding me-

dia inluences, or just by making sure children make 

healthier choices. 

SEE ALSO: Changing Children’s Food Habits; Childhood 

Onset Eating Disorders; Children and Diets.
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Binge Eating

APPROXIMATELY ONE IN three individuals seeking 

weight-loss treatment reports some form of binge eating 

and one in ive meets criteria for binge eating disorder 

(BED). With about 65 percent of Americans overweight 

or obese, binge eating has also increased in prevalence 

and is receiving more attention. Binge eating is charac-

terized by eating, in a discrete period of time, an amount 

of food that is deinitely larger than most individuals 

would eat under similar circumstances, accompanied by 

a sense of lack of control. BED is deined as recurrent 

episodes of binge eating in the absence of the regular use 

of inappropriate compensatory behaviors characteristic 

of bulimia nervosa, such as vomiting or using laxatives. 

his entry presents a brief overview of the diagnosis, 

prevalence, potential causes, consequences, and treat-

ment options for binge eating and BED.

DIAGNOSIS

BED is currently listed in the appendix of the fourth 

edition of the Diagnostic and Statistical Manual of 

Mental Disorders of the American Psychiatric As-

sociation (DSM-IV; used to diagnose psychological 

disorders). BED currently falls into the eating dis-

order not otherwise speciied (EDNOS) category; 

however, it is likely to be included as a recognized 

eating disorder (ED) in the next revision of the DSM 

(DSM-V). Although the majority of research in this 

area has focused on individuals meeting the diag-

nostic criteria for bulimia nervosa (BN), individuals 

with BN make up only a small fraction of those who 

regularly binge eat. 

he larger “subclinical” group includes both men 

and women who meet some, but not all, of the diag-

nostic criteria for BN, as well as others who meet most 

or all the research criteria for BED. A summary of the 

diagnostic criteria for BED, according to the DSM-IV, 

is as follows:

A.   Recurrent episodes of binge eating characterized 

by both:

 1.   eating, in a discrete period of time (e.g., within 

any 2-hour period), an amount of food that is 

deinitely larger than most people would eat 

under similar circumstance in a similar period 

of time

 2.   a sense of lack of control over eating during 

the episode (i.e., feeling that one cannot stop 

eating or control how much or what one is eat-

ing)

B.  Binge eating episodes associated with 3+ of the 

 following:

 1.   eating much more rapidly than normal

 2.  eating until uncomfortably full

 3.  eating large amounts of food when not hun-

gry

 4.  eating alone because of being embarrassed by 

how much one is eating

 5.  feeling disgusted with oneself, depressed, or 

very guilty after overeating

C.  Marked distress regarding binge eating.

D.  he binge eating occurs 2+ days per week (on av-

erage) for 6 months.

E.  he binge eating is not associated with the regu-

lar use of inappropriate compensatory behaviors 

(e.g., purging, excessive exercise) and does not 

occur exclusively during the course of Anorexia 

Nervosa (AN) or BN.

To qualify as binge eating, a person must eat more than normal and 

exhibit a lack of control over food intake.
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he current gold standard for the diagnosis of BED 

is the structured clinical interview, the Eating Disor-

ders Examination (EDE). However, the EDE can take 

up to an hour to complete and requires training to 

ensure proper administration and scoring. As such, 

several brief paper and pencil measures of binge eat-

ing have been developed, although none are consid-

ered as valid as the EDE.

PREVALENCE

According to the DSM-IV, the prevalence of BED in 

community samples was estimated to be about 3.5 

percent in 1994. However, numerous studies have 

found that rates of subclinical binge eating are more 

common. An interview of 1,500 college women in 

1995 found that 35 percent reported a history of binge 

eating at some point in their lives. he prevalence of 

BED is also higher within the obese population, esti-

mated at 8 percent and at about 30 percent in obese 

individuals seeking weight loss treatment. Unlike BN, 

BED is common in minorities and in men, with a fe-

male-to-male ratio of 3:2. Finally, individuals sufer-

ing from BED typically remain symptomatic for about 

15 years, which is nearly three times as long as with 

AN and BN. 

ETIOLOGY 

As with most psychological disorders, genetic and en-

vironmental inluences combine in the development 

of BED. Studies indicate a heritability of 40 to 50 per-

cent for BED, with environmental factors account-

ing for 50 to 60 percent and no diferences between 

sexes. Children of parents with BED are more than 

twice as likely to develop BED and 2.5 times as likely 

to develop severe obesity (body mass index [BMI] 

>40). Most scientists ascribe to a “diathesis-stress” 

model of eating disorders, where an individual with 

eating disordered parents or close relatives has an in-

creased likelihood of developing an ED. According to 

this model, this predisposition may or may not result 

in an ED depending upon environmental stress. It is 

also possible for someone to develop an ED without 

this predisposition. Variables such as parental and 

peer modeling, social inluence, media messages, 

culture, and body image ultimately determine who 

develops an ED.

he most commonly accepted explanation for 

the perpetuation of binge-eating behaviors is based 

on the inluence of negative afect; binge eaters may 

learn to regulate negative emotions inappropriately 

by overeating. Studies have revealed that binge epi-

sodes are often precipitated by negative emotional 

states. Enduring negative afect, as relected in de-

pression, is also associated with binge eating. Binge 

eaters often experience a heightened concern with 

their body shape and weight, and typically attempt to 

restrict their eating for fear of gaining weight. hey 

are often successful in restricting intake until they en-

counter some form of “disinhibiting stimulus,” typi-

cally an environmental stressor or ingestion of a “for-

bidden food.” Frequently, a binge episode follows in 

response to the negative afect experienced because 

of these stressors. he binge episode temporarily im-

proves mood and serves to reinforce the binge eating 

behavior. Within a few moments after a binge meal, 

however, the individual’s mood typically reverts to 

a depressed state, often compounded by feelings of 

shame and guilt associated with the binge behavior. 

CONSEQUENCES

Binge eating has been implicated in the development 

of obesity and often precedes excess weight gain and 

initial dieting attempts. Binge eating has also been 

shown to be a major risk factor for weight regain 

following a weight loss diet. By deinition, BED also 

causes marked psychological distress. Signiicant 

relationships have been found between binge eat-

ing and the lifetime prevalence of major depression, 

panic disorder, borderline personality disorder, and 

avoidant personality disorder. 

Note that although several features associated with 

binge eating are categorized as causes or consequenc-

es, some features may both precede and result from 

binge-eating behavior. Although helping to perpetuate 

the behavior, dietary restraint often does not precede 

the irst binge episode. Dieting precedes the onset of 

binge eating only about 50 percent of the time, and it 

is likely that binge eating may itself contribute to at-

tempts to further restrain eating. Similarly, negative af-

fect and body image disturbance can contribute to the 

development of, as well as result from, binge eating.

BINGE EATING IN CHILDREN

Binge eating is not only found in adults. Habits of 

secretive and overeating, characteristic of BED, can 

be found in very young children. A study in 1999 of 
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over 200 children from birth to age 5 revealed that 18 

percent of the children hid their favorite foods, and 

34 percent appeared to have diiculty stopping when 

they ate their favorite foods. A survey in 1998 of over 

80,000 students in the 9th and 12th grades revealed 

that 25 percent of females and 13 percent of males re-

ported binge eating in the past year. Similar to adults, 

binge eating appears more prevalent in overweight 

and obese children, and loss of control over eating is 

associated with distress and other morbidity. Unlike 

adults, however, binge eating in children appears less 

related to attempts at dietary restriction and eating 

large amounts of food is not typically associated with 

distress. In diagnosing BED in children, loss of con-

trol of eating remains a hallmark feature; however, 

more emphasis is placed on eating in the absence of 

hunger rather than eating an objectively large amount 

of food. Children who have a personal or family his-

tory of obesity may be at risk for the development of 

binge-eating problems when adverse childhood expe-

riences and risk factors for psychiatric disorder, par-

ticularly depression, also are present.

TREATMENT

Treatment for binge eating and BED includes psycho-

logical, behavioral, and pharmacological approaches. 

Psychological treatments consist mainly of cognitive-

behavioral therapy (CBT), considered the gold stan-

dard, and interpersonal therapy (IPT). CBT combines 

cognitive and behavioral techniques to break the 

cycle of bingeing in response to negative afect. he 

cognitive component attempts to identify and correct 

“core cognitive disturbances” such as doubts about 

self-worth, which encourage negative self-evaluation 

in terms of body shape and weight, as well as the ac-

ceptance of a larger-than-average body size. he be-

havioral component focuses on moderation of food 

intake that is neither over- nor under-restrictive. CBT 

has been shown to result in rates of binge-eating ab-

stinence of over 50 percent at 1 year following treat-

ment. CBT has also been shown to decrease dietary 

restraint, improve distorted attitudes about shape and 

weight, and decrease associated psychiatric symp-

toms. IPT focuses on the interpersonal relationships 

that contribute to the development and maintenance 

of the eating problem. Speciically, IPT encourages 

patients to examine the impact of their body shape 

and weight on relationships and address perceived 

interpersonal deicits. IPT has been shown to reduce 

binge eating at rates similar to those after CBT treat-

ment, both at treatment end and at 1-year follow-up. 

Weight reduction for obese binge eaters following 

CBT and IPT has been shown to be quite modest. 

Individuals who remain abstinent from binge eating 

tend to lose some weight, while individuals who re-

main even partially symptomatic tend to gain weight. 

Behavioral weight loss treatments alone may also 

reduce binge eating. hese treatments seek to reduce 

binge eating and body weight simultaneously through 

traditional “lifestyle change” dieting techniques, such 

as reducing the caloric density and portion sizes of 

meals and increasing physical activity. Although ef-

fective in the short term, most weight lost through 

dieting is typically regained within a few years and, as 

body weight returns, binge eating behaviors tend to 

return as well.

Pharmacological treatments may include tricyclic 

antidepressants, selective serotonin reuptake inhibitor 

(SSRI) antidepressants, or appetite suppressants. Tri-

cyclic and SSRI antidepressants have shown the high-

est eicacy in reducing binge frequency; however, dis-

continuation of medication generally results in a rapid 

return of binge episodes. Results from studies com-

bining pharmacological and psychological treatment 

for BED generally show short-term reduction in binge 

eating and body weight. However, long-term gains 

usually dissipate once the medications are stopped. In 

head-to-head comparisons, CBT was more eicacious 

than SSRI antidepressant medication. 

Self-help books for the treatment of BED are also 

available that can be used independently by the in-

dividual (unguided) or in conjunction with a profes-

sional (guided). Self-help techniques may be more 

cost efective and more readily available than other 

interventions. Studies show that self-help techniques 

are efective in the short term for reducing binge eat-

ing but not body weight, and the long-term eicacy is 

yet to be determined. 

SEE ALSO: Bulimia Nervosa; Dietary Restraint; Disinhib-

ited Eating; Disordered Eating; DSM-IV.
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Bioelectrical Impedance  

Analysis 

BIOELECTRICAL IMPEDANCE ANALYSIS (BIA) is 

currently one of the most exact and easiest ways to 

determine body fat composition. BIA is conducted 

by attaching electrodes to various parts of the body 

while a small electrical signal is passed through. BIA 

is conducted using the weight, height, age, gender, 

ethnicity, body type, and physical activity level in 

combination with the measured resistance the body 

has to the electrical signal. A simpler version of BIA 

can be found in commercial products similar to the 

operation of a bathroom scale with the electrodes 

placed in special foot sensors.

The measured resistance of the electrical signal 

varies based on the water that is found in muscle 

and fat. Resistance or impedance is low in lean tis-

sue and high in fat tissue. The measure of resistance 

is dependent on total body water of an individual. 

The more muscle an individual has, the greater the 

amount of water the body contains. The greater the 

total body water, the easier the current can pass 

through the body. Although an electrical signal is 

passed through the body, BIA is considered safe 

and does not cause pain. The electrical signal used 

is so small that neither adults nor children have re-

ported feeling it. 

SEE ALSO: Assessment of Obesity and Health Risks; Body 

Fat Distribution in African Americans; Body Fat Distribu-

tion in Asian Americans; Body Fat Distribution in Hispanic 

Americans; Body Mass Index; Ethnic Variations in Body 

Fat Storage.
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lishers, 1996); Elaine Marieb and Katja Hoehn, Human 

Anatomy and Physiology (Benjamin Cummings, 2006); S. 
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Blood Lipids

BLOOD LIPIDS ARE fats transported in the blood by 

lipoproteins. Obesity is a risk factor for dyslipidemia 

(lipid abnormalities). Dyslipidemia is a risk factor 

for atherosclerosis, which is the main cause of car-

diovascular disease and stroke.

Free fatty acids and cholesterol are absorbed by 

the gut and packaged into chylomicrons as triglyc-

erides and cholesterol esters, respectively. Chylo-

microns are acted upon by lipoprotein lipase in the 

blood to become lipoproteins.

Low-density lipoprotein (LDL) transports cho-

lesterol from the liver to tissue. Cholesterol is used 

to synthesize cell membranes, steroid hormones, 

and bile. When there are high levels of LDL, the ar-

tery wall takes up more LDL, forming atheromas on 

the wall. Excess LDL is also taken up by white blood 

cells, forming foam cells. Foam cells and atheromas 

cause wall damage, leading to plaques and thrombi, 

which can produce low blood low and high blood 

pressure. If thrombi break of as emboli, they can 

cause stroke or death. LDL taken up by the liver 

is used in synthesizing bile. Levels of LDL can in-

crease due to saturated fat intake or hereditary con-

ditions.

High-density lipoprotein (HDL) returns excess 

cholesterol to the liver, reducing the incidence of 

atheromas and resultant cardiovascular disease.
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Triglycerides transfer energy to cells. While it is 

unclear that increased triglycerides independently in-

crease the risk of cardiovascular disease, high triglyc-

eride levels decrease HDL levels.

Screening blood lipids is recommended for men 

older than 35 years and women older than 45 years. 

If other risk factors such as diabetes, high blood pres-

sure, smoking, or a family history of premature car-

diovascular disease, exist, screening should begin af-

ter 20 years of age.

Fasting measurement of total cholesterol, triglyc-

erides, and HDL allows LDL and very-low-density 

lipoprotein (VLDL) calculation. Optimally, total cho-

lesterol should be under 200 mg/dL, LDL should be 

under 100 mg/dL, HDL should be over 41 mg/dL, 

triglycerides should be under 150 mg/dL, and the to-

tal cholesterol to HDL ratio should be under 4. he 

Framingham score considers total cholesterol, HDL, 

smoking history, blood pressure, and age to predict 

the risk of developing coronary heart disease.

Treatment of dyslipidemia involves lifestyle modi-

ications including diet and exercise. Several classes 

of medication, including statins, can be used if life-

style modiications are unsuccessful.

SEE ALSO: Atherosclerosis; Elevated Cholesterol; Fat In-

take; High Density Lipoproteins; Lipoprotein Lipase; Low 

Density Lipoproteins; Stroke.
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Bod Pod and Pea Pod

DEVELOPED BY LIFE Measurements Instruments, 

Concord, CA, the Bod Pod is a complete system for 

measuring fat and lean body mass using patented air 

displacement technology. Bod Pod was created with 

the help of a National Institutes of Health (NIH) grant. 

he Bod Pod was introduced at the University of Cali-

fornia at Davis and the Plourde Institute of Chicago in 

1994, and since then, it has received much attention. 

he Bod Pod is based on the same whole-body 

measurement principle as the hydrostatic weighing 

tank. he volume of air a person displaces is mea-

sured instead of how much water the body displaces 

when dunked in a tank. he Bod Pod can give results 

in about 5 minutes and can accommodate children, 

the elderly, and the disabled. It is safe and noninva-

sive. Also, no special technician license is required to 

use the Bod Pod, so it is easy to use for both subject 

and operator. 

he Bod Pod has about a 3-percent error, making 

it very reliable. Advantages of a Bod Pod include its 

ease of use, fast measurement, and accommodation 

of multiple populations. Disadvantages include its 

price, which can range from $30,000 to $40,000. 

he Bod Pod works by measuring the volume of 

air a person’s body displaces while sitting inside. 

First, the Bod Pod measures the subject’s mass and 

volume and then whole-body density is determined. 

Using the person’s displaced air volume and whole-

body density, the Bod Pod can then calculate fat and 

lean mass. 

he Bod Pod’s structure consists of a dual cham-

bered, iberglass plethysmograph. he front of the 

Bod Pod is the main test chamber, which contains a 

seat. he door is secured by a series of magnets. he 

front of the Bod Pod has a large acrylic window, which 

provides the subject with a ield of view. 

From the original Bod Pod, the Bod Pod S/T has 

also been developed to use speciically in health 

clubs. he main diference is that an individual can 

either use an operator or do the test him-/herself. 

he Bod Pod S/T has an easy-to-use audio and kiosk 

screen that prompts the user/operator through the 

entire process. 

Similar to the Bod Pod, the Pea Pod is a device also 

developed by Life Measurements Instruments. he 

NIH awarded Life Measurements Instruments with 

additional funding and an infant version of the Bod 

Pod was introduced in 2004. It measures an infant’s 

body composition. he Pea Pod uses body composi-

tion instead of length and weight measurements and 

gives researchers and clinicians a better understand-

ing of an infant’s growth and nutritional status. he 

Pea Pod is a reliable body composition device that 

helps provide vital information necessary to assess 
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the eicacy of diet and medical interventions, espe-

cially in low birth-weight infants. he Pea Pod uses 

the same technology as the Bod Pod of measuring 

air displacement. It is also fast with results in about 

5 minutes. It is safe and noninvasive. Also, this de-

vice can accommodate most infant behaviors, such as 

constant wiggling and stretching. 

SEE ALSO: Body Mass Index.
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Body Dysmorphic Disorder

BODY DYSMORPHIC DISORDER (BDD) is character-

ized by an exaggerated preoccupation with an imag-

ined or negligible deformity in one’s appearance. he 

perceived defect is very real to the person with BDD, 

causing cognitive and behavioral ramiications. In-

dividuals with BDD may have impediments in social 

activities and occupational functioning, which may 

result in self-coninement. BDD may be a signii-

cant cause of loneliness, depression, social isolation, 

shame, and guilt. hese diiculties may lead to sui-

cidal tendencies.

In 1997, BDD was formally recognized as a so-

matoform disorder in the Diagnostic and Statistical 

Manual of Mental Disorders, 4th ed. (DSM-IV). A 

somatoform disorder is a group of presenting physi-

cal symptoms that cannot be medically explained. 

Obsessive-compulsive disorder (OCD) may accom-

pany BDD. If the rituals of OCD are conined to ap-

pearance-related behaviors, OCD is unlikely.

BDD is not related to body shape, size, or eating 

habits. hose with BDD may share traits of an eat-

ing disorder, but BDD is instead focused on the skin, 

hair, teeth, nose, lips, or size and shape of the geni-

tals. hose with BDD do not focus on weight-related 

body sites.

BDD is not gender speciic. It is estimated that 1 

to 2 percent of the general population is afected. As 

there is little conclusive research, it is hypothesized 

that BDD may begin during adolescence. he disor-

der may be precipitated by an event such as a dis-

paraging or teasing comment about a speciic body 

part, usually on the face. Sexual abuse or harassment 

may also be a trigger. BDD is often uncovered with 

other symptoms. 

hose sufering with BDD spend an inordinate 

amount of time focusing on their perceived law by 

constantly looking in the mirror or picking at their 

skin. hey may wear excessive clothing or makeup 

to cover their perceived law as well as practice ex-

treme and excessive grooming rituals which may last 

for several hours. An individual with BDD may seek 

surgical or cosmetic intervention, which usually 

results in their unhappiness from the procedures. 

hey may then begin a quest for a diferent doctor or 

put new focus on another area. Ultimately, this may 

again lead to avoidance of social activities for fear 

of the perceived law being seen. Loved ones may 

be unaware of the severity and extremes the person 

with BDD practices.

BDD is a hidden disorder because the individual 

is unwilling to admit to his or her peculiar behaviors 

and the efort he or she puts into trying to camou-

lage his or her actions. 

Diagnosing BDD involves frank discussion with a 

psychologist or psychiatrist and the administration 

of the Multidimensional Body-Self Relations Ques-

tionnaire and the Body Dysmorphic Disorder Ex-

amination Self-Report. Treatment for the condition 

may involve prescribing serotonin-speciic reuptake 

inhibitors in addition to cognitive and behavioral 

therapies. 

SEE ALSO: Appearance; Body Image Disorders; Cognitive 

Behavioral herapy; Depression; Obsessive Compulsive 

Disorder.
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Body Fat Distribution in  

African Americans 

THE PREVALENCE OF obesity is much higher among 

African-American adults and children compared to 

Caucasian Americans. African Americans have sig-

niicantly lower levels of visceral adiposity but higher 

levels of truncal subcutaneous adiposity compared 

to Caucasian Americans. Excess visceral adiposity 

is associated with more adverse outcomes, such as 

cardiovascular disease (CVD) and Type 2 diabetes 

mellitus (T2DM). Although African Americans have 

lower visceral adiposity, they have higher insulin 

resistance and hyperinsulinemia, and higher risk of 

T2DM and CVD associated with obesity than Cau-

casian Americans. 

Body fat distribution refers to total adiposity as 

well as adipose tissue patterning. Body mass is par-

titioned into fat mass and fat-free mass which vary 

with age, sex, and ethnicity. Fat or adipose tissue is 

located in the subcutaneous tissue (SAT) and in the 

visceral tissue (VAT). here is no consensus as to the 

best methods for assessing adipose tissue distribu-

tion, which may account for some of the variability 

seen in the diferent studies of body fat distribution. 

African Americans have higher levels of SAT 

deposited mainly in the truncal region. hey have 

lower waist-to-hip ratio (WHR) compared to Cau-

casian Americans and Hispanic Americans. Cau-

casian Americans, on the other hand, have a more 

peripheral distribution of subcutaneous adiposity. 

African-American men and women have lower VAT 

compared to their Caucasian-American and His-

panic-American counterparts. 

he diference for VAT mass is greater for men 

than women. Obese African-American women with 

similar measures of total body fat and waist circum-

ference to white women had 23 percent less VAT be-

fore, during, and after weight loss, indicating that at 

similar levels of obesity, African-American women 

have lower VAT compared to Caucasian-American 

women.

Although the total body fat percentage is lower in 

African-American men compared to African-Amer-

ican women, African-American men have higher 

VAT than African-American women. herefore, as 

in Caucasian Americans and Asian Indians, African-

American men have more VAT than African-Ameri-

can women. 

Compared to their age-matched counterparts, 

African-American children have greater weight, 

height, body mass index, and subscapular and su-

prailiac skinfold thickness. African-American chil-

dren have less total subcutaneous abdominal and 

VAT compared to their white counterparts, suggest-

ing early ethnic diference in fat deposition.

Higher subcutaneous fat accumulation and lower 

VAT mass have also been reported in populations 

of African decent residing in Africa, Europe, United 

States, the Caribbean, and South America. 

Although African Americans have less VAT mass 

than Caucasian Americans, the risk of obesity-re-

lated comorbidities is higher in African Americans 

compared to Caucasian Americans, indicating per-

haps racial diferences in adipose tissue metabolism, 

or that the higher risk of comorbidities may be due 

to factors independent of VAT. Obesity-unrelated 

predisposition factors to hypertension, for example, 

may be more important in the development of CVD 

in African Americans. Ethnic diferences in lipid 

markers for CVD have been shown to be established 

at an early age and track into adulthood. 

he exact mechanisms by which body fat prefer-

entially distributes in certain regions are not com-

pletely understood. Ethnicity may inluence basal 

metabolism, and dietary and other lifestyle habits 

such as physical activity. Other proposed determi-

nants of regional fat distribution include sex, age, to-

tal body fat, hormonal factors, dietary factors, ciga-

rette smoking, and alcohol consumption. 

SEE ALSO: African Americans; Assessment of Obesity and 

Health Risks; Cardiovascular Disease in African Ameri-

cans; Ethnic Variations in Body Fat Storage; Ethnic Varia-

tions in Obesity-Related Health Risks; Hypertension in 

African Americans; Magnetic Resonance Imaging Scans; 

Waist-to-Hip Ratio.
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Body Fat Distribution in  

Asian Americans

THE DISTRIBUTION OF body fat has been shown 

to vary among ethnic groups. Body fat distribution 

may have a gynoid fat pattern, which is characterized 

with a signiicantly greater percentage of fat on the 

extremities. his is in contrast to the android group, 

or female group, characterized with proportionately 

more fat on the trunk. For a given body mass index 

(BMI), Asian adults were found to have a higher body 

fat percentage and more upper-body subcutaneous 

fat, than Caucasians. Consequently, weight gain is 

especially detrimental for Asians. Also, the region-

al diferences in the storage of adipose tissue, or fat 

tissue, vary in terms of function in the body. Upper 

body fat has notably been associated with increased 

risk of chronic diseases. Fat that is centrally located is 

also referred to as central adipose tissue, visceral adi-

pose tissue, intra-abdominal fat, trunk fat, etc. here 

is both intra-abdominal (visceral) and subcutaneous 

abdominal fat. he diferences in the accumulation 

may have distinct impacts on glucose and lipoprotein 

metabolism. Several studies have shown that the ef-

fect of visceral fat on glucose tolerance is independent 

from total adiposity and subcutaneous fat depots. 

Visceral fat is associated with a variety of health 

concerns. Speciically, even in the absence of other 

risk factors, central adiposity is associated with car-

diovascular risk. Also, previous studies have demon-

strated a strong relationship between BMI and cardio-

vascular risk factors in Asian populations. However, 

the range of BMI is at the lower end of the distribu-

tion for typical western populations. For example, 

greater and regional adiposity, and family history of 

diabetes in Asian Americans. he observed ethnic 

diference in diabetes risk is probably due to an inter-

action between diet and visceral adiposity has been 

shown to increase the risk for hypertension in Asian 

Americans. Compared with Europeans, Chinese and 

South Asian participants have demonstrated a rela-

tively greater amount of abdominal adipose tissue. 

Moreover, this diference was more pronounced with 

visceral adipose tissue. 

 Diabetes is an additional health concern. Greater 

visceral adiposity precedes the development of Type 

2 diabetes and is considered to play a key role in the 

metabolic syndrome. he efect is independent of fast-

ing insulin, insulin secretion, glycemia, total lifestyle 

and increased genetic susceptibility among minority 

groups. In addition, the pattern of fat on the trunk is 

also related to high levels of LDL and VLDL choles-

terol and low levels of HDL cholesterol, independent 

of general body fatness. 

Ethnic diferences in fat distribution are partial-

ly explained by diferences in skeletal dimensions. 

Asians are shorter, weigh less, and have a higher per-

centage of body fat, particularly abdominal visceral 

fat, compared with African Americans and whites for 

the same BMI. In order to identify Asians at a high-

er risk of cardiovascular disease and diabetes, cutof 

BMI values for classifying overweight and obesity 

status are needed. Other preventive measures include 

diet and endurance exercise.

SEE ALSO: Cardiovascular Disease in Asian Americans.
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Body Fat Distribution 

in Hispanic Americans 

OBESITY AND COMPLICATIONS of obesity are more 

prevalent among Hispanic Americans than Caucasian 

Americans. here is evidence to suggest that there is 

ethnic-race variation in the distribution and pattern-

ing of body fat. Hispanic Americans have a larger per-
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centage of total body fat that is more centrally or vis-

cerally distributed than their Caucasian counterparts 

at similar body mass indices (BMIs). Central adiposity 

has been associated with adverse health outcomes.

Body fat distribution refers to a description of total 

adiposity as well as adipose tissue patterning. Body 

mass is partitioned into fat mass and fat-free mass. 

hese vary with age, sex, and ethnicity. Fat or adipose 

tissue is located in the subcutaneous tissue (SAT) and 

in the visceral tissue (VAT). here is no consensus as 

to the best methods for assessing adipose tissue dis-

tribution, which may account for some of the vari-

ability seen in the diferent studies of body fat distri-

bution. It has been suggested that VAT versus SAT 

distribution is associated with more adverse meta-

bolic risks, including hypertension, type 2 diabetes 

mellitus (T2DM), dyslipidemia, and cardiovascular 

disease (CVD). 

Studies have shown that Hispanic-American wom-

en have higher total adiposity and greater levels of 

centralized obesity measures (higher subscapular to 

triceps skinfold ratios and waist-to-hip circumferenc-

es) than their age-matched Caucasian counterparts. 

From childhood to adulthood, Hispanic-American 

women have consistently higher truncal-to-extrem-

ity skinfold thickness ratios compared to Caucasian 

women. Additionally, Hispanic-American women 

have higher VAT than African-American women of 

similar BMI. 

Some studies have shown that Hispanic-American 

men have slightly higher total body fat and greater 

truncal to peripheral adiposity compared to Cauca-

sians, whereas other studies have shown no signiicant 

diferences in total body fat estimates or fat distribu-

tion among men in the diferent race-ethnic groups.

In children 4–19 years old, Hispanic-American 

men and women have been shown to have higher 

body fat than their Caucasian counterparts. Waist-

to-hip ratio (WHR) was slightly higher in Hispanic-

American boys than Caucasians and much higher 

than African-American boys. Among girls, Hispanic 

Americans had slightly higher WHR than Caucasian 

or African-American girls. 

he higher prevalence of T2DM and CVD risk pro-

ile seen in Hispanic Americans could be a relection 

of the higher VAT depot. he exact mechanism for 

preferential visceral adiposity is not known. Possible 

factors for diferential body fat distribution include 

genetics, hormones, lifestyle or behavioral factors 

(smoking, drinking, physical activity) and dietary fac-

tors, and socioeconomic factors. 

Comparison body composition studies between 

Hispanic Americans and other race-ethnic groups are 

limited. he majority of studies that included Hispan-

ic-American samples invariably surveyed only Mexi-

can Americans. As Hispanic Americans is not a ho-

mogenous group, caution needs to be applied when 

using the term Hispanic American or generalizing the 

study indings. he Hispanic-American ethnic group 

comprises members with various admixtures of ge-

netic and cultural background with combinations of 

Amerindian, European, and African ancestry. 

SEE ALSO: Assessment of Obesity and Health Risks; Car-

diovascular Disease in Hispanic Americans; Ethnic Varia-

tions in Body Fat Storage; Ethnic Variations in Obesity-Re-

lated Health Risk; Hispanic Americans; Hypertension in 

Hispanic Americans; Magnetic Resonance Imaging Scans; 

Mexican Americans; Waist-to-Hip Ratio.
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Body Image

CHILDHOOD OBESITY HAS been demonstrated to 

not only impact the physical health but also the men-

tal health of afected children and adolescents. he 

psychological efects of childhood obesity have been 

well studied over the past several decades. One par-
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ticular focus of research has been the area of body 

image (or how children view their own bodies in the 

context of feedback received from their social com-

munity and/or environment) and how body image 

relates to overall health among children with over-

weight. Such research demonstrates that body image 

is related to current weight status and to other psy-

chological measures. In addition, more recent stud-

ies demonstrate that body image can afect the adop-

tion of healthy weight-related behaviors by children. 

Treatment of overweight among children therefore 

must incorporate interventions that address body im-

age and satisfaction in order to promote and maintain 

healthy weight among youth over the long term. 

BODY IMAGE IN CHILDREN

Body image has been widely researched in children, 

particularly in girls, owing to prior concerns about 

weight related obsessions and dieting behaviors in 

this population. Most studies have sampled from the 

general population, with a majority of evaluations 

limited to girls; however, more recently, studies have 

included boys as well, perhaps relecting the uniform 

increase in childhood obesity among both boys and 

girls worldwide. Tools utilized to assess body image 

have included standardized scales as well as pictorial 

instruments depicting various body sizes. Regard-

less of the year of publication, the demographics of 

the community population sampled, and the meth-

ods used, greater body dissatisfaction has been docu-

mented among heavier children and adolescents as 

compared to their normal weight counterparts. 

Potential moderators and mediators of the rela-

tionship in children between weight status and body 

image that have been identiied in prior research in-

clude: age, gender, ethnic/racial background, psycho-

social and psychological functioning. Several studies 

(both cross-sectional and longitudinal) suggest that 

older youth are more likely than younger youth to 

demonstrate strong relationships between lower body 

image and higher weight status. 

his inding taken together with the development 

of body awareness and image during middle child-

hood highlights a vulnerable period in childhood 

where future body image concepts can be afected 

and modiied by social experiences. Similarly, sever-

al studies have shown that girls are more likely than 

boys to exhibit body dissatisfaction. However, more 

data is needed to conirm these indings given that 

fewer studies have sampled from boys, and research 

instruments may not relect the distinct gender-spe-

ciic ideal body types promoted by society or take into 

account body image development variability between 

boys and girls. he published data addressing ethnic 

or racial efects on the relationship between body im-

age and weight status indicate signiicant diferences 

in body satisfaction among various racial groups, 

which may relect diferent cultural body ideals. In 

addition, body image has been found in cross-sec-

tional and longitudinal evaluations of adolescents to 

be associated with self-esteem, and other measures 

of psychological (depressive mood) and psychosocial 

functioning (peer interactions). hese relationships 

are most evident among adolescent girls, as com-

pared to adolescent boys for whom the nature of the 

relationship appears to be less clear. 

Body image has also been shown to afect how chil-

dren manage their weight. In a longitudinal cohort 

of 2,516 adolescents from the EAT (Eating Among 

Teens) project, adolescents who demonstrated lower 

body satisfaction were likely to engage in unhealthy 

weight control behaviors, such as fasting, skipping 

meals, smoking, and using diet pills or laxatives. hus, 

while negative body perception may increase weight 

loss attempts, these weight loss attempts are likely as-

sociated with weight-related behaviors that may ac-

tually increase weight and reduce overall health. In 

contrast, programs to date targeting healthy nutrition 

and exercise behaviors that also promote a healthy or 

positive body image as part of their intervention ap-

pear to have a positive or at least no negative impact 

on body image over time regardless of the weight sta-

tus of enrolled children. 

POOR BODY IMAGE

he contribution of the environment in regards to the 

development of body dissatisfaction has been more 

recently evaluated. Weight-related teasing has been 

shown to predict current and future poor body im-

age, particularly among overweight youth and inde-

pendent of gender. In addition, media modalities with 

a focus on appearance have been shown to be related 

to and predictive of body satisfaction in children, 

where increased exposure to these media modalities 

increases body dissatisfaction, especially among girls. 

Similarly, peer and parent opinions regarding weight 
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appear to inluence the body concept of children, al-

though the relative contribution of each depends on 

the demographics of the population studied.

he strong relationship of body image and child-

hood weight status is an important issue that must be 

addressed in the setting of childhood obesity. Inter-

ventions addressing weight maintenance and weight 

loss in this vulnerable population should promote 

body satisfaction not only to avoid negative physical 

and psychological consequences but also to increase 

adoption of healthy weight-related behaviors. Data 

would also suggest that such interventions may need 

to tailor their addressing of body image issues accord-

ing to individual demographics, including gender, age, 

and prior social weight-related interaction history.

SEE ALSO: Peer Inluences on Obesity in Children: Self-Es-

teem and Children’s Weight; Self-Esteem and Obesity.
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Body Image Disorders

BODY IMAGE DISTURBANCES are generally deined 

as negative thoughts and feelings about one’s body, 

but the concept of body image is multidimensional 

in nature. Body image disturbances generally fall into 

two categories: body size distortion in which the in-

dividual has an erroneous perception of his/her body 

size, and body dissatisfaction, which relates to the 

cognitive and attitudinal aspects of the individual’s 

body image. Body image disturbance receives atten-

tion in current research as it has been implicated as a 

risk factor for eating disorders such as anorexia ner-

vosa and bulimia nervosa and in obesity. However, 

research yields conlicting results as to which of these 

two distinct categories is a stronger predictor of dis-

ordered eating. 

BODY IMAGE AND GENDER

Adolescent girls and women consistently report dis-

satisfaction with their overall body shape and size. 

One study found that nearly half of all American 

women are preoccupied with their weight, while an-

other study reported up to one-third of the same pop-

ulation are actively trying to lose weight. In addition 

to overall complaints of body shape and size, women 

report dissatisfaction with speciic areas of their bod-

ies such as their stomachs, hips, and thighs. 

Although women tend to emphasize appearance 

more than men, men are not immune to forming neg-

ative body images. In general, both men and women 

report dissatisfaction with their bodies, but negative 

body image among men is of a complex nature. Unlike 

women, men do not simply want to become thinner; 

they desire a muscular physique that is lean as well. 

Men are also inluenced by some of the same factors 

that contribute to negative body image in women (i.e., 

media and print images). 

BODY DYSMORPHIC DISORDER

First recognized in 1997 in the Diagnostic and Sta-

tistical Manual of Mental Disorders, 4th ed. (DSM-

IV), body dysmorphic disorder is characterized by a 

consuming preoccupation with an imagined defect in 

physical appearance. his preoccupation can be high-

ly disruptive and can cause signiicant emotional dis-

tress and impairment, both socially and profession-

ally. Body dysmorphic disorder is distinct from body 

image dissatisfaction and is frequently undiagnosed 

in the general population. Individuals with body dys-

morphic disorder often have low self-esteem and may 

engage in ritualistic behaviors related to their per-

ceived defect that may include excessive grooming 

and constant observation of themselves in a mirror.

BODY IMAGE AND IMPLICATIONS  

FOR EATING DISORDERS

Body dissatisfaction has emerged as a major risk fac-

tor for both development and maintenance of dis-

ordered eating behaviors. here are several theories 

accounting for this relationship, and several sources 

of sociocultural pressures have been implicated in 

the risk for body dissatisfaction including the media, 

peers, family members, and intimate partners. One 

theory suggests that the dogmatic pursuit of an un-

attainable ideal inevitably increases body dissatisfac-
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tion. Another theory posits that body dissatisfaction 

increases with increasing weight (i.e., farther away 

from the “thin ideal”). With regard to the develop-

ment of speciic eating pathologies, two mechanisms 

linking body dissatisfaction to eating disorders have 

been identiied. he more credible of the two rea-

sons is that body dissatisfaction increases dieting ac-

tivities, which then renders the dieter vulnerable to 

disordered eating behaviors seen in anorexia nervosa 

and bulimia nervosa. he second theory describes the 

relationship between body dissatisfaction and a “neg-

ative afect” which may promote binge-eating behav-

iors, ultimately resulting in an eating disorder.

BODY IMAGE AND OBESITY

In Western societies where the “thin body ideal” is 

pervasive, individuals who are obese, women in par-

ticular, are subject to poor body image. he problem 

worsens; research has found that as the rates of so-

cietal pressure to be thin and the prejudice against 

obese individuals increase so does the rate of obesity 

itself. Obese individuals tend to sufer a more nega-

tive body image than individuals of normal weight 

and, as a result, may be so preoccupied with their ap-

pearance that they avoid social situations because of 

their weight.

Body image has been correlated with psychologi-

cal distress and depressive disorders. Research with 

obese individuals suggests that obese men and wom-

en experience higher levels of major depression and 

other mood and anxiety disorders than individuals of 

normal weight. Lower levels of self-esteem are also 

associated with obesity. However, it is not yet clear 

whether obese individuals in treatment for weight 

loss would signiicantly beneit from speciically ad-

dressing body image as a therapeutic component.

Sufferers of anorexia nervosa and bulimia nervosa also suffer from body image disorders; patients have a distorted, unrealistic view of their own 

body, believing themselves overweight or obese contrary to evidence.
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SEE ALSO: Anorexia Nervosa; Body Dysmorphic Disorder; 

Bulimia Nervosa; Eating Disorders and Obesity; Self-Es-

teem and Obesity.
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Body Mass Index 

BODY MASS INDEX (BMI), also known as the Que-

telet index, is a measure combining the weight and 

height of an individual. BMI can be calculated by 

dividing the weight (kg) by the square of the height 

(m). Although invented in the mid-1800s by Belgian 

Adolphe Quetelet, BMI is currently used as a simple 

clinical tool for healthcare professionals to determine 

a patient’s potential risk for disease and call for inter-

vention. However, BMI has recently and incorrectly 

been seen as an “absolute” tool for medical diagnosis 

and care, rather than a suggestive indicator of risk. 

BMI is used to classify individuals into catego-

ries. he most common deinitions used clinically in 

the United States for BMI categories include under-

weight (BMI <18.5), ideal (BMI 18.5–25), overweight 

(BMI 25–30), obese (BMI 30–40), and morbidly obese 

(BMI >40). According to the U.S. National Health and 

Nutrition Examination Survey in 1994, 59 percent of 

American men and 49 percent of women have BMIs 

over 25 and, therefore, categorized as either over-

weight or obese. 

BMI categories have important correlations with 

disease risk. Higher BMI values are associated with 

cardiovascular disease and higher morbidity and mor-

tality rates for almost any disease. According to some 

studies, a BMI of 30 and greater translates to an in-

crease risk of death from any cause by 50 to 150 per-

cent. Extremely low BMI values, below the ideal cat-

egory, may indicate malnutrition or an eating disorder. 

Although a correlation may exist, researchers are also 

quick to acknowledge that BMI is not entirely accurate 

in predicting the risk of cardiovascular disease and 

death because it does not distinguish body muscle and 

fat. However, when used appropriately, categorization 

of an individual using the BMI can indicate to a health-

care provider that some intervention may be needed. 

While the strength of BMI is its ability to be calcu-

lated quickly and without the use of expensive equip-

ment, the tool is not without limitations. he largest 

limitation of BMI, which explains why its use should 

be carefully considered, is the fact that BMI is only 

calculated using weight and height measures. Con-

sequently, BMI does not consider important factors 

such as frame size, itness level, muscle mass, bone 

structure and mass, gender, and ethnicity. For exam-

ple, a healthy athletic patient who has an ethnic back-

ground of short stature may have a BMI that would 

categorize the patient as obese, when in fact, the pa-

tient should really be considered normal with low dis-

ease risks. he combination of muscle mass and short 

stature skews the simple BMI calculation. Other indi-

vidual types that may not be well suited for the BMI 

scale include athletes, children, and the elderly. How-

ever, despite these limitations, the ease of use has led 

to the World Health Organization to adopt BMI to 

calculate obesity statistics since the 1980s. 

he use of BMI for children is diferent than for 

adults. Currently, BMI-for-age is a special BMI index 

used clinically for children. BMI-for-age takes into ac-

count the diferences of BMI normally expected for 

children based on whether they are a boy or girl and 

their current age. Age is important for BMI to account 

for because young children who may initially have a 

high body fat will get leaner as they get older. For in-

dividuals between the ages of 2 and 20, healthcare 

providers can use growth charts to follow the devel-
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opment of height, weight, and age. hese variables are 

then compared to other children of the same age and 

gender to help determine the risk the child has for be-

ing overweight in the future or his or her risk for devel-

oping certain diseases associated with excessive weight 

and body fat. Importantly, the normal BMI category 

increases for girls as they grow to their teenage years. 

his is to account for the fact that girls have more body 

fat than boys. Additionally, clinicians best use BMI data 

by tracking its change over time because of the impact 

of growth spurts in children.

Alternatives to BMI calculation methods include 

measuring actual body fat percentage and using the 

individual’s waist–hip ratio. Measuring the body fat 

percentage has an advantage over BMI because of its 

ability to diferentiate between muscle and fat mass; 

however, accurately measuring body fat is diicult 

and expensive. he use of waist–hip ratio has been 

shown to accurately predict disease risk because of its 

ability to account for abdominal obesity. 

SEE ALSO: Assessment of Obesity and Health Risks; 

Body Image; Children and Diet; Exercise; Ethnic Varia-

tions in Body Fat Storage; National Weight Loss Efforts 

for Children.
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Bombesin

THE PEPTIDE HORMONE, bombesin, was irst iso-

lated in 1970. his hormone is composed of 14 amino 

acids. Its amino acid sequence is written as follows: 

H-pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-

Gly-His-Leu-Met-NH. Bombesin’s unique name was 

derived from the organism in which it was separated 

from, the frog Bombina bombina. he signiicance of 

this hormone is partly attributed to its role as a mito-

gen. In other words, bombesin takes part in inducing 

mitosis. It is for this reason that high levels of it are 

found in thyroid and pulmonary tumors. Bombesin is 

also found in brain tissue as well as in the gastrointes-

tinal tract. Furthermore, it has been discovered that 

there is a meal-elicited rise of bombesin-related pep-

tides in humans.

Bombesin is classiied as a neurohormone that acts 

as a releaser of two important hormones of the gastro-

intestinal system: cholecystokinin and gastrin. Gastrin 

stimulates the production of hydrochloric acid from 

parietal cells, while cholecystokinin stimulates protein 

and fat digestion. As the releaser of these peptide hor-

mones, bombesin is acknowledged as an inhibitor of 

food intake. he bombesin-related peptides that are 

found in humans are neuromedin B and gastrin-re-

leasing peptide. As the name implies, gastrin-releas-

ing peptide is responsible for stimulating the release 

of gastrin. On the other hand, neuromedin B takes 

role in regulating body temperature, cell growth, glu-

cose levels, blood pressure, and endocrine as well as 

exocrine secretions. Bombesin as well as bombesin-

related peptides evidently act in a negative-feedback 

fashion. An increased amount of food intake results in 

an increased amount of bombesin released. In an ar-

ticle from the Journal of Neuroscience, it was proposed 

that even the administration of bombesin exogenously 

causes the suppression of food intake. In view of the 

fact that it acts in such a manner, it is understood that 

suppressing the release of bombesin or bombesin-re-

lated peptides will instigate just the opposite, feeding. 

hus, with continued research on this hormone, much 

can be learned about its response to appetitive stimuli 

as well as its association with obesity and various eat-

ing disorders.

SEE ALSO: Hormones, Hypertension.
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Breast Cancer 

CARCINOMA OF THE breast is the most common 

nonskin malignancy in women, exceeded only by 

lung cancer as the greatest cause of cancer deaths in 

women. he major known risk factors are hormonal 

and genetic (family history). Chronological age is the 

strongest predictor of nongenetic risk; a woman who 

lives to age 90 has a one in eight chance of develop-

ing the disease. Hormonally based risk factors include 

age of menarche, age of irst live birth, and irst-degree 

relatives with breast cancer. Of breast cancer with a 

genetic basis, about 25 percent can be attributed to 

two autosomal-dominant genes, BRCA1 and BRCA 

2; however, inherited mutations at these loci account 

for only about 3 percent of all breast cancers. hus, 

sporadic breast cancer is by far more common than 

familial, and risk increases with exposure to excess es-

trogen stimulation, especially in cells that express the 

estrogen receptor (ER).

Transformation from normal to malignant pheno-

type requires that the deoxyribonucleic acid (DNA) 

become damaged and unstable (initiation), and that 

damaged cells be exposed to growth stimulants in a 

permissive environment that allows unrestrained pro-

liferation (promotion and progression). Estrogen plays 

at least two roles in this process: (1) metabolites of es-

trogen can cause DNA mutations and DNA damage, 

and (2) estrogens act as growth promoters, driving 

premalignant proliferation. A subset of breast carci-

nomas do not express the estrogen receptor (ER nega-

tive); however, it is not certain whether these cells were 

initially estrogen independent or became neoplastic 

under the inluence of estrogens and converted to an 

ER-independent phenotype in a later phase. 

OBESITY, CIRCULATING HORMONES, AND  

POSTMENOPAUSAL BREAST CANCER

hree major hypothesis have been advanced to explain 

the observed association between obesity and post-

menopausal, but not premenopausal breast cancer. 

he irst is that elevated concentrations of circulating 

estrogen metabolites found in obese women and men 

expose breast tissue to excess hormone. While ovar-

ian estrogen synthesis is the major source of estrogen 

in the premenopausal women, estrogen metabolites 

are also formed by peripheral conversion of adrenal 

androgens in adipose tissue in the breast, abdomen, 

thighs, and buttocks. As indicated above, chronic 

estrogen exposure has potential both to initiate and 

promote breast cancer. Alternatively, metabolic syn-

drome, associated with obesity, elevated circulating 

concentrations of insulin, insulin-like growth factors, 

glucose, and triglyceride-rich lipoproteins can pro-

vide an anabolic environment conducive to neoplastic 

growth. Cross-talk potentiation between insulin and 

the estrogen receptor pathway has been postulated; 

increased signaling through this pathway can directly 

activate gene transcription and secondary signaling 

pathways within the cell. Because hyperinsulinemia 

has been associated with risk for recurrence and mor-

tality from breast cancer regardless of its ER status, 

other pathways must also be involved. 

ADIPOCYTE AS ENDOCRINE TUMOR 

Adipocyte metabolism has also been linked to the 

development of breast cancer. Adipocyte is an en-

docrine organ that secretes factors that both act lo-

cally in paracrine fashion, and enter the circulation. 

Mature adipocytes secrete leptin, known to regulate 

food intake and energy balance. Breast tissue does not 

normally express leptin receptors, but the presence of 

leptin receptors on a breast tumor is associated with 

lower survival and distant metastases. Inlammatory 

cytokines including tumor necrosis factor alpha (TNF-

α) and interleukin-6 (IL-6) are also synthesized and 

secreted by adipocytes and adipose tissue-associated 

Magnified breast cancer: While breast cancer is often caused by 

genetic factors, doctors have discovered a link to obesity as well. 
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macrophages. hese cytokines have diverse activities, 

including cell signaling and control of dendritic cell 

growth, which have potential to regulate connective 

tissue integrity and control the degree of tumor inva-

sion. Undiferentiated preadipocytes secrete estrogen 

metabolites through the action of aromatase, an en-

zyme that converts adrenal androgens to estrogens. 

Control of this enzyme is poorly understood, but it is 

known to respond to signals from mature adipocytes, 

including TNF-α and IL-6. Aromatase activity can 

elevate the local estrogen concentration manyfold, 

increasing exposure of breast tissue to this potential 

carcinogen and growth promoter. 

SEE ALSO: Obesity and Cancer.
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Breastfeeding

SCIENTIFIC KNOWLEDGE HAS demonstrated that 

breastfeeding is the preferred method of feeding and 

nurturing infants and is the primary means of achiev-

ing optimal infant health, growth, and development. 

Breast milk provides almost all of the necessary nutri-

ents, growth factors, and immunological components 

a healthy term infant needs. he American Academy 

of Pediatrics recommends breastfeeding for at least 

the irst year of life, and as long thereafter as is mu-

tually desired by mother and child. However, breast-

feeding rates difer substantially by race, socioeco-

nomic level, and other demographic factors. In regard 

to health, growth, and development, the breast-fed 

infant remains the reference model against which all 

alternative feeding methods are measured.

Beneicial long-term efects of breastfeeding in-

clude the protection against infectious and im-

mune-related diseases, enhancement of cognitive 

development, visual function, and a decreased risk 

of metabolic syndrome and of obesity. Other advan-

tages of breastfeeding include reduction of incidences 

and severity of infections and the prevention of aller-

gies. he most important short-term immunological 

beneit of breastfeeding is the protection against in-

fectious diseases. Also, breastfeeding inluences the 

development of the infant’s own immune system. For 

example, there is some evidence of lower prevalence 

of inlammatory bowel diseases, childhood cancers, 

and Type 1 diabetes in breast-fed infants. 

here seems to be a small protective efect against 

later overweight and obesity. Breastfeeding reduces 

the odds ratio for obesity at school age by about 20 

percent, relative to formula feeding. It has been re-

ported that the early feeding mode afects growth and 

body composition and it could be considered a criti-

cal factor for metabolic development. 

he protective efect of breastfeeding may be par-

tially explained by lower rates of infant weight gain, 
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which may be related to diferences in substrate in-

takes with breast milk and standard infant formulas. 

Protein intake per kilogram body weight is approxi-

mately 55 to 80 percent higher in formula-fed than 

in breast-fed infants. According to the “early protein 

hypothesis,” the early high-protein intakes in excess 

of metabolic requirements may enhance weight gain 

in infancy and later obesity risk. 

Human milk is species-speciic and ofers a supe-

rior method of feeding. Milk formulas are designed 

to mimic human milk as much as possible, but there 

are important compositional diferences between hu-

man milk and formulas. Human milk has a dynamic 

nature and varies with time postpartum. he varia-

tions of its composition match the changing needs 

of the growing infant. he properties of breast milk 

promote the growth of beneicial bacterial lora such 

as biidobacteria and suppress the growth of coliform 

and other potentially pathogenic organisms. In addi-

tion, human milk is a source of diferent nutrients and 

bioactive factors, especially hormones and growth 

factors including leptin, ghrelin, insulin, and insulin-

like growth factor (IGF-I). Each plays a role in food 

intake regulation, metabolism, and body composi-

tion. In particular, breast milk leptin may provide a 

physiological explanation for a number of advantages 

seen in reaching proper growth and energy balance in 

breast-fed infants compared with formula-fed ones. 

Other nutritional advantages of breast milk include 

a low sodium-to-potassium ratio, an appropriate fat 

content, optimal absorption rates for each composi-

tional factor, and high taurine levels, which may pro-

mote nerve cell growth.

Health beneits for breastfeeding mothers include 

lactation amenorrhea, early involution of the uterus, 

enhanced bonding between the mother and the in-

fant, and reduction in incidence of ovarian and breast 

cancer. Breastfeeding is also associated with increased 

parasympathetic nervous system modulation, greater 

vascular stress response, lower perceived stress levels, 

and fewer depressive symptoms. In contrast, bottle-

feeding is associated with increased sympathetic and 

decreased parasympathetic cardiac control, whereas 

breastfeeding is associated with decreased neuroen-

docrine response to stressors and decreased negative 

mood in the mother. 

For children, not breastfeeding is associated with 

increased health risks including otitis media, respi-

ratory tract infections, diarrhea, and necrotizing 

enterocolitis. In addition, blood pressure and blood 

cholesterol seem to be slightly lower in breast-fed in-

fants although a link has not been demonstrated in 

regard to cardiovascular disease later in life. Consti-

pation is also lower in breast-fed infants. From the 

economic perspective, breastfeeding is less expensive 

than formula feeding. In most cases, maternal inges-

tion of medications and maternal infections are not 

contraindications to breastfeeding. However, there 

are rare situations and medical reasons when human 

milk is not recommended, when alternative options 

should be considered, or when breastfeeding must be 

closely monitored. For example, breastfeeding is con-

traindicated in infants with galactosemia. Also, some 

diseases may be transmitted from the mother to the 

infant by breastfeeding. 

Breastfeeding is associated with enhanced physical 

and mental health compared with non-breastfeeding 

mothers as well as beneits for the breast-fed infant. 

However, contamination of human milk is possible 

due to decades of inadequately controlled pollution 

by toxicants, persistent pesticides, or chemical sol-

vents. he enormous health beneits of breastfeeding 

should be emphasized as well as the need to reduce 

environmental pollution of breast milk.

SEE ALSO: Infant Growth Rate; Infant Weight Gain and 

Childhood Overweight.
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Built Environments

THE BUILT ENVIRONMENT has been commonly de-

ined, within the health and behavior literature, as the 

physical structures of living space that either promote 

or obstruct healthy living. As it relates to obesity in 

industrialized countries, the built environment has 

been examined as a possible place to intervene on obe-

sity-promoting behaviors. Many components of the 

physical landscape make access to a walking-friendly 

environment important to engaging in a physically ac-

tive lifestyle. People who live in neighborhoods with 

easy access to clean and safe sidewalks and diverse 

shopping and recreation areas are more likely to walk 

to these locations and be more physically active com-

pared to people who live in neighborhoods without 

these amenities. Similarly, the proximity and access of 

food markets contributes to the dietary choices that 

people make. 

Neighborhoods with more fast-food restaurants 

and fewer food markets with healthy food options, for 

instance, tend to have a higher prevalence of obesity. 

Several studies have found that people living out of ur-

ban city centers in more suburban and rural areas are 

more likely to be obese than city dwellers, possibly be-

cause of a greater dependence on cars and fewer places 

that can be accessed by walking. 

Understanding exactly how the built environment 

afects obesity requires knowledge of both the envi-

ronment and the people living in it. By considering 

numerous aspects of the physical environment si-

multaneously, reasonable conclusions about how a 

person’s weight is afected by the environment may 

be drawn. herefore, studies that examine the efect 

of the built environment on obesity will often incor-

porate numerous variables from many sources. hese 

variables characterize the physical environment, such 

as the presence or absence of sidewalks, as well those 

that characterize the individuals living in the physical 

environment, such as a person’s body weight or body 

mass index. 

he built environment may be deined in many ways 

in an efort to show how it might inluence behaviors 

that promote weight gain. For example, features of the 

physical landscape that might afect a person’s likeli-

hood of walking in his or her neighborhood include 

sidewalk quality, whether grocery or other stores are 

located within walking distance, and levels of violent 

crime in the community. he access to certain neigh-

borhood amenities such as parks, playgrounds, and 

itness centers are also important built environment 

characteristics when attempting to assess an individ-

ual’s opportunity to be physically active. Furthermore, 

not only are the numbers of food establishments im-

portant in inluencing health behaviors, but when 

determining dietary choices, the types of restaurants 

and grocery stores are also of issue. For this reason, 

the number of fast-food restaurants and the access to 

grocery stores with healthy food options are also con-

sidered when deining the built environment. 

he ield of study on the built environment and 

obesity risk refers not only to the characteristics and 

location of the “brick and mortar” buildings of the 

area landscape, but also includes how people interact 

within the boundaries of these physical structures. 

All of the variables considered thus far should be in-

terpreted within the context of the people living in 

these environments, whose interaction with their sur-

roundings may be shaped by race/ethnicity, culture, 

economics, educational background, marital status, 

immigration, perception, and health constraints, 

among other things. 

SEE ALSO: Accessibility of Foods; Eating Out in the United 

States; Income Level; Physical Activity and Obesity.
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Bulimia Nervosa

EATING DISORDERS ARE a spectrum of illnesses 

that have serious psychological and medical conse-

quences, both in the short and long term. In the case 

of bulimia nervosa, the general trend is to binge, or 

eat profound quantities of food, and then use com-

pensatory measures to remove calories and prevent 

weight gain. To understand bulimia, a number of top-

ics must be explored, including the clinical deinition, 

epidemiology, the signs and symptoms, treatment, 

and consequences. 

DEFINITION

he Diagnostic and Statistical Manual of Mental 

Disorders, 4th ed. (DSM-IV) deines bulimia nervosa 

with the following four criteria. here are episodes of 

binge eating with a sense of loss of control. he binge 

eating is followed by compensatory purging behavior, 

such as self-induced vomiting, laxative, or diuretic 

abuse. he binges and compensatory behavior must 

occur a minimum of two times per week for at least 

three months. he individual must also have dissatis-

faction with his or her body shape and weight.

Bingeing is described as eating, in a deined and 

self-limited amount of time, an amount of food that 

is larger than most people would eat during a similar 

time period and under similar circumstances. Dur-

ing this time, the person feels out of control with his 

or her eating, as though he or she cannot stop. Purg-

ing can take many forms and is an attempt to com-

pensate for the extreme food intake during a binge. 

Purging can be achieved by self-induced vomiting, 

using laxatives, diuretics, or with excessive exercise. 

Bulimia is frequently divided into two subtypes: 

purging and nonpurging. Purging involves those 

who induce vomiting, or use laxatives, diuretics or 

enemas to remove calories, whereas those who use 

excessive exercise or periods of fasting to compen-

sate for calorie intake fall into the nonpurging type. 

Nonpurging is more rare and accounts for only 6 to 

8 percent of bulimic patients.

EPIDEMIOLOGY

here is great diiculty in accurately evaluating the 

epidemiology of eating disorders due to changes in 

diagnostic criteria over time, the reliance on self-re-

porting, and the tendency for those afected to deny 

the disorder. Bulimia nervosa was irst described in 

1977, at the Royal Free Hospital in London and was 

recognized as an eating disorder by the American 

Psychiatric Association in 1980. It is estimated that 

between one and two million women in the United 

States would meet the criteria for bulimia nervosa. 

Over 90 percent of bulimic patients are female. 

here are two peaks in incidence of bulimia, at ages 

14 and then at 18, although presentation can be into 

adulthood. 

here is no medical consensus on the etiology of 

eating disorders including bulimia nervosa. Most 

models include psychological, biological, family, ge-

netic, environmental, and societal factors. hese forc-

es can cause a decreased sense of self-esteem, body 

image, or self-control. here are several more speciic 

factors that may be inluential in the development of 

bulimia and other eating disorders. For example, some 

literature suggests that an important predictor of eat-

ing disorders is dieting during adolescence. In addi-

tion, if there is a preoccupation or obsession with thin 

body image or if one feels a social pressure to be thin, 

this may be associated with the development of eat-

ing disorders. Activities that emphasize body shape, 

such as gymnastics, dance, and cheerleading may also 

inluence the development of eating disorders. 

Bulimia nervosa also has a familial component, 

as the incidence is increased if a irst-degree relative 

also has bulimia. In addition, twin studies of eat-

ing disorders in the United States and Europe have 
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shown between 28 and 83 percent heritability for 

bulimia nervosa and binge-eating disorders. hese 

studies avoid the bias of speciic household envi-

ronmental factors, but do not eliminate overarching 

societal pressures or inluences. Feminist psychol-

ogy theory has suggested that societal pressure to 

be “superwomen” in the setting of Western society 

can predispose women to develop eating disorders. 

here have been conlicting results regarding the as-

sociation of eating disorders and sexual abuse. he 

rates of sexual abuse among patients with bulimia 

were found to be higher than healthy controls, but 

these increased rates of sexual abuse were similar to 

that seen among other psychiatric populations. Basic 

science research also suggests that there is a distur-

bance in neurotransmitter balance in patients with 

bulimia, particularly with serotonin. here may also 

be diferences in the role of appetite and satiety in 

these patients. he release of cholecystokinin, a hor-

mone that inluences the sensation of fullness, is low 

at baseline in bulimic patients, and does not rise to as 

high levels after a meal.

Patients with eating disorders such as bulimia have 

higher rates of comorbid psychiatric disorders, such 

as obsessive-compulsive personality traits when they 

are children. In addition, there is a higher rate of sub-

stance abuse in those with eating disorders. In par-

ticular, alcohol problems have a higher prevalence in 

those with bulimia nervosa. 

SYMPTOMS

Bingeing episodes may be either gradual or acute. 

Gradual episodes are preceded by plans to binge, in-

cluding purchasing or preparing the food, whereas 

acute binging episodes are urgent and are immediate-

ly fulilled by any food that is available. hese binging 

episodes are most often done in secrecy. Once a binge 

has been initiated, the patient experiences a feeling of 

loss of control, food is consumed rapidly, and the ap-

petite seems insatiable. hese episodes may last for up 

to an hour and are ended when the patient is unable to 

physically eat any more, and may experience nausea, 

bloating or pain, as well as feelings of guilt and shame. 

In contrast to those with anorexia, patients with buli-

mia can acknowledge that their behavior is abnormal 

but conceal the disease. hese binges may occur sev-

eral times a day, but must occur at least two times per 

week in a three-month period to meet the deinition.

Removal of calories to prevent weight gain is most 

commonly achieved by induction of vomiting by ir-

ritating the back of the throat with a inger. In severe 

cases, those with bulimia may not need to induce 

vomiting and it becomes almost relexive and food 

regurgitates automatically. Bulimics also employ laxa-

tives or diuretics to stimulate rapid bowel movements 

or loss of luid weight via urine. In addition to physi-

cally removing the binged food from the body, bulim-

ics may also exercise to eliminate calories.

A bulimic patient usually has a normal body weight, 

or may be slightly overweight, which is a marked dif-

ference between bulimia and anorexia. he physical 

consequences of bulimia include acute gastric dila-

tion during a binge episode, with acute and severe 

abdominal pain, which may lead to gastric rupture if 

untreated. Frequent vomiting may lead to erosion of 

the teeth and dental caries, tooth discoloration and 

increased temperature sensitivity, the patient’s knuck-

les and ingers may have lesions or scratches from in-

ducing vomiting. Vomiting may also cause irritation 

of the esophagus, causing esophagitis or esophageal 

tears. he parotid glands, or salivary glands located 

in front of the ears, may swell secondary to constant 

irritation from vomiting. Electrolyte imbalances such 

as low potassium may also result from the constant 

vomiting, laxative, and diuretic use. Laxative abuse 

may also lead to irritation of the intestinal lining and 

rapid transit of stool through the intestines, leading to 

pain, the development of hemorrhoids, rectal bleed-

ing, or rectal prolapse. Dehydration may lead to dizzi-

ness, fainting, and thirst.

Women who are afected by bulimia nervosa have 

amenorrhea, or lack of menstrual cycles and subse-

quent infertility. If they do conceive, they are at higher 

risk of having a miscarriage.

TREATMENT 

As with all eating disorders, treatment for bulimia 

nervosa involves an interdisciplinary care approach. 

his includes medical personnel, dieticians with ex-

perience with bulimia, and mental health profes-

sionals. For bulimia in particular, a combination of 

antidepressant medication and psychotherapy in 

combination with cognitive behavioral therapy has 

been shown to be the most eicacious. In contrast 

to anorexia nervosa, most treatment for bulimia can 

be managed on an outpatient basis. he medical staf 
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can manage acute electrolyte abnormalities and de-

hydration secondary to frequent vomiting. hey can 

also monitor weekly weigh-ins to assess weight gain 

and monitor vital signs. he dietitian can provide 

education about a healthy diet and can work with 

the patient to develop behavior change around eating 

habits. hey can establish caloric requirements and 

can help to determine goal weight. he mental health 

professional works with both the patient and his or 

her family to address underlying issues that may have 

precipitated the eating disorder. he mental health 

provider can address comorbid afective disorders, 

such as depression, which often accompany eating 

disorders, and can screen for self-injurious behav-

ior, which is common in those with eating disorders. 

Medical and mental health professionals must also 

address comorbidities, such as alcohol abuse.

Cognitive behavioral therapy emphasizes the rela-

tionship between thoughts and feelings to behavior, 

and helps the patient to recognize cues that can trig-

ger binge eating. his can assist in managing anxiety, 

and can lead to the development of coping strategies. 

One facet of the disorder that should be addressed 

is the feeling of loss of control that accompanies 

the bingeing sessions, as well as the self-deprecat-

ing thoughts and distorted body image. he second 

stage of treatment involves understanding balanced 

and healthy eating habits. he inal goal of cognitive 

behavioral therapy involves the maintenance of new, 

learned eating behavior. herapy for bulimia has been 

conducted successfully on an individual basis and in 

group therapy, and may be used via outpatient treat-

ment or in daytime therapy sessions.

In combination with the cognitive behavioral ther-

apy and psychotherapy, medication has been shown 

to be more successful in the treatment of bulimia ner-

vosa than other eating disorders. Pharmacotherapy 

often consists of antidepressants, such as tricyclic an-

tidepressants and selective serotonin reuptake inhibi-

tors. Antipsychotic medicines are also used, though 

in lower doses than that used to treat schizophrenia. 

In addition, the antiepileptic medicine topiramate 

and the selective serotonin antagonist ondansetron 

may also be helpful in reducing the urge to binge eat.

he hospitalization of patients with bulimia is con-

sidered in cases of severe malnutrition, dehydration, 

or electrolyte abnormalities; instability in vital signs 

such as heart rate or rhythm; arrest of normal growth, 

puberty, or development; uncontrollable bingeing or 

purging; and medical complications such as seizures 

or psychiatric emergencies such as suicidal ideation.

MORBIDITY AND MORTALITY

Little data exist on the long-term recovery and sur-

vival of a person with bulimia nervosa. It has been 

suggested that as the follow-up treatment time ex-

tends, there is a decline in the proportion of women 

that meet criteria for bulimia. Nearly half of all bulim-

ic patients will remain symptomatic at 6 years after 

diagnosis, and in studies with 10 years of follow-up, 

30 percent of women continue to binge and purge. 

More recent data also suggest that for bulimia ner-

vosa, a signiicant factor in long-term mortality is the 

incidence of suicide. 

SEE ALSO: Anorexia Nervosa; Eating Disorders and Ath-

letes; Eating Disorders and Gender; Eating Disorders and 

Obesity; Eating Disorders in School Children; Sexual 

Abuse and Eating Disorders.
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Caffeine

CAFFEINE IS ONE of the oldest drugs. It is one of 

the most commonly used psychoactive drugs in the 

world, with approximately 80 percent of adult in-

dividuals consuming cafeine-containing foods and 

beverages. he most popular forms of cafeine are 

cofee, tea, cocoa, and cola drinks. Currently, caf-

feine consumption may have beneits for perfor-

mance and safety at work.

Coffee is a complex mixture of chemicals that 

provides significant amounts of chlorogenic acid 

and caffeine. Coffee is a powerful stimulant. For 

adults consuming moderate amounts of coffee 

(3–4 cups/d providing 300–400 mg/d of caffeine), 

there is little evidence of health risks and some evi-

dence of health benefits. Unfiltered coffee is a sig-

nificant source of cafestol and kahweol, which are 

diterpenes that have been implicated in the cho-

lesterol-raising effects of coffee. In addition, cof-

fee consumption may help prevent several chronic 

diseases, including Type 2 diabetes mellitus, Par-

kinson’s disease, and liver disease (cirrhosis and 

hepatocellular carcinoma). 

Cafeine may cause a wide range of side efects, 

either due to abuse or due to abrupt discontinua-

tion of its use. Some groups, including people with 

hypertension, children, adolescents, and the elderly 

may be more vulnerable to the adverse efects of 

cafeine. Pregnant women may need to limit cof-

fee consumption to three cups per day providing no 

more than 300 mg/d of cafeine. his is to exclude 

any increased probability of spontaneous abortion 

or impaired fetal growth. Also, cafeine and caf-

feinated cofee have been shown to acutely increase 

blood pressure and thereby pose a health threat to 

persons with cardiovascular disease risk. 

he global prevalence of obesity has increased 

considerably in the last decade. Tools for obesity 

management, including cafeine, ephedrine, and 

green tea have been proposed as strategies for 

weight loss and weight maintenance, because they 

may increase energy expenditure and have been 

proposed to counteract the decrease in metabolic 

rate present during weight loss. 

Cafeine consumption is associated with a sub-

stantial reduction in insulin-mediated glucose up-

take independent of obesity, Type 2 diabetes mel-

litus, and chronic exercise. 

Increases in caffeine intake may lead to a small 

reduction in long-term weight gain. For example, 

high caffeine intake was associated with weight 

loss through thermogenesis and fat oxidation and 

with suppressed leptin in women. Improved weight 

maintenance was also seen in habitual low caffeine 

consumers, using a green tea–caffeine mixture. 

This was achieved partly through thermogenesis 

and fat oxidation. 

C



A combination of cafeine and ephedrine has 

shown to be efective in long-term weight manage-

ment, likely due to diferent mechanisms that may 

operate synergistically. However, adverse efects of 

ephedrine prevent the feasibility of this approach. 

Positive efects on body-weight management have 

been shown using green tea mixtures. Green tea, by 

containing both tea catechins and cafeine, may act 

through inhibition of catechol O-methyl-transfer-

ase, and inhibition of phosphodiesterase. he mech-

anisms may operate synergistically. In addition, tea 

catechins have antiangiogenic properties that may 

prevent development of overweight and obesity. 

SEE ALSO: Addictive Behaviors; Amphetamines.
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Calcium and Dairy Products

WEIGHT-CONSCIOUS PEOPLE have often shied away 

from dairy products for fear of weight gain. Many, 

however, have changed their opinion in recent years 

because dairy products are high in calcium, and re-

cent evidence suggests that calcium intake might have 

beneits for weight regulation. A current area of inter-

est, and controversy, among dieters and researchers 

alike is the potential association between increased 

intake of dietary calcium and decreased body weight 

and improvements in body composition (fat vs. lean). 

In numerous studies, calcium intake has been nega-

tively associated with body weight, body mass index 

(BMI; weight corrected for height), and body fat in 

both adults and children. 

Additional studies have found a negative relation-

ship between calcium intake and the odds of being 

obese, waist circumference, and abdominal adipose 

tissue. Recent evidence also suggests that calcium 

may aid in weight loss maintenance. Interestingly, di-

etary calcium from food sources such as dairy prod-
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ucts has been found to be more efective for weight 

control than supplemental calcium.

CALCIUM CONTROVERSY

Despite research revealing the calcium might have 

beneicial efects for weight regulation, many scien-

tists are not convinced. Several studies supporting 

calcium claims have been funded by the National 

Dairy Council and resulted in patents related to the 

use of calcium for weight loss. hese potential con-

licts of interest do not invalidate results from this 

body of research; however, attempts to replicate 

many of the original indings have met with mixed 

results. Several recent studies of calcium, in both 

adults and children, have revealed no efects of di-

etary or supplemental calcium on body weight, BMI, 

or body composition. he debate currently contin-

ues with staunch advocates on both sides.

CALCIUM IN RELATION TO CALORIC INTAKE

As caloric intake increases, people tend to ingest a 

greater variety of foods, many containing dietary 

calcium. With the same amount of energy expen-

diture, increasing caloric intake increases body 

weight. However, although not unequivocal, much 

of the calcium literature suggests that increas-

ing dietary calcium intake may oppose the efects 

of greater caloric intake. his means that dietary 

calcium and caloric intake may be positively cor-

related with one another, but might have opposing 

efects on how they inluence body weight. Further 

research is necessary before deinitive conclusions 

can be drawn. 

DAIRY AND DIETING

Regardless of whether they contribute to weight 

loss, dairy products such as milk, cheese, and yo-
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gurt contain essential nutrients, protein, zinc, B-

vitamins, and calcium, which has well known ben-

eits for the prevention of osteoporosis. Cutting out 

these foods due to fat content may be more harmful 

than beneicial. 

In addition, no- and low-fat dairy options are 

readily available providing the same, or more, nu-

trients than their full-fat counterparts. Given the 

nutrient content, possible anti-obesity efects, and 

relative safety of low-fat dairy products, there is no 

convincing scientiic evidence to exclude these foods 

while dieting. 

SEE ALSO: Body Mass Index; Osteoporosis; Supplements 

and Obesity. 
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Caloric Restriction

CALORIC RESTRICTION IS a dietary method that has 

been suggested to promote longevity. Followers of 

caloric restriction consume all their essential mi-

cronutrients (i.e., vitamins and minerals) but reduce 

their consumption of calories by 30 to 40 percent. 

he irst study to suggest that caloric restriction 

could extend life was from 1935. 

In this study, rats that followed a caloric restriction 

diet lived nearly twice as long as the rats that were 

allowed to consume as much food as they wanted. 

Since this study, there have been numerous animal 

studies that have examined how caloric restriction 

may promote longevity. Caloric restriction is associ-

ated with reduced incidence of heart disease, cancers, 

diabetes mellitus, neurodegenerative disorders (e.g., 

Alzheimer’s disease), and autoimmune disorders (e.g., 

Parkinson’s disease).he beneits of caloric restric-

tion appear to be mediated through three diferent 

aspects of metabolism: changes in hormones, physi-

ological factors, and biochemical factors. Animals 

that follow caloric restriction had a decrease in their 

insulin levels, thyroid hormone, and sex hormones 

(i.e., testosterone). Some of the physiological chang-

es that are associated with caloric restriction include 

a decrease in body temperature and blood pressure. 

Additionally, the amount of fat and muscle both de-

crease. Some of the biochemical changes to the body 

include a decrease in blood glucose (sugar) and lip-

ids. Studies have also demonstrated that there is a 

decrease in oxidative damage to the body because 

there is less oxidation of foods occurring. Finally, 

there is a decrease in the expression of genes that 

are related to aging and inlammation in the body.

While there have been many caloric restriction 

studies in animals (e.g., rats, mice, lies, earth-

worms, and monkeys), caloric restriction studies 

106 Caloric Restriction

Cutting out calcium-rich foods, such as these fine cheeses, above, 

may cause more harm than benefit in pursuing a diet.



in humans are incredibly scarce. hese studies are 

very laborious and take a long time to achieve an 

outcome. However, there have been some opportu-

nities to study longevity in humans. One example 

is from Okinawan population, the southernmost 

island region in Japan. Resident from this region 

have the largest portion of their population over 

100 years of age and have signiicantly lower rates 

of heart disease and cancer compared to the rest of 

Japan as well as the United States. Okinawans con-

sume a diet that has all of the essential vitamins and 

minerals but is still nearly 40 percent fewer calo-

ries than an American diet. Another example was 

gained during the Biosphere 2 study. During this 

experiment, the eight scientists had decreased crop 

production and subsequently consumed 30 percent 

fewer calories than they thought they would. After 

the experiment was completed, these scientists had 

a metabolic proile similar to animals that had un-

dergone caloric restriction (i.e., lower insulin, lower 

blood pressure, etc.).

here are several side efects that have been doc-

umented from caloric restriction. hese have been 

observed in the above-mentioned studies as well 

as in some starvation experiments from the 1950s. 

Some of the negative efects of caloric restriction in-

clude very low blood pressure, irregular menstrual 

cycles, infertility, osteoporosis, extreme coldness, 

decreased energy, extended time for injuries to heal, 

depression, and irritability. 

Given the difficulty of achieving true caloric re-

striction in humans, some alternatives have been 

suggested. Some studies have shown that follow-

ing caloric restriction of just 8 percent had some 

of the longevity benefits with decreased amounts 

of side effects. Also, there has been interest by the 
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pharmaceutical industry to develop caloric re-

striction mimetics. 

hese would be drugs that can act on the body as 

if the body had reduced food intake. One of the irst 

compounds tested in animals was 2-deoxyglucose. 

his compound is a glucose analogue (similar to the 

sugar molecule), but does not get metabolized in the 

same way. Rats that were given 2-deoxyglucose for 

6 months had a decrease in their insulin levels and 

body temperature despite no change in the amount 

of food they ate. Antioxidants such as resveratrol are 

also being studied to determine if they can produce 

some of the favorable metabolic efects associated 

with caloric restriction.

SEE ALSO: Dieting: Good or Bad?; Food Intake Patterns.
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Cannabinoid System

CANNABINOIDS ARE A group of related compounds 

found in the plant Cannabis sativa. he major psy-

chologically active component in marijuana is ∆9-tet-

rahydrocannabinol (THC). THC acts on mammalian 

cannabinoid receptors to elicit various responses. 

Mammals also have endogenous molecules (termed 

endocannabinoids) that activate the same cannabi-

noid receptors as THC. he endogenous cannabinoid 

system in mammals thus includes the cannabinoid re-

ceptors, endocannabinoids, and enzymes involved in 

synthesizing and degrading endocannabinoids.

here are 70 known cannabinoids in Cannabis sa-

tiva. Marijuana refers to the dried leaves and lower-

ing tops of the female hemp plant. Marijuana smoking 

can elicit a variety of psychological and physiological 

efects. he physiological efect is best exempliied 

by increased heart rate and increased appetite. he 

psychological efects are highly subjective experience, 

and the experience varies enormously depending on 

many variables such as dose, environmental setting, 

and prior experience. Common efects include eu-

phoria, diminished psychomotor performance (co-

ordination of cognitive process and motor activity), 

and impairment of short-term memory. Some people 

have reported dysphoria and a change in time per-

ception. he most psychologically active component 

in marijuana is THC. Other cannabinoids may have 

efects diferent from those of THC.

he mechanism of action of THC was clariied 

when a brain receptor was found to be activated by 

THC in 1990. his brain receptor was termed canna-

binoid-1 receptor (CB1R), and is present in the brain 

of humans, mammals, and vertebrates. A second re-

ceptor, cannabinoid-2 receptor (CB2R), was found 

most predominantly in immune cells. In 1992 and 

1995, two molecules with cannabinoid-like activ-

ity were identiied in mammalian brain and gastro-

intestinal tract. hese endogenous molecules were 

named anandamide and 2-arachidonyl glycerol, and 

both activate CB1R and CB2R in a manner analo-

gous to THC. 

In the nervous system, endocannabinoids are made 

from membrane precursors when speciic neurons are 

activated. Anandamide and 2-arachidonyl glycerol are 

synthesized at the cell body of neurons through two 

separate biosynthetic pathways, and are degraded by 

diferent enzymes, respectively. When endocannabi-

noids are synthesized, they serve as retrograde neu-

romodulators, difuse across the synapse and act on 

CB1R to inhibit neurotransmission. hus, endocan-

nabinoids are feedback molecules that dampen both 

excitatory and inhibitory transmissions if CB1R is ex-

pressed in those nerve terminals.

he involvement of the endocannabinoid system in 

energy balance and feeding control is well supported 

by the appetite-enhancing efect of marijuana smok-

ing. In addition, endocannabinoid system interacts 

with other brain mechanisms to exert inluence on 

energy balance. he synthesis of endocannabinoids is 

inhibited by leptin, indicating that endocannabinoids 

serve as one of the downstream efectors of leptin ac-

tion. CB1R is co-expressed with several neuropep-
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tides, such as melanin-concentrating hormone and 

orexin, which are known to afect food intake and en-

ergy expenditure. Furthermore, the endocannabinoid 

system can also exert its efect in parallel with other 

systems, leading to an additive or synergistic inlu-

ence on energy balance. 

Several experimental medications are in clinical 

development. hese include inverse agonists such as 

rimonabant, taranabant, and SLV319 for the treat-

ment of obesity. 

SEE ALSO: Leptin; Rimonabant.
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Carbohydrate “Addictions”

WHILE NOT LISTED in the oicial diagnostic manual 

of the American Psychiatric Association (Diagnostic 

and Statistical Manual, 4th edition [DSM-IV]), ad-

diction to carbohydrates has found its way into the 

vocabulary and psyche of the American consumer. 

his is partly fueled by popular diet plans that recom-

mend limiting or avoiding carbohydrates as a way of 

promoting weight loss through reduced food intake. 

here are many mechanistic problems, however, with 

the concept and existence of an addiction to carbohy-

drates, although many people experience an intense 

desire for carbohydrate consumption similar to that 

for abused drugs.

he irst problem with deining a desire for car-

bohydrate as an addiction comes from the fact that 

all living creatures require food, and many available 

foods found in nature contain carbohydrates. here-

fore, you could say everyone is addicted to carbohy-

drates in some respect.

In order to ensure suicient food intake for surviv-

al, the body has special systems that detect the levels 

of needed nutrients and signal the brain that it is time 

to eat and replenish the body’s nutrient supply. hese 

“time to eat” systems are countered by other systems 

that signal to the brain that it is “time to stop” eating. 

Aberrations in either the “eat” or “stop eating” sys-

tems can cause overconsumption of food with respect 

to the amount needed to maintain a healthy weight. 

his overconsumption of food can form the basis for 

the experience of “loss of control” over eating.

he second problem with deining a desire for car-

bohydrate as an addiction lies in the composition of 

carbohydrate foods people usually say they are ad-

dicted to, namely, ice cream, cookies, cakes, pies, 

chips, potatoes, pasta, and pizza. 

All of these foods contain fat and a small amount of 

protein as well as carbohydrate. Animal studies have 

shown that carbohydrate/fat containing foods, but 

not solely carbohydrate foods, cause an increase in the 

body’s natural opioids, suggesting that the “addiction,” 

if it exists, may be to the fat, not the carbohydrate. If 

the carbohydrate in “high carbohydrate” foods is not 
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the “addictive” agent, can it still contribute to the feel-

ing of “loss of control” experienced when eating these 

foods? he answer is yes. 

he sweetness of some carbohydrate foods helps 

promote release of dopamine, a neurotransmitter of 

the brain reward circuitry. his is perceived as a “time 

to eat” signal. Another source of “loss of control” 

with respect to carbohydrate in obese individuals lies 

in changes in the body’s post-ingestive responses to 

carbohydrate. 

STOP-EATING SIGNALS

here is increased stomach capacity in the obese, 

which requires a greater amount of food to ill the 

stomach and activate one of the “stop eating” signals. 

Although many carbohydrate foods contain fat, con-

suming fat in an obese individual does not result in 

suicient release of hormones that signal fullness (an-

other “stop eating” signal). In addition, many obese 

individuals are resistant to insulin and leptin (other 

satiety hormones) signaling not only in the periphery 

but also in the brain. Peripheral insulin resistance cre-

ates a pseudo-hypoglycemic condition in which blood 

glucose (from carbohydrates) is high, but intracellular 

glucose is low. 

his can be perceived by the brain as a “time to eat” 

signal, and can contribute to a vicious cycle of con-

tinuous eating but no feeling of satiety (satisfaction/

fullness). An additional source of “loss of control” can 

occur in individuals who are experiencing stress or 

other causes of depressed mood; this carbohydrate-

induced dopamine release can cause a transient and 

temporary relief of the stress or depression. he tem-

porary relief of stress promotes conditioned learning 

that underscores the development of a craving for the 

carbohydrate during some future period of stress.

SEE ALSO: Addictive Behaviors; “Food Addictions”; Food 

and Mood.
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Carbohydrate and Protein Intake

IN THE PAST, hypocaloric diets to promote weight 

loss in the obese patient focused mainly on reducing 

total fat or saturated fat intake. More recently, inter-

est has shifted to the role that dietary carbohydrates 

and protein play in the weight loss diet. Emerging re-

search is suggesting that a higher protein intake, as 

well as a shift from simple to complex carbohydrates, 

with an increased intake of dietary iber, may be a 

more practical approach for weight loss and weight 

management.

Carbohydrates are the preferred source of energy 

in the human diet, yielding about four calories per 

gram. hey are usually classiied into two categories, 

which include simple and complex forms. Simple 

carbohydrates include sugars, while complex carbo-

hydrates include starches and iber. Some evidence 

suggests that eating pattern changes may be one of 

the causes for the increased prevalence of obesity. 

hese eating pattern changes are characterized espe-

cially by the increase in the dietary intake of simple 

sugars, such as sucrose and high-fructose corn syrup 
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and reined grain products, along with a decreased 

intake of iber. 

Increasing the intake of iber-rich carbohydrates, 

such as whole grains, beans, fruits, and vegetables, 

may be beneicial in the treatment of obesity. Fiber 

difers from simple sugars and starches because our 

body cannot digest it. Because dietary iber does not 

provide any calories to the diet, a meal that is high in 

iber is usually less energy dense. his may bring on a 

feeling of satiety due to the added bulk and slower ab-

sorption from the indigestible plant materials. Many 

iber-containing foods are also rich in micronutri-

ents such as vitamins, minerals, and phytochemicals, 

which may be of beneit as well. Additionally, iber has 

been shown to lower blood cholesterol levels and in-

sulin secretion, and to prevent and manage constipa-

tion and diverticulosis, which are complications often 

associated with obesity.

Similar to carbohydrates, protein yields about four 

calories per gram. Protein is an essential nutrient 

needed for growth and development, and is a compo-

nent of virtually every living cell in the human body. 

Proteins are composed of amino acids, of which nine 

are essential, meaning that they cannot be synthesized 

in the body, and have to come from food sources. Pro-

teins in food that supply all of the essential amino ac-

ids are called complete proteins. Most complete pro-

teins come from animal sources, with soy being the 

only plant-based complete protein. 

Recent research suggests that an increase in dietary 

protein intake may be beneicial in weight loss and 

weight management. Higher protein diets increase 

satiety and may increase the obese patient’s adherence 

to a hypocaloric diet. Higher protein diets may also 

lead to a higher percentage of fat loss, spare muscle 

tissue during weight loss. In dietary practice, a shift to 

replace some simple and reined carbohydrates in the 

diet with high-quality, complete sources of protein 

that are low in saturated fat may be beneicial.

As part of a healthy lifestyle, a diet for weight man-

agement should focus on a low intake of simple sugars 

and reined carbohydrates, and a high intake of high 

iber complex carbohydrates such as whole-grain 

products, vegetables, and beans. Currently, most 

American adults are consuming less than half of the 

recommended dietary iber intake of 20 to 35 grams 

per day. Americans are receiving about 15 percent of 

their dietary energy each day as protein, which is con-

sidered adequate. Most studies that focus on moder-

ately high protein intake for weight loss and mainte-

nance suggest about 30 percent of the daily caloric 

intake should come from protein. he role of higher 

protein diets to promote weight loss is generally well 

accepted; however, their longer-term role in weight 

management is not clear because studies investigat-

ing their safety and eicacy have yet to be reported.

SEE ALSO: Fat Intake; Overall Diet Quality.
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Cardiovascular Disease in  

African Americans

CARDIOVASCULAR DISEASE (CVD) is a result of nu-

merous risk factors, many of which are behavioral in 

nature such as smoking, diet, and lack of regular ex-

ercise. Others include preexisting medical conditions 

such as metabolic syndrome (a group of metabolic risk 

factors including hypertension, abdominal obesity, 

poor regulation of blood lipids, and insulin resistance). 

he relationship among these various factors is com-

plex; however, it is apparent that African Americans 

are disproportionately afected by each, placing them 

at greater risk for CVD. 

In 2004, cardiovascular disease was responsible for 

27 percent of all deaths in the United States. However, 

the CVD death rate (per 100,000) among white males 

was signiicantly less than the rate reported among 

black males (335.7 and 448.9, respectively). Diferences 

were also evident between white and black females 

(239.3 versus 331.6, respectively). CVD accounted for 

32.7 percent of deaths among African-American males 

and 40 percent of all deaths among African-American 
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females. Disparate estimates place African Americans 

at greater risk of dying from cardiovascular disease 

compared to other racial/ethic groups. 

Racial disparities with regard to CVD are due to a 

unique constellation of environmental and psychoso-

cial elements that inluence risk-taking behaviors, be-

lief systems, and healthcare utilization. hese elements, 

coupled with targeted media campaigns designed to 

promote smoking and intake of high-energy foods, pre-

dispose African Americans to a number of comorbidi-

ties that lead to CVD. For example, research indicates 

that blacks in the United States are at greater risk of de-

veloping diabetes compared with non-Hispanic whites. 

Subsequently, cardiovascular disease is reported as 

a leading cause of death among those with diabetes. 

he threats of CVD and diabetes intensify given that 

both conditions are more common among those who 

are overweight or obese, with minorities representing 

a larger percentage of individuals with weight-related 

health conditions. Among Americans 20 years of age 

or over, 67 percent of non-Hispanic blacks are consid-

ered overweight or obese, while 75 percent of Mexican 

Americans are so classiied. Minority females tend to 

be at greater risk of CVD with 73 percent of Mexican 

Americans and 80 percent of African-American fe-

males with body mass index estimates greater than 25. 

he threat of CVD is exacerbated given the increasing 

trend toward higher percentages of black children who 

become overweight or obese. Additional risk factors 

speciic to CVD include hypertension, smoking, and 

lack of physical activity, each of which tend to be more 

prominent among African Americans. 

To curtail the threat of CVD among blacks, a num-

ber of approaches have been introduced, each primar-

ily guided by objectives outlined in Healthy People 

2010. Education is a strong preventative with regard to 

CVD as well as associated risk factors such as meta-

bolic syndrome. 

SEE ALSO: Body Mass Index; Centers for Disease Control 

and Prevention; Prevention.
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Cardiovascular Disease in  

Asian Americans

AMONG ASIAN-AMERICAN men, cardiovascular dis-

ease is the number one cause of death, followed by 

cancer. Among Asian-American women, cancer is 

the number one cause of death followed by heart 

disease and stroke. And within the Asian-American 

group, stroke is the leading cause of death among 

Chinese, Filipino, and Japanese. Although stroke is 

the leading cause of death for many Asian-American 

subgroups, there is a lack of information and data 

about risk factors in these subgroups and additional 

research is needed. Moreover, even though cardio-

vascular disease represents one of the major causes 

of death for Asian Americans, there are disparities 

that persist for Asian Americans, especially among 

limited English speakers who may have less access 

to information on the importance of preventative 

screenings and also lack of information on the medi-

cal advancements made in this area. Because of the 

lack of access to information, many Asian Americans 

are unaware of their risk for cardiovascular disease.

he main risk factors for cardiovascular disease are 

high blood pressure, high blood cholesterol, cigarette 

smoking, obesity, lack of physical activity, and dia-

betes. Because most Asian Americans are not aware 

that they are hypertensive, they are less likely to seek 

care, compared to non-Asian Americans. In addition, 

for Asian Americans, blood pressure levels tend to 

vary by age and by ethnic sub-group. Filipino Amer-

icans, as a group, have signiicantly higher levels of 

high blood pressure. his has been attributed to their 

high-sodium diet.

High cholesterol increases an individual’s risk for 

coronary heart disease. Studies on serum cholester-

ol levels of Asian Americans are limited. Moreover, 

only a limited number of studies have investigated 

cholesterol levels of Asian Americans. he limited 

studies that do exist show that Asian Americans do 

not regularly get blood cholesterol exams. Southeast 

Asians are the least likely to get their blood choles-

terol checked. At the same time, the cholesterol levels 

of Asians living in the United States are signiicantly 

higher than those living in Asia.

In addition to the above-mentioned risk factors, 

cigarette smoking is also a known risk factor for car-

diovascular disease. Asian-American men aged 22–

44 tend to have the highest prevalence smoking rates 

compared with other races, gender, and age groups. 

Among Asian ethnic groups, Chinese adults have the 

lowest smoking rates. In California, Korean men have 

extremely high smoking rates. According to various 

local surveys and studies, there is widespread ciga-

rette advertising in Asian-American communities. A 

lack of physical activity also contributes to the devel-

opment of cardiovascular disease. 

MIGRATION PATTERNS

Obesity has also been linked to cardiovascular dis-

ease. For Asian Americans, obesity is directly linked 

to migration patterns with the individual’s length of 

stay in the United States increasing their likelihood 

to be overweight or obese. he longer an individual 

has resided in the United States, the greater his or 

her chances of eating unhealthy foods high in fat. For 

While obesity is less pronounced in Asian Americans, cardiovascular 

disease and stroke are serious problems.
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immigrants from Asian countries, many adapt to the 

new Western lifestyle by consuming great amounts of 

high-fat and high-calorie foods such as fatty meats, 

dairy products, and processed snacks and desserts. 

All of these take the place of traditional meals of rice, 

ish, and vegetables.

SEE ALSO: Asian Americans; Body Fat Distribution in 

Asian Americans; Hypertension in Asian Americans; 
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Cardiovascular Disease in  

Hispanic Americans 

CARDIOVASCULAR DISEASE (CVD) is the leading 

cause of death and major cause of disability across ra-

cial and ethnic minority groups in the United States. 

Close to a third of deaths are attributed to CVD. Data 

compiled by the National Center of Health Statistics 

revealed that in 2004, among adult Hispanic Ameri-

cans (18 years of age or older), 9.2 percent have heart 

disease, 6 percent have coronary heart disease, 19.6 

percent have hypertension, and 2.8 percent have 

stroke. Among Mexican Americans age 20 and older 

who make up the largest share of the U.S. Hispanic 

population, 32 percent of men and 34 percent of 

women have CVD.

here is evidence suggesting that Hispanics are 

less likely to die from CVD than non-Hispanic whites 

(Caucasians). According to the Oice of Minor-

ity Health of the Department of Health and Human 

Services, in 2004, Hispanic men were 30 percent less 

likely to die from heart disease relative to Caucasian 

men, and in 2005, Hispanics were 10 percent less 

likely to have heart disease, compared to non-His-

panic Caucasians. 

he attributed lower risk of CVD among Hispan-

ics occurs in despite that they are more likely to have 

lower socioeconomic status than Caucasians. Socio-

economic indicators such as poverty and low educa-

tional attainment are risk factors that inluence CVD 

patterns. However, there are some protective factors 

that may compensate for the socioeconomic disad-

vantage sufered by Hispanics. hose related to their 

culture and ethnicity, including their strong informal 

support networks and familism, are associated with 

better CVD outcomes among this ethnic group.

However these better CVD outcomes among His-

panics seems to be changing, getting closer to those 

observed among whites, partially explained by the 

demographic changes experienced by Hispanics, 

particularly their growing in numbers, their assimila-

tion into the American culture and the fact that this 

group, as the rest of the population, is living longer 

than before.

Moreover, there are health-related risk factors as-

sociated with CVD that afect more Hispanics than 

Caucasians. Rates of overweight and obesity, two of 

the leading factors for CVD, are higher among His-

panics relative to Caucasians. Mexican-American 

women, for example, are 1.2 times more likely to be 

obese than Caucasian women. Leisure-time physi-

cal inactivity is also more prevalent among Hispanics 

than Caucasians. Among Hispanic adults age 18 and 

older, 32 percent of men and 27 percent of women 

report no leisure-time physical activity.

Hispanics are the largest single minority ethnic 

group in the United States, constituting 14 percent 

of the total population. According to 2005 estimates 

from the Census Bureau, there were 43 million His-

panics, excluding 4 million in Puerto Rico. And the 

increase of the Hispanic population will continue at 

a fast rate. By 2050, they will constitute 24 percent of 

the total population, with a projection set at about 

103 million people. his is a population group with 

speciic socioeconomic and cultural characteristics, 

which need to be taken into consideration when ad-

dressing their increasing risk for CVD. Health pro-
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fessionals need to understand and control the pat-

terns associated with ethnic disparities observed in 

CVD among Hispanics when compared to the gen-

eral U.S. population.

SEE ALSO: Congestive Heart Failure; Coronary Heart Dis-

ease in Women; Dominican Americans; Ethnic Disparities 

among Obesity in Women; Ethnic Variations in Obesity-

Related Health Risks; Hispanic Americans; Hypertension 

in Hispanic Americans; Mexican Americans; Puerto Rican 

Americans.
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CART Peptides

CART PEPTIDES ARE named for early observations 

that they arise from a cocaine- and amphetamine-

regulated transcript. CART peptides are neuropep-

tides (proteins that signal in the brain) expressed 

in the brain and other organs. In the past 10 years, 

CART has been studied in several contexts, includ-

ing energy balance and body weight regulation.

CART peptides are expressed in many brain areas 

and neuroendocrine tissues. his includes the hypo-

thalamus, pituitary gland, gastrointestinal tract, ad-

renal gland, and pancreas. CART is synthesized as a 

larger, inactive precursor (pro-CART) that is cleaved 

to yield smaller, active forms. As with other neuro-

peptides, CART functions depend on the neurons 

in which they are expressed and how those neurons 

communicate with other speciic tissues or neural 

circuits. CART peptides may serve as neuromodula-

tors (regulatory proteins ) in multiple systems.

CART peptides can decrease short-term food 

intake when administered directly into the brain in 

animal models. Chronic brain infusions of CART 

produce lasting weight-loss beyond the short-lived 

hypophagia (undereating). Brain sites governing 

these efects are being investigated. For example, 

CART expression in the arcuate nucleus, a key hy-

pothalamic site for processing body signals of energy 

status, is upregulated by leptin, a hormone made and 

secreted by fat cells. hese CART-containing neu-

rons can release the neuropeptide at second-order 

relays in hypothalamus and elsewhere that carry out 

CART’s catabolic efects.

Some of CART’s efects on energy balance and 

body weight may be secondary to efects on systems 

whose primary functions are not speciically to regu-

late appetite. For example, CART peptides injected 

into some brain areas involved in dopamine activation 

of motivated behaviors (which include drug-seeking 

and sexual behaviors, as well as food and water in-

take) can alter food intake, suggesting that CART can 

modulate the rewarding qualities of food. CART also 

appears to be involved in brain-to-adrenal and brain-

to-thyroid axes that regulate physiologic responses 

to stress, body temperature, and metabolic rate, with 

much potential for associated efects on body weight 

and adiposity.

Little is known about putative CART receptors. 

hey have not been identiied or cloned, and there-

fore, there is currently a lack of pharmacological tools 

for CART research. It is anticipated that when these 

obstacles are surmounted, the potential for CART-

based antiobesity and other therapies may emerge.
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SEE ALSO: Addictive Behaviors; Amphetamines; Anxiety; 

Appetite Control; Appetite Signals; Central Nervous Sys-

tem; Cortisol; Dopamine; Food Reward; Leptin; Neuropep-

tides; Stress; Sympathetic Nervous System.
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Hunter, “he Role of CART in Body Weight Homeostasis,” 
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Caucasians

OVERWEIGHT AND OBESITY have been rapidly in-

creasing in both children and adults in the United 

States and worldwide over the last 40 years. his in-

crease is of major medical and public health concern 

because obesity is associated with premature mor-

tality and many types of morbidity, including heart 

disease, stroke, diabetes, some types of cancer, and 

arthritis. Many explanations have been ofered for 

the increase, which some have termed an epidemic: 

modern life which has removed most physical activ-

ity from people’s lives, the increasing consumption of 

fast food high in calories and fat, greater acceptance 

of large body types, and even increased television 

viewing. It is notable that obesity has been increas-

ing across all racial and ethnic groups, but not evenly, 

in the United States; Caucasian Americans generally 

have lower rates of overweight and obesity than do 

members of minority groups such as African Ameri-

cans and Hispanics. Many explanations have been 

ofered for this phenomenon as well, ranging from 

the socioeconomic (people with greater social capi-

tal have more opportunities to buy healthy foods and 

exercise, and more knowledge of the importance of 

both activities) to the genetic. 

DEFINITIONS

Caucasian, or white Americans are deined by the 

U.S. Census Bureau as people whose origins may be 

traced to any of the original peoples of Europe, the 

Middle East, or North Africa. According to Census 

2000, on April 1, 2000, there were 216.9 million Cau-

casians in the United States, representing 77.1 per-

cent of the total population. Of these, 211.5 million 

reported only one race, while 5.5 million reported 

Caucasian along with one or more other races. Not 

surprisingly, because white Americans are the ma-

jority racial/ethnic group, the states with the largest 

populations (California, New York, and Texas) also 

have the largest number of white Americans. How-

ever, the states with the highest percentage of white 

Americans are smaller, such as Vermont (98.6 per-

cent), Maine (98.4 percent), New Hampshire (98.0 

percent), and Iowa (96.6 percent). 

he Census and other federal surveys also collect 

information on ethnicity, using two categories: “His-

panic or Latino” and “Not Hispanic or Latino.” A per-

son who is Hispanic or Latino is deined as being a 

person of Cuban, Mexican, Puerto Rican, South or 

Central American, or other Spanish culture or origin. 

Race and ethnicity are considered distinct categoriza-

tions by the federal system, so a Hispanic or Latino 

person may be of any race, and decisions about when 

to include, for instance, White Hispanics in the white 

total for any particular survey or study is a decision 

left to the researcher. According to Census 2000, 92 

percent of the white population was non-Hispanic, 

and the white non-Hispanic population represented 

70 percent of the total U.S. population. 

Because white Americans constitute the majority 

of the U.S. population, studies are seldom done spe-

ciically examining their health or health behaviors. 

Instead, research studies or surveys of the population 

as a whole are generally assumed to apply to white 

Americans, and targeted studies are more likely to 

look at minority groups such as African Americans or 

Asian Americans. here has also been relatively little 

interest in studying diferent ethnic groups within the 

white classiication (e.g., Italians versus Swedes), as 

there has been, for instance, with Hispanic, Asian, or 

American Indian subgroups based on national origin 

or tribal identiication. 

his creates something of a paradox because al-

though white Americans are certainly the most stud-

ied group of people in the United States, seldom are 

studies identiied as applying speciically to white 

people or to speciic white subgroups (as would typi-

cally be done with, for instance, studies based on 
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samples of African Americans or Korean Americans). 

In addition, review articles are seldom written sum-

marizing what is known about the health of the white 

population, risk factors speciic to white people, or to 

speciic ethnic or cultural groups classiied as white. 

herefore, while it is possible to speak on a national 

basis about, for instance, obesity rates among white 

Americans, more detailed breakdowns by national 

origin may be diicult to locate. 

OBESITY RATES

According to the 2005 National Health Interview 

Survey (NHIS), 35.3 percent of American adults (age 

18 and older) are overweight (body mass index [BMI] 

≥25), and 24.7 percent are obese (BMI ≥30). More 

men than women are overweight, while approxi-

mately equal numbers are obese: 42.6 percent of men 

and 27.9 percent of women are overweight, while 24.9 

percent of men and 24.3 percent of women are obese. 

Overweight and obesity are not evenly distributed 

across racial/ethnic groups, with diferences in obe-

sity rates particularly striking. As with many health-

related conditions, Asian Americans have the lowest 

rates of both overweight (27.9 percent) and obesity 

(8.5 percent), while white Americans generally score 

equal or better in health factors compared to the oth-

er racial groups. he overweight rate for white Amer-

icans is 35.5 percent overweight and 24.1 percent 

obese, compared to American Indians and Alaska 

Natives (AI/ANs) with 38.6 percent overweight and 

37.6 percent obese, African Americans with 35.4 per-

cent overweight and 32.4 percent obese, and Native 

Hawaiian and Paciic Islanders (NH/PIs) with 34.0 

percent overweight and 26.9 percent obese. 

Considering Hispanic/Latino as a separate cat-

egory produces a slightly diferent breakdown. His-

panics who are overweight constitute 39.6 percent, 

compared to 34.8 percent of non-Hispanic whites 

and 35.1 percent of non-Hispanic blacks; 27.5 per-

cent of Hispanics are obese, compared to 23.5 per-

cent of non-Hispanic whites and 32.5 percent of non-

Hispanic blacks.

Overweight and obesity also difer among men 

and women: 42.6 percent of men are overweight, as 

compared to 27.9 percent of women, while 24.9 per-

cent of men and 24.3 percent of women are obese. 

When the population is broken down by racial and 

ethnic groups, however, this pattern is not entirely 

consistent. For non-Hispanic white Americans, the 

pattern is similar to that found in the general popula-

tion: 42.9 percent of men and 26.9 percent of women 

are overweight, and 25.3 percent of men and 21.7 

percent of women are obese. Among non-Hispanic 

blacks and Hispanics, however, women are more like-

ly to be obese: 47.3 percent of Hispanic men and 31.7 

percent of Hispanic women are overweight, and 23.9 

percent of Hispanic men and 31.0 percent of Hispan-

ic women are obese. Among non-Hispanic blacks, 

38.0 percent of men and 32.7 percent of women are 

overweight, while 28.3 percent of men and 35.9 per-

cent of women are obese. 

Consideration of the racial or ethnic inluence on 

overweight and obesity cannot be separated from the 

fact that racial groups difer, on average, on measures 

of socioeconomic status (SES) which are also associ-

ated with many health behaviors and health states. 

For instance, the 2005 NHIS found, as many previous 

surveys have also found, an inverse relation of poverty 

with obesity rates. Slightly over 29 percent of persons 

classiied poor (below the Census Bureau’s poverty 

threshold for the previous year) were most likely to 

be obese compared to 28.3 percent of the near-poor 

(those whose income was 100 to 200 percent of the 

poverty threshold) and 23.6 percent of the nonpoor. 

Similarly, obesity was higher among those insured by 

Medicaid (34.1 percent) than among those with pri-

vate insurance (23.8 percent). Looking at educational 

levels, people without a high school diploma were 

most likely to be obese (30.7 percent), while those 

with a bachelor’s degree or higher were least likely to 

be obese (17.5 percent). 

Overweight has been increasing in the American 

population as a whole for a number of years; this trend 

is evident among white Americans, although at a low-

er rate than among African Americans and Hispanics. 

According to the NHIS (1960–62 data) and National 

Health and Nutrition Examination Survey (NHANES; 

later data), in 1960–62, 44.8 percent of adults (aged 

20–74) were overweight. his increased in 1971–74 

to 47.7 percent, in 1976–80 to 47.4 percent, in 1988–

94 to 56.0 percent, and in 2001–2004 to 66.0 percent. 

In the non-Hispanic white population, men are more 

likely to be overweight than women; this pattern is 

reversed in the African-American population, where 

women are more likely than men to be overweight. 

In 1976–80, 53.8 percent of white, non-Hispanic men 
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and 38.7 percent of white, non-Hispanic women were 

overweight, while for African Americans, the num-

bers were 51.3 percent and 62.6 percent, respective-

ly. In 1988–94, 61.6 percent of white men and 47.2 

percent of white women were overweight, compared 

to 58.2 percent of African-American men and 68.5 

percent of African-American women. In 2001–04, 

71.1 percent of white men and 57.1 percent of white 

women were overweight, compared to 66.8 percent of 

African-American men and 79.5 percent of African-

American women. 

Rates of obesity have increased even more rap-

idly in the U.S. population since 1960, and have 

been observed across all racial and ethnic groups. In 

1960–62, 13.3 percent of the U.S. population were 

obese; in 1971–74, this increased to 14.6 percent, 

in 1976–80 to 15.1 percent, in 1988–94 to 23.3 per-

cent, and in 2001–03 to 32.1 percent. In distinction 

to overweight, women are more likely to be obese 

than men in both the white and African-American 

racial categories. In 1976–80, 12.4 percent of white 

men and 15.4 percent of white women were obese, 

compared to 16.5 percent of African men and 31.0 

percent of African-American women. In 1988–94, 

20.7 percent of white men and 23.3 percent of white 

women were obese, compared to 21.3 percent of Af-

rican-American men and 39.1 percent of African-

American women, and in 2001–04, 31.2 percent of 

African-American men and 51.6 percent of African-

American women were obese. 

Overweight and obesity have also been increasing 

among American children and adolescents. Rates of 

obesity are lower among white children and adoles-

cents than among members of minority groups, but 

are still worrying because persistent overweight be-

ginning in childhood is associated with greater mor-

bidity and mortality than adult-onset mortality, over-

weight or obese children and adolescents are more 

likely than normal-weight children and adolescents 

to become obese adults. According to NHANES III, a 

nationally representative survey conducted 1988–94, 

13.2 percent of Caucasian boys (aged 6–11 years) and 

11.9 percent of Caucasian girls were overweight, as 

compared to 14.7 percent of non-Hispanic black boys 

and 17.9 percent of non-Hispanic black girls, and 18.8 

percent of Mexican-American boys and 15.8 per-

cent of Mexican-American girls. Among adolescents 

(aged 12–17 years), 11.6 percent of non-Hispanic 

white boys and 9.6 percent of girls were overweight, 

compared to 12.5 percent of non-Hispanic black boys 

and 16.3 percent of non-Hispanic black girls, and 15.0 

percent of Mexican-American boys and 14.0 percent 

of Mexican-American girls.

RISK FACTORS

Many studies have identiied risk factors for over-

weight and obesity; among the most salient are lack of 

suicient physical activity, and regular consumption 

of a diet that includes too much fat and processed 

food and too few whole grains, fruits, and vegetables. 

his makes intuitive sense because for most people, 

weight gain is a product of more calories consumed 

than calories expended over a period of time; lack of 

physical activity lowers the number of calories ex-

pended, while intake of dense, high-fat foods tends to 

increase the number of calories consumed. Not sur-

prisingly, the distribution of these risk factors paral-

lels the observed rates of overweight and obesity.

According to data from the 2000 NHIS, white 

adults were the among the least likely to report lead-

ing inactive lifestyles and the most likely to report 

a high rate of physical activity. Only 8.7 percent of 

white Americans said they were never active, com-

pared to 15.9 percent of African Americans and 13.0 

percent of AI/ANs. Nearly 20 percent of whites and 

16.3 percent of Asians reported that they were very 

active, compared to 14.3 of African Americans and 

16.0 percent of AI/ANs. 

When Hispanics are considered as a separate eth-

nic group, only 8.5 percent of non-Hispanic whites 

report inactive lifestyles and 20.4 percent report 

highly active lifestyles, compared to 11.2 percent 

of Hispanics who said they were never active while 

15.2 percent said they were highly active, and non-

Hispanic African Americans, 16.0 percent of whom 

reported inactive lifestyles and 14.2 percent highly 

active lifestyles. As has been found in previous stud-

ies, the 2000 NHIS found high levels of activity as-

sociated with SES factors which are disproportion-

ately distributed among non-white racial and ethnic 

groups and therefore confounded with genetic and 

cultural factors; for instance, poverty and lack of ed-

ucation are both negatively associated with a highly 

active lifestyle. 

Consuming a diet high in fruits and vegetables is 

associated with lowered risks for many chronic dis-
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eases and conditions, including heart disease and cer-

tain cancers. For this reason, the Centers for Disease 

Control and Prevention (CDC) recommends con-

suming at least ive servings of fruits and vegetables 

daily. No studies have speciically examined the rela-

tionship between consuming a diet high in fruits and 

vegetables and efective weight loss or weight control, 

but a few studies have demonstrated that consuming 

foods low in energy density and high in iber (both 

of which apply to most fruits and vegetables) are re-

lated to lower food consumption. In addition, several 

studies that increased fruit and vegetable consump-

tion for other reasons (such as to prevent intestinal 

polyps) found that weight maintenance or loss was 

often a by-product. Data from the 2005 Behavioral 

Risk Factor Surveillance System (BRFSS) demonstrat-

ed that the number of American adults meeting the 

CDC recommendations was surprisingly low, but that 

white non-Hispanic Americans had among the high-

est rates of compliance. In this survey, 17.4 percent of 

white non-Hispanic Americans reported consuming 

ive or more servings of fruits and vegetables daily, 

compared to 19.6 percent of Asian Americans, 12.6 

percent of non-Hispanic black Americans, and 14.8 

percent of Hispanic Americans. 

SEE ALSO: Childhood Obesity as a Risk for Adult Over-

weight; Ethnic Disparities in the Prevalence of Childhood 

Obesity; Exercise; Fast Food; Fruits and Vegetables. 
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CD36 and FAT (Fatty Acid  

Transporters)

CD36 (KNOWN AS SCARB3, GP88, gpIV, and gpIIIb) 

is a membrane glycoprotein with diferent roles, which 

is found on the surface of diferent cell types. he func-

tions of CD36 which is called scavenger receptor B 

include facilitation of fatty acid uptake, acting as a sig-

naling molecule and a receptor for several of ligands 

(apoptotic cells, modiied forms of low density lipopro-

tein, thrombospondins, ibrillar beta-amyloid, compo-

nents of Gram-positive bacterial walls, and malaria in-

fected erythrocytes).

his multifunctional receptor is expressed in dif-

ferent cell types such as macrophages, dendritic and 

endothelial cells, platelets, erythrocytes, monocytes, 

diferentiated adipocytes, mammary epithelial cells, 

spleen cells, and some skin microdermal endotheli-

al cells and in diferent tissues such as muscle, heart, 

and fat.

Circulating low-density lipoprotein (LDL), which is 

not taken up by the LDL receptors, can enter macro-

phages via unregulated scavenger such as CD36 (scav-

enger receptor B). his process requires LDL to be 

modiied by enzymatic, nonoxidative change and oxi-

dation. his will facilitate the accumulation of choles-

terol, glycosylation, or glycooxidation. It is conirmed 

that vitamin E can diminish the uptake of oxidized LDL 

by decreasing the expression of the CD36 receptor.

Fatty acid translocase (FAT)/CD36 is an 88 kDa fat-

ty acid (FA) transporter protein responsible of regula-

tion of the uptake of fatty acids via the plasma mem-

brane in the heart and skeletal muscle. It is believed 

that a mutation in FAT/CD36 decreases uptake rate 

of fatty acids and its overexpression leads to increased 

fatty acids uptake.

It is evident that defective FAT/CD36 translocating 

machinery is related to an elevated surface abundance 
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of FAT/CD36 and increased fatty acid inlux into the 

heart and muscle cells in Type 2 diabetes mellitus.

SEE ALSO: Atherosclerosis; Blood Lipids; Fatty Acid Trans-

port Proteins; LDL Receptors.
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Center for Maternal 

and Child Health

THE NATIONAL CENTER for Education in Maternal 

and Child Health (NCEMCH) is a research entity 

within the Public Policy Institute of Georgetown Uni-

versity, located in Washington, DC. NCEMCH was 

founded in 1982 to provide leadership to, and serve as 

a national resource for the maternal and child health 

community. he Center, in collaboration with federal 

agencies, professional organizations, academic insti-

tutions, and corporate and philanthropic partners, 

is involved in three key activities: launching national 

health initiatives, developing and disseminating cul-

turally competent child health and development ma-

terials, and providing a virtual library of maternal and 

child health information. 

Bright Futures, an ongoing national health promo-

tion initiative of the NCEMCH, is a typical NCEMCH 

project. he purpose of Bright Futures is to improve 

child health and well-being by focusing on four goals: 

fostering partnerships between families, health pro-

fessionals and communities; promoting desired out-

comes for children; increasing family participation 

in health promotion and prevention activities; and 

fostering culturally and developmentally appropriate 

healthcare for children. Other initiatives and centers 

founded by NCEMCH include the Healthy Start Na-

tional Resource Center, the National Resource Cen-

ter for Health and Safety in Child Care, the National 

Maternal and Child Oral Health Center, and the Chil-

dren’s Safety Network. 

NCEMCH has produced a number of publica-

tions, many of which can be downloaded from the 

NCEMCH website, concerning child and adolescent 

health. Topics covered by NCEMCH publications 

include alcohol, tobacco, and drug use; child care; 

health insurance;, infant mortality; maternal and 

child health policy; oral health; and racial and ethnic 

disparities. he NCEMCH website also provides links 

to relevant materials from other sources, including a 

materials in languages other than English.

he Maternal and Child Health Library at George-

town University provides access, through the 

NCEMCH Web site, to a variety of information. MCH 

Alert, the Library’s free weekly newsletter, is distrib-

uted by e-mail and on the website and carries infor-

mation about new research, policy developments, 

programs, and publications relevant to maternal and 

child health. he Library website also provides access 

to ive databases relevant to maternal and child health, 

and provides access to NCEMCH Resource Guides 

(annotated lists of organizations) and Knowledge 

Paths (annotated bibliographies of websites, publi-
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cations, databases, and electronic resources). Both 

Resource Guides and Knowledge Paths are organized 

around speciic topics; those most relevant to child-

hood obesity include Child and Adolescent Nutrition, 

Physical Activity and Children and Adolescents, and 

Overweight in Children and Adolescents.

SEE ALSO: Changing Children’s Food Habits; Fitness; 

Physical Activity in Children.
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Center for Nutrition  

Policy and Promotion

THE MISSION OF the Center for Nutrition Policy 

and Promotion (CNPP) is to improve the health of 

Americans by providing food and nutrition guidance, 

assessing diet quality, and advancing consumer, nutri-

tion, and food economic knowledge. he CNPP was 

created in 1994 within the U.S. Department of Agri-

culture (USDA), and reports to the Oice of the Un-

der Secretary for Food, Nutrition, and Consumer Ser-

vices. he CNPP staf includes nutritionists, nutrition 

scientists, dietitians, economists, and policy experts 

who help to deine and coordinate nutritional educa-

tion policy within the USDA and translate nutrition 

research into information and materials for consum-

ers, policy makers, educators, health professionals, 

industry, and the media.

he CNPP’s best-known project is probably the food 

pyramid, which provides recommendations about 

the types and amounts of food to include in a healthy 

diet. he current version, the MyPyramid Food Guid-

ance System (and the Spanish version, MiPirámide), 

includes an online menu interface allowing users to 

enter their age, sex, and activity level, and calculates 

the servings of grains, vegetables, fruits, milk, meats, 

and beans they should be consuming each day. 

he Dietary Guidelines for All Americans is pro-

duced by the Departments of Agriculture and Health 

and Human Services and is the cornerstone of federal 

nutrition policy and nutrition education activities. 

he Dietary Guidelines present the government’s sci-

ence-based advice on nutrition and physical activity 

to promote health and reduce chronic disease and 

are updated every ive years; the most recent version 

(2005) is available from the CNPP website. he 2005 

edition, which contains 41 key recommendations, 

emphasizes the importance of maintaining a body 

weight within reasonable guidelines, and discusses 

the need for many individuals to reduce calorie con-

sumption and increase physical activity in order to 

maintain or achieve a healthy body weight. 

he Healthy Eating Index (HEI), irst produced by 

the USDA in 1995, was revised in 2005 to conform 

to the recommendations in that year’s Dietary Guide-

lines. he HEI is a measure of diet quality that assigns 

points for the percent of calories represented by dif-

ferent types of foods in a person’s diet, and can be used 

in nutrition monitoring, nutrition interventions, con-

sumer education, and research. HEI data for 2001–02 

are available for download from the CNPP website. 

SEE ALSO: Department of Agriculture; Food Guide Pyra-

mid; Government Agencies.

BIBLIOGRAPHY. Center for Nutrition Policy and Promo-

tion, www.cnpp.usda.gov/ (cited February 2007); “Steps 

to a Healthier You,” www.mypyramid.gov (cited February 

2007).
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Center for Science  

in the Public Interest

THE CENTER FOR Science in the Public Interest 

(CSPI) was founded in 1971 with the purpose of evalu-

ating the efects of science and technology on society 

and promoting national policies responsive to the in-

terests of consumers. Most CSPI funding is supplied 

by individual donors and the approximately 900,000 

subscribers to the Nutrition Action Healthletter, and 
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about 5 to 10 percent comes from private foundation 

grants; CSPI accepts no government grants or cor-

porate support, and the Nutrition Action Healthlet-

ter accepts no advertising. he CSPI oice is located 

in Washington, DC. 

he Nutrition Action Healthletter, which irst ap-

peared in 1974, is currently published 10 times a year 

by CSPI and has the largest circulation of any health 

newsletter in North America. he Healthletter is a 

popular journal that includes articles about health 

and nutrition, deceptive advertising and faulty sci-

ence related to food products, editorials, and fea-

ture stories. Many articles are available through the 

Healthletter website. 

he three main goals of CSPI, according to its 

mission statement, are to conduct research and pro-

vide useful and objective information to the public 

and policy makers concerning food, alcohol, health, 

the environment, and other science and technology 

issues; to represent the interests of citizens on food, 

alcohol, health, the environment, and other issues 

before regulatory, judicial, and legislative bodies; 

and to encourage scientists to engage in public-in-

terest activities and ensure that science and tech-

nology are used for the public good. 

Many of CSPI’s eforts have involved promoting 

legislation banning dangerous food additives or re-

quiring informative labels on food products. One of 

CSPI’s early campaigns was launched in 1973 to bar 

the use of sodium nitrite in bacon and other cured 

meats; this campaign ultimately resulted in lower 

levels of nitrites in many foods. Sodium labeling 

of all foods and fat-content labeling of processed 

meats was the result of a CSPI petition to the Food 

and Drug Administration (FDA) in 1978; CSPI ef-

forts resulted in a new FDA rule requiring such la-

beling in 1982. 

In 1982, CSPI began an effort to ban sulfite pre-

servatives in most fresh foods; this effort succeed-

ed in 1987. In 1988, CSPI succeeded in champion-

ing a federal law requiring a health warning label 

on alcohol beverage containers. In 1994, CSPH 

campaigned for labeling of transfats in foods, an 

effort that succeeded in 2003. In 2000, CSPI was 

successful in promoting legislation providing fund-

ing for more food safety inspections and expanded 

bacteria testing for meat. In 2004, CSPI success-

fully convinced Congress to require disclosure on 

food labels of common allergens such as peanuts, 

wheat, and eggs. 

In 1993, CSPI began the irst of a series of inves-

tigative reports into the nutritional value of res-

taurant foods. he irst focus was Chinese restau-

rants, because Chinese food was often believed to 

be a particularly healthy cuisine. However, the CSPI 

report revealed that many popular Chinese res-

taurant foods contained unhealthy amounts of fat, 

cholesterol, calories, and salt and recommended 

that portions be divided among several diners and 

that popular dishes like Moo Shu Pork and Kung 

Pao Chicken should be consumed alongside equal 

parts of rice and in conjunction with dishes based 

on steamed vegetables, which are much lower in fat 

and calories. 

SEE ALSO: Eating Out in America; Food Labeling; Nutri-

tion and Nutritionists. 
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Centers for Disease  

Control and Prevention 

THE CENTERS FOR Disease Control and Prevention 

(CDC) is one of the major operating components of 

the U.S. Department of Health and Human Services 

and is the principal agency responsible for improv-

ing public health in the United States. he CDC has 

two primary purposes: to respond to health emer-

gencies and to improve people’s health in their daily 

lives. In support of those goals, the CDC conducts 

research and public health interventions across the 

United States and globally. 

he CDC originally was concerned primarily with 

infectious diseases, but its purview has expanded 
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to include all diseases and conditions that impact 

human health, including chronic diseases and risk 

factors for them such as obesity, lack of physical ac-

tivity, tobacco use, and exposure to environmental 

toxins. he name Center for Disease Control was 

adopted in 1970; in 1981, this became Centers for 

Disease Control, and in 1992, Centers for Disease 

Control and Prevention; however, the acronym 

CDC is still used for the organization.

he CDC has a workforce of over 8,000 employ-

ees in various locations throughout the world; CDC 

headquarters are located in Atlanta, GA. As the 

name suggests, the CDC consists of a number of 

Centers which focus on particular aspects of public 

health: these include the National Center for En-

vironmental Health/Agency for Toxic Substances 

and Disease Registry (NCEH/ATSDR), the National 

Center for Injury Prevention and Control (NCIPC), 

the National Center for Health Statistics (NCHS), 

the National Immunization Program (NIS), and 

the National Institute for Occupational Safety and 

Health (NIOSH).

he CDC Division of Nutrition and Physical Ac-

tivity takes a public health approach toward nutri-

tion and physical activity and their roles in prevent-

ing chronic disease and promoting good health. he 

Division maintains a website devoted to the topics of 

overweight and obesity, which states unequivocally 

that overweight and obesity are increasing sharply 

among American children and adults, and that these 

conditions increase the risk of many chronic diseases 

including coronary heart disease, stroke, hyperten-

sion, and osteoarthritis. he website also includes 

information about nutrition, physical activity and 

the health risks of being overweight or obese, links 

to CDC press releases on those topics, information 

about relevant CDC programs and campaigns, and 

links to relevant CDC publications. 

Several major CDC campaigns are relevant to 

obesity prevention and weight control. The 5-a-Day 

for Better Health program is a national effort to in-

crease per-capita fruit and vegetable consumption 

to five per day. Program materials are also avail-

able in Spanish: the Spanish-language program is 

called 5 al Día. 

he Active Community Environments (ACES) 

Initiative promotes environmental and policy inter-

ventions that will increase levels of physical activ-

ity, including the development of pedestrian- and 

bicycle-friendly environments, the promotion of 

active forms of transportation such as walking and 

bicycling, and the development of accessible recre-

ational facilities. he Kids-Walk-to-School program 

is a community-based program that encourages 

children to walk to and from school in groups ac-

companied by adults, and communities to create 

a safe environment to facilitate walking and other 

regular physical activity. VERB is a social marketing 

campaign to encourage children aged 9–13 years 

(also known as tweens) to be physically active ev-

ery day. he campaign is national and multicultural 

(materials are available in English and Spanish) and 

combines advertising, marketing, and partnership 

eforts to reach audiences of tweens and adults who 

inluence their behavior. 

Morbidity and Mortality Weekly Report (MMWR) 

is a weekly online and print journal published by 

the CDC which contains primarily current reports 

of disease occurrence and risk factors. Each week 

includes a section of Notiiable Diseases and the re-

mainder of the articles is on various topics, including 

reports of disease outbreaks and focused analyses 

of publicly available data sets such as the National 

Health Interview Survey (NHIS). Electronic copies 

of MMWR dating back to 1982 are available through 

the CDC website or by e-mail subscription without 

charge, and paper copies may be purchased through 

the same website.

SEE ALSO: Department of Health and Human Services; 

Fitness; Government Agencies; National Center for Health 

Statistics; Nutrition and Nutritionists; Physical Activ-

ity and Obesity; Prevalence of Childhood Obesity in the 

United States; Prevalence of Obesity in U.S. Women; Social 

Marketing and Obesity. 
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Central America and Caribbean

IN CENTRAL AMERICA and the Caribbean before the 

arrival of Christopher Columbus and the subsequent 

European colonization, there is some evidence that 

obesity existed in the Aztecs and other cultures seen 

through surviving statues. However, it has been sug-

gested that the shape of these igures might be as much 

to do with exaggerated style and possibly to help their 

balance than to do with accurate representation of the 

size of people during this period.

he early European settlers in the Caribbean and 

Central America did not sufer much from obesity, 

and neither did the slaves brought over to work the 

plantations. However, with many of the plantations 

growing sugar, a primary cause of obesity, it seems 

to be likely that members of some of the European 

plantation families might have become obese. By 

contrast, given their hard working schedules, few 

slaves would have become obese except perhaps a 

handful of household slaves, especially those who 

were involved in work in the preparation of food or 

connected with the reining of sugar. Certainly, sugar 

seems to have been an early cause of obesity with 

recent studies surveying some of the population of 

Port-au-Prince, the capital of Haiti, have shown that 

there is an inherited glucose intolerance which in 

some people has developed into diabetes, and has 

shown itself in abdominal obesity. 

here have been a number of recent studies of obe-

sity among the former slave populations of the Carib-

bean and although these people share a common ge-

netic heritage, their environment varies considerably. 

Curiously, an important study by T. Forrester and col-

leagues of the Tropical Metabolism Research Unit, Uni-

versity of the West Indies, Mona, Kingston, Jamaica, 

surveying people in Barbados, Jamaica, and St. Lucia 

has shown that obesity levels are signiicantly higher in 

areas where the gross national product is higher, show-

ing a clear link between wealth and obesity. 

Today, the glucose intolerance along with a much 

larger diet and less exercise has contributed to a large 

rise in obesity rates throughout the Caribbean, with 

obesity having doubled in the Caribbean in the last 10 

years. his has led to increases in diabetes mellitus, 

hypertension, and various types of heart diseases. In-

deed, according to an October 2004 report by Fitzroy 

J. Henry, director of the Caribbean Food and Nutri-

tion Institute in Kingston, Jamaica, to the Caribbean 

Commission for Health and Development, obesity is 

now the underlying cause of most deaths in the Eng-

lish-speaking Caribbean. his is even more marked 

with women, and the body mass index shows the 

greatest occurrence of obesity in people aged 45–54 

years living in Belize. he main cause has generally 

been the change from nonsedentary jobs to seden-

tary jobs, which certainly helps explain some of the 

higher obesity rates in Jamaica and Barbados. How-

ever, this alone does not explain the rise in obesity in 

young children, with the increasing consumption of 

unhealthy food clearly being important. his has led 

to a study of childhood obesity that has shown mas-

sively increased levels in Antigua, Dominica, and St. 

Kitts and Nevis during the 1990s, with that of Nevis 

reaching a rate of 10 percent in the years 1990–99. 

Curiously, the rise of obesity in St. Vincent during the 

same period was much less marked. 

In Cuba, where there is not a major problem of 

obesity, research is coordinated by the Cuban Obesity 

Association with Dr. Mirtha Prieto of Havana as the 

national representative of the International Associa-

tion for the Study of Obesity (IASO). he Asociación 

Salvadoreña de Obesidad (ASOBE) runs out of San 

Salvador, with Dr. Ana Margarita Nuila de Villalobos 

of Colonia Escalon, San Salvador, being the national 

representative of the IASO. he Panamanian Asso-

ciation for the Prevention and Treatment of Obesity 

(APPTO) deals with matters concerning obesity in 

Panama, with Dr. Itzel Velasquez being the national 

representative of the IASO.

here have also been studies in Central America 

of the increasing levels of obesity, with a focus on 

the changing nature of work and in diet. With ris-

ing rates of obesity in Central America, especially in 

children, there have been marked increases in other 

health problems. his rise in obesity has been in 

spite of periods of great food shortages in Central 

America, with Guatemala and Panama both having 
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experienced general rise in the rate of malnutrition 

in the early 1990s. Some countries have had higher 

rates of obesity than other countries, with the high-

est rates in the Americas for 20- to 29-year-olds be-

ing recorded in Chile, and the rates in Costa Rica 

and Cuba closely following. he same survey found 

the prevalence of obesity among children aged under 

6 was the lowest in Nicaragua (about 2.2 percent).

he rate of malnutrition in children under the age 

of 4 in the Americas is at its highest in Guatemala 

(38.5 percent), Guatemala also recording the lowest 

height for age in the same age group (57.9 percent). 

A Japanese study by T. Sekiya of the Faculty of Edu-

cation, Hiroshima University, in Honduras in 1994 

showed that although the physique of Honduran 

children was less than that of Japanese, their chest 

size and body weight was the same size, with girls 

being heavier and more thickset, something he put 

down to the low levels of protein in the diet and the 

high levels of fat, leading to increasing obesity in 

girls. From the 1990s, there were other studies of 

obesity in children. One by H. P. Nunez-Rivas and 

colleagues of the Costa Rica Ministry of Health and 

the Costa Rican Institute for Research and Educa-

tion on Nutrition and Health, carried out between 

July 2000 and April 2001, showed a distinct higher 

prevalence of overweight in children from higher 

socioeconomic backgrounds—often exceeding a 

third of the boys under 12 whom they studied. 

his association of obesity with greater wealth 

has been borne out by another study into obesity in 

adult women in Guatemala and Haiti, showing that 

being obese is often associated with better-than-

average educational attainments, although a simi-

lar study in Bolivia, as a part of a control exercise, 

showed the opposite. Another study by A. D. Stein, 

A. M. homson, and A. Waters of the Department 

of Global Health, Rollins School of Public Health, 

Emory University, found that some forms of late-

childhood obesity in Guatemala and also in other 

countries, were associated with a heightened risk of 

elevated blood pressure, glucose, and serum lipids 

in adulthood. As in other countries, Guatemala has 

been involved in a campaign to reduce obesity, and 

as a result, prevent diabetes.

With the general rise in obesity throughout Cen-

tral America and the Caribbean, there has been an 

attempt to introduce public policies such as encour-

aging exercise rather than relying on treatment by 

expensive drugs. his has seen many countries in 

the British Caribbean introducing healthier diets 

in schools, and encouraging children to take part 

in sports as a way of preventing childhood obesity. 

his has sometimes been followed by campaigns to 

improve the food provided in workplace canteens, 

with more money spent on leisure activity facilities. 

Shortages of government money in many Central 

American countries mean that many of those coun-

tries not being able to undertake such options.

SEE ALSO: North America; South America.
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Central Nervous System

EVERY ACTION, EMOTION, response, and human 

characteristic involves the central nervous system 

(CNS). he CNS is comprised of the brain and spinal 

cord and is involved with physiological actions through-

out the entire human body. he CNS is one of the two 

major divisions of the nervous system. he associated 

system that coordinates with the CNS is the peripheral 

nervous system (PNS), which is outside the brain and 

spinal cord in the extremities and trunk. he CNS is in-

volved with hunger, taste, and overall food intake regula-

tion. he CNS is also involved with overall metabolism. 

he past decade has witnessed an explosion of informa-

tion regarding the role of the CNS in the development of 

obesity and the inluence of peripheral hormonal signals 

that regulate nervous system function. 

he PNS connects the CNS to sensory organs (such 

as the eye and ear), other organs of the body, muscles, 

blood vessels, and glands. he peripheral nerves in-

clude the 12 cranial nerves, the spinal nerves and roots, 

and what are called the autonomic nerves. hese are 

concerned speciically with the regulation of the heart 

muscle, the muscles in blood vessel walls, and glands. 

hese glands such as the pituitary, parotid, and 

thyroid release hormones throughout the blood, and 

when they dysfunction they can be linked to many is-

sues and newly understood pathological mechanisms 

involving obesity. For example, an overproduction of 

human growth hormone (hGH) from the pituitary 

gland in the brain can lead to uncontrollable weight 

gain and obesity. he capacity to adjust food intake in 

response to changing energy requirements and envi-

ronment is essential for survival. Any change in these 

biochemical processes can lead to obesity and long-

term health concerns. 

One of the new questions much research is aiming 

to answer and better understand is why not all people 

become obese when in an obesogenic environment. 

Obesogenic is a newer medical term meaning factors 

tending to make individuals obese. Much of this new 

research is looking at genetic dispositions and failures 

in hormonal levels that lead to obesity. Metabolism is 

the sum of all chemical processes, assimilation, incor-

poration, detoxiication and excretion of food in the 

body. Inborn and acquired abnormalities with metabo-

lism can lead to obesity and, in some instances, exces-

sive weight loss. 

he CNS controls and oversees homeostasis. 

Homeostasis is the inherent tendency in the human 

body toward maintenance of physiological stability. 

he physiological importance of this homeostatic 

control system is highlighted by the severe obesity 

that results from dysfunction of any of the several 

key components. Basically, when the CNS or anoth-

er component fails, homeostasis is no longer main-

tained and one such outcome can be excessive weight 

gain and eventual morbid obesity. New research is 

looking at the detailed reasons and causes behind 

such pathologies and putting things into context of 

the global obesity epidemic. Last, some new research 

relating to the CNS and obesity aims at identifying 

potential avenues for therapeutic intervention and re-

versal of this obesity epidemic.

For example, some such studies include animals and 

look at the genetic propensity to develop diet-induced 

obesity (DIO) by observing a reduced responsiveness 

to signals such as leptin and insulin. Obesity and type 

2 diabetes are on the rise in the United States and are 

major health concerns. he two hormones thought 

to play a critical role in both energy homeostasis and 

glucose metabolism are the adiposity hormones in-

sulin and leptin. Both of these hormones circulate in 

proportion to body fat stores and interact with their 

respective receptors expressed in key brain areas such 

as the hypothalamic arcuate nucleus (ARC) that regu-

late food intake and glucose metabolism. 

he arcuate nucleus is a collection of neurons 

present in the hypothalamus, the center of and main 

CNS operator with masses of neurons that can send 

messages to other areas of the brain and body. When 

activated, these masses of neurons can produce raven-

ous eating desires and may be regulated by glucose, in-

sulin, and leptin. hus, arcuate neurons are responding 

to information on whether the body has suicient calo-

ries and nutrients and acting on needs of the body. It is 

possible that leptin signaling in the arcuate nucleus isleptin signaling in the arcuate nucleus is 

an important determinant of both energy homeostasis 
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and glucose metabolism. Any malfunctions with the 

above homeostatic mechanism can lead to obesity. 

Leptin is a protein hormone that plays a key role 

in regulating energy intake and energy expenditure, 

including the regulation of appetite and metabolism. 

Leptin is secreted by fat tissues but regulated by the hy-

pothalamus. he hypothalamus is located in the center 

of the brain and regulates certain metabolic processes 

and autonomic activities. Research of hypothalamic 

leptin regulation of energy homeostasis and glucose 

metabolism can lead to a better understanding of obes-

ity as it relates to the CNS. 

Insulin is a polypeptide hormone that regulates 

carbohydrate metabolism, most notably with glucose. 

hese hormones normally inhibit the development of 

obesity when dietary fat and calorie contents are in-

creased in the diet. he assumption is that obesity is 

very diicult to reverse once it develops in such indi-

viduals and prevention is the best treatment with the 

above-mentioned emerging obesity epidemic. he 

CNS is the keystone to understanding obesity and its 

root causes for human beings. With obesity in America 

reaching epidemic proportions, there is no better time 

to explore this inal frontier of the brain. 

SEE ALSO: Autonomic Nervous System; CNS/Hypothal-

mic Energy Sensing; Dopamine; Hypothalamus; Insulin; 

Leptin; Obesity and the Brain; Sympathetic Nervous 

System. 
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Central Obesity

IN 1956, JEAN Vague, an endocrinologist, irst de-

scribed masculine (central) and feminine (periph-

eral) fat distribution and suggested that central fat 

distribution is associated with an increased risk of 

diabetes and cardiovascular disease. In recent years, 

epidemiological studies have clearly established the 

relationship between obesity and cardiovascular dis-

eases, type 2 diabetes, and many other morbidities in 

both cross-sectional and longitudinal studies. How-

ever, not all obese people are at risk of above-men-

tioned diseases. Although in debate as to whether a 

cause or a result, the positive relationship between 

central obesity and obesity-related health risks inde-

pendent of total adiposity has been well established in 

the last two decades, especially after the introduction 

and wide acceptance of metabolic syndrome. Central 

obesity is characterized as fat accumulation at the 

trunk region, namely abdominal region. In contrast to 

central obesity, peripheral obesity is deined as fat de-

posit at limbs and hip, especially lower body region. 

Other prevailing terms that has similar meanings in 

describing fat distribution pattern as central versus 

peripheral includes android versus gynoid, masculine 

versus feminine, “apple” shape versus “pear” shape, 

and upper body versus lower body. 

Central fat or abdominal fat depot includes subcu-

taneous abdominal adipose tissue and visceral adipose 

tissue. he latter is fat residing within the abdominal 

wall and surrounding the organs, although a small 

amount has been found to have a strong relation-

ship with morbidity and mortality. Visceral adipose 

tissue’s relationship with obesity-related health risks 

has been supported in most studies and some studies 

even suggested a causal relationship between visceral 

adipose tissue and health risks in humans and in ani-

mal studies. On the other hand, the role of abdominal 

subcutaneous adipose tissue in obesity-related health 

risks has not been as well established independent of 

visceral adipose tissue. 

Accordingly, to reine the understanding of difer-

ent central fat depot with health risks, methods that 

can quantify visceral and abdominal adipose tissue 

separately are desired. Only with the relatively recent 

application of imaging technology including comput-

erized tomography (CT) and magnetic resonance im-

aging (MRI), it has been made possible to quantify sub-

cutaneous and visceral adipose tissue separately. With 

lower cost and wider availability than CT and MRI, 

dual energy X-ray absorptiometry (DEXA) measured 

trunk fat is also used as an indicator of central obesity. 

Simple and low-cost anthropometric measures of cen-

tral obesity include waist circumference, waist-to-hip 
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ratio, saggital diameter, skin folds of the abdomen and 

subscapular area, and so on. While DEXA and anthro-

pometric measures cannot diferentiate visceral from 

subcutaneous adipose tissue, these measurements are 

practical for large-scale research, especially epidemio-

logical studies and are therefore widely used.

Central obesity has been found to be related to 

health risks including insulin resistance and metabol-

ic syndrome, morbidity such as diabetes and cardio-

vascular disease, and mortality in diferent racial and 

ethnic groups. Investigated cardiovascular disease 

risk factors include high blood pressure, insulin resis-

tance, glucose intolerance, high blood lipids, and so 

forth. Cardiovascular morbidities include myocardial 

infarction, angina pectoris, stroke, and so forth. It has 

also been found that in diet, exercise, or weight loss 

drug intervention, visceral adipose tissue and abdom-

inal subcutaneous adipose tissue tend to be lost more 

quickly than limb subcutaneous adipose tissue. 

he relationship between health risks and central 

obesity can be related to its subdepots. Potential ex-

planations includes portal vein theory, which means 

that free fatty acids from visceral adipose tissue deliv-

ered into the portal system have potent and direct ef-

fects on the liver. For subcutaneous adipose tissue, it 

has been shown that in vivo lipyolysis increases more 

from the abdominal adipose tissue than from the glu-

teal adipose tissue during exercise, especially in wom-

en. his sex diference may also explain that women 

tend to accumulate subcutaneous fat more readily in 

the hips than in the abdomen. Subcutaneous adipose 

tissue can be further divided into supericial and deep 

subcutaneous adipose tissue by a facial plane. Some 

studies also found that the deep depot is more closely 

related to health risks than supericial subcutaneous 

adipose tissue. his may be explained by that deep 

subcutaneous adipose tissue is more metabolically 

active or simply have a larger mass than supericial 

subcutaneous adipose tissue.

Although both men and women accumulate more 

fat with aging, women tend to accumulate fat with 

a peripheral and gynoid distribution pattern, while 

men tend to put on fat with a central or android fat 

distribution pattern. his may partially explain why 

women have a lower risk for disease than do men. Sex 

hormones such as testosterone and estrogen may play 

major roles in the fat distribution pattern diferences 

in men and women, but other factors may also con-

tribute to this diference. Women tend to deposit fat 

in abdomen region after menopause and the risk for 

disease also increase in postmenopausal women. 

here are also racial diferences in adipose tissue 

distribution pattern. Asians gain a greater proportion 

of fat in the trunk region, especially visceral fat, than 

other races. On the other hand, African Americans 

tend to accumulate fat in subcutaneous region than 

visceral region. his may explain the high risk of di-

abetes in Asians and low risk of diabetes in African 

Americans at a given level of obesity. 

SEE ALSO: Visceral Adipose Tissue; Waist Circumference.
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Changing Children’s Food Habits

APPROXIMATELY 9 MILLION U.S. children over the 

age of 6 are now considered overweight, and the 

numbers are on the rise. he U.S. Centers for Dis-

ease Control and Prevention (CDC) state that the 

percentage of overweight young people in the Unit-

ed States has roughly tripled since 1980 to about 18 

percent. Children are less active, eat more processed 

food, and have poorer eating habits than ever before, 

but this does not have to be a permanent condition. 

Parents can start by examining and understanding 

what, where, when, why, and with whom their chil-

dren are eating, and how many extra calories a day 

they are consuming.

Kids today are sufering from an energy gap, mean-

ing they take in more calories than they burn through 

growth and daily living. he average child takes in 
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up to 165 extra calories per day, which is about the 

amount in a can of soda. he heaviest children and 

teens are taking in as many as 1,000 calories more per 

day than needed, which is almost as much as two Big 

Macs. If government, community, schools, families, 

and food and beverage industries do not start work-

ing together, we will see the irst generation of chil-

dren to have a shorter life span than their parents.

Presently, overweight children sufer from a range 

of psychosocial and physical consequences, including 

poor self-esteem, Type 2 diabetes, and the beginning 

stages of cardiovascular disease.  Moreover, consump-

tion of poor, high sugar and fat diets may afect learn-

ing potential as well. Children who consume large 

amounts of sugar-sweetened beverages, for example, 

may ind themselves having quick bursts of energy 

followed by nadirs of energy depletion. Also, these 

foods tend to be “empty calories” sources that lack 

substantial vitamins and minerals, but contain pal-

atable and easily accessible sources of energy. Over-

consumption of these empty calorie food sources can 

put children at risk for under-consumption of many 

vital vitamins and minerals.

Education is the best way to help children under-

stand their food intake. One way is to educate chil-

dren so they understand their unique bodies. Parents 

can help children gain more self-assurance about their 

own bodies while at the same time, teaching them to 

appreciate the need to achieve optimal nutrition. In 

addition, parents must role-model proper nutrition 

and eating habits for their children by providing a va-

riety of healthful, ready-to-eat foods, and “practicing 

what you preach.” It is unlikely a child will grow up to 

like vegetables if his or her parents do not like to eat 

those foods.

Children should also be active and exercise several 

times each week. he CDC reports that 25 percent of 

U.S. children engage in no free-time physical activ-

ity. he average U.S. child spends 20 hours per week 

watching television, with up to 20 percent of this time 

accounted for by meals eaten while watching tele-

vision. Children need to separate meals times from 

entertainment and relaxation events. Parents need to 

help children refocus relaxation and entertainment 

events more on physical activities rather than seden-

tary ones. Far too many children today are sedentary, 

which when coupled with poor nutrition habits, cre-

ates a recipe for weight issues.

his recipe contains a number of very prominent 

ingredients, the irst of which is high fructose corn 

syrup (HFCS). HFCS is found in a startling num-

ber of processed foods as well as foods speciically 

aimed at children. It is prominent in many brands of 

ketchup as well, a staple of most children’s diets. But 

the most signiicant source of HFCS is in soda pop 

and sweetened fruit juices, elevated intake levels of 

which are associated with higher body mass index 

(BMI) in children. 

Trans-, saturated, and hydrogenated fats are also 

very prominent in the prepackaged, processed, conve-

nience foods aimed at children and their busy parents. 

Often appearing with those fats are very high quanti-

ties of sodium and chemical preservatives. Children 

do not need these ingredients in their food, but they 

are not equipped to determine the contents of a food, 

or whether the contents are appropriate or inappro-

priate for them. hey simply eat what is available, fa-

miliar, tastes good, or what they are told to eat.

Because of convenience packaging, school lunch-

es, and maladaptive lifestyles relating to food on 

the part of parents and other family members, chil-

dren are taking in too few dairy foods, whole fruits 

and vegetables, and iber. hey are consuming high 

quantities of fatty foods, too much reined sugar, too 

much cafeine, and too many processed and pre-

served foods. Children also have little control over 

portion sizes, as foods are often preportioned for 

them by schools, restaurants, convenience packag-

ing, and parents. Parents need to exercise more than 

Education remains the best way to ensure that children make wise 

choices when it comes to food.
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a modicum of control and restraint on behalf of their 

children’s nutritional health. It should be stated, 

however, that too much parental restraint or restric-

tion has been found in some studies to be associated 

with children being more likely to binge on restricted 

foods when parents are not around. hus, individual 

families need to respond to their own child’s food, 

dietary needs, and personality to strike the most ef-

fective balance with respect to dietary restrictions.

SEE ALSO: Child Obesity Programs; Childhood Obesity as 

a Risk Factor for Adult Overweight; Children and Diets.
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Childhood Obesity as a Risk  

Factor for Adult Overweight 

CHILDHOOD OBESITY HAS been shown to predict 

adult obesity, indicating that early life factors may be 

important risk factors for adult obesity. A number of 

studies have shown that overweight children become 

overweight adults, with a ive- to ninefold increase in 

adult obesity for individuals obese at age 9–13 years. 

About one-third of obese preschoolers, half of obese 

school-age children, and 70 percent of obese adoles-

cents were obese as adults. Recent surveys report a 

higher predictive rate of 65 to 84 percent, which may 

be relective of recent trends of increasing obesity, or 

a redeinition of body mass index (BMI) cutof points 

used to classify obesity. Although a higher proportion 

of obese children become obese adults, only a small 

proportion of obese adults were obese as children. 

Early childhood factors that may afect the pro-

pensity to develop obesity in adulthood include birth 

weight, early feeding patterns, adiposity rebound, 

early maturation, genetic predisposition, parental 

obesity, and socioeconomic status. Adiposity rebound 

is the point at which the BMI inlection occurs in the 

BMI-for-age curve, usually at about 5–7 years of age. 

Adults who had adiposity rebound after age 8 had 40 

percent lower incidence of obesity compared to those 

who had adiposity rebound before 5 years of age. 

he risk of an overweight child becoming an obese 

adult rises with age. Among preschoolers, the risk of 

becoming an obese adult is twice as likely if the pre-

schooler was obese, while among adolescents, the 
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Overweight and obese children are 18 times more likely to become 

obese adults than children who are average weight. 



risk is 18 times more likely for an obese adolescent 

becoming an obese adult. he higher the BMI is in 

childhood, the greater the probability of persistence 

to adulthood. Tracking of obesity is greatest when 

both parents are obese. Obesity runs in families, a 

relection of shared genes, environment, and culture. 

However, the relative contribution of genes and inher-

ited lifestyle factors contributing to the parent–child 

obesity association is unknown.

he velocity of BMI has been shown to be an im-

portant predictor of adult obesity. Rapid weight gain 

in infancy and childhood is associated with develop-

ment of obesity in childhood and adulthood. Adults 

with BMI in the upper quartile by age seven had 

threefold increase in obesity compared to their coun-

terparts with a BMI in the lower quartile. 

An association between birth weight and adult obe-

sity has been documented. he relationship is not lin-

ear, but a U-shaped association between birth weight 

and adult obesity. It has been suggested that the efect 

of birth weight is mainly accounted for by maternal 

weight. Heavier mothers having heavier babies, who 

tend to become heavier adults. here is some evidence 

to suggest that breast-feeding may protect against 

later development of obesity. Breastfed infants have a 

slower growth rate. Parental socioeconomic status is 

inversely associated with adult obesity. Upwardly mo-

bile men and women are less obese than their peers 

who remained in the same social class. 

Lifestyle habits such as diet and physical activ-

ity may track from childhood to adulthood. Adult 

obesity has been associated with low levels of lei-

sure-time physical activities and increased TV 

viewing in childhood. TV viewing may increase 

obesity risk by displacing physical activity or 

through selection of unhealthy food choices influ-

enced by food advertising. 

Some, but not all, studies have shown that child-

hood obesity is associated with more adverse adult 

health outcomes than obesity developing in adult-

hood. Overweight in adolescence is associated with 

insulin resistance and dyslipidemia (high total cho-

lesterol as well as low-density lipoprotein choles-

terol and low high-density lipoprotein cholesterol), 

which tracks from childhood to adulthood. Acceler-

ated weight gain or BMI in childhood is associated 

with increased risk of hypertension, Type 2 diabetes, 

coronary heart disease, and a doubling of the risk of 

strokes in adulthood. Additionally, greater BMI in 

childhood is associated with increased mortality from 

cardiovascular disease in adults. 

SEE ALSO: Assessment of Obesity and Health Risks; Ath-

erosclerosis in Children; Elevated Cholesterol; Ethnic Vari-

ations in Obesity-Related Health Risks; Infant Weight Gain 

and Childhood Overweight; Maternal Inluences on Child 

Feeding.
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CHILDHOOD OVERWEIGHT IS an increasingly prev-

alent condition in the United States. According to 

data from the National Health and Nutrition Ex-

amination Survey (NHANES), between 1976–80 

and 2003–04, overweight among children aged 

2–5 years almost tripled, from 5.0 percent to 13.9 

percent. Even greater increases were seen in older 

age groups: for those aged 6–11 years, the preva-

lence of overweight increased from 6.5 percent 
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to 18.8 percent, and the prevalence of overweight 

among those aged 12–19 years increased from 

5.0 percent to 17.4 percent. Although previously 

it was believed that children would simply “grow 

out” of their weight problems, this is no longer the 

case as overweight in childhood and adolescence 

has been found to be a strong predictor of obesity 

in adulthood. In addition, overweight children suf-

fer from higher rates of many serious health condi-

tions, including Type 2 diabetes, high cholesterol, 

high blood pressure, and sleep apnea. Overweight 

children also suffer psychologically from the ex-

perience of prejudice and discrimination and have 

poorer body images than normal-weight children. 

DEFINITIONS

Overweight for children and teenagers is usually 

calculated using the body mass index (BMI), a for-

mula which combines information about height and 

weight. It is not a direct measure of body fat (an ex-

tremely muscular adolescent, for instance, might have 

low body fat but a high BMI) but correlates well for 

most people with direct measures of body fat such as 

underwater weighing. A child’s BMI is compared to a 

gender-speciic BMI age-for-growth chart (available, 

for instance, from the U.S. Center for Disease Control 

and Prevention) to obtain a percentile ranking, which 

shows the relative position of the child’s BMI among 

others of the same gender and age. A BMI percentile 

at the 95th percentile or higher is classiied as over-

weight, and from the 85th to 95th percentile as at risk 

for overweight. Recently, an alternative classiication 

system has been developed using growth curves cre-

ated using data from several diferent countries, which 

identify BMI scores for children age 2–18 years which 

project to a BMI of 25 (overweight) or 30 (obese) at 18 

years of age. 

COMPREHENSIVE PROGRAMS

Because childhood overweight is a complicated phe-

nomenon, deciding which children require therapeu-

tic intervention requires expert evaluation, possibly 

by a team of specialists, and devising an efective 

treatment plan may also require input from a team of 

specialists. Expert panel guidelines outlined in Barlow 

and Dietz (1998) describe a two-level screening pro-

cess for children who are overweight or at risk. he 

irst level involves calculating the child’s BMI; those 

who are overweight (95th percentile or above) are 

referred for an in-depth medical assessment, while 

those at risk for overweight (85th–95th percentile) are 

referred to a second level of screening. his screening 

focuses on ive elements: (1) family history of cardio-

vascular disease or diabetes, and parental hypercho-

lesterolemia or obesity; (2) high blood pressure; (3) 

elevated cholesterol; (4) large recent increase in BMI; 

and (5) psychological or emotional problems related 

to weight, or child concerns about weight. Children 

with any of these criteria are referred for an in-depth 

medical examination. 

Most successful childhood obesity treatment pro-

grams focus on a lifestyle approach and require coop-

eration and participation from the child’s parents or 

entire family. As with adults, losing weight and keep-

ing it of requires changes in fundamental aspects of 

daily life (e.g., food consumption, leisure activities), 

and in the case of a child, this inevitably requires 

changes from other members of the family as well. 

For these reasons, comprehensive, family-based be-

havioral treatment programs have produced the best 

results over both the short and long term. his is not 

surprising because most children learn their attitudes 

and beliefs about food, as well as their habitual behav-

iors regarding eating, at home. Most successful pro-

grams also involve increasing physical activity and/

or reducing time spent in sedentary activities such 

as watching television or playing video games; both 

types of changes require the cooperation and moni-

toring from parents and possibly from other family 

members as well. 

Because of the multifaceted approach required for 

successful treatment of childhood obesity, a number 

of comprehensive treatment programs have been 

devised. In addition, some children’s hospitals have 

developed specialized centers to treat weight prob-

lems in childhood. he types of services ofered may 

ranged from basic medical and nutritional advice and 

behavioral counseling or therapy for children, parents 

and families through evaluation for and performance 

of bariatric surgery. Services are typically provided 

through a multidisciplinary team that may include pe-

diatricians, other specialized physicians, dieticians or 

nutritionists, exercise specialists, mental health pro-

fessionals, nurses and social workers. A list of “Univer-

sity and Hospital-Based Weight Control Programs and 

Services for Children and Adolescents” is maintained 
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by the Weight-control Information Network (WIN), 

an information service of the National Institute of 

Diabetes and Digestive and Kidney Diseases, which is 

one of the National Institutes of Health located within 

the U.S. Department of Health and Human Services. 

here are 36 programs listed as of May 2007. 

Because the daily lifestyles of children and their 

families are inherently intertwined, the expert panel 

recommends that both the child and family be evalu-

ated for readiness to change before an obesity treat-

ment program is initiated. While parents may be able 

to modify the diet and activity levels of a younger 

child, such manipulation of an older child may induce 

resentment and loss of self-esteem, in addition to be-

ing less likely to succeed. Parents who have unhealthy 

attitudes to food (e.g., if they have an untreated eating 

disorder themselves) or who are not willing to par-

ticipate in the child’s program also lessen the prob-

ability of success. Because changes implemented 

for the overweight child’s sake (such as prohibiting 

certain types of food from the home) may afect all 

family members, it is important to educate other sib-

lings, grandparents, and so forth, about the health 

importance of the changes. In addition, a diet history 

and physical activity history of the overweight child 

should be taken before the program being. A diet his-

tory, which may be taken by the primary care provider 

or by a clinical dietician, identiies the child’s typical 

pattern of food consumption, including foods eaten 

outside the home (at day care facilities or in school, 

at the grandparent’s house, etc.). A physical activ-

ity history includes both vigorous activities such as 

physical education or organized sports, and daily ac-

tivities such as walking to school or doing household 

chores. Information about time spent in sedentary 

behaviors such as watching television should also be 

collected, as should deterrents to activity (including 

unsafe neighborhoods, medical complications such 

as asthma, etc.). 

GOALS OF CHILDHOOD OBESITY TREATMENT

Expert committee recommendations emphasize that 

the primary goal for most children should be to es-

tablish healthy eating and activity habits rather than 

achieving a speciied body weight. herefore, child-

hood obesity programs should be based on the acqui-

sition and maintenance of skills, by the family as well 

as the child, such as becoming aware of current eating 

habits, identifying problem behaviors such as over-

consumption of particular high-calorie foods, gradu-

al modiication of eating and activity habits, and con-

tinued monitoring of these habits. Medical goals may 

also be established with regard to the improvement 

or resolution of secondary conditions such as high 

blood pressure or abnormal lipid proile. he initial 

weight goal should be maintenance of current weight, 

which will automatically result in a reduction of BMI 

as the child grows taller. For children with no second-

ary conditions and whose BMIs are in the 85th–95th 

percentile, this should be suicient to return them to 

a healthy weight. For children with secondary compli-

cations or with BMI in the 95th percentile or higher, 

after an initial period of weight maintenance, addi-

tional changes in eating and activity level may be rec-

ommended which would lead to the loss of around 

1 lb per month. A BMI below the 85th percentile is 

an appropriate goal, but the focus should be kept on 

healthy eating and activity.

AN EXAMPLE OF A COMPREHENSIVE  

CHILDHOOD OBESITY TREATMENT CENTER

he Center for Healthy Weight (CHW) at Lucile Pack-

ard Children’s Hospital (LPCH) may serve as an ex-

ample of a comprehensive obesity treatment center for 

children and adolescents. LPCH is an academic medi-

cal center on the campus of Stanford University in Palo 

Alto, California, and many LPCH physicians are also 

professors in the Stanford Medical School. CHS is an 

interdisciplinary, cross-departmental program headed 

in 2007 by homas Robinson, MD, MPH. he goals of 

CHW are to prevent and treat overweight and obesity 

in children and adolescents. Eforts toward these goals 

are organized into three main areas: patient care, com-

munity programs, and research, including basic and 

translational science, prevention science, clinical trials, 

and studies of health policy and health inequalities. 

Activities related to patient care at CHW take place 

in three primary programs: the Pediatric Weight Clin-

ic, the Packard Pediatric Weight Control Program, and 

the Adolescent Bariatric Surgery program. he Pedi-

atric Weight Clinic is an outpatient program provid-

ing comprehensive medical and psychological evalua-

tion of overweight children and adolescents, and then 

helps to establish or expand their treatment program 

as necessary. All patients in the Pediatric Weight Clin-

ic receive a medical evaluation from a pediatrician 
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experienced in weight management, a meeting with a 

dietitian to develop diet and activity goals, diagnostic 

studies as necessary, and referral to other specialists if 

needed for comorbidities related to overweight. he 

Packard Pediatric Weight Control Program (PPWCP) 

was founded in 1996 as a family-based educational and 

behavioral program to promote healthy eating and ex-

ercise habits for children and their families. he PPW-

CP has two age-speciic programs, for children aged 

8–12 and 13–15, and a program for Spanish-speaking 

parents of English-speaking children aged 8–12. he 

basic PPWCP program consists of 24 group meetings 

over six months; each group consists of 9 to 12 fami-

lies and each meeting lasts approximately 1.5 hours. 

Individual meetings focus on topics such as develop-

ing better exercise habits, identifying and avoiding 

low-nutrient, high-calorie foods, and maintaining a 

healthy diet in diicult situations such as holiday par-

ties or family gatherings. To join the PPCWP, a child 

must have a BMI ≥95 or a BMI ≤85 plus an obesity-re-

lated comorbidity, and must have at least one parent or 

legal guardian willing and able to attend each session. 

Adolescent bariatric surgery is a treatment option 

available only for severely obese adolescents sufering 

from severe comorbidities and who have been unsuc-

cessful with other methods of weight loss. LPCH was 

the irst California Pediatric Hospital to perform bar-

iatric surgery, in November 2004. Potential bariatric 

surgery is evaluated according to strict eligibility crite-

ria and they and their families must commit to lifelong 

lifestyle changes, including adherence to a low-calorie 

diet and following a regular exercise program. 

Community programs of the CHW fall into three 

main areas: Community Partnerships, the Provider 

Education Institute, and Advocacy and Government 

Relations. LPCH is involved in several community 

partnerships whose goal is to create healthier environ-

ments for children. LPCH is one of seven founding 

and funding organizations of the Healthy Santa Clara 

County Collaborative, whose goal is to foster improved 

nutrition and increased physical activity. Get Fit EPA 

(East Palo Alto) was formed in 2004 to focus com-

munity efort on reducing overweight among school-

age children, through nutritional education, access to 

physical itness activities, and coordination of educa-

tion eforts among existing community organizations. 

he Center for Provider Education of CHS develops 

and implements programs to help community agen-

cies and providers deliver family-based weight-control 

programs. hese eforts including training, supporting 

and certifying community agencies so they are able 

to deliver the PPWCP to their local community; pro-

viding Internet-based tools and materials to facilitate 

wider dissemination and high-quality implement of 

this program; ofering immersion training programs 

for providers from out of state; and providing ongo-

ing standards-based certiication of providers who are 

able to deliver the PPWCP. Its purpose is to advocate 

for programs and policies to prevent and treat child 

and adolescent obesity, including provision of medi-

cal student and physician advocacy training; develop-

ment of school-based advocacy curricula and projects; 

advocacy training for parents, teachers, and child care 

professionals; institutional advocacy through Stanford 

University and LPCH; and provision of professional 

representation and expertise to community coalitions.

SEE ALSO: Bariatric Surgery in Children; Behavioral 

Treatment of Childhood Obesity; Child Obesity Pro-

grams; Children and Diets; Family herapy in the Treat-

ment of Overweight Children; Parental and Home Envi-

ronments; Physical Activity in Children. 
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Childhood Onset  

Eating Disorders

THE MEAN AGE of onset for anorexia nervosa is 17 

and the prevalence among females in late adolescence 

and early adulthood is approximately 0.5 to 1.0 per-

cent. Bulimia nervosa occurs in between 1 to 3 percent 

in young adolescent and adult females and typically 

begins in late adolescence or early adulthood. Early 

onset of eating disorders typically refers to children 

aged 8–14. Little is known about eating disorders in 

children; it is rare that children younger than 8 experi-

ence anorexia nervosa or bulimia nervosa because of 

the cognitive features associated with the disorders. 

Evaluations of children should rule out other forms 

of disordered eating and reasons for food refusal in-

cluding mood disorders, general food refusal unre-

lated to body concerns, and selective eating. Early on-

set anorexia nervosa involves weight-loss attempts or 

food restriction to avoid weight gain and/or purging 

behaviors. Dieting for weight control and binge eat-

ing and purging are indeed a source of concern given 

that they are associated with the development of eat-

ing disorders. 

Although the clinical presentation of childhood 

onset eating disorders is similar to adult eating disor-

ders, the Diagnostic and Statistical Manual of Mental 

Disorders (DSM) diagnostic criteria were developed 

for use in adults. he Great Ormond Street Diagnos-

tic Checklist was developed to diagnose AN in chil-

dren and includes criteria for food avoidance, weight 

loss or failure to gain weight, and two of the following: 

preoccupation with weight, preoccupation with en-

ergy intake, distorted body image, fear of fatness, self-

induced vomiting, extensive exercising, and purging.

In children, the prevalence of binge eating disor-

der (BED) or binge eating symptoms ranges from 0 

to 37 percent (depending on the measure or inter-

view used). Given that the DSM criteria for BED were 

developed for adults and considering the subjective 

deinition of a binge episode, provisional BED criteria 

for children have been proposed, including binge eat-

ing (food seeking in the absence of hunger and lack of 

control over eating) and at least one of the following: 

eating in response to negative afect, eating as a re-

ward, sneaking or hiding food). 

Finally, for diagnosis, symptoms persist for at least 

3 months and are not associated with compensatory 

behavior. We have compared these criteria via a brief 

checklist in children aged 5–13 versus diagnosis via 

the Structured Clinical Interview for the Diagnosis of 

DSM-IV Disorders (SCID-IV) and found that 44 per-

cent reported wanting to eat when not hungry, 52 per-

cent reported that they lose control over their eating, 

63 percent acknowledged eating as a result of negative 

emotions, 48 percent reported that they use food as a 

reward, and 28 percent stated that they sneak or hide 

food. Approximately 30 percent of the children met 

criteria for either syndromal or subsyndromal BED. 

Several risk factors are related to the development 

of eating disorder including genetics, biological vul-

nerability (e.g., appetite dysregulation), psychological 

factors (e.g., perfectionism, low self-esteem, obses-

sionality), and sociocultural factors (e.g., internalized 

thin ideal). Factors posited to relate to resiliency in-

clude positive self-esteem and sense of life control, 

positive peer and adult role models, values, and be-

haviors factoring abstinence from health risk behav-

iors. Early detection and intervention improve the 

odds of recovery. In terms of BED, prevention and 

early interventions are needed to avoid the associated 

consequences including adult BED, obesity, and other 

medical and psychiatric comorbidities.

SEE ALSO: Children and Diets; Eating Disorders and 

School Children.
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Child Obesity Programs

WITH THE INCREASING prevalence of pediatric obe-

sity over the past several decades and the mandate 

to physicians to manage this important health is-

sue, clinical obesity programs have been developed 

that coordinate the services of physicians and other 

specialists from the relevant disciplines to manage 

and distribute care to young, overweight patients. 

his model of multidisciplinary care is based on the 

chronic care model and recognizes not only the need 

for overweight children to receive care for pediatric 

obesity over a prolonged period of time, but also the 

requirement for health and community agencies in-

volved in the care of overweight children to commu-

nicate efectively with the patient, his or her family, 

and each other. Similarly, other commercial options 

are now becoming more available to children, par-

ticularly adolescents, for the management of weight. 

Although most interventions incorporate the essen-

tial elements of counseling to improve diet and physi-

cal activity behaviors, and psychosocial support, and 

many produce short-term success in regards to weight 

loss, successful weight maintenance in the long-term 

often remains elusive.

he essential issues that must be addressed in child 

obesity programs include nutrition, physical activity, 

and social support. While these components can be 

delivered from a single source, client/patient interac-

tion with and reliance on family and community re-

sources should be encouraged for long-term weight 

maintenance and to reduce weight gain and relapse 

once programs have been completed.

NUTRITION

Poor dietary behaviors are a known risk factor for the 

development of obesity. In particular, energy intake 

has increased from the 1970s to 2000; according to 

the National Health and Nutrition Examination Sur-

vey (1999–2000) children aged 6–11 were consum-

ing 133 kcal/day more in 2000 than they were just 

a decade earlier. Although national surveys indicate 

a decline in the average proportion of calories from 

total and saturated fat over the past several decades, 

the Centers for Disease Control and Prevention 

(CDC) estimated in 2000 that only 38 percent of in-

dividuals 2 years and older met the recommendation 

for total fat intake and 41 percent of these individuals 

met the recommendation for saturated-fat intake. In 

addition, data from CDC’s 2003 Youth Risk Behav-

ior Survey indicate that in general, only one in ive 

youth ate ive or more servings of fruits/vegetables 

the week before the survey. 

Caloric or energy restriction is an essential and 

required element for weight loss. However, simple 

dietary restriction has not been associated with suc-

cessful weight control and may even result in a nu-

tritionally inadequate diet. Research supports that 

a diet rich in fruits and vegetables and low in fat is 

important in preventing obesity and other chronic 

diseases, and is recommended by the U.S. Depart-

ment of Agriculture, U.S. Department of Health and 

Human Services, the Surgeon General, National Re-

search Council, and American Heart Association. 

hus, current recommendations promote a diet that 

is nutrient dense: high in vegetables, fruits, grains, 

and other iber-rich plant foods, yet low in fat, at a 

given level of energy intake. However, a recent review 

of dietary intervention studies for weight loss among 

children does not support energy restricted low-fat 

diets as the most efective method to reduce weight. 

Rather, there is evidence that alternative diets are just 

as efective.

Alternative diets that have been used to reduce 

weight include reduced-carbohydrate and low gly-

cemic index diets. While such diets can be restrict-

ed in calories, not all such regimens promote en-

ergy restriction and allow ad libitum consumption, 

or eating until the individual is satiated. In clinical 

populations, among youth with severe obesity, re-

duced-carbohydrate, protein sparing modiied fast-

ing (PSMF) has been used with short-term success. 

he goal of the PSMF is to maximize weight loss 

while achieving positive nitrogen balance (i.e., con-

serving lean muscle mass) and preserving mineral 

balance. Generally lasting only 4 to 12 weeks, the 

PSMF prescribes carbohydrate restriction, a daily 

nutrient content of 600–900 kcal and 1.5–2.5 g of 

protein/kg ideal body weight. Children undergo-

ing this dietary regimen require medical supervi-

sion for electrolyte abnormalities, and multivitamin 

and mineral supplementation is often performed. 

he low glycemic index diet promotes foods with 

a relatively low carbohydrate content based on the 

premise that such foods produce a relatively lower 

rise in blood glucose and thus blood insulin levels 
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compared to foods high in carbohydrates with ben-

eits on hunger and metabolic fuel availability. Both 

the PSMF and the low glycemic index diet (ad libi-

tum) have been shown to be as efective as energy-

restricted diets in children.

Dietary programs that have been applied to youth 

populations with reported success have included: the 

Stoplight Diet, developed by Leonard Epstein and col-

leagues, and Committed to Kids, developed at the Pen-

nington Biomedical Research Center. In the Stoplight 

Diet, foods are assigned colors that relect calorie and 

fat content and are associated with eating recommen-

dations. In particular, red foods are high-fat, high-

calorie foods, and youth are discouraged from eating 

these foods; accordingly, yellow foods are moderate-

fat, moderate-calorie foods, and youth are instructed 

to eat these foods in moderation; and green foods 

are low-fat, low-calorie foods, and youth are allowed 

to eat these foods freely. In the Committed to Kids 

clinical weight-loss program, children are assigned 

various dietary regimens based on weight status and 

prior weight-loss success. hese regimens include not 

only the usual reduced-fat, energy-restricted diet, but 

also the PSMF. Overall, eating healthy in moderation 

and healthy eating habits are encouraged.

PHYSICAL ACTIVITY

here is strong evidence of the health beneits of 

physical activity including improvements in longev-

ity, cardiovascular diseases (CVDs), CVD risk factors, 

diabetes, obesity, osteoporosis, immune functioning, 

certain types of cancer, and mental health among 

adults. here is also some evidence that regular 

physical activity can improve body composition, in-

sulin sensitivity, hyperlipidemia, and blood pressure 

among obese children who engage in regular mod-

erate-to-high intensity physical activity. he Ameri-

can Medical Association’s Guidelines for Adolescent 

Preventive Services recommend that all adolescents 

annually receive guidance about the beneits of exer-

cise and be encouraged to engage in safe exercise on a 

regular basis. More recent guidelines from the United 

Kingdom Health Education Authority recommend 60 

minutes of daily physical activity for youth. Objective 

measures suggest less than 40 percent of teens are 

meeting the 60-minute guideline. 

Females, older adolescents, minorities, and disad-

vantaged youth are even less likely to be meeting this 

recommendation. In addition, the latest report from 

the U.S. Department of Health and Human Services 

(2006) demonstrates that adolescents are not achiev-

ing current moderate and vigorous physical activ-

ity goals, and evidence suggests that adolescents are 

reducing their participation in physical activity.Sed-

entary behaviors, particularly television viewing, are 

the most consistent behavioral predictor of obesity in 

childhood. Intervention studies show that decreasing 

television time is an efective method of increasing 

physical activity. Parents can inluence physical activ-

ity through modeling, being active with the child, or 

transporting the child to an activity location. Substi-

tution of physical activity for sedentary behaviors and 

increases in activity level predict 6- and 12-month 

reductions in body mass index (BMI). In addition, 

targeting either decreased sedentary behaviors or in-

creased physical activity is associated with signiicant 

decreases in percent overweight and body fat and im-

proved aerobic itness.

Owing to the beneits enumerated above, child 

obesity programs uniformly promote increased 

physical activity and reductions in sedentary be-

haviors. Physical activity recommendations to over-

weight and obese youth must take into account the 

health symptoms and complications that morbidly 

obese youth may exhibit such as orthopedic prob-

lems, asthma, lack of physical itness, and early fa-

tigue. hus, initial goals recommendations should 

be small and realistic to allow for gradual increases 

to meet the recommendations.

PARENTAL INVOLVEMENT

Obesity programs must not only improve the dietary 

and physical activity behaviors of their enrollees, but 

they must also promote family and social environ-

ments that will foster adoption of healthy habits by 

their clientele. In the case of obesity programs for 

youth, particularly children in preadolescence or ear-

ly adolescence, parental engagement and involvement 

in the weight-loss and weight-management program 

are often essential for success. Parental engagement 

may be afected by personal characteristics, parenting 

style, and family dynamics.

Parents have a strong inluence on children’s dietary 

intake and level of activity, both through modeling 

and reinforcement of eating and exercise behaviors, 

and through active determination of food options and 
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opportunities for activity. Research to date demon-

strates strong relationships between parental weight 

status and weight-related behaviors and child weight 

status. Similarly, parental and particularly maternal 

feeding behaviors have been shown to afect develop-

ment of obesity in their children. Diferences in par-

enting methods may also afect which weight-related 

behaviors children adopt; in particular, more control-

ling parenting styles are associated with adoption of 

unhealthy eating and physical activity behaviors. he 

efect of culture has yet to be fully elucidated because 

studies to date have not fully studied families from 

multiethnic/racial backgrounds.

Compared to medical, educational, and school-

based treatments, family-based treatment programs 

have reliably produced the best short- and long-term 

treatment efects on weight. Moreover, family-based 

treatment of childhood obesity is associated with 

signiicant health beneits including decreases in 

systolic and diastolic blood pressure, better physi-

cal itness, and improved lipid proiles. Although 

not all studies have found that parental participation 

improves outcomes, interventions documenting the 

largest and longest-term decreases in percent over-

weight include parental participation as an integral 

component. Speciically, Epstein suggests that the 

direct involvement of at least one parent as an ac-

tive participant in the weight-loss process improves 

short- and long-term weight regulation. Also, parent 

BMI change has been shown to be an independent 

predictor of child BMI change in family-based be-

havioral treatment of obesity. Additionally, parent 

activity improved the prediction of obese children’s 

activity levels and the number of bouts of moder-

ate-to-vigorous physical activity. Goldield and Ep-

stein reason that the more the parent is involved in 

treatment, the greater the opportunity to change the 

environment and provide support. Based on expert 

consensus recommendations regarding the impor-

tance of parental involvement and combined family-

hild approaches including family-based behavioral 

weight-loss programs, family-based strategies are 

crucial when treating childhood obesity. 

CLINICAL OBESITY PROGRAMS AND  

THE CHRONIC CARE MODEL

Given the complexity of the issue, it is becoming in-

creasingly clear that successful clinical programs for 

overweight and obese children must utilize all of the 

components enumerated above. Depending on the 

circumstances of the child and the family, expertise 

from several medical and nonmedical disciplines is 

often required. Additional options available to pa-

tients in clinical settings that are not generally avail-

able to nonclinical programs include medications and 

bariatric surgery treatments. Such medical therapies 

include agents that suppress appetite or inhibit energy 

absorption. Bariatric surgery has only more recently 

been considered a viable option for children, and is 

generally only ofered at centers with experience 

performing the procedures in adults. However, little 

is known about the long-term outcomes of medical 

and surgical therapies among youth; therefore, formal 

recommendations about this treatment option should 

be guarded. 

he chronic care model is an appropriate model 

for clinical care programs dedicated to the treat-

ment of pediatric obesity. Interdisciplinary team in-

put and case management has been demonstrated 

to be a successful method for treating diseases such 

as asthma, hypertension, diabetes, and heart failure, 

all conditions that have been associated with morbid 

obesity. Such programs emphasize the Chronic Care 

Model (CCM). Designed to coordinate healthcare 

delivery, the CCM requires innovations in and revi-

sion of healthcare delivery with the intent of provid-

ing higher quality chronic illness management within 

primary care. his model highlights self-management 

support; practice teams to achieve clinical and behav-

ioral management; disease decision support; and a 

well-designed clinical information system. Self-man-

agement support involves training patients in prob-

lem solving and goal setting. 

he CCM separates the management of chronic 

illness from acute care and case management of 

high-risk patients. In the CCM, routine chronic care 

tasks promoting healthy behaviors can be performed 

by nonphysician members of a practice team (nurses 

or health educators) rather than physicians, sparing 

physicians’ time to deal with more acute issues. Dis-

ease decision support consists of making evidence-

based knowledge available to all clinic staf. Finally, 

clinical information systems involve reminders to 

providers to comply with care guidelines along with 

physician feedback about chronic disease manage-

ment performance. Planned visits with patients with 
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chronic conditions and case management of high-

risk patients, and reminder systems for clinicians im-

prove doctors’ performance and patient outcomes. 

CCM interventions can also reduce healthcare costs 

and/or lower use of healthcare services. Given the 

notable prevalence of obesity and recognition that 

it is a chronic disease, the CCM is a relevant and 

appropriate framework for healthcare delivery for 

obese adolescents. 

SUMMER CAMP OBESITY PROGRAMS

Children’s residential weight-loss programs have 

also shown some promise in producing short-term 

weight loss for overweight children. Such programs 

generally include daily physical activity sessions, 

moderate dietary restriction, and group-based edu-

cational sessions. A recent evaluation of attendees 

at a residential summer weight-loss camp demon-

strated improvement across a range of outcomes in-

cluding: BMI and fat mass reduction, blood pressure 

reduction, aerobic itness, physical skill, and self-es-

teem improvements; a 10-month follow-up of camp 

attendees also demonstrated continued reductions 

in BMI over time compared to baseline measure-

ments. he success of a controlled environment in 

promoting adoption of healthy weight-management 

behaviors highlights the importance and role of the 

social setting in supporting both initial and long-

term behavior change for children.

COMMERCIAL PROGRAMS

Given the notable prevalence of pediatric obesity 

and the increased demand for prompt intervention, 

commercial programs have developed programs 

tailored for older youth. In particular, Weight 

Watchers International, the largest provider of 

commercial weight-loss services in the world with 

operations in 30 countries worldwide, allows ado-

lescents to enter its programs. The Weight Watch-

ers program, similar to other obesity programs, 

provides the essential components of obesity inter-

ventions via multiple modalities including group 

in-person meetings, Internet-based consultation 

resources, and pre-prepared food options. How-

ever, in March 2003, Weight Watchers limited ac-

cess to its programs to children 10 years and older 

owing to a reported lack of evidence of long-term 

success in the younger age group. 

CHILD OBESITY PROGRAM SUCCESS

Long-term weight maintenance success depends 

on the adoption of healthy lifestyle changes by 

children and their parents. Despite featuring com-

ponents that would logically promote and support 

such lifestyle modiication, child obesity programs 

have a mixed history of success. While short-term 

weight loss has been demonstrated by a variety of 

approaches, long-term success has been diicult 

to attain. Research is therefore needed to optimize 

currently available approaches and/or develop new 

methodologies to improve adherence to prescribed 

messages of obesity programs by afected children 

and their families. 

SEE ALSO: Bariatric Surgery in Children; Behavioral Treat-

ment of Child Obesity; Children and Diets; Family herapy 

in the Treatment of Overweight Children; Pharmacologi-

cal herapy for Childhood Obesity; Physical Activity and 

Obesity; Physical Activity in Children; Physician Assisted 

Weight Loss; Weight Watchers.

BIBLIOGRAPHY. S.J. Biddle, N. Cavill, and J.F. Sallis, Young 

and Active? Young People and Health-Enhancing Physical 

Activity—Evidence and Implications (Health Education 

Authority, 1998); A. Elster and N. Kuznets, Guidelines 

for Adolescent Preventive Services (Williams and Wilkins, 

1994); W. C. Taylor, T. Baranowski, and J.F. Sallis, Ad-

vances in Exercise Adherence (Human Kinetics, 1994); 

U.S. Department of Health and Human Services, Healthy 

People 2010 Midcourse Review (U.S. Government Print-

ing Oice, 2006).

Jeannie S. Huang, M.D., M.P.H. 

Kevin Patrick, M.D., M.S. 

University of California, San Diego 

Children’s Hospital, San Diego

Children and Diets

OBESITY-ASSOCIATED ANNUAL HOSPITAL costs 

for children and youth more than tripled over two 

decades, rising from $35 million in 1979–81 to $127 

million in 1997–99. he Centers for Disease Control 

and Prevention’s (CDC’s) 1999–2000 National Health 

and Nutrition Survey (NHANES) estimated that 10.4 
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percent of children aged 2–5, 15.3 percent of children 

aged 6–12, and 15.5 percent of children aged 12–19 

are overweight, compared to rates of pediatric obesity 

of 7.2 percent (aged 2–5), 11.3 percent (aged 6–12), 

and 10.5 percent (aged 12–19) during the 1988–94 

surveys. Overweight is more common among ethnic 

groups. Prevalence rates for African Americans are 

8.4 percent (aged 2–5), 19.5 percent (aged 6–11), and 

23.4 percent (aged 12–19). Mexican Americans have 

experienced more dramatic increases in the preva-

lence of obesity during the lasts 20 years compared 

to Caucasian Americans. Impoverished children are 

more often overweight than their economically ad-

vantaged peers. 

Pediatric obesity is a diicult problem to treat 

because the clinician is treating the patient and the 

family. Childhood obesity involves signiicant risks 

to physical and emotional health. In 2000, it was es-

timated that 30 percent of boys and 40 percent of 

girls born in the United States are at risk for being 

diagnosed with type 2 diabetes at some point in their 

lives. Young people are also at risk of developing seri-

ous psychosocial burdens due to societal stigmatiza-

tion associated with obesity.

CRITICAL PERIODS FOR  

WEIGHT GAIN IN CHILDREN

Early childhood is a critical period in the develop-

ment of obesity due to adipose rebound. his is the 

time between ages 4 and 6, when a child’s adiposity 

begins to increase after a low point in early years of 

life. Researchers found that the younger and heavier 

a child is at the time of adipose tissue rebound, the 

more likely he or she is to be overweight as an adult. 

Genetic as well as environmental and cultural fac-

tors play into obesity, but they do not account for 

the signiicant increase that has occurred over the 

last 10 years. 

FACTORS INFLUENCING DIET AND OBESITY

Children become overweight for a variety of rea-

sons. he most common causes are genetic factors, 

lack of physical activity, unhealthy eating patterns, 

or a combination of these factors. In rare cases, a 

medical problem, such as an endocrine disorder, 

may cause a child to become overweight. Children 

whose parents or siblings are overweight may be 

at an increased risk of becoming overweight them-

selves. Although weight problems run in families, 

not all children with a family history of obesity will 

be overweight. Shared family behaviors such as eat-

ing and activity habits also inluence body weight. 

A child’s total diet and his or her activity level 

both play an important role in determining a child’s 

weight. he increasing popularity of television and 

computer and video games contributes to children’s 

inactive lifestyles. he average American child 

spends approximately 24 hours each week watching 

television—time that could be spent participating in 

some sort of physical activity.

Traditional nuclear families eating meals together 

are uncommon. Dual-income households, single-

parent families, divorced parents who share custody, 

and parents who work nontraditional hours lead to 

unstructured meal times with little food prepara-

tion. As a result, there are more fast-food meals, no 

portion control, and no modeling by parents. here 

is evidence that meals eaten together as a family im-

prove the nutritional intake of parents and children. 

According to a recent government report, pediatric 

obesity is one of the top threats to children’s health. 

Excess weight in children and adolescents is due pri-

marily to poor eating habits and inactivity.

DIETARY RECOMMENDATIONS

Children are good learners and they learn best by ex-

ample. Setting a good example for your kids by eat-

ing a variety of foods and being physically active will 

As obesity increases in children, the questions of proper diet and 

education become more important.
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teach your children healthy lifestyle habits. In 2000, 

families ate an average of 4.2 commercially prepared 

meals a week, up from 3.7 in 1981.

Controlling portion size helps limit calorie intake 

particularly when eating high-calorie foods. Short-

term studies showed that the bigger the portion size, 

the more participants ate. Fisher et al. in a study with 

preschoolers found similar results; they doubled the 

recommended portion size which resulted in an in-

crease in energy intake. 

he U.S. Department of Agriculture (USDA) rec-

ommends that children eat at least ive servings of 

fruits and vegetables each day, engage in moderate 

physical activity for at least 60 minutes on most days, 

and limit their TV viewing and computer use to no 

more than 2 hours a day.

OVERWEIGHT CHILDREN

Reduce the rate of body weight gain while allowing 

growth and development. Consult a healthcare pro-

vider before placing a child on a weight-reduction diet. 

However, caloric intake is only one side of the energy 

balance equation. Caloric expenditure needs to be in 

balance with caloric intake to maintain body weight 

and must exceed caloric intake to achieve weight loss. 

To reverse the trend toward obesity, most Americans 

need to eat fewer calories, be more active, and make 

wiser food choices (Table 1, following page).

Prevention of weight gain is critical because while 

the behaviors required are the same, the extent of the 

behaviors required to lose weight makes weight loss 

more challenging than prevention of weight gain. he 

understanding of serving size and portion size is im-

portant in following either the Dietary Approaches 

to Stop Hypertension Eating Plan or the USDA Food 

Guide. When using packaged foods with nutrient la-

bels, people should pay attention to the units for serv-

ing sizes and how they compare to the serving sizes in 

the USDA Food Guide and the DASH Eating Plan.

Parents and clinicians should strive irst to main-

tain a child’s baseline weight. Weight loss of no more 

than 1 lb per month is recommended in children aged 

2–7 who have a secondary weight-related complica-

tion such as high blood pressure. Weight loss should 

be considered for children aged 7 and older if their 

BMI for age is 95 percent or greater, or they are at risk 

for becoming overweight (body mass index, or BMI, 

for age of 85 to 95 percent) and they have secondary 

complications. Children should never be placed on a 

restrictive diet to lose weight unless a doctor super-

vises one for medical reasons. Limiting what children 

eat may be harmful to their health and interfere with 

their growth and development.

To promote proper growth and development and 

prevent overweight, parents should ofer the whole 

family a wide variety of food. Most of the foods in 

a child’s diet should come from the grain products 

group (6–11 servings), the vegetable group (3–5 serv-

ings), and the fruit group (2–4 servings) (see chart for 

suggested serving sizes). A child’s diet should include 

moderate amounts of foods from the milk group (2–3 

servings) and the meat and beans group (2–3 serv-

ings). Foods that provide few nutrients and are high 

in fat and sugars should be used sparingly. Fat should 

not be restricted in the diets of children younger than 

2 years of age. 

Encouraging families to reduce fat is a good way 

to cut calories without depriving children of nutri-

ents. Simple ways to cut the fat in the family diet 

include eating low-fat or nonfat dairy products, 

poultry without skin and lean meats, and low-fat or 

fat-free breads and cereals. Making small changes to 

the amount of fat in a family’s diet is a good way to 

prevent excess weight gain in children; however, ma-

jor eforts to change a child’s diet should be super-

vised by a health professional. In addition, fat should 

not be restricted in the diets of children younger 

than 2 years of age. After that age, children should 

gradually adopt a diet that contains no more than 30 

percent of calories from fat by the time the child is 

about 5 years old.

DO’S AND DON’TS OF DIETS IN CHILDREN

Children are good learners, so it isn’t often necessary 

to overly restrict sweets or treats. While it is impor-

tant to be aware of the fat, salt, and sugar content of 

the foods, all foods—even those that are high in fat 

or sugar—have a place in the diet, in moderation. 

Make available a wide variety of healthful foods in the 

house. his practice will help children learn how to 

make healthy food choices. Making mealtimes pleas-

ant with conversation and sharing, and not a time for 

scolding or arguing can reinforce positive food choic-

es. If mealtimes are unpleasant, children may try to 

eat faster to leave the table as soon as possible. hey 

then may learn to associate eating with stress. 
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hese activities ofer parents hints about children’s 

food preferences, teach children about nutrition, and 

provide children with a feeling of accomplishment. 

In addition, children may be more willing to eat or 

try foods that they help prepare. 

Avoid continuous snacking because it may lead to 

overeating, but snacks that are planned at speciic 

times during the day can be part of a nutritious diet, 

without spoiling a child’s appetite at mealtimes. Allow 

children to eat only in designated areas of the home, 

such as the dining room or kitchen. Eating in front of 

the television may make it diicult to pay attention to 

feelings of fullness, and may lead to overeating. 

Do not withhold food as a punishment; it may 

lead children to worry that they will not get enough 

food. For example, sending children to bed with-

out any dinner may cause them to worry that they 

will go hungry. As a result, children may try to eat 

whenever they get a chance. Similarly, when foods, 

such as sweets, are used as a reward, children may 

assume that these foods are better or more valuable 

than other foods. 

Caloric expenditure needs to be in balance with 

caloric intake to maintain body weight and must ex-

ceed caloric intake to achieve weight loss. To reverse 

the trend toward obesity, most Americans need to 

eat fewer calories, be more active, and make wiser 

food choices. 

SEE ALSO: Behavioral Treatment of Child Obesity; Bev-

erage Choices in Children; Changing Children’s Food  

Habits.
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Table 1. Average Height and Weight Gain 

AGE WEIGHT GAIN HEIGHT/CM CAL/KG

0-3 months 1kg 2.5 /month 110-120

3-6 months .5kg 1.25/month 105-115

6-12 months .5kg/month 1.25/month 100-105

1-2 years 3kg/year 10-12.5/year 90-100

3-5 years 3kg/year 7.5/year 80

5-10 years 2kg/year 5/year 70

10-14 female* 17kg (double weight) 20% of adult height 40-45

12-16 male* 22kg (double weight) 20% of adult height 45-55

Adolescent growth occurs over 3–4 years related to onset of puberty
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Children’s Television  

Programming 

NEXT TO SLEEPING, watching television is the most 

frequent activity engaged in by school-aged children. 

Included in the broad category of television watch-

ing are watching videotapes or DVDs; playing on the 

computer, including text messaging and computer 

games; and playing video games on stand-alone game 

consoles. Television-viewing is the number one lei-

sure-time activity of most school-aged children. Since 

television was irst invented in the 1950s, the number 

of television sets in the typical home has steadily in-

creased, as have viewing times. With the expansion 

of programming from local networks to around-the-

world broadcasts, with 24-hour-a-day availability, 

compared to limited evening hours when television 

was irst introduced, and with programming targeted 

to tots to octogenarians and everyone in between, on 

every topic from sports to cooking and from space to 

discovery, television is everywhere. North American 

children aged 8–18 spend about 45 hours per week on 

media-related activities and estimates are even higher 

for preschool-aged children. he average high school 

graduate will likely spend 15,000 to 18,000 hours in 

front of a television, but only 12,000 hours in school. 

he top 25 percent of child viewers watch 4 or more 

hours of television per day. Almost half of children 

aged 8–16 watch 3–5 hours of television a day. 

Approximately 30 percent of children in this age 

range are overweight and 15 percent are obese. In-

active behaviors, such as watching television or play-

ing computer games, are considered risk factors for 

obesity in school-aged children. Kids who watch the 

most hours of television have the highest incidence of 

obesity. In fact, as much as 60 percent of the cases of 

overweight may be related to television viewing. 

Obesity in children increases the more hours of 

television that children watch. As television view-

ing time rises, time spent exercising declines, espe-

cially among girls. Children who watch more than 3 

hours of television a day are 50 percent more likely 

to be obese than kids who watch less than 2 hours. 

he top 25 percent of children who watch 4 or more 

hours of television a day have signiicantly more body 

fat than those who watch less television. he more 

time children spend watching television, the greater 

their weight increase. he situation is similar for pre-

schoolers. In addition, while television viewing pre-

dicts weight gain, weight gain itself predicts greater 

television viewing, as being overweight makes exer-

cising more diicult.

Increased television viewing and subsequent lack 

of exercise afect children adversely in many areas. 

For example, early childhood is a time of tremendous 

physical growth for children and the amount of physi-

cal activity positively afects the strength and amount 

of bone mass; lack of physical activity leads to dimin-

ished bone mass. Metabolic rates during television 

viewing are signiicantly lower than during resting 

periods, including sleep, for both obese and normal 

weight children aged 8–12. Increased health risks 

are associated with increasing obesity and disorders 

formerly seen only in adults are appearing more fre-

quently in younger and younger individuals, such as 

type 2 diabetes and hypertension. So children are not 

only at risk of developing these diseases as adults, but 

they are also more likely to develop them as children, 

with increasing weight. Overweight children tend to 

grow into overweight adults. Health issues that used 

to afect only adults are increasingly afecting over-

weight children with concomitant costs to the indi-

vidual and to the healthcare system.

Children who watch less television and play fewer 

video games show a signiicant reduction in measures 

of obesity, such as body mass index. As obesity be-

comes more of a health problem for our children, it 

is increasingly important to encourage children to 
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become more active. For example, if children have 

televisions in their bedrooms, the odds of being over-

weight jump by one-third for every hour watched. 

Limiting screen time and removing televisions from 

bedrooms can be important irst steps to encouraging 

children into a more physically active lifestyle.

In addition to the physical inactivity associated 

with watching television, there are other reasons 

why watching television may be linked with child-

hood obesity. When watching television, children 

often mindlessly eat high-calorie or high-fat snack 

foods, which also lead to increased weight gain. So, 

children are not only avoiding physical activity and 

consequently burning fewer calories, but they are 

also increasing their caloric intake by eating “junk” 

food in front of the television. his eating is gener-

ally in excess of the daily caloric requirement and is 

typically associated with high-fat, high-sugar, and/

or high-salt content snacks. Further, while some eat-

ing in front of the television consists of the actual 

consumption of regular meals, children tend to eat 

more and poorer quality food when eating meals 

while watching television.

Another factor promoting eating in front of the 

television is that television in general is associated 

with commercials for all kinds of food. Even television 

in schools contains ads for high-calorie, high-sugar, 

and high-fat foods. Child-oriented television pro-

gramming in particular contains excessive advertising 

for child-friendly products, including sugary cereals, 

soda, candy, and fast food, all of which may encour-

age more eating of these products. On average, a child 

watching television sees a commercial from the food 

industry every 5 minutes or about 40,000 ads a year. 

Further, children are bombarded with well-designed 

TV ads from fast-food chains and other distributors 

of high-fat, high-sugar meals and snacks. he reason 

children are exposed to so many advertising com-

mercials is that they work. Television advertising is 

efective or the food manufacturers would not spend 

as much as they do to advertise their products. Televi-

sion advertising inluences not only children to make 

direct purchases, but also indirectly as children inlu-

ence the shopping behavior of family members. Chil-

dren aged 2–6 who watch television are more likely 

to choose food products advertised on television than 

children who do not watch such commercials. Many 

advertisements are especially seductive in that they 

combine favorite television characters in the advertis-

ing, so that the star of the actual television show pro-

motes the food products or is associated with mer-

chandise such as toys and clothing that are related to 

the food products. hese highly efective advertising 

campaigns, combined with a physically inactive life-

style, have produced a generation of children who 

are at high risk for obesity-associated medical condi-

tions. Not only does watching television increase the 

likelihood of children successfully inluencing their 

parents to buy sugary cereals and sodas, but it also re-

duces the likelihood of their eating fruits and vegeta-

bles. here is some evidence that watching television 

leads children to believe that advertised foods such 

as fast foods are healthier and more nutritious than 

nonadvertised foods such as home-cooked meals.

Paradoxically, television has also been accused of 

promoting an unhealthy body image, as the stars of 

television shows are typically of low body weight. 

Overall, this can lead to unhealthy diet choices as 

well. he message to the viewer is contradictory and 

confusing. On television, it is better to be thin as this 

is where success and popularity lie, but the advertis-

ing suggests that one can be thin and still eat high-

calorie, unhealthy food. he food that actors eat on 

television is also generally of low nutritional quality. 

Characters are more likely to be seen eating snacks or 

cereal than meals or fruit and typically drink cofee, 

soft drinks, and alcohol rather than milk or fruit juice. 

Overweight characters on television are stereotypi-

cally older, unattractive, and unpopular. While some 

argue that portraying obesity as undesirable is posi-

tive, there is concern that the stereotyping might lead 

to stigmatization. 

Obesity has complex and multidimensional causes 

and treatment needs are no diferent. It is unlikely that 

television and related media will cease to be attractive 

to children, but they can be used more responsibly to 

help prevent obesity. Children can have limited access 

to television and parents can model good television 

viewing habits. Children can be encouraged to en-

gage in physical activities on a daily basis to counter 

and perhaps replace the sedentary activities associ-

ated with watching television and playing computer 

games. Research suggests that almost one-third of 

cases of obesity could be eliminated if television view-

ing by children was severely restricted. While there 

are currently numerous regulatory guidelines for chil-
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dren’s advertising, more can be done by manufactur-

ers, companies, and the government. Healthy eating 

plans can be incorporated into television storylines 

for even more impact.

SEE ALSO: Computers and the Media; Obesity and the Me-

dia; Overweight Children in the Media.
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Cholecystokinin

CHOLECYSTOKININ (CCK) IS a neurotransmitter im-

portant in the regulation of satiety and a gastrointes-

tinal hormone responsible for the digestion fats and 

proteins. here are several molecular forms of CCK, 

although they are all products of the same gene. As 

a hormone, CCK is produced in the endocrine cells 

lining the upper parts of the small intestine. Gastro-

intestinal CCK receptors are found in the pancreas, 

gallbladder, stomach, lower esophagus, the end of the 

small intestine, and the colon. As a neurotransmitter, 

CCK is most highly concentrated in dopamine-con-

taining neurons in the cerebral cortex, although it can 

be found in the midbrain as well. CCK is also seen in 

peripheral nerves innervating the intestines and the 

vagus nerve. CCK neuroreceptors are found in the 

brain and gastrointestinal peripheral nerves.

After a meal, especially one that is high in protein 

or fat, the digested products of fat, protein, and car-

bohydrates cause CCK release. CCK blood levels peak 

within 15 minutes and gradually decrease over the 

next 3 to 5 hours. he half-life of CCK in the blood is 

1 to 2 minutes.

When released, CCK’s primary role is to stimulate 

contraction of the gallbladder, facilitating bile secre-

tion into the small intestine to break down fats. CCK 

stimulates the pancreas to release enzymes into the 

small intestine that break down proteins. Addition-

ally, CCK also inhibits stomach acid secretion.

CCK regulates bowel motility by delaying empty-

ing of the stomach, increasing satiation and decreas-

ing food intake. Although CCK decreases meal size 

and duration, it does not alter satiety between meals. 

As a result, drugs mimicking CCK are not seen as an 

efective strategy for long-term obesity management 

because they do not inhibit hunger in a sustainable 

way. In fact, while CCK infusions reduce food intake, 

they also reduce the interval between meals such that 

energy intake returns to baseline within days.

CCK1 is a CCK receptor important in appetite 

control. When high concentrations of CCK bind to 

CCK1, appetite is suppressed. However, increased 

fat intake, while resulting in high concentrations of 

CCK, also reduces CCK1 sensitivity to CCK. hus, 

the satiating efect of CCK is similar in normal weight 

and obese patients. Selective CCK1 antagonists are 

used to increase hunger in treatments of anorexia 

and cachexia.

SEE ALSO: Appetite Control; Disinhibited Eating; Fat In-

take; Hunger; Neurotransmitters.
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Chromium Picolinate

OBESITY SIGNIFICANTLY INCREASES the risk for the 

development of Type 2 diabetes, hypertension, and 

cardiovascular disease. Chromium supplementation 
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has variable efects on body weight and body com-

position in people with and without diabetes. Chro-

mium picolinate is a popular dietary supplement in 

the United States. he clinical response to chromium 

supplementation depends on chromium status, diet 

consumed, type and amount of supplemental chro-

mium, and study duration. Chromium picolinate is a 

compound made up of a combination of the element 

chromium and picolinic acid. Chromium is a natural-

ly occurring mineral. Trace amounts of chromium are 

found in everyday foods such as meat, poultry, ish, 

and whole-grain breads. When foods are processed, 

they are stripped of natural chromium, making Amer-

ican diets generally very low in Chromium; studies 

estimate an average daily chromium consumption of 

33 mcg. Recently, studies from Harvard University of 

Public Health and Johns Hopkins University reported 

that low Chromium status is associated with higher 

risk of cardiovascular disease and diabetes. Chro-

mium can be found with other ingredients in many 

herbal weight-loss products readily available at the lo-

cal drugstores or on the Internet. 

here have been no conirmed negative adverse 

events or side efects of using chromium picolinate 

supplementation in any of the controlled clinical trials. 

Based on the past three decades of research on chro-

mium picolinate supplement, it has potential beneits 

on decreasing insulin resistance, thereby decreasing 

diabetes risk, and lowering elevated cholesterol. In a 

recent study, the addition of chromium picolinate to a 

regimen consisting of a sulfonylurea in subjects with 

type 2 diabetes improved glycemic control, increased 

insulin sensitivity, and signiicantly attenuated body 

weight gain as compared to sulfonylurea only. hese 

subjects demonstrated less increase in percent body 

fat and less accumulation of visceral, subcutaneous, 

and total abdominal fat in those subjects randomized 

to chromium picolinate. However, in non-diabetics, 

chromium picolinate supplementation had equivocal 

results on glycemic control and weight loss. 

In individuals without diabetes, chromium supple-

mentation showed decrease in weight and fat in three 

larger studies. Most of the studies reporting no change 

in body weight may be due to speciic discrepancies 

in study design, such as subject selection, sample size, 

exercise pattern, diet, end-point measures, baseline 

body fat percentage, variation in diets, population, 

measuring body fat distribution techniques, urinary 

chromium, and follow-up for a relatively short dura-

tion. Chromium supplementation has at best modest 

efects on body weight or composition in individuals 

with diabetes. In the 1990s, there were a few human 

and animal studies supporting claims that it is a “safe 

alternative to steroids” for increasing strength and 

lean muscle mass. 

In a recent meta-analysis, it was observed that there 

was a signiicant diferential efect on body weight 

found in favor of chromium picolinate (mean difer-

ence: –1.1 kg; 95 percent conidence interval (CI): 

–1.8 to –0.4 kg, n = 489). Sensitivity analysis suggests 

that this efect is largely dependent on the results of a 

single trial (mean diference: –0.9 kg; 95 percent CI: 

–2.0 to 0.2 kg, n = 335). he clinical relevance of the 

efect is debatable. Austrian scientists reported in a 

study with 36 obese patients that chromium picolinate 

is able to increase lean body mass in the maintenance 

period after a very-low-calorie diet without counter-

acting the weight loss achieved. Recent reports sug-

gest that chromium picolinate enhances the activity 

of insulin, thus signiicantly aiding the body’s glucose 

and fat metabolism, and in managing the breakdown 

of glucose and fat. Activated mediated protein kinase 

(AMPK) integrates nutritional and hormonal signals 

in peripheral tissues and the hypothalamus. 

It mediates efects of adipokines (leptin, adiponec-

tin, and possibly resistin) in regulating food intake, 

body weight, and glucose and lipid homeostasis. A 

recent animal study showed higher adiponectin lev-

els which could contribute to the indirect efects on 

AMPK activity. In an 8-week study, supplementation 

of chromium picolinate reduced waist and hip cir-

cumferences (p < 0.01) and plasma leptin (p < 0.001) 

levels. Further long-term clinical studies with difer-

ent doses are encouraged to conirm chromium’s ef-

fects on AMPK activity and leptin resistance.

SEE ALSO: Supplements and Obesity.
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CNS/Hypothalamic  

Energy Sensing

ENERGY BALANCE, OR the regulation of energy in-

take (food) and energy expenditure (activity), is com-

plex due to the high demands of energy throughout 

the body, and because neuronal activity is tightly cou-

pled with energy utilization. Some cells in the brain, 

notably in the hypothalamus, are able to interpret and 

respond to signals from the central nervous system 

(CNS) and other tissues about the energy demands 

of the body. Together, the signals indicate the overall 

metabolic status of the animal. In addition, all neurons 

monitor and participate in maintaining their own ener-

gy status. Recent studies have characterized an impor-

tant role for an enzyme called AMP-activated protein 

kinase (AMPK) in the brain’s ability to sense energy 

status, both locally in the brain and on the larger scale 

of the whole organism. he brain’s ability to sense and 

properly respond to energy state is critical for normal 

regulation of body weight and adiposity. When brain 

mechanisms are defective for detecting or responding 

appropriately to energy imbalances, underweight or 

overweight/obesity can result.

Hypothalamic neurons receive input about whole-

body energy status, integrate these input signals, and 

coordinate mechanisms that defend energy balance. 

In a simpliied model example, the arcuate nucleus 

of hypothalamus receives such signals. he arcuate 

nucleus contains two neuron types with receptors 

for hormones such as leptin and insulin, which re-

lect body fat mass and levels of blood glucose, re-

spectively. Some neurons make proopiomelanocor-

tin (POMC), precursor of some neuropeptides that 

stimulate melanocortin receptors on other neurons 

in the brain to decrease the organism’s food intake 

and increase its energy use. POMC production is 

decreased by conditions of food deprivation or un-

derweight (low leptin and insulin) and increased by 

overeating or overweight (high leptin and insulin).

Other arcuate neurons make neuropeptide Y (NPY) 

and agouti related protein (AgRP), neuropeptides that 

increase food intake and decrease energy expenditure. 

Food deprivation and underweight (conditions of low 

leptin and insulin) increase NPY and AgRP, and over-

consumption and overweight (high leptin and insulin) 

decrease them, and also afect the general activity of 

these neurons. NPY/AgRP and POMC neurons proj-

ect to other hypothalamic nuclei with receptors for 

these neuropeptides. Projections from these second-

order neurons to other brain sites and the pituitary 

gland mediate the efects on energy balance.

In addition to responding to hormones such as 

leptin and insulin, and to neuropeptides released in 

response to leptin- and insulin-receptor activation, 

some hypothalamic neurons respond to altered lo-

cal nutrient concentrations. For example, the brain 

depends upon constant supply of glucose to meet 

its metabolic demands. Certain hypothalamic neu-

rons alter their activity (increase or decrease) in re-

sponse to altered local glucose concentration. his is 

thought to result from altered levels of glucose up-

take into cells, and thus efects on the generation of 

ATP (adenosine triphosphate) from glucose. ATP is a 

high-energy molecule considered to be “energy cur-

rency” in the cell. ATP can bind to certain ion chan-

nels in the cell membrane, which then open or close, 

and afect the neuron’s level of excitability. Glucose-

sensing neurons may be “metabolic sensors” in gen-

eral. hey can respond to other metabolites such as 

lactate (product of glucose), ketone bodies (product 

of fat), and fatty acids (components of fat molecules). 

Glucose-sensing neurons also express receptors for 

leptin and insulin, which in glucose-excited neurons 
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decrease the level of activity by direct action at ATP-

inluenced ion channels. 

hus, these neurons can integrate a variety of met-

abolic, hormonal, transmitter, and peptide signals 

related to metabolic status. Arcuate nucleus NPY 

neurons are glucose-inhibited neurons, and POMC 

neurons are glucose-excited, and exemplify such 

metabolic integrators.

Recently, there has been great interest in how the 

ratio of ATP level to that of the lower-energy AMP 

(adenosine monophosphate) may be an important in-

tracellular signal of metabolic status in hypothalamus, 

via its interaction with the enzyme AMP-activated 

protein kinase (AMPK). AMPK is a member of a fam-

ily of protein kinases (enzymes that add phosphate 

onto other molecules), and has long been recognized 

as a sensor of cellular energy balance in peripheral tis-

sues such as muscle and liver. 

Increased cellular AMP/ATP ratio activates an 

upstream AMPK-kinase, which adds a phosphate to 

AMPK (pAMPK). In turn, active pAMPK adds phos-

phates to other molecules, altering cellular metabo-

lism and gene expression via multiple mechanisms, 

collectively inhibiting anabolic processes and stimu-

lating catabolic processes. hese changes conserve 

and restore cellular levels of ATP. Recent studies fo-

cus on the role of AMPK in neuronal responses to al-

terations in energy status. 

Hypothalamic AMPK activity has recently been 

shown to control food intake. Brain administrations 

of anorexigenic agents (food intake reducing) such as 

insulin, glucose, or a melanocortin receptor stimula-

tor decrease AMPK activity in several hypothalamic 

nuclei in animal models. Leptin injection into the ar-

cuate nucleus inhibits AMPK activity there. Expres-

sion (by use of a virus) of a permanently active mu-

tant form of AMPK in hypothalamus is suicient to 

increase food intake and body weight in animal mod-

els, and expression of a permanently inactive AMPK 

form decreases feeding and body weight.

Recent studies suggest that hypothalamic AMPK 

phosphorylation status is unresponsive to leptin in 

mice made obese on a high-fat diet. AMPK, and 

molecules that interact with it, may provide targets 

for antiobesity therapies. Brain administration of a 

compound that directly activates AMPK increases 

food intake in rodents, whereas another compound 

that inhibits AMPK decreases feeding. Drugs that 

manipulate the metabolism of fatty acids, altering 

ATP levels in hypothalamus, can also decrease hy-

pothalamic AMPK activity to reduce food intake 

and body weight.

SEE ALSO: Agouti and Agouti Related Protein; Appetite 

Control; Appetite Signals; Central Nervous System; Hor-

mones; Hypothalamus; Insulin; Leptin; Melanocortins; 

Neuropeptides; NPY (Neuropeptide Y); Obesity and the 

Brain; POMC (Proopiomelanocortin).
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Cognitive-Behavioral Therapy 

THE COGNITIVE-BEHAVIORAL THEORY (CBT) has 

its roots in the idea that thoughts and feelings pre-

cede actions, and that inaccurate thoughts drive un-

healthy behaviors. he intention of CBT is to use cog-

nitive techniques to challenge unhelpful or distorted 

thoughts while using behavioral techniques to re-

duce problematic behaviors. CBT focuses on current 

thinking, problematic behavior, precipitating factors, 

and developmental events. In addition, the approach 

requires active participation of the patient; it is goal 

oriented, problem focused, and structured while us-

ing many techniques to change distorted thinking, 

mood, and thus problematic behavior.

Speciically, in terms of disordered eating, patients 

are asked to maintain daily monitoring logs of foods 

eaten, eating disordered behaviors, thoughts, feelings, 

and details about the situation in which these behav-

iors occurred. Self-monitoring yields objective infor-

148 Cognitive-Behavioral Therapy



mation that can be used with behavioral interventions 

such as cue recognition, desensitization, or reinforce-

ment. It also reveals patterns of automatic thoughts 

(e.g., “I am fat,” “I can’t eat this or I am weak,” “I blew 

it, now I might as well eat more”) that relect broader 

core beliefs. Cognitive restructuring challenges these 

thoughts with rational alternatives. CBT is efective 

when beliefs change, automatic thoughts decrease, 

and problem behaviors are reduced.

CBT for weight control or obesity consists of core 

techniques including dietary recommendations, ex-

ercise, cognitive techniques, stimulus control, relapse 

prevention, and social support. Although weight loss 

is certainly the goal of treatment, weight is deempha-

sized as it is not a behavior per se, but a result of the 

behavior changes. Several important techniques are 

incorporated into this treatment.

NUTRITION EDUCATION

It is important for patients to understand healthy 

versus unhealthy eating. Unhealthy eating consists of 

emotional eating (i.e., eating for any other reason than 

hunger including boredom, anger, frustration, excite-

ment, etc.), eating in response to cravings or urges 

(which is also often linked to emotional reasons), 

and unhealthy dieting (either behaviorally via purg-

ing or restricting or psychologically in which dieting 

is conceptualized as a transitional time rather than a 

healthy permanent lifestyle change). Unhealthy diet-

ing can result in physical problems (e.g., intense hun-

ger, low energy, fatigue, headaches, visual problems, 

weight gain, electrolyte disturbance, dental problems, 

gastrointestinal problems), cognitive problems (e.g., 

focus on food, loss of interest, poor concentration, 

memory problems, diiculty with comprehension 

and decision making), and emotional problems (e.g., 

stress, irritability, and anxiety, depression). Individu-

als learn about healthy, balanced nutrition, to remain 

within a certain calorie range necessary for weight 

control/maintenance, and to consume three meals 

and approximately two or three planned snacks. Many 

individuals who overeat may resist eating during the 

day, which sets them up for overeating as they ind 

their eating behavior out of control later in the day. 

Establishing a regular eating pattern includes setting 

meal times, not allowing greater than 3–4 hours be-

tween eating times, not skipping meals, and avoiding 

eating in between planned meal/snack times.

SELF-MONITORING

Self-monitoring of energy intake is the hallmark of 

weight control interventions as it helps individuals 

understand their current eating patterns, so that they 

identify patterns that need to be changed. It also helps 

them learn about the nutritional value of individual 

foods, assists in planning meals, supports healthy 

food choices, and aids in helping individuals to avoid 

overeating or unhealthy eating given that they are be-

ing accountable. It also helps individuals notice their 

behavior changes and successes and observe the for-

mation of new patterns. 

PHYSICAL ACTIVITY

It is recommended that patients gradually increase 

both lifestyle and structured exercise. Physical activ-

ity is essential for weight loss, but it is also highly cor-

related with long-term weight management.

COGNITIVE RESTRUCTURING

Cognitive techniques are used in weight control for sev-

eral reasons. First, because many automatic thoughts 

pertain to weight and factors that inluence weight 

control, cognitive restructuring helps patients accept 

more rational ideas about weight and weight loss. his 

is a gradual process in which individuals become aware 

of the automatic thought, challenge it, question and 

evaluate the evidence that supports/disconirms the 

thought, consider alternative views, determine the ef-

fect of the automatic thought on other thoughts, feel-

ings, and behaviors, and identify typical thinking er-

rors. In addition, because negative mood and stress 

can result in overeating, cognitive techniques are used 

to reduce emotional distress, ultimately reducing the 

need to eat for emotional reasons.

BEHAVIORAL CHANGING

Individuals become skilled at understanding both 

cues and consequences of eating behavior. A cue is 

anything that may lead to a speciic thought, feeling, 

or behavior. Cues can be internal (a thought; negative 

thoughts about past, anxieties about future), physio-

logical (a bodily response: stomach growling, fatigue), 

external (a situation: social isolation, social gathering, 

interpersonal conlict, walking past a bakery, adver-

tisements of food), or a feeling (depression, anxiety, 

happiness). On the other hand, a consequence is the 

result of behavior. Consequences can be of several 
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diferent types and either positive or negative. For 

example, a physiological consequence of eating can 

be (1) reduce hunger (positive), and (2) high choles-

terol (negative). An emotional consequence can be (1) 

temporary relief of anger or boredom (positive) and 

(2) depression, guilt, shame (negative). Often, when 

individuals who are attempting weight loss overeat, 

they do not think of the consequences in advance. In 

CBT, individuals practice identifying and resisting 

cues to eating and thinking about the consequences 

prior to eating.

BEHAVIORAL STRATEGIES

Aside from challenging thoughts, CBT also incor-

porates behavioral strategies to help avoid unhealthy 

eating behavior. CBT helps individuals with stimulus 

control including following an eating schedule, food 

shopping from a list, removing serving dishes from 

the table, buying foods that require preparation while 

keeping problem foods out of sight. Individuals also 

practice rearranging cues to unhealthy eating by avoid-

ing high-risk cues, doing one thing at a time (i.e., do 

not eat and watch television), and strengthen cues for 

desired behavior (plan an afternoon activity instead of 

going home alone and eating). Another strategy is to 

change the response to cues. his includes building in a 

pause between having thought to eat and the actual act 

of eating. his pause will allow one to practice thought 

restructuring, focusing on the consequences, or ind-

ing an alternative behavior. he time interval of pauses 

can gradually increase. Changing the response also in-

cludes choosing an alternative behavior to unhealthy 

eating and “suring the urge,” in which people experi-

ence a peak in the urge to eat but then experience the 

decline. his teaches individuals that the craving will 

in fact go away on its own. Individuals also practice fo-

cusing on consequences. For instance, they may excuse 

themselves when they face occasional lapses, and ad-

minister mental or material rewards to themselves for 

overcoming unhealthy eating episodes.

RELAPSE PREVENTION

Relapse prevention is paramount to successful weight 

maintenance. his involves continual practice of the 

skills learned in CBT. Patients learn the diference be-

tween an occasional “slip” or “lapse,” in which one en-

gages in unhealthy eating behavior but regains control 

of one’s behavior, versus a “relapse” in which one loses 

control of one’s behavior and then ultimately reverts 

to one’s original eating patterns. An important part of 

relapse prevention is identifying high-risk situations in 

advance and learning how to plan and cope with them, 

so that they do not lead to a relapse. Accordingly, in-

dividuals will recognize and anticipate high-risk situ-

ations and cope with them by planning both a behav-

ioral response (e.g., avoidance, surf the urge) and an 

emotional plan should they engage in unhealthy eating 

behavior (e.g., “I learned that this is a high-risk episode. 

I will now plan ahead for the next time I am faced with 

this situation. I am still doing a good job adhering to my 

healthy eating”). A panic card can be developed to help 

people when they are faced with high-risk situations. 

he panic card can include positive self-statements, 

several coping responses, alternative behaviors, and 

phone numbers.

CBT-based weight control treatments typically con-

sist of 16- to 20-week programs and are usually ofered 

in group formats. While some individuals are success-

ful at losing signiicant amounts of weight, the majority 

of patients lose a modest 10 to 15 percent of their ini-

tial body weight. his amount of weight loss correlates 

with improvements in hypertension, hypercholester-

olemia, diabetes, and all-cause mortality. Long-term 

weight-loss maintenance is associated with continued 

exercise, healthy diet, self-monitoring, and continued 

patient–provider contact.

CBT is also applied to eating disorders including an-

orexia nervosa (AN), bulimia nervosa (BN), and binge-

eating disorder (BED). For AN, CBT typically focuses 

on cognitions relating to fear, control, low-self esteem, 

body image distortion, and perfectionism, with behav-

ioral targets including decreasing caloric restriction, 

decreasing physical activity, and reducing avoidance. 

Previous studies do not provide suicient support to 

recommend CBT as the primary treatment for AN 

in the underweight state. However, CBT delivered to 

weight restored patients is associated with signiicantly 

reduced relapse risk and increased likelihood of good 

outcomes compared with nutritional counseling with 

education regarding food exchanges. 

CBT for BN focuses on common cognitions in 

women with BN (e.g., loss of control, fear of weight 

gain, self-esteem) while also addressing behaviors such 

as binge eating, purging, and maladaptive anxiety re-

duction strategies. Several studies have reported that 

CBT is efective in reducing the essential behavioral 
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(i.e., binge eating and purging) and psychological fea-

tures of BN. Regardless if delivered in individual or 

group format, CBT has been associated with decreases 

in binge frequency, vomiting, laxative use, and psycho-

logical features.

Because many individuals with BED are overweight, 

CBT for BED often targets both decreasing binge eat-

ing and managing weight. Group CBT for BED has 

been shown to be efective at reducing number of 

days binged, BMI, disinhibition, hunger, depression, 

and self-esteem. In one study, compared to behavioral 

weight-loss treatment (BWLT), CBT resulted in faster 

reduction of binge episodes while BWLT resulted in 

faster weight loss. However, these diferences did not 

persist at the 12-month follow-up.

Regardless of the type of disordered eating, CBT 

is particularly helpful in changing thoughts and be-

haviors. When applied in a group format, individuals 

are able to learn the successful CBT tools while also 

receiving social support from other group members. 

However, individual therapy may also be suggested 

(particularly for diagnosable eating disorders) to ofer 

individual attention to work on more speciic issues.

SEE ALSO: Mood and Food; Non-Diet Approaches; Self-

Esteem and Obesity. 
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Colon Cancer

COLON CANCER IS unregulated cell replication and 

accumulation in the colon. Colon cancer is often 

called colorectal cancer. Colorectal cancer ranks as 

the fourth most common cancer in the United States 

among men and women.

Colon cancer is more frequent in obese individu-

als. In 2002, 41,000 cases of colon cancer were due 

to obesity in the United States. Studies have shown 

increase of colon cancer with higher body mass index 

(BMI) and abdominal obesity. Increased levels of in-

sulin in obese individuals have been suggested to play 

a role in colon cancer.

Food enters the colon after becoming digested by 

the stomach and the small intestine. he colon re-

moves water, nutrients, and forms stool from food. 

When colon cancer spreads to other parts of the body, 

the cancer is still recognized as colorectal cancer be-

cause the abnormal cells are the same. Colorectal 

cancer spread to the liver is diagnosed and treated as 

metastatic or distant colorectal cancer. he liver and 

lymph nodes, which are immunological ilters from 

foreign bodies, are common locations to where colon 

cancer spreads.

Factors that may increase individual risk for colon 

cancer include age over 50, colorectal polyps (extra 

tissue growths in the colon), family history, inlam-

mation of the colon, poor diet, and smoking. he 

non-polyp-inherited cancer, HNPCC, is more com-

mon than the polyp-inherited cancer, FAP. Inherited 

colon cancers can be detected by genetic testing. 

Studies have shown with diets high in fat and low in 

calcium, folate, iber, fruits, and vegetables to increase 

the risk of colorectal cancer. 

Detecting immunologic proteins in the blood 

common in cancer patients or a bloody stool test 

can screen for colon cancer. A lighted tube, such as 

a sigmoidoscope or colonoscope, is used to examine 

the colon for polyps. Polyps and tumors can also be 

detected with X-ray procedures. he detection of 

polyps may be followed by a tissue sample check for 

cancer cells. Ultrasounds, X-rays, computerized axial 

tomography (CAT) scans, and magnetic resonance 

imaging (MRI) may be used to determine if the colon 

cancer has spread to other areas. Symptoms of colon 

cancer include diarrhea, constipation, bloody or nar-

row stools, bloating, loss of weight, nausea, vomiting, 

and feeling tired. Colon cancer can be categorized in 

ive stages (0–IV). Higher stages are categorized by 

the deeper penetration of the cancer in the colon wall 

and the spread to other parts of the body.
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Cancerous polyps are surgically removed, which is 

the most common treatment. Sections of the colon 

with cancer cells may also be surgically removed. Ra-

diation and chemotherapy are also used to attack can-

cer cells. Exercise, fruits, vegetables, and iber intake 

are often recommended to prevent colon cancer.

SEE ALSO: National Cancer Institute; Obesity and Cancer.

BIBLIOGRAPHY. National Cancer Institute, “Obesity and 
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Combined Approaches  

to Treatment

WORLDWIDE PREVALENCE RATES of obesity and 

overweight are rising, and safe and efective treat-

ment strategies are urgently needed. Obesity has 

been recognized as a preventable and treatable dis-

ease, and there is a growing evidence base showing 

the eicacy of various clinical strategies for its man-

agement. Given the overwhelming research focus 

on this disease, it is likely that the coming years will 

bring more treatment options, raising the chance 

that patients will have meaningful and sustained 

weight loss. 

Obesity is a multifactorial problem. According to 

the National Institutes of Health (NIH), the main fo-

cus of an obesity intervention should be on health 

improvement instead of body weight reduction. 

People who are overweight or obese have increased 

risk for more than 30 other diseases such as heart 

disease, cancer, breathing problems, and diabetes. 

For the millions of obese and overweight, the ideal 

model of obesity treatment is a comprehensive in-

tervention including dietary, activity-related, behav-

ioral, pharmacological, and/or surgical components 

that is geared toward individual needs. 

Not all treatments will work for everyone. When a 

diet, exercise, or drug plan does not produce expect-

ed results, either the individual is blamed for non-

compliance, or the treatment is deemed inefective. 

Most people can be helped to manage their weight, 

and healthcare providers must avoid stigmatizing and 

blaming patients for their obesity. It is important that 

practitioners understand that patients do not come 

equipped with appropriate compliance skills, and that 

the practitioner must assist in teaching the underly-

ing information and attendant skills. he more obese 

the patient, the more important it is to understand 

that the weight loss may be outside the control of the 

patient and the lifestyle modiications without more 

serious intervention such as bariatric surgery.

For the average weight-loss patient, however, di-

etary-focused weight-management programs can be 

successful when combined with appropriate activ-

ity, behavioral and lifestyle modiication, and educa-

tion and skill training. hese programs are generally 

utilized for patients with body mass indexes (BMIs) 

under 30, and with no comorbidities. he key behav-

ior combination for success of these weight-managed 

programs is reduced energy intake, reduced (but not 

eliminated) dietary fat and carbohydrate intake, in-

creased physical activity, and nutrition and health 

education relative to the patient’s personal situation.

Activity-related weight-loss programs alone do 

little to cause short-term weight loss. he inefective-

ness of moderate exercise by itself is not surprising 

considering 1 lb. of body fat contains about 3,600 

calories. Combined with appropriate additional in-

terventions such as dietary, behavioral, and lifestyle 

modiications, physical activity contributes to avoid-

ing weight gain, maintenance of weight loss, and con-

tributes to the overall health of people at any weight. 

Weight-loss medications (pharmacological inter-

ventions) are currently recommended for use only as 

an adjunct to diet, exercise, and behavior modiica-

tion. Little is known about the beneits of combining 

behavioral and pharmacological therapies, or about 

the mechanisms that would make these combined 

approaches more efective than using either approach 

alone. Weight-loss medications must be prescribed 

in combination with, rather than in lieu of, lifestyle 

modiication. Researchers found that best results were 

obtained when medications were combined with an 

intensive, group program of lifestyle modiication. 

Behavioral treatments seem to help obese individ-

uals control the external (i.e., food-related) environ-
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ment, whereas pharmacotherapy may control the in-

ternal environment by reducing hunger, cravings, or 

nutrient absorption. Some professionals have voiced 

concerns that medication may undermine lifestyle 

modiication and inhibit appropriate behaviors that 

need to be practiced if medication reduces hunger 

because patients may not be motivated to practice 

proper eating habits. Patients must take responsibility 

for managing their obesity because diet drugs will not 

force anyone to stop eating. An uncommitted patient 

can “out eat” the weight-loss efects of any drug. Pa-

tients must truly understand that the drug is merely 

one tool in the toolbox and many tools are needed to 

complete any major reconstruction job.

Drugs are not a quick ix and there are risks in 

taking any medication. he use of medications may 

also convey the message that obesity is “biological,” 

and personal eforts to change the disease process are 

futile. Professionals should inform patients how the 

medication and the patient’s own eforts to modify 

diet and activity habits potentially complement each 

other to produce a better outcome. Education of the 

patient about the disease of obesity and its progres-

sive state is still a key component of the treatment 

plan. Patients and practitioners must understand the 

nature of this condition in all its facets. 

For the very obese, there are few noninvasive op-

tions available that result in long-term weight loss. 

Bariatric surgery helps reduce energy intake by physi-

cally limiting food intake and/or absorption, depend-

ing on the procedure. Surgical intervention in combi-

nation with behavior, nutritional, and activity-focused 

programs are the most successful for the obese and 

very obese. Surgery of any type alone does not work 

in the long term. A lifelong commitment to each criti-

cal aspect of lifestyle change, behavior modiication, 

nutritional reeducation, and activity when choosing 

this intervention by the individual is essential to long-

term success. 

he American College of Physicians (ACP) recom-

mends surgeons and surgical centers with high levels 

of experience in performing these procedures be-

cause, typically, they have better outcomes in terms of 

higher eicacy and lower complication rates. Patients 

contemplating surgery should seek these providers 

out. he recommended overall strategy for managing 

overweight and obese patients should always include 

appropriate diet and exercise, as well as appropriate 

education and skill training. Additionally, it is impor-

tant to emphasize that a positive attitude of support 

and encouragement from all professionals, nutrition-

ists, exercise physiologist, behaviorists, nurses, psy-

chologists, and physicians is crucial to the continuing 

success of these patients. 

Practices should provide and strongly encourage 

patients to attend support groups to help them un-

derstand the changes they are making, the changes 

that are occurring in their lives, and to learn the skills 

needed to be successful in the long term. Patients 

seeking to make lasting lifestyle changes cannot do 

so in isolation. hey need guidance, information, 

role modeling, feedback, demonstration, illustration, 

reassurance, and support. Practitioners should be 

sure to assist patients in inding support groups that 

are not therapy based, but rather based on learning 

the information and skills necessary to solidify the 

changes being made in the patient’s life. Should the 

patient require therapy for particular issues the pa-

tient can be directed to an appropriate professional 

for that purpose. 

SEE ALSO: Bariatric Surgery in Women; Behavioral Treat-

ment in Childhood Obesity; Caloric Restriction; Carbohy-

drate and Protein Intake; Cognitive Behavior herapy; Com-

munity Programs to Prevent Obesity; Diet Myths; Dietary 

Restraint; Dieting: Good or Bad?; Disinhibited Eating; Drug 

Targets that Decrease Food Intake/Appetite; Drugs and 

Food; Drugs that Block Fat Cell Formation; Exercise; External 

Controls; Family Behavioral Interventions; Fat Intake; Fen-

luramine; Fitness; Future of Medical Treatments for Obe-

sity; High Carbohydrate Diets; Impulsivity; Inaccessability 

to Exercise; Liquid Diets; Low Calorie Diets; Low Fat Diets; 

Macrodiets; Medications that Afect Nutrient Partitioning; 

Medications that Increase Body Weight; New Drug Targets 

that Prevent Fat Absorption; New Drug Targets to Improve 

Insulin Sensitivity; New Drug Targets to Increase Metabolic 

Rate; Night Eating Syndrome; Non-Diet Approaches; Nutri-

tion Education; Orlistat (Xenical); Pharmacological herapy 

for Childhood Obesity; Physical Activity and Obesity; Sup-

port Groups; Very Low Calorie Diets.
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Community Programs to  

Prevent Obesity

THE PRIMARY MODIFIABLE causes of obesity are 

poor nutrition and lack of physical inactivity. Com-

munity characteristics can contribute to obesity by 

raising barriers to eating a healthy diet or promoting 

the consumption of high calorie/low nutrient density 

foods, and to having suicient opportunities for regu-

lar physical activity. 

For example, individuals living in many urban com-

munities face challenges in terms of access to, and 

availability of, healthy food choices or availability of 

safe and appealing community resources for physical 

activity. Increasing social capital through community 

participation and local advocacy eforts can help to 

improve community resources and safe access to en-

able healthy lifestyles. 

In recent years, numerous intervention programs 

have been developed to address community-level 

risk factors for obesity. Such programs often take an 

ecological view of obesity risk factors, which view the 

community as an environment in which conditions 

can be modiied to lower risk. hese programs can 

be classiied in a number of ways, but the following 

provides a framework for the illustrative overview of 

research literature that follows. Community interven-

tion programs can be classiied as seeking to inluence 

factors such as:

•  Physical environment (e.g., availability of fresh 

fruits and vegetables or low fat milk; recreational 

opportunities, and point of decision prompts for 

healthy choices)

•  Family and social environment. 

•  Community outreach and mobilization (e.g., 

engaging community-based organizations and 

resources)

•  Social capital (to facilitate community outreach, 

healthy environments, and encouragement of 

healthy activities of control weight)

•  Social marketing and health communication 

campaigns

A generalized conceptual framework suggests that 

interventions to enhance social capital, to mobilize 

communities, and to conduct social marketing can 

mutually reinforce each other in enhancing the physi-

cal environment and the family and social environ-

ment to prevent obesity. he impact of interventions 

is a function of their intensity (e.g., reach, frequency, 

and duration). he efects of interventions on obe-

sity are mediated by changes in knowledge, attitudes 

and beliefs, intentions to engage in behaviors, and to 

maintain behaviors that can prevent obesity. 

Examples of these behaviors include increased use 

of enhanced opportunities for physical activity, or im-

proved dietary practices. here is also mounting evi-

dence that reducing children’s TV viewing can help to 

reduce their risk of obesity. Among infants, increas-

ing breastfeeding incidence and duration appears to 

reduce the risk for overweight.

OBESITY PREVENTION AND  

COMMUNITY ENVIRONMENTS

Obesity prevention is an emerging science develop-

ing in response to alarming increases in overweight 

and obesity in children and adults. In a recent quan-

titative review of pediatric obesity prevention pro-

grams, only 10 studies published since 1990 met the 

author’s criteria for long-term (one year or longer) 
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evaluation. Of these studies, only six targeted both 

diet and physical activity. All six were school-based 

and demonstrated null or weak associations with 

health-related outcomes. 

here is now considerable agreement that escalat-

ing rates of obesity can be tied to characteristics of 

the environments in which people live. Accordingly, 

our consideration of the community obesity preven-

tion is grounded in a socio-ecological framework that 

acknowledges that the factors that inluence pediat-

ric and adult obesity are present at many levels . For 

instance, a study in London, England found that im-

proved lighting on footpaths increased footpath use 

by 34 to 101 percent and a study in Toronto, Canada 

found that the creation of bike lanes increased bicycle 

use by 23 percent. 

One lesson from community studies is that changes 

in the physical environment should be accompanied 

by active promotion and point of decision prompts 

to action behaviors. For instance, signs placed by el-

evators and escalators can increase the percentage of 

people who use nearby stairs by more than 50 per-

cent. One recent review adds that point of purchase 

prompts may have greater impact on food choices in 

settings, such as worksites, where fewer alternatives 

were available. Similarly, a systematic review by the 

Community Preventive Services Task Force (2005) 

found that increasing access to places for physical 

activity in worksites (8 studies) or low-income com-

munities, combined with information activities, in-

creased by a median of 48 percent the proportion of 

adults who exercised three of more times a week. 

FAMILY ENVIRONMENT, DIET, PHYSICAL  

ACTIVITY, AND SEDENTARY MEDIA USE 

Families live in physical and social environments, in-

cluding their local community as well as the larger 

media and policy environments that surround them, 

that inluence their beliefs and attitudes about health, 

dietary behaviors, and physical activity. In turn, a 

number of parental behaviors may moderate chil-

dren’s and larger family obesity-related outcomes. For 

example, parent-child interactions surrounding food 

can be instrumental in determining dietary behaviors 

that persist into adulthood. hree parenting styles—

over-control, dietary restriction, and using food as a 

reward—have received the most attention in terms of 

their potential impact on weight status. Parents who 

are excessively controlling with regard to their child’s 

eating may interfere with the child’s ability to monitor 

and regulate caloric intake. he role of meal patterns 

and family meals has been examined as a potential in-

luence on children’s eating habits and risk for obesity. 

Much of this research, however, involves adolescents 

rather than children. hese studies show that fre-

quency of family meals and the presence of parents at 

family dinner are associated with better diets includ-

ing greater intake of fruits and vegetables.

Parents can alter young children’s dietary habits 

and reduce the risk factors associated with pediat-

ric obesity by providing their children with access to 

healthful foods. A recent study examining the role of 

shopping behavior found that the likelihood of com-

ing from a household classiied as overweight in-

creased 14 percent for every additional 10 grams of 

fat purchased per person per day. Parents who pro-

vide nutrient-rich foods and limit availability of en-

ergy-dense and sugar-sweetened foods create an en-

vironment that supports good nutritional habits. 

Among young children, increasing preference for 

fruits and vegetables is assumed to lead to greater in-

take later in life, and parents can play a pivotal role in 

this process through exposure. For example, consis-

tent exposure to new foods, such as fruits and veg-

etables, can increase the likeability of these new foods 

. Increases in intake of fruits can be further enhanced 

through careful selection processes that identify more 

appealing choices. 

Parents may also directly inluence children’s 

weight status by encouraging physically active behav-

ior and discouraging sedentary behavior. he current 

literature suggests parents are more likely to inluence 

their children by providing social support and en-

couragement that leads the child to develop a sense of 

competence related to engaging in physical activity. 

Parents can reduce their children’s sedentary be-

haviors by setting limits on such activities. A number 

of studies over the past two decades have identiied 

a consistent, though moderate, relationship relation 

between overweight and obesity and the amount of 

time spent watching television. However, the mech-

anism for the relationship between TV viewing and 

obesity—possibly displacement of physical activity; 

increased snacking while watching TV, or increased 

consumption of high caloric foods in response to ad-

vertising on TV—has not been fully explicated. 
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Another critical mediator of behavior change, 

the stages of change construct, holds that interven-

tion success is enhanced when program messages 

are stage-matched. Accordingly, readiness to change 

could potentially inluence credibility, awareness, and 

recall of program messages, as well as behavioral out-

comes. Studies of dietary and exercise interventions 

have shown a positive association between readiness 

to change and social cognitive mediators . hese stud-

ies identify self-eicacy as a critical factor in motivat-

ing progression to higher stages and actualizing be-

havior change. 

MODERATING EFFECTS OF THE PHYSICAL  

AND SOCIAL ENVIRONMENT

Health promotion campaigns disseminated in com-

munity settings need to consider and attend to a host 

of potential factors in the real-world setting that can 

inluence the magnitude of observed intervention ef-

fects. Program efects will be strongest among families 

who live in communities that share a common inter-

est in healthy lifestyles and provide residents with the 

materials and resources that support good diet and 

physical activity. Some of these factors may moderate 

intervention efects, especially when parents and chil-

dren perceive them as barriers to behavioral change. 

he term “obesigenic environment” has gained trac-

tion as a descriptor of the characteristics of the social 

and physical environment that inhibits these goals. 

Many factors contribute to this type of environment. 

For instance, the ability to increase fruit and vegeta-

ble consumption may be hampered in neighborhoods 

that lack convenient access to supermarkets. Access 

to supermarkets has been associated with fruit and 

vegetable consumption . Shoppers perceive supermar-

ket produce as higher in quality than produce obtain 

at small groceries or convenience stores and report 

greater intake of fruits when they live in close prox-

imity of a supermarket. Access to supermarkets has 

been shown to vary by neighborhood socioeconomic 

level and ethnic composition. Supermarkets are three 

times as prevalent in wealthiest neighborhoods com-

pared to the lowest wealth neighborhoods. 

here is speculation that increased frequency of 

eating meals out of the home has contributed to the 

prevalence of obesity . Restaurant portions are larger 

and more energy-dense than foods prepared at home 

. here is some evidence that the quality of restaurant 

oferings in lower income areas presents a barrier to 

eating a healthy diet outside of the home. Studies of 

the distribution of fast-food restaurants in low-in-

come neighborhoods, however, indicate no associa-

tion between proximity to fast-food restaurants and 

obesity in children and, in fact, suggest that signii-

cant clustering of fast-food outlets around schools is 

more prevalent in neighborhoods of higher socioeco-

nomic level. 

ENHANCING SOCIAL CAPITAL 

Social capital is related to self-reported levels of gen-

eral health and obesity, and may inluence observed 

health- and obesity-related outcomes. Neighbor-

hoods that have high levels of community participa-

tion may increase dissemination of campaign messag-

es via a denser network of social contact and shared 

interest in the development of community resources. 

here is also a complex and potentially reciprocal re-

lation among characteristics of the physical environ-

ment, social capital, and physical activity. For exam-

ple, walking-friendly, mixed-use neighborhoods have 

been associated with increased physical activity in the 

form of more walking for transportation. 

Other studies have examined the role of communi-

ty-level socioeconomics in the distribution of leisure 

time physical activity resources. Individuals in mod-

erate to low socioeconomic status communities may 

have less ability to control their physical activity level 

in the face of insuicient resources. Even when com-

munity resources are available, community members 

are unlikely to use them when they are perceived as 

inaccessible due to public safety issues. 

SOCIAL MARKETING, HEALTH COMMUNICATION 

AND OBESITY PREVENTION

Children and their parents are also exposed to a wide 

array of health information and media messages. All 

these contribute to the attitudes, beliefs, and knowl-

edge of parents and children and direct their health-

related behaviors regarding diet and physical activity. 

Mass media and community-based outreach in-

terventions have been employed in a wide array of 

health promotion activities. Overall, these programs 

have demonstrated modest statistical efects that, 

on a population level can translate into large abso-

lute numbers of individuals receiving prevention and 

health promotion beneits. Approaches that go be-

156 Community Programs to Prevent Obesity



yond simple mass media and include community or-

ganizations ofer greater impact. 

Social marketing acknowledges that efective be-

havior change must evolve through a reciprocal pro-

cess so that the proposed change provides an accept-

able and beneicial solution to the audience for the 

identiied problem. In addition, the beneicial aspects 

must outweigh any perceived costs in order for the 

target population to “buy in” to the proposed behav-

ior change . In this regard, social marketing shares a 

participant-oriented perspective with health promo-

tion approaches. Unlike more traditional health pro-

motion approaches, however, social marketing draws 

efective concepts and techniques from the commer-

cial marketing sector such as audience segmentation, 

message targeting, and branding. Social marketing 

approaches incorporate theories of behavior change 

such as Social Cognitive heory and heories of Rea-

soned Action and Planned Behavior to identify modi-

iable behavioral determinants that are the targets of 

persuasive appeals and construed as the mediators of 

the behavior change; it incorporates communication 

theories such as the Elaboration Likelihood Model to 

increase the persuasive impact of its messages and in-

crease the likelihood that those messages will afect 

speciied determinants.

SOCIAL COGNITIVE MEDIATORS AND PHYSICAL 

ACTIVITY AND DIETARY OUTCOMES

Recent studies on diet and physical activity in chil-

dren and adults have identiied a number of social 

cognitive constructs that can be expected to mediate 

the relationship between health promotion messages 

and program outcomes. here is some evidence that 

nutrition knowledge may be an important mediating 

factor. Results of a community-based diabetes educa-

tion program indicate that increased knowledge led 

to greater levels of dietary self-eicacy. 

he role of self-eicacy in the “5 A Day” programs 

may be due to the greater behavioral speciicity of 

that program, indicating that eforts to inluence self-

eicacy require more targeted approaches. Outcome 

expectancies have also been identiied as a potentially 

important mediator of programs aimed at changing 

dietary behavior. Efective alteration of outcome ex-

pectancies will also require attention to expectations 

in order that new set of expectancies are well matched 

to participants’ value structure, which may vary along 

sociodemographic lines. Perceived barriers may limit 

behavior change when individuals believe that situ-

ational factors render change inaccessible or believe 

they already achieved target goals. 

EFFECTS OF HEALTH MESSAGES ON FAMILY DIET 

AND PHYSICAL ACTIVITY OUTCOMES

A growing number of media-based health promotion 

campaigns provide evidence of the potential for social 

marketing campaigns to afect dietary behavior and 

physical activity levels. he “1% or Less” campaign 

provides strong evidence that a properly articulated 

social marketing campaign can produce meaningful 

changes on food purchasing behavior and dietary be-

havior. Average intervention efects across four sepa-

rate implementations of “1% or Less” were very strong. 

Self-reported purchase of low-fat milk increased 21 

to 38 percent in intervention communities relative 

to control communities; similarly, community-level 

sales of low-fat milk increased 13 to 125 percent in 

intervention communities relative to control com-

munities. he “5-A-Day” program was developed to 

increase consumption of fruits and vegetables and 

has been implemented in a number of high-risk sub-

populations. For instance, “5 A Day” activities tar-

geting women in a low-income, primarily African 

American population resulted in a relative increased 

fruit and vegetable consumption of close to one-half 

serving per day in intervention communities. Other 

“5 A Day” programs have been less successful, but 

provide evidence of the mediating factors that inlu-

ence dietary change.

he research base examining the direct efects of 

media-based social marketing interventions on obe-

sity-related health behavior is relatively small, but 

growing. In general, these programs have demon-

strated high levels of program awareness and recall. 

For instance, the “VERB: It’s what you do” Campaign, 

sponsored by the CDC, employed a social marketing 

approach to increase levels of physical activity and 

decrease sedentary behaviors among U.S. children. 

At the end of the irst year, the program achieved 

high levels of awareness and demonstrated increases 

in physical activity among selected subgroups. High 

levels of awareness and recall have been reported in 

other physical activity promotion programs. 

Media eforts work most efectively as part of co-

ordinated social marketing campaigns. For example, 
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consider the Lexington, Kentucky Verb Summer 

Score Card, in which local businesses teamed with a 

community coalition to ofer free access to opportu-

nities for physical activity to pre-teenagers. he pro-

gram built on the national VERB media campaign, 

and developed a community contest in which chil-

dren earned points by participating in a variety of 

physical activities in the community. Recently, com-

munity-based social marketing campaigns have be-

gun to use strategies such as branding of healthy life-

styles derived from tobacco control, HIV/AIDS, and 

other successful prevention intervention programs. 

DISCUSSION

Several important lessons can be learned from review 

of the existing community obesity prevention litera-

ture that should be considered when developing fu-

ture public health education campaigns focused on 

promoting healthy eating and physical activity:

•  Source credibility and message receptivity. Social 

marketing and message theory stresses the impor-

tance of source credibility and positive cognitive 

and afective reactions to health messages. Extant 

literature points to the importance of nutrition 

messages that take urban lifestyles, health infor-

mation sources, and healthy eating barriers into 

account in developing culturally relevant messages 

and delivery systems. 

•  Culturally relevant health information sources. 

Many urban communities rely on health informa-

tion from trusted local sources rather than physi-

cians or mass media sources. Spanish-speaking 

communities, in particular, obtain such informa-

tion from their own media and targeted service 

providers such as local clinics or faith leaders. 

•  Multi-pronged outreach strategies. Given that 

many urban audiences use local health information 

sources with relatively low reach (e.g., community 

newspapers), many community prevention inter-

ventions are using multi-pronged outreach and 

message delivery strategies. By utilizing multiple 

sources targeting community members in their 

homes, through businesses or churches, and at 

public events, these interventions maximize reach 

using cost-efective strategies.

•  Community partners and “inluentials.” Another 

critical approach to extending reach is through 

partners, such as community-based organiza-

tions and city or other local government resources. 

Community-based organizations can work with 

partners to leverage resources and enhance accep-

tance of behavior change strategies, such as pro-

moting increased use of parks and other physical 

activity resources in target communities. Commu-

nity leaders can also serve to reinforce intervention 

activities. 

CONCLUSIONS

here is a substantial research literature on commu-

nity obesity risk factors, and a growing literature on 

intervention strategies as illustrated above. However, 

more research appears to be needed in several areas. 

he following areas appear ripe for intervention re-

search and program evaluation:

•  Develop, sustain, and support evaluation capac-

ity and implementation among obesity prevention 

and control community-based organizations. 

•  Increase utilization of evidence-based practices 

and evaluation as a programmatic and management 

tool among community-based organizations.

•  Family targeted interventions that expand on the 

limited evidence base on how parent interventions 

can form part of a comprehensive intervention 

strategy across settings, including communities.

•  Research on efectiveness of social marketing strat-

egies to increase knowledge, promote more posi-

tive attitudes and beliefs, and lower lifestyle bar-

riers to improved nutrition and physical activity, 

particularly in low-income urban communities.

SEE ALSO: Government Agencies; Governmental Policy 

and Obesity.
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Compulsive Overeating

COMPULSIVE OVEREATING, ALSO known as binge 

eating, is a disorder accompanied with marked dis-

tress and at least three of the following: (1) eating very 

rapidly, (2) eating until uncomfortably full, (3) eating 

when not hungry, (4) eating alone, and (5) having feel-

ings of disgust or guilt following overconsumption. 

his disorder is usually not accompanied by recurrent 

purging, excessive exercise, or fasting.

Compulsive overeating can also be secondary di-

agnosis as part of anorexia nervosa or bulimia ner-

vosa. Compensatory behaviors such as purging and 

excessive exercise help diferentiate between anorex-

ia from bulimia. 

Men, in general, make up 40 percent of the popula-

tion of binge eaters. However, obese males who com-

pulsively overeat attempt fewer diets, medications, 

and weight-loss supplements before seeking weight-

loss treatment. hese indings suggest less pro-

nounced body dissatisfaction and fewer help-seeking 

behaviors by males compared to females. 

Compulsive overeating is a serious medical condi-

tion with short-term and long-term consequences. In 

the short term, there are numerous reports of esoph-

ageal and gastric rupture due to overconsumption. 

hese ruptures are life threatening. he long-term 

results can include obesity. he efects of obesity in-

clude hypertension, hyperlipidemia, coronary artery 

disease, diabetes, respiratory disease and congestive 

heart failure, liver disease, edema, gallstones, osteo-

arthritis, and an increased risk for certain cancers. 

hese cancers include endometrial, breast, kidney, 

colorectal, pancreatic, and esophageal.

In addition to medical concerns, compulsive over-

eating is a nutritional issue. Most binges are high in 

foods with little or no nutritional value, usually con-

sisting of meal high in fat and sugar with no complex 

carbohydrates or iber.

Compulsive overeaters also sufer psychologically. 

Fifty percent of all compulsive eaters sufer from de-

pression. he lower levels of serotonin that are found 

in binge eaters could mediate this. Drugs that main-

tain serotonin levels such as sertraline and prozac have 

been efective in treating compulsive overeating.

Behaviors associated with this disorder include a 

change in dietary habits, diiculty with social eating, 

and social and repetitive body checking. he major-

ity of the participants would routinely pinch areas 

of their body to check for fatness and avoid wearing 

clothing that increases body awareness. Behaviors 

such as these point to the social implications of com-

pulsive overeating and may be included with other 

symptoms of psychiatric disorders. 

hese behaviors plays a large role in compulsive 

overeating, allowing healthcare practitioners to use 

behavioral therapy, such as cognitive behavior thera-

py (CBT) and group therapy in treating this disorder. 

Seamore evaluated the efectiveness of group thera-

py for women with compulsive overeating. He found 

that with 6 months of group therapy, all participants 

demonstrated changes in dichotomous thinking, 

eating behavior awareness, and detachment from 

food. hese dietary changes all led to a reduction in 

binge eating.

CBT acts to difuse the fears and anxiety associat-

ed with compulsive overeating. By changing thought 

patterns and creating tools to address self-deprecat-

ing thoughts and fears, CBT has been shown to be an 

efective therapy. Recently, CBT has been combined 

with selective serotonin reuptake inhibitor (SSRI) 

treatment and has shown increased efective when 

compared to either treatment alone. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Ner-

vosa; Childhood Onset Eating Disorders; Cognitive Behav-

ior herapy; Eating Disorders and Obesity.
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Computerized Tomography

COMPUTERIZED TOMOGRAPHY (CT) is an imaging 

technique that utilizes X-rays. his technology is used 

for both medical and research purposes. During a test 

that utilizes a CT scanner, a patient lies on his or her back 

on a bench-like structure and a scanner rotates around 

the patient taking several pictures using X-rays. hese 

X-rays are then sent to a computer, which converts them 

into a picture, known as cross-sectional images. From 

the cross-sectional images, a physician or researcher can 

determine the amount of fat, muscle, and bone a patient 

has as well as if certain diseases are present.

CT scans can be used as a diagnostic tool for many 

medical conditions. It is often used along with other 

imaging techniques such as traditional X-rays. In the 

medical ield, CT scans have been employed to diag-

nose problems in the brain, lungs, heart, and gastroin-

testinal tract (digestive system). Some diseases it may be 

used to diagnosis include cancers of any of the above-

mentioned organs, internal bleeding in the brain, em-

physema or pulmonary embolism in the lungs, heart 

disease, pancreatitis, or any bowel obstruction.

CT scans are useful in body composition research, 

an important component in the study of obesity. CT 

scans are able to determine how much fat, muscle, 

and bone a patient has. CT scans can distinguish the 

types of tissue because each of these tissues has a dif-

ferent density, and subsequently, the X-rays will travel 

through each of these body tissues at diferent speeds. 

CT scans can also provide measurements about organ 

size such as the liver, kidney, and spleen. Organ sizes 

are often used as references for body composition 

measurements. Data from CT scans are presented in 

Hounsield units; an image with low Hounsield values 

will signify a greater amount of fat present, while an 

image with high Hounsield values will signify a greater 

amount of muscle present. 

CT scans can also provide data about how fat is dis-

tributed in the body. It is useful for determining the re-

gional distribution of fat (i.e., subcutaneous fat—below 

the skin; visceral fat—around the organs of the abdo-

men; intermuscular fat—fat between the muscles). CT 

scans along with magnetic resonance imaging (MRI) 

are considered good research tools for the measure-

ment of human body composition. Learning about 

body composition has been critical in understanding 

how fat and muscle tissue relate to the development of 

many diseases such as heart disease, diabetes, and hy-

pertension (high blood pressure).

A major disadvantage of this test is its utilization of 

X-rays, which exposes a patient to radiation. here-

fore, this test is limited in the populations in which it 

can be used. Children and pregnant women should be 

limited to the amount of radiation to which they are 

exposed. MRIs are an alternative option for measur-

ing body composition in these populations because 

no radiation is used during this test. Additionally, this 

test is expensive and laborious which limits where it is 

utilized. herefore, CT scans tend to be found in most 

major medical and research centers, but not common-

ly found in physicians’ oices.

SEE ALSO: Magnetic Resonance Imaging Scans.
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Computers and the Media

BOTH MEDIA USE and obesity have increased dra-

matically during the past decades, causing concern 

that increased time spent using media products such 

as computers may be contributing to the growing 

obesity epidemic in the United States. Although only 

8 percent of American households owned a personal 

computer in 1984, 62 percent owned at least one by 

2003, and nearly 60 percent of adults and children 

aged 3–17 years used the internet, compared to 19 

percent of children and 37 percent of adults in 1998. 

hese trends have caused concern that media use may 

be diverting attention from more active pursuits and 

increasing exposure to advertisements for nutrition-

ally inferior foods that are high in calories. However, 

widespread media and computer use may also repre-

sent a new channel for communicating health infor-

mation to reduce obesity through the development of 

media products that encourage physical activity and 

healthful eating behaviors. Computer technology can 

be used to deliver health education, and to provide 

follow-up, feedback, and reinforcement to partici-

pants making lifestyle changes. 

Much of the focus on computer use and obesity has 

been among children and adolescents. About two-

thirds of children aged 5–17 years use the computer 

for schoolwork, and about 90 percent use it to play 

games. In this population, increasing weight status 

has been associated with elevated use of computers 

and computer/video games. Increased time spent 

in sedentary activities, such as computer and video 

games, may decrease time spent in more active pur-

suits. Further, compared to adolescents of normal 

weight, overweight adolescents are more likely to be-

come isolated from their peers and social networks, 

and they may consequently spend more time using 

electronic media. he National Longitudinal Study 

Included in the factors causing the epidemic of obesity in America are the roles of computers and the media. As people spend more time in 

sedentary activities and see advertising for high-fat, unhealthy foods, obesity rates increase.
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of Adolescent Health shows that greater participa-

tion in sports and school activities and less television 

viewing are associated with decreased isolation. his 

might lead one to assume that decreased use of com-

puters, in favor of school activities and sports, might 

also show the same outcome, a decrease in isolation.   

However, other factors such as the accuracy of self-

reported media use, diferentiation between the types 

of media used (e.g., television vs. computers or sed-

entary vs. active video games), and the type of activi-

ties that media use actually displaces (sedentary vs. 

active) will be important considerations for future 

studies to better understand the associations between 

obesity and overall media use.

Increased media use also elevates exposure to food 

advertising. Although television is commonly associ-

ated with advertisements for foods that are high in 

saturated fat and/or sugar, such as ice cream, cookies, 

and soft drinks, the internet is quickly becoming an-

other venue for advertising these items. An estimated 

98 percent of children’s websites permit advertising, 

and more than two-thirds of these sites rely on adver-

tising as their primary source of revenue. Food manu-

facturers have turned to “advergaming,” which uses 

product websites to integrate speciic food products 

and brands with promotions, sweepstakes, clubs, and 

online clips of television commercials for that brand. 

hus, children may view commercials for a food with-

out turning on their television, and the internet may 

also reinforce the messages seen in television adver-

tisements by repeating these advertisements or link-

ing a speciic food with a television personality or car-

toon character. 

hese sites may also include games with brand-re-

lated characters and adventure or sports themes or 

educational activities that integrate lessons on topics 

such as spelling, history, math and health with brand-

related trivia and characters. Games and activities 

have the additional advantage of providing longer ex-

posure to the product (relative to a 30-second televi-

sion commercial), and when the speciic food item, 

product package, or logo is incorporated, they can 

help young consumers remember the brand on sub-

sequent occasions. Many sites also encourage users, 

particularly children, to inform their friends about 

the product. In addition, some sites provide nutri-

tion claims and information, particularly for products 

marketed to teenagers and adults. However, these 

claims vary by site; although many highlight their 

product’s vitamin and mineral content or make gen-

eral nutrient claims, few sites give information about 

cholesterol and sodium, nutrients that are important 

in preventing obesity-related complications, such as 

cardiovascular disease. hus, in addition to causing 

an increase in sedentary activities, media use can af-

fect eating habits by providing exposure to advertise-

ments for unhealthy foods. 

Although computers and media technology are of-

ten portrayed as villains in the obesity epidemic, their 

widespread use gives them tremendous potential as 

tools for obesity prevention. For example, activity-

promoting video games that require players to move 

their entire body to participate in the game have been 

reported to more than double energy output compared 

to traditional video games, in which players remain 

seated. Active media-related products may therefore 

represent an alternative method for increasing energy 

expenditure using an activity that adolescents already 

value and would want to continue to perform.

Moreover, computers can be used to tailor dietary 

and other lifestyle interventions to meet the individual 

needs of participants. For example, a classroom-based 

nutrition intervention among adolescents showed 

that a computer-based component was efective in 

increasing the knowledge about dietary fats and per-

sonal conidence to eat more fruits and vegetables and 

less fat. In addition, the computer-based component 

was rated as more relevant and personal compared 

to the classroom-based component. he interaction 

that computer-based tools provide can engage stu-

dents, stimulate curiosity and keep them motivated 

to continue learning. Further, these types of programs 

are short enough to be efectively completed in a few 

class periods and can be administered by instructors 

even if they have not had extensive formal training in 

nutrition and physical activity. 

Computer-based interventions can also help adults 

adopt dietary and lifestyle behaviors to decrease obe-

sity risk by providing participants with individualized 

feedback, encouragement about their progress, and 

tips for sustaining change. 

Further, these types of interventions can provide 

a cost-efective method of reaching many people at 

once; they are not limited by geographic barriers and 

can be easily accessed by participants at their own 

convenience and pace so that they can assimilate 
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the information. More recently, interest has turned 

to using personal digital assistants (PDAs) to help 

patients in self-monitoring their dietary intake and 

physical activity and to enable those conducting the 

intervention to provide feedback and reinforcement 

to the participants. Computer-based nutrition and 

lifestyle interventions may thus represent a new way 

to efectively reach a computer-savvy public with 

health information. 

Although computer use is widespread, the fre-

quency with which computers are used and when 

and how varies widely by demographic characteris-

tics such as race/ethnicity and socioeconomic status, 

creating what has been termed a digital divide in 

use. According to the United States Census Bureau’s 

2001 Population Survey, 65 percent of white house-

holds and 67 percent of Asian households owned a 

computer compared to 46 percent of black and 38 

percent of Hispanic-American households. Further, 

among 8- to 18-year-olds, computer use varied with 

socioeconomic status, as measured by parental edu-

cation and income. 

Young people whose parents had completed col-

lege spent more time using a computer than those 

whose parents had completed only high school 

(1:12 vs. 0:55 minutes per day, respectively). Youth, 

whose parents earned more than $50,000 per year 

spent slightly more time with internet-related ac-

tivities such as visiting websites and using e-mail 

and instant messaging. Hence, irst determining the 

computer access and use within the target audience 

is important for maximizing computer-based pro-

grams’ potential success. 

hroughout history, the introduction of new tech-

nology has often been accompanied by the challenge 

of preventing or reversing the negative health conse-

quences that misuse or overuse brings. Yet, wise and 

creative use of technological advances can provide 

a wealth of resources for helping the public develop 

habits that promote good health across the lifespan. 

SEE ALSO: Children’s Television Programming; Food Mar-

keting to Children; Television.

BIBLIOGRAPHY. Matthew DeBell and Chris Chapman, Com-

puter and Internet Use by Children and Adolescents in 2001 

(U.S. Department of Education, National Center for Edu-

cation Statistics, 2003); Elizabeth Moore, It’s Child’s Play: 

Advergaming and the Online Marketing of Food to Children 

(he Henry J. Kaiser Family Foundation, 2006); James Tu-

fano and Bryant Karras, “Mobile eHealth Interventions for 

Obesity: A Timely Opportunity to Leverage Convergence 

Trends,” Journal of Medical Internet Research (v.7, 2005). 

Nurgul Fitzgerald, Ph.D., R.D. 

Kim Spaccarotella, Ph.D. 

Rutgers University

Conditioned Food Preferences 

PEOPLE EAT AN enormous variety of plants and ani-

mals. Historically, what people have eaten is usually 

a matter of what is available and even if it is not very 

acceptable to the palate. A lifetime of eating certain 

foods conditions people to desire some foods over 

others. he choices that people make of foods to eat 

are largely due to patterns of conditioned behavior 

learned from parents and foods served at schools or 

in other places.

he availability of food among a culture may his-

torically have been very limited. For example, if the 

desert-dwelling Bedouin drink camel or goat milk 

and eat dates, it is very much a matter of availability of 

a few foods. However, if a person who previously had 

to live of a poor subsistence diet were to suddenly be 

presented with the opportunity to eat from the enor-

mous variety of food for sale in contemporary food 

stores, then it may take some time but the individual 

could expand his or her diet to include many foods. 

When people from poor rural areas of the world who 

have been lean because they were almost malnour-

ished move to modern urban areas, they are confront-

ed with enormous food choices. hey may, because of 

prior conditioning, stay with a simple diet. 

he foods that people eat are in large part due to 

their food consumption training. For example, eating 

savory foods versus bland food may be due more to 

eating habits that have conditioned the individual to 

prefer spicy foods to bland foods (or vice-versa).

Recent physiological studies have begun to explore 

the reasons why people prefer certain foods. Some 

foods are chosen because they are “comfort” foods. 

Comfort foods are those that produce pleasant feeling 

of comfort. For example, research shows that males 
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prefer as comfort foods hearty dishes that are warm—

dishes such as steaks, casseroles, and soups. Females, 

in contrast, prefer comfort foods that are more snack-

like in quality. hese include items such as chocolate 

or ice cream. Young people prefer snacks.

COMFORT FOODS

Childhood experiences of comfort foods can become 

set for a lifetime. For example, a family in the 1950s 

that went to drive-in movies with a thermos of ice wa-

ter and a paper grocery bag illed with home-cooked 

popcorn on a regular basis could easily have late-mid-

dle-aged adults today who microwave popcorn before 

watching a movie at home.

Psychological inluences that become deep-seat-

ed consumption patterns of behavior can afect the 

dietary habits of children for a lifetime. If they grew 

up in a family in which almost the only time food 

was consumed was at the family dinner table where 

everyone ate the same things, they were conditioned 

to eat what was served. 

However, if children are given a “children’s diet” 

that is different from adults, they will be condi-

tioned to a different dietary habit. Many children 

become conditioned to eating fattening foods 

when there are given items such as processed deep-

fried chicken or pizza. The item may taste good to 

the child, who then will demand that this type of 

diet be continued indefinitely despite its negative 

health effects.

he profound fact is that parental feeding habits 

can create conditioned food preferences. If the paren-

tal feeding is with healthy foods, then the patterns of 

healthy consumption will be established. However, 

if parental behavior allows the consumption of large 

amounts of sweets, fats, fast food, or junk food, the 

risk for obesity is greatly increased.

Studies show that children can be neophobic to-

ward trying new foods. It usually takes repeated ex-

posures to new foods to condition children to eat 

them. his is especially true of foods that may be 

naturally bitter, such a broccoli. Food acceptance is 

a learned behavior in children that is a product of 

parental nurturing.

SEE ALSO: Access to Nutritious Foods; Accessibility of 

Foods; Flavor Programming and Childhood Food Prefer-

ences; Food Preferences; Taste Aversion Learning.
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Congestive Heart Failure

CONGESTIVE HEART FAILURE (CHF) occurs when 

the heart does not efectively pump blood, and con-

gestion of the pulmonary and venous system results. 

Obesity is related to most of the risk factors for de-

veloping CHF. Additionally, obesity itself can increase 

the risk of heart failure. However, it is unclear whether 

weight loss improves survival after the onset of CHF.

Heart failure involves problems with illing cham-

bers with blood or ejecting blood from chambers. 

Causes of heart failure include normal aging or un-

derlying cardiovascular disease. he ventricle com-

pensates for dysfunction by hypertrophying or dilat-

ing. Compensation negatively afects distensibility 

and contractility, resulting in a backing up of blood 

within the circulatory system.

Major risk factors for developing CHF include cor-

onary artery disease, high blood pressure, diabetes, 

and left ventricular hypertrophy (LVH). Risk factors 

for prematurely developing CHF include high cho-

lesterol, chronic inlammation, smoking, and genetic 

factors. Obesity additively clusters risk factors and 

can result in premature manifestation of CHF. Addi-

tionally, obesity causes LVH by increasing blood pres-

sure and viscosity. Overall, obesity is associated with 

an 8 percent population-attributable risk of develop-

ing CHF. Prevention of CHF involves prevention of 

major risk factors.

he incidence of CHF approximately doubles over 

each successive decade of life, although the inci-

dence rises more steeply in women. After the age of 

40, the lifetime risk of developing CHF is 20 percent. 
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Mortality due to CHF is increasing, partly relecting 

the avoidance of death due to predisposing condi-

tions. While obesity increases the risk of developing 

heart failure, being overweight or mildly obese does 

not worsen mortality due to CHF while involuntary 

weight loss increases the mortality due to CHF. Cause 

of death due to CHF is usually sudden arrhythmic 

death or progressive pump failure.

Major criteria for diagnosing CHF include waking 

up short of breath, shortness of breath while lying 

down, increased jugular venous pressure, crackles 

during lung sounds, a third heart sound, an en-

larged heart, and weight loss after treatment with a 

diuretic. Minor criteria for diagnosing CHF include 

swelling of the legs, nocturnal cough, shortness of 

breath on exertion, enlarged liver, and increased 

heart rate. Patients meeting two major criteria or 

one major and two minor criteria are considered to 

have CHF. Imaging measuring heart function con-

irms CHF diagnosis.

Staging of CHF determines treatment plan. Treat-

ment in all stages involves diet and lifestyle modiica-

tion, while symptomatic heart failure is treated with 

medication. Management of CHF involves several 

classes of heart and vascular drugs as well as drugs 

for underlying diseases. While weight loss can signii-

cantly alleviate underlying risk factors, it is currently 

unclear if weight loss increases survival rate after on-

set of CHF. Classiication of heart failure is based on 

function and predicts survival rate.

SEE ALSO: Atherosclerosis; Blood Lipids; Exercise; Hyper-

tension; Mortality and Obesity; Type 2 Diabetes.
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Coronary Heart Disease  

in Women

CORONARY HEART DISEASE (CHD), also referred to 

as coronary artery disease (CAD), is the most com-

mon type of heart disease. In CHD, small blood ves-

sels that supply blood and oxygen to the heart nar-

row due to atherosclerotic plaque buildup. Eventually 

these blood vessels may become blocked and lead to a 

coronary event (i.e.-heart attack). his condition is the 

leading cause of death in both men and women in the 

US, however, age-matched men and post-menopausal 

women have a signiicantly higher incidence of CHD 

than pre-menopausal women. his higher incidence 

of CHD in post-menopausal women is attributed to 

the dramatic decline in estrogen after menopause.

Estrogen serves a protective role in pre-meno-

pausal women against risk factors for CHD. hese 

risk factors include other chronic diseases such as 

obesity and diabetes, as well as physiological factors 

such as high blood levels of low density lipoprotein 

(LDL) cholesterol, low levels of high density lipo-

protein (HDL) cholesterol, hypertension and central 

obesity. Additional risk factors include modiiable 

risk factors such as smoking, physical activity, and 

diet, as well as unmodiiable risk factors such as age 

(risk increases with age) and family history/genetics. 

Menopause leads to a number of metabolic changes 

which contribute to CHD risk factors. hese include 

perturbations in body fat distribution, reduced glu-

cose tolerance, a worsening atherogenic lipid proile, 

and a tendency toward hypertension. Body fat distri-

bution changes from a gynoid to an android pattern 

Several factors, including obesity and obesity-related illnesses, 

increase the chance for congestive heart failure.
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during menopause—in essence from a “pear shape,” 

in which most fat is stored in the hips/buttocks/thigh 

area, to an “apple shape,” in which most fat is stored in 

the abdomen. Research suggests that this abdominal 

fat may be more atherogenic than fat stored in other 

areas, contributing to the increased risk of CHD after 

menopause. his change in body fat distribution can 

contribute to other risk factors such as reduced glu-

cose tolerance (high blood sugar), hypertension (high 

blood pressure), and an atherogenic lipid proile (high 

levels of triglycerides, LDL cholesterol, and total cho-

lesterol, and low levels of HDL cholesterol). 

Estrogen therapy is used to help mitigate the efects 

of estrogen loss in post-menopausal women. Howev-

er, its use is controversial. he results of recent large 

clinical trials such as the Women’s Health Initiative 

(WHI) were not supportive of the use of hormone 

therapy such as estrogens for cardiovascular end-

points. However, there are a number of limitations to 

that study which render the results and interpretation 

debatable. For example, the subjects that received 

hormone therapy were generally an older postmeno-

pausal population, whereas beneits had been pre-

viously demonstrated in younger perimenopausal 

(ie-during menopause) women. Similarly, research 

demonstrates that hormone therapy may be benei-

cial if initiated during the early stages of atherogen-

esis, rather than in individuals with more advanced 

atherosclerosis. 

CHD is a major health concern for older post-

menopausal women. As estrogen is purported to be 

the protective factor in pre-menopausal women, hor-

mone therapy has been utilized to help mitigate the 

untoward efects of menopause. Further research will 

determine if estrogen therapy is a reasonable means 

to reduce the risk of CHD.

SEE ALSO: Atherosclerosis; American Heart Association; 

Blood Lipids; Central Obesity; Estrogen Levels; Estrogen-

Related Receptor; Menopause.
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Corticotropin-Releasing  

Hormone

HORMONES ARE THE body’s chemical messengers 

that travel through the blood stream to various tis-

sues, working slowly over time to afect a variety of 

processes. Corticotropin releasing hormone (CRH) is 
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a 41-amino acid peptide hormone that is made and 

released by the hypothalamus gland. After its release, 

CRH travels to the anterior lobe of the pituitary gland 

where it stimulates the release of corticotropin. Cor-

ticotropin increases the production of CRH-related 

peptides from the adrenal cortex, which interact 

with CRH1 and CRH2 G-protein coupled receptors 

throughout the body during the stress response. It is 

believed that this hormone system may play an im-

portant role in energy balance. 

Studies have shown that CRH administration pre-

vents weight gain in obese (but not lean) rats. his 

observation suggests that CRH may be reduced in 

obesity. CRH also lowers the body weight at which 

food-deprived animals begin to store food. CRH-re-

lated peptides are anorectic agents that decrease food 

intake. Some of these peptides are also thermogenic, 

increasing energy expenditure through activity of 

the sympathetic nervous system. he mechanisms of 

these anorectic and thermogenic efects are the focus 

of many studies. 

Selectively inhibiting the CRH2 receptor has been 

shown to block the anorectic efect of CRH, demon-

strating that it plays a part in anorexia. he role of 

the CRH1 receptor is unclear; however, studies sug-

gest that it may also contribute to the anorectic efect 

of the CRH system. Additionally, the CRH1 recep-

tor may play a role in CRH-related thermogenesis. 

Other studies have shown that CRH antagonists can 

block the anorectic efect of leptin, a hormone that 

promotes the feeling of fullness after a meal. his ob-

servation suggests that there may be a relationship 

between the CRH system and leptin.

Since these hormones may be involved in energy 

balance, the CRH system is being viewed as a poten-

tial target for antiobesity drugs. Nonspeciic activa-

tion of this system may lead to other undesirable ef-

fects; however, recent studies on the CRH1 and CRH2 

ligands may allow for the development of drugs that 

are speciic to energy balance in the future. 

SEE ALSO: Appetite Control; Cortisol; G-Protein Coupled 

Receptors; Glucocorticoids; Hormones; Hypothalamus; 

Pituitary Gland.
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Cortisol

CORTISOL IS A corticosteroid hormone that is pro-

duced and secreted by the human adrenal cortex. 

his hormone is generally responsible for restoring 

homeostasis in response to stress. General efects of 

normal levels of cortisol include elevating blood pres-

sure, elevating blood sugar level, suppressing the im-

mune system with a speciic efect on T-cell lympho-

cytes, enhancing catecholamine activity, enhancing 

short-term memory, and enhancing bone metabo-

lism. However, irregular levels of this hormone may 

have detrimental efects. 

Cortisol in the serum is mostly found bound to 

proteins. It is a cholesterol-based hormone and its 

production depends on the levels of pituitary adre-

nocorticotropic hormone (ACTH). High levels of 

cortisol, however, inhibit the production of ACTH by 

inhibiting corticotropin-releasing hormone (CRH), 

which forms a negative feedback loop that functions 

to regulate the serum level of cortisol. Acute levels 

of cortisol undergo diurnal variations, meaning they 

change throughout the course of the day, with highest 

levels in the morning and the lowest at night. Disrup-

tion of this cycle can be caused by physical factors or 

psychological factors.

Clinically used as hydrocortisone, also known as 

compound F, it is injected into arthritic joints to help 

treat rheumatoid arthritis. Another common phar-

macological use is as a topical cream that reduces skin 

inlammation or itchiness such as Cortisone-10. It is 

also used to suppress allergic reactions and is orally 

implemented. 

While these treatments using cortisol derivatives 

are highly useful, improper levels of cortisol in the 

body may cause serious conditions. Usually, these 

syndromes are caused by tumors of the adrenal  
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cortex or the pituitary gland. A highly elevated 

level of cortisol, hyperadrenocortical syndrome or 

Cushing syndrome, is usually caused by an adrenal 

cortex tumor(s) and causes extreme weight gain in 

the face (“moon face”) and in the trunk, hyperten-

sion, susceptibility to pulmonary infections, as well 

as other efects. Another form of hyperadrenocorti-

cal syndrome, Cushing disease, also causes increase 

levels of cortisol; however, it is caused by tumor(s) in 

pituitary gland, which in turn causes increased levels 

of ACTH release. On the contrary, hypocortisolism 

or Addison’s disease is characterized by decreased 

levels of cortisol by either diseased or damaged ad-

renal glands or pituitary gland. Results of this imbal-

ance may cause excessive weight loss, muscle weak-

ness, and increased blood acidity. 

Cortisol levels are typically elevated in obesity, 

although circulating concentrations usually appear 

to be normal. Increased cortisol levels in obesity, 

particularly in abdominal obesity, may be one source 

of difference in the metabolic efficiency of lean vs. 

obese individuals, and high cortisol levels may ex-

acerbate certain disease conditions (e.g., Type 2 

diabetes). For this reason, several companies have 

formulated medications such as CortiSlim to lower 

cortisol levels in obese individuals. These medica-

tions have not proven to be effective.”

SEE ALSO: Cushing Syndrome; Stress.
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Cost of Medical Obesity  

Treatments

OBESITY IS FAST becoming a worldwide epidemic 

and proper actions need to be taken to ensure a fu-

ture where obesity-related deaths will not be at the 

top of the list. Obese adults are at an increased risk 

of type 2 diabetes, hypertension, hypercholesteremia, 

asthma, arthritis, and overall poor health leading to a 

poor quality of life. It is estimated that Caucasian men 

aged 20 years with a BMI of over 45 lose 13 years of 

life compared with men of comparable age with BMI 

of 24, making it painfully clear just how hefty of an 

impact obesity has on the population. 

Medical costs associated with overweight and obe-

sity may include both direct and indirect costs. Di-

rect medical costs include preventive, diagnostic, and 

treatment services, while indirect costs relate to mor-

bidity and mortality rates. Morbidity cost is deined as 

the value of income lost from decreased productivity, 

restricted activity, absenteeism, and bed days, while 

mortality costs are the value of the future income lost 

by premature death. 

DRUG THERAPY

here are several methods that can be utilized to 

combat the epidemic of obesity. Drug therapy, instil-

lation of an exercise program, and behavioral ther-

apy can all be utilized. Drug therapy with orlistat 

provided change in weight at 12 months or longer 

with 360 mg per day. However, as with all medicines, 

there were adverse side efects to using orlistat: that 

all the studies with patients using orlistat had gas-

trointestinal adverse events such as oily stool and fe-

cal incontinence. 

However, the drawback with the use of drugs is 

that often these are given without incorporation of 

intensive exercise and behavior therapy programs. 

Although drug therapy with orlistat or sibutramine 

leads to a signiicant beneicial efect on high-density 

lipoprotein (HDL) and triglycerides (TGs), no other 

risk factors are afected. Speciically, for sibutramine, 

there was an increase in diastolic pressure observed, 

so the beneicial efects of sibutramine on weight and 

risk factors needs to be carefully balanced against the 

potential increase in blood pressure. 

BEHAVIORAL MODIFICATION THERAPY

he inclusion of exercise with diet yielded beneicial re-

sults as well and exercise seems to be an important fac-

tor in weight reduction when it is used in combination 

with diet. his combination yields beneicial efects 

for HDL cholesterol, TGs, and signiicantly decreas-

ing both systolic and diastolic blood pressure. Adding 
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exercise to diet and behavior therapy yielded greater 

results in weight reduction than did just the combina-

tion of diet and behavioral therapy. he combination 

of behavior therapy with diet does not seem to change 

cardiovascular risk factors. 

he exercise regiment in these studies were not 

necessarily exhausting; the regiment included walk-

ing, jogging, and cycling tailored to produce 60 to 80 

percent of the maximum heart rate with the minimum 

of 20 minutes three times a week as the most placid to 

90 minutes three times a week as the most intensive. 

Behavioral therapy varied among the studies, but 

usually included self-monitoring, slowing the rate of 

eating, reducing eating cues, responding to social pres-

sures, preplanning, and relapse prevention techniques. 

hrough all of these studies, the greatest weight loss 

was associated with the addition of behavior therapy 

to diet or drug therapy with diet. 

SURGICAL THERAPY

With respect to surgical interventions, in 1991, the 

National Institutes of Health (NIH) published a Con-

sensus Statement citing that most bariatric surgery 

patients rapidly lost weight and continued to do so for 

18–24 months. It seems that bariatric surgery, when 

patients are carefully selected and have been unable to 

gain results through less invasive methods, produces 

beneicial results. 

Gastric bypass surgery has demonstrated very im-

pressive results with lower costs and greater long-

term weight-loss maintenance when compared to 

low-calorie diets and behavior modiications. Two 

types of surgery have been recommended by govern-

ment consensus panels, both for people with severe 

cases of obesity (deined as above 100 lb of ideal body 

weight) who have had inefective weight loss through 

other methods. 

he irst method is gastroplasty, which involves sur-

gically reducing the size of the stomach. he second 

method is the gastric bypass surgery, which creates a 

small pouch and connects this pouch to the second 

portion of the intestine. Although more extensive and 

diicult than the simpler gastroplasty, it yields more 

efective weight-loss results. 

here are three types of bariatric surgeries: Roux-

en-Y gastric bypass, laparoscopic adjustable gastric 

banding, and biliopancreatic diversion with duodenal 

switch. Roux-en-Y is the most frequently performed 

obesity operation, accounting for 85 percent of all 

bariatric surgery in the United States. It calls for the 

creation of a pouch which functions as the stomach 

with the patient’s original stomach still functioning to 

deliver important enzymes for digestion. 

he laproscopic adjustable gastric banding is a re-

strictive weight-loss operation because it works by 

limiting the actual amount of calories that can be 

consumed at the same time as making an individual 

feel “full” despite this reduced intake. Simply, a belt is 

placed around the upper part of the stomach, separat-

ing the stomach into two parts with a port that ills 

luid into the stomach, thereby slowing the passage 

of food from the upper pouch into the lower pouch. 

Weight loss with an adjustable gastric band is slow 

and steady and shows great improvements in weight-

related medical problems. here is also minimal stress 

on the body during surgery with a fast recovery time. 

he uniqueness of the band lies in its adjustability, 

which makes it possible to adjust the band according 

to an individual’s weight loss goals and needs. 

Biliopancreatic diversion with duodenal switch 

removes the outer margin of the stomach, meaning 

approximately two-thirds is removed and then the 

intestines are rearranged so that the area where the 

food mixes with the digestive juices is short. his pro-

cedure requires a much longer recovery period and 

causes a greater risk for infection. 

INSURANCE ISSUES

Despite the publicity of obesity as an epidemic and 

the many health risks associated with obesity, there is 

relatively very little support provided by health insur-

ers. Low reimbursement rates preclude the long-term 

inancial feasibility of weight-management programs 

without other support or a signiicant proportion of 

patients who can pay for care out of pocket. It is an 

increased issue because many insurers will not cov-

er weight-loss treatments unless the patient has an 

obesity-related condition such as diabetes or hyper-

lipidemia. According to a study of national costs at-

tributed to overweight individuals (BMI 25–29.9) and 

obese individuals (BMI >30), medical expenses for 

this population accounted for 9.1 percent of total U.S. 

medical expenditures in 1998. Medicaid and Medi-

care paid approximately half these costs. he diiculty 

with assessing the cost of obesity is that not only must 

the cost of obesity itself be accounted for, but also the 
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added cost of all the various conditions causally related 

to obesity including cancer, gallbladder disease, type 2 

diabetes, and heart disease, among other things. he 

direct healthcare costs of obesity are estimated to be 

at $102.2 billion in 1999. According to the American 

Obesity Association, health insurance expenditures 

constitute $7.7 billion of the total with 43 percent of all 

spending by U.S. business on coronary heart disease, 

hypertension, type 2 diabetes, and so forth. Despite the 

steep estimation of the impact medical treatment for 

obesity is causing the United States, it may still be very 

likely that it is an underestimate as the true burden be-

cause it omits intangibles such as pain, sufering, and 

care provided by nonpaid caregivers. 

OBESITY COVERAGE

Still, signs of change are beginning to show as the 

American Obesity Association is working toward 

expanding insurance coverage for obesity treatment. 

State policy makers are slowly beginning to allow 

Medicaid treatment options for the low-income citi-

zens. 

In Iowa, Governor Tom Vilsak signed into law a bill 

that requires the state’s Medicaid program to develop 

a strategy to provide dietary counseling to child and 

adult Medicaid enrollees. In Colorado, Governor Bill 

Owes signed a measure establishing an obesity treat-

ment pilot program for Medicaid patients over 15 

years old having a BMI ≥30. 

It may behoove each respective state to acknowl-

edge the diferent prevalence rates of obesity which 

can then assist state policy makers to determine how 

best to allocated public health resources and provide 

information concerning the economic impact of obe-

sity per individual state. 

Although people may be given treatment for obe-

sity, their health insurance company may neither cover 

nor reimburse these services. his is somewhat of a 

conundrum as they are willing to pay for treatment of 

conditions that are associated with obesity and cover 

other conditions which neither have the mortality nor 

the morbidity of obesity. Furthermore, many insur-

ance companies also charge higher premiums with in-

creasing degrees of overweight. However, in July 2004, 

Medicare policy changed and now relects the serious-

ness of obesity as a medical condition by considering it 

as a disease and making payments for any services in 

connection with it. 
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he diiculty with the lack of health insurance cov-

ering obesity is that there is a lack of understanding 

that obesity should be viewed as a disease, that treat-

ments are very efective, and the heightened role that 

personal responsibility is given. One of the most sig-

niicant barriers toward lack of health insurance re-

imbursements are the beliefs that people have about 

personal responsibility because many other health-

care conditions involve personal behavior. he NIH 

and other organizations all agree that obesity should 

be recognized as a disease and should therefore re-

ceive coverage for its treatment. However, this is not 

the case, and organizations such as the American 

Obesity Association are taking measures to rectify 

this misleading belief. 

CONCLUSION

he problem with obesity is that it is not a disease 

which can be treated and cured. It seems to be more 

of a chronic disease condition; therefore, obesity is 

very likely to require lifelong treatment. However, 

the beneits of such lifelong treatment yield a sig-

niicant diference in both health and economic ben-

eits. Changes need to be made with respect to how 

we view obesity and the blame we place on those 

alicted. herapeutic intervention is essential for 

obesity as it will be beneicial for the future health 

of all individuals and many diseases resulting from 

obesity can be stemmed. A better quality of life will 

be assured to all. 

SEE ALSO: Exercise; Governmental Policy and Obesity; 

Health Coverage of Gastric Surgeries; Orlistat (Xenical); 

Psychiatric Medicine and Obesity; Sibutramine (Meridia).
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Council on Size and Weight  

Discrimination

FOUNDED IN 1990, the Council on Size and Weight 

Discrimination is a not-for-proit advocacy group 

working to end discrimination based on body size, 

shape, or weight. he Council serves as a consumer 

advocacy group for large-size people, especially in 

medical treatment, job discrimination, and media im-

ages. It ofers information, counseling, and referral for 

people who have encountered weight discrimination. 

he Council provides literature and technical assis-

tance to professionals in the ields of eating disorders, 

body image, and weight issues. It works with regula-

tory agencies, legislatures, and the media to change 

prejudicial attitudes and policies regarding weight. 

he organization provides public education through 

its website, www.cswd.org.

he Council’s Medical Advocacy Project works 

with the National Institutes of Health (NIH), the Food 

and Drug Administration (FDA), and the Federal 

Trade Commission (FTC). In 1995, the Director of the 

Council’s Medical Advocacy Project, Lynn McAfee, 

testiied at an FDA hearing urging the disapproval of 

Redux (Fen-Phen) on the grounds that the drug had 

not been thoroughly studied. Two years later, when 

evidence of serious side efects and deaths had sur-

faced, the drug was removed from the market. he 

Council continues to testify for proof of long-term 

safety and efectiveness of new diet drugs.

he Council advocates evidence-based public 

health policies, including full disclosure of actual long-

term success rates by weight-loss programs. McAfee 

was appointed a member of the Partnership for Health 

Weight Management of the FTC. he Partnership put 

together the irst oicial government publication tar-

geting fraud in the weight-loss industry. his publica-

tion asks weight-loss programs to abide by fair con-

sumer practices, warn customers of the risks of diet 

products, and disclose the fact that most dieters will 

regain the weight they lose. In 2003, when the FTC an-

nounced a crackdown on fraudulent weight-loss pro-

grams, McAfee spoke at the press conference. 

he Council has had success in convincing regula-

tory agencies to address medical discrimination and 

inappropriate care of large patients. In 2003, with the 

Council’s input, the National Institute of Diabetes and 

Digestive and Kidney Diseases (NIDDK) published a 

brochure, aimed at healthcare professionals, promoting 

respectful treatment for large patients. he Council on 

Size and Weight Discrimination is listed as a resource.

he Council is part of the Size Acceptance move-

ment as well as of the Health at Every Size commu-

nity of organizations and professionals. he Council 

stands for the principles that all people, no matter 

what their weight, deserve equal treatment in the job 

market and on the job, and that all people, no mat-

ter what their weight, deserve respectful treatment by 

healthcare professionals.

SEE ALSO: American Obesity Association; National Asso-

ciation to Advance Fat Acceptance; NIDDK.

BIBLIOGRAPHY. Federal Trade Commission, “Federal 
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C-Reactive Protein

INFLAMMATION IS ASSOCIATED with morphologi-

cal and clinical progression of atherosclerotic vascu-

lar disease. C-reactive protein (CRP) is a plasma pro-

tein, an acute phase protein produced by the liver. It is 

a member of the pentraxin family of proteins. CRP is 

involved in inlammatory processes occurring in the 

body. CRP is a predictive marker of inlammation.

he levels of hs-CRP of <1, 1 to <3, and ≥3 mg/L 

have been suggested to deine low-, moderate-, and 

high-risk groups in cardiovascular disease (CVD). 

Recent studies strongly suggest that CRP is a better 

predictive marker of CVD than LDL-C in women. 

Individuals with CRP greater than 3 mg/L with LDL 

cholesterol below 130 mg/dL are at a higher risk for 
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CVD. CRP is associated with the progression of ca-

rotid atherosclerosis and enhances inlammatory pro-

cess of atherosclerosis.

CRP AND CARDIOVASCULAR DISEASE

Most studies support that higher levels of (high sen-

sitivity) hs-CRP are associated with increased risk for 

cardiovascular disease. High levels of hs-CRP consis-

tently predict new coronary events in patients with 

unstable angina and acute myocardial infarction (heart 

attack). CRP binds to a variety of molecules, particu-

larly liposomes and lipoproteins, such as low-density 

lipoprotein (LDL) and very low-density lipoprotein 

(VLDL) cholesterol, and is a powerful activator of the 

classic complement system. 

High levels of hs-CRP in the blood seem to predict 

prognosis and recurrent events in patients with stroke 

and peripheral arterial disease. An association between 

sudden cardiac death, peripheral arterial disease, and 

hs-CRP was observed. A positive signiicant correla-

tion of CRP with other coronary risk factors including 

age, number of cigarettes smoked per day, body mass 

index, systolic and diastolic blood pressure, total cho-

lesterol, triglycerides, homocysteine, ibrinogen, and 

D-dimers were reported in several studies. An inverse 

association of CRP and exercise frequency and HDL-C 

(high density lipoprotein) were reported. CRP was also 

a risk factor for fatal and nonfatal myocardial infarc-

tion, CHD death ischemic stroke and peripheral vas-

cular disease.

CRP predicts risk of asymptomatic cardiovascular 

events in women. Research is showing promising re-

sults for testing hs-CRP (along with other risk factors) 

to determine heart disease risk in those with undetected 

heart disease and risk of complications for those who 

have already had a heart event (such as a heart attack).

CRP AND OBESITY

Elevated CRP (a state of chronic inlammation) has also 

been found to be positively correlated with adiposity 

and with leptin levels (a hormonal correlate of higher 

levels of body fat). CRP concentration was strongly 

related to surrogate and direct measures of body fat, 

diastolic blood pressure, and lipid and apolipoprotein 

levels CRP was strongly related to all anthropometric 

and direct measures of total and central abdominal 

obesity. Higher BMI is associated with higher CRP 

concentrations, even among young adults aged 17–39 

years. hese indings suggest a state of low-grade sys-

temic inlammation in overweight and obese persons. 

In a recent review of 33 articles, weight loss was as-

sociated with a decline in CRP level. For each 1 kg of 

weight loss, the mean change in CRP level was –0.13 

mg/L. his suggests that weight loss may be an efec-

tive therapeutic strategy for lowering CRP level.

CRP AND DIABETES

he cytokine proteins, also associated with states of 

chronic inlammation, can inluence insulin resis-

tance and glucose uptake, and thus can be associated 

with Type 2 diabetes. Cytokines can inluence insulin 

resistance and glucose uptake promotes hepatic fatty 

acid synthesis. Upregulation of receptors for advanced 

glycation end products has been associated with en-

hanced inlammatory reactions. Increased expression 

of these receptors has been found to be associated 

with impaired glycemic control and may be a con-

tributory factor in the complex array of mechanisms 

that leads to accelerated atherosclerosis in patients 

with diabetes. In a national survey study, respondents 

with hemoglobin A1c (A1C) levels ≥9 percent had a 

signiicantly higher rate of elevated CRP than those 

with A1C levels < 7 percent. A 2.7-fold greater risk 

of development of diabetes was observed in the high-

est quartile CRP than those in the lowest quartile. In 

the Cardiovascular Heart Study, the Women’s Health 

Study, the West of Scotland Coronary Prevention 

Study, and the Nurses’ Health Studies, CRP is signii-

cantly associated with incident diabetes.

CRP AND METABOLIC SYNDROME (METS)

he Metabolic Syndrome (MetS) is a group of risk 

factors that often co-occur with obesity, including in-

lammation, insulin resistance, high blood pressure, 

dyslipidemia, and abdominal obesity. CRP levels were 

more strongly related to insulin resistance and other 

features of the MetS in women in the Mexico City 

Diabetes Study. Cross-sectional studies have found 

associations of CRP with metabolic syndrome and 

its components, including obesity, insulin resistance, 

dyslipidemia, elevated blood pressure, and endothe-

lial dysfunction. Increased serum CRP levels predict 

the development of metabolic syndrome. In the 12-

year follow-up study, even a slight increment in se-

rum CRP level was associated with an increased risk 

of developing metabolic syndrome in elderly women.
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CrP anD HyPertension
Elevated CRP may increase blood pressure due to en-
dothelial dysfunction which results in vasoconstric-
tion, and ultimately increases blood pressure. Cross-
sectional studies demonstrate that CRP is associated 
with hypertension, even among those with low initial 
systolic and diastolic BPs

see aLso: Cardiovascular Disease in African Americans; 
Cardiovascular Disease in Asian Americans.
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Cushing syndrome

this Disease, first described by Harvey Cushing in 
1932, refers to any clinical entity due to excessive and 
prolonged secretion and action of glucocorticoids, al-
though the cause of the disease may relate to any one of 
a number of origins. 

Primary hypercortisolism may be due to an adre-
nal cortical tumor (adenoma or carcinoma). Cushing 
Syndrome of secondary origin may derive from a pitu-
itary tumor secreting an excess of adrenocorticotropic 
hormone (ACTH), or to ectopic ACTH production, 
or to pituitary corticotroph hyperplasia. The simulta-
neous measurement of plasma ACTH and cortisol is 
useful in differentiating between adrenal hyperplasia 
(due to excess pituitary ACTH stimulation) and adre-
nal tumors as the cause of Cushing Syndrome. 

In patients with adrenal tumors, plasma cortisol 
levels are high but the concentration of ACTH is low 
or undetectable. In contrast, both cortisol and ACTH 
plasma levels are elevated in bilateral adrenal hyper-

plasia, and both can be lowered by exogenous dexa-
methasone (a synthetic glucocorticoid) administra-
tion.

Some symptoms of cortisol excess are central (trun-
cal obesity), hypertension, glucose intolerance, hirsut-
ism, osteoporosis, polyuria, and polydipsia. The hyper-
glycemia resulting from excess glucocorticoids leads to 
so-called steroid diabetes, where prolonged elevated 
levels of glucose may, in time, lead to pancreatic beta-
cell exhaustion (diabetes mellitus). The change in fat 
distribution is due to the lipolytic action of ACTH and 
glucocorticoids on the normal fat depots. 

The redistribution of fat may not be due to the direct 
actions of glucocorticoids, but rather to the insulin that 
is secreted in response to increased hepatic glucose for-
mation. Although the actions of insulin on the normal 
depots are apparently antagonized by cortisol, insulin 
appears able to exert a lipogenic effect in other areas 
of the body, such as the face, upper back, and supracla-
vicular fat pads. 

The catabolic actions of glucocorticoids on skeletal 
muscle cause thinning of the extremities. Loss of pro-
tein matrix of bones causes severe osteoporosis, which 
may severely affect the spinal column. The excess andro-
gens produced are the cause of hirsutism in the female. 
Again, the hyperpigmentation that may be present in 
Cushing Syndrome of secondary origin may be due to 
the presence of increased circulating levels of ACTH. 
Polyuria and polydipsia are due to the loss of large vol-
umes of water as a result of solvent drag during the pro-
cess of excessive glucose excretion by the kidneys. 

A number of treatments are possible depending 
mostly on identifying the cause and removing it. If it 
is being caused by medications, it should be discon-
tinued when feasible. In most cases of Cushing Syn-
drome, the treatment is to find the direct or indirect 
cause (e.g., adrenal gland tumor, pituitary tumor, etc.) 
and treat it surgically, medically, or by radiation. If the 
cause cannot be found, the adrenal glands can be re-
moved surgically or suppressed with medications that 
reduce the glands’ production of cortisol.

see aLso: Cortisol; Glucocorticoids.

BiBLiography. C. Beauregard, “Classic and Recent Etiolo-
gies of Cushing’s Syndrome: Diagnosis and Therapy,” Treat-
ments in Endocrinology (v.1/2, 2002); M. Trilck, “Salivary 
Cortisol Measurement—A Reliable Method for the Diag-
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nosis of Cushing’s Syndrome,” Experimental and Clinical 
Endocrinology and Diabetes (v.4, 2005). 

Neda Asem 
Navid Ezra 

David Geffen School of Medicine, UCLA

Cytokines

Cytokines (formerly known as lymphokines, inter-
leukins, and chemokines) are a group of signaling com-
pounds that enable cells to communicate with each 
other. These compounds are water-soluble and made 
of proteins whose mass ranges between 8 to 30 kDa. 

Cytokines are released by many cells within the 
body and are not limited to a single organ system. Be-
cause so many different types of cells use cytokines 
to communicate, their functions are as diverse as the 
cells that use them. They were originally identified 
within the immune system where they were found 
to mediate many immunological and inflammatory 
functions in response to trauma and disease. 

All cytokines have receptors on cells. These recep-
tors cause upregulation or downregulation of par-
ticular cellular functions (usually gene expression). 
Most cytokines are also pleiotropic (i.e., they cause 
different reactions in different cell types). 

The endocrine functions of cytokines are particu-
larly relevant in obesity. The excess adipose tissue, 
characteristic of obesity, releases large amounts of cy-
tokines that affect almost every organ system within 
the body. Obesity-associated cytokine production 
has been thought to play a role in diabetes, hyper-

tension, insulin resistance, arteriosclerosis, vascular 
endothelial dysfunction, triglyceride overproduction, 
very-low-density lipid overproduction, and a fall in 
high-density lipoproteins. 

Cytokines that affect these diseases are believed to be 
derived from immune cells, such as macrophages, which 
accumulate in large numbers within the adipose tissue 
of obese individuals. These cells release large amounts 
of cytokines into the circulation and have numerous 
deleterious endocrine effects as outlined above. 

Adipocytes themselves release cytokines such as 
leptin, which affect appetite, fat storage, insulin re-
sistance, and reproductive functions. The exact inter-
play between the cytokines secreted by adipocytes, 
immune cells, and the rest of the body is incompletely 
understood and is a fertile ground for research as new 
cytokines with new functions are being discovered 
and characterized almost daily. 

see aLso: Fertility; Interleukins.

BiBLiography. D.R. Cottam, et al., “The Chronic Inflam-
matory Hypothesis for the Morbidity Associated with 
Morbid Obesity: Implications and Effects of Weight 
Loss,” Obesity Surgery (v.14/5, 2004); K. Alexandraki, et 
al., “Inflammatory Process in Type 2 Diabetes: The Role 
of Cytokines,” Annals of the New York Academy Science 
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Db/Db Mouse

THE DB/DB MOUSE is a genetically mutated mouse 

in which leptin receptors do not function properly 

despite the mouse still being able to produce leptin; 

his breed of mouse is sometimes referred to as the 

diabetes mouse. his mouse was irst discovered by 

Jackson Laboratories in 1966 as an obese mouse that 

ate excessively. here is a single gene that is mutated 

which is responsible for the defective leptin recep-

tor. his mouse is diferent from the ob/ob mouse; in 

these, the leptin receptors function, but the mouse 

does not produce leptin. Leptin is a hormone pro-

duced in fat cells that plays a role in eating and energy 

utilization. he db/db mouse is extremely obese and 

has many of the metabolic defects found in the ob/ob 

where leptin is not present. hese include overeating, 

decreased physical activity, elevated plasma leptin 

(db/db mouse only), elevated glucose and insulin lev-

els, insulin resistance, Type 2 diabetes mellitus, fatty 

liver and liver disease, low body temperature, and 

kidney disease. he defective db/db gene can appear 

on several diferent strains (types) of mice and the 

deleterious efects from the lack of functioning leptin 

receptors varies from strain to strain. Some strains of 

mice have moderately elevated glucose, while other 

strains may have severely elevated glucose.

he db/db mouse has been utilized in numerous 

scientiic studies. It is very useful in elucidating the 

function of leptin and understanding the leptin sig-

naling pathway. It is also useful to study many difer-

ent diseases from which the db/db sufers. For ex-

ample, some researchers view the db/db mouse as a 

better model in which to study kidney disease. he 

symptoms observed in the kidney disease of a db/db 

mouse are very similar to the symptoms observed in 

humans. he studies in the db/db mouse have led to 

change in the clinical treatment of humans who sufer 

with kidney disease. he db/db mouse has also been 

useful in studies of insulin resistance and diabetes 

mellitus. Brain-derived neurotrophic factor (BDNF) 

is a compound that plays an important role in the syn-

thesis of neurons from both the central and peripheral 

nervous system. Young db/db mice that were treated 

with BDNF had improvements in their blood sugar 

and insulin levels (both decreased) and increased 

their physical activity and body temperature; this was 

not observed in older db/db mice.

Unlike ob/ob mice, giving db/db mice leptin will 

not improve their condition. Db/db mice will remain 

obese for their entire life; however, they will begin to 

rapidly lose weight before they die as their pancreas 

begins to fail. hiazolidinediones (TZD) are a class of 

compounds that are used as diabetic medication that 

functions by activating peroxisome proliferators-acti-

vated receptors (PPAR). Db/db mice that are treated 

with TZDs have had improvement in some of their 

diabetes complications. Muraglitazar is a new drug 

D



that activates two diferent types of PPARs and pre-

liminary studies have shown that it has been highly ef-

fectively in ameliorating the development of diabetes 

in young db/db mice and the worsening of diabetes in 

older db/db mice. he db/db mouse is a useful animal 

model for studying many metabolic disorders.

SEE ALSO: Leptin; Ob/Ob Mouse.
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Department of Agriculture

THE UNITED STATES Department of Agriculture 

(USDA) was created in 1889 as the 6th Executive De-

partment (�abinet Department) within the U.S. fed-

eral government, alongside other Executive Depart-

ments such as the Departments of State, Treasury, 

and Defense. 

he USDA provides leadership on food, agriculture, 

and natural resources issues, including the follow-

ing key activities as speciied in the USDA Strategic 

Plan for 2002–07: expanding markets for agricultural 

products, developing alternative markets for agricul-

tural products, expanding job opportunities in rural 

America, reducing the prevalence of foodborne haz-

ards, improving the nutrition and health of Americans 

through food assistance and education, and managing 

and protecting public and private lands. 

he USDA budget for 2008 is estimated at ap-

proximately $89 billion, of which about 75 percent 

goes to provide services as required by law, including 

programs focused on nutrition assistance, farm com-

modities, export promotion, and conservation. he 

remaining 25 percent is allocated by discretionary 

programs, including those to address pest and disease 

threats, the WI� program (Special Supplemental Nu-

trition Program for Women, Infants, and �hildren), 

rural development loans and grants, research, educa-

tion, technical assistance for soil and water conserva-

tion, marketing assistance, and Forest Service activi-

ties including management of National Forests. 

Most of the USDA activities relevant to obesity 

are concentrated in the area of Food and Nutrition. 

he food pyramid, currently known as MyPyramid, 

is both a graphical method of displaying the propor-

tion of diferent foods and nutrients recommended 

for a balanced diet, and an online interface which 

allows anyone to calculate the speciic daily num-

176 Department of Agriculture

Working with American farms, the Department of Agriculture seeks to 

improve the health of citizens through assistance and education.



ber of servings from diferent food groups which 

are recommended for them, based on the individual 

age, sex, and activity level. he food pyramid classi-

ies foods into six groups: grains, vegetables, fruits, 

milk, meat and beans, and oils. For a 50-year-old 

female, the food pyramid recommends 2,000 calo-

ries per day including 6 ounces of grains, 2.5 cups of 

vegetables, 2 cups of fruits, 3 cups of milk, and 5.5 

ounces of meat and beans. For a 25-year-old male 

with the same activity level, 2,800 calories are rec-

ommended including 10 ounces of grains, 3.5 cups 

of vegetables, 2.5 cups of fruit, 3 cups of milk, and 7 

ounces of meat and beans.

he Food Stamp program provides low-income 

families in the 48 contiguous states and the District 

of �olumbia with electronic beneits transfer (EBT) 

cards which they may use to buy eligible food in au-

thorized food retail stores. Food stamp eligibility is 

contingent on the individual or family meeting certain 

income and resource tests, which are summarized at 

the USDA website: they include having $2,000 or less 

in countable resources such as a bank account, and 

gross monthly income of $2,167 or less for a family 

of four; less stringent restrictions apply in certain cir-

cumstances, including households with a disabled or 

elderly member. 

Food stamps may be used to buy foods for the 

household and food-producing seeds and plants; they 

may not be used for alcoholic beverages, tobacco, or 

nonfood items such as household supplies or pet food. 

In some circumstances (for instance, for homeless, 

elderly, or disabled persons), food stamps can be ex-

changed for restaurant meals. Fifty-one percent of all 

food stamp recipients are children age 18 or younger; 

9 percent are adults over age 60. Forty-one percent 

of participants in the food stamp program are �au-

casian, 36 percent are African American, 18 percent 

are �ispanic, and the remainder are Asian, Native 

American, or of unknown race or ethnicity. 

he WI� program provides supplemental foods, 

nutrition education and counseling, and screening 

and referrals to other services for pregnant, postpar-

tum, and breastfeeding women, infants and children 

up to their ifth birthday. 

WI� beneits are ofered to those who meet income 

guidelines (in 2006–07, the maximum gross annual 

income allowed for a family of four was $37,000) and 

are judged to be at nutritional risk, meaning that a 

health professional such as a physician or nutrition-

ist has determined that the individual has an inad-

equate diet or a medical condition such as anemia 

or a history of poor pregnancy outcomes. Recipients 

receive WI� foods, either through direct delivery, 

by access to warehouses, or by receiving a subsidy 

to purchase WI� foods, which are deined as foods 

high in protein, calcium, iron, or vitamins A or �. 

Examples of WI� foods include iron-fortiied infant 

formula and cereal, eggs, milk, cheese, peanut but-

ter, and dried beans or peas. 

he National School Lunch Program provides free 

or low-cost lunches to children attending school; par-

ticipating schools receive cash subsidies and donated 

commodities from the USDA in return for ofering 

free or reduced-price lunches to children from low-

income families. 

he School Breakfast Program was established in 

1966 to serve breakfast to �nutritionally needy” chil-

dren, which was operationalized as children in low-

income areas or who had to travel a long distance 

to school, and in 1975 received permanent authori-

zation. he Special Milk Program provides milk to 

children in schools, camps, and childcare institutions 

that do not participate in the School Lunch or School 

Breakfast programs. 

SEE ALSO: Food Guide Pyramid; Food Stamp Nutrition 

Education Program; Government Agencies; Pregnancy; 

School Lunch Programs. 
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Department of Health  

and Human Services

THE DEPARTMENT OF �ealth and �uman Services 

(D��S) is an Executive Department within the Unit-

ed States federal government. he D��S was created 

in 1979 when the Department of �ealth, Education, 
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and Welfare was split into the Department of Edu-

cation and the D��S. Agencies included in D��S 

include the National Institutes of �ealth, the Food 

and Drug Administration, �enters for Disease �on-

trol and Prevention, the Indian �ealth Service, the 

�ealth Resources and Services Administration, the 

Substance Abuse and Mental �ealth Services Ad-

ministration, the Agency for �ealthcare Research 

and Quality, the U.S. Public �ealth Service �om-

missioned �orps, and the �enters for Medicare and 

Medicaid Services.

he purpose of D��S is to protect the health of 

Americans and provide essential human services. 

D��S includes more than 300 programs and rep-

resents almost a quarter of all federal outlays. It also 

works closely with state and local governments, and 

provides funding for many programs provided by state 

or county agencies or through private sector grant-

ees. he D��S in 2007 had over 66,000 employees 

and a budget of almost $700 billion. Priorities of the 

D��S, as outlined by Secretary Mike Leavitt in 2005, 

include value-driven healthcare, improved health in-

formation technology, improved access to prescrip-

tion drugs for Medicare recipients, increased Medic-

aid beneits, improvement of healthcare in Louisiana, 

more personalized healthcare including an emphasis 

on prevention, inluenza pandemic preparedness, and 

increase in the size and training of the Public �ealth 

Service �ommissioned �orps.

Many agencies within the D��S have obesity-

related initiatives, including the �enters for Disease 

�ontrol and Prevention and the National Institutes 

of �ealth. In addition, information relevant to the 

prevention aspect of D��S goals is collected and 

presented at the website �ealthierUS.gov. his web-

site is part of a national initiative to promote com-

munity health and wellness, prevent and reduce the 

costs of disease, and improve people’s lives; the ma-

jor aspects emphasized are physical activity, nutri-

tion, preventive screenings, and avoidance of injuri-

ous behaviors such as tobacco smoking, alcohol and 

drug abuse, and risk-reduction behaviors such as the 

use of child car seats. Within each subsection, links 

to relevant programs and further information, often 

from other agencies within the federal government, 

are provided. 

�ealthierUS.gov refers to obesity as �epidemic” 

in the United States. In the area of physical activ-

ity, �ealthierUS.gov recommends 30 to 60 minutes 

of moderate activity on most days, which it links to 

beneits including relaxation and stress reduction, 

greater energy, improved sleep, and reduced risk 

for heart disease, colon cancer, diabetes, osteopo-

rosis, and high blood pressure. In the area of nutri-

tion, �ealtherUS.gov advice is fairly nonspeciic, but 

recommends moderate food consumption which 

includes a variety of fruits of vegetables, and low 

consumption of fat, sugar, and salt. �ealthier eat-

ing is linked to reduced risk for heart disease, dia-

betes, some cancers, strokes, and osteoporosis. In-

formation relevant to obesity research includes links 

discussing the body mass index (BMI), food por-

tions, reading food labels, information about what 

constitutes a portion of food, and healthy recipes. 

he �ealth Screenings portion of �ealtherUS.gov 

includes guidance on what is a healthy weight, for 

children and adults, and includes overweight as a 

risk factor for many diseases; weight is also included 

in the �heckups and Tests Record which is available 

for download and encourages individuals to regu-

larly record heath information including blood pres-

sure, blood sugar, dental visits, and hearing tests. 

SEE ALSO: Fitness; Government Agencies; Nutrition Edu-

cation; Physical Activity and Obesity. 
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Depression

A DEPRESSIVE DISORDER is an illness that involves 

the body, mood, and thoughts. Some 20.9 million 

adults, sufer from a depressive illness in United 

States. Depression interferes with the ability to work, 

study, sleep, eat, and enjoy pleasurable activities.

TYPES OF DEPRESSION

Depressive disorders difer based on the number of 

symptoms, severity, and persistence. Major depres-
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sion is manifested by a combination of symptoms that 

interfere with the ability to work, study, sleep, eat, 

and enjoy once pleasurable activities. he symptoms 

of major depression are persistent sad, anxious, or 

�empty” mood; feelings of hopelessness and/or pes-

simism; feelings of guilt, worthlessness, and helpless-

ness; loss of interest or pleasure in hobbies and activi-

ties that were once enjoyed, including sex; decreased 

energy, fatigue, or feeling �slowed down”; diiculty 

concentrating, remembering, and making decisions; 

insomnia, early-morning awakening, or oversleeping; 

appetite and/or weight loss or overeating and weight 

gain; thoughts of death or suicide; suicide attempts; 

restlessness and irritability; and persistent physical 

symptoms that do not respond to treatment, such as 

headaches, digestive disorders, and chronic pain. 

DYSTHYMIA

Dysthymia is a less severe type of depression. Dys-

thymic disorder afects approximately 1.5 percent of 

the U.S. population age 18 and older in a given year 

(3.3 million).

BIPOLAR DISORDER

Bipolar disorder is also called manic-depressive ill-

ness. Bipolar disorder afects approximately 5.7 mil-

lion American adults, or about 2.6 percent of the U.S. 

population age 18 and older in a given year. Bipolar 

disorder is characterized by cycling mood changes: 

severe highs (mania) and lows (depression). Mania, 

left untreated, may worsen to a psychotic state. 

SEASONAL AFFECTIVE DISORDER

Seasonal afective disorder (SAD) is a pattern of de-

pression related to changes in seasons and a lack of 

exposure to sunlight. It may cause headaches, irrita-

bility, and a low energy level. 

CAUSES OF DEPRESSION

Bipolar disorder runs in families. he causes of de-

pression may be due to stress, physical changes, and 

medical illnesses such as stroke, heart attack, cancer, 

Parkinson’s disease, and hormonal disorders. A sick 

person is apathetic and unwilling to care for his or her 

physical needs, thus prolonging the recovery period. 

A combination of genetic, psychological, and envi-

ronmental factors and change in life patterns involved 

in the onset of a depressive disorder. An increased or 

reduced appetite and unexplained weight gain or loss 

may also indicate depression.

ANTIDEPRESSANTS AND OBESITY

Weight gain is a reported side efect of nearly to all 

antidepressant medications. Tricyclic antidepres-

sants and monoamine oxidase inhibitors (MAOIs) 

are more likely to be associated with weight gain 

than are selective serotonin reuptake inhibitors (SS-

RIs). Improvement in appetite is associated with 

improved mood may result in increased weight. he 

antidepressant therapy with mirtazapine was associ-

ated with a signiicant increase in body weight, body 

fat mass, and leptin concentration. Venlafaxine (Ef-

fexor) has been shown to cause weight gain but not 

as severe as has been reported with the SSRIs par-

oxetine (Paxil), fuoxetine (Prozac), and sertraline 

(Zoloft). Mitrazapine (Remeron) has been associ-

ated with signiicant weight gain, possibly second-

ary to interactions with the histamine (�1) recep-

tor. Trazadone (Desyrel) is an antidepressant with 

sedative properties that is frequently used as a sleep 

aid as well as treatment for depression. It appears 
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to cause less weight gain than amitriptyline (Elavil®) 

but more than buproprion ��L (Wellbutrin®).

Anticonvulsants tend to cause hyperinsulinemia 

(elevated insulin in the blood) and increased appe-

tite leading to weight gain. �yperinsulinemia also 

results in increased testosterone, which causes a risk 

to women on these medications for development of 

Polycystic Ovary Syndrome (POS). Polycystic ovary 

syndrome can cause weight gain, male pattern bald-

ness, increased facial hair, skin tags, acne, infertility, 

high blood pressure, abnormal lipid levels, and heart 

disease. One-third to two-thirds of the patients treated 

with lithium gain weight. Of those, 25 percent gain 

enough weight to be classiied as obese. Weight gain 

is dose dependent. �aloperidol (�aldol, Peridol) is a 

conventional antipsychotic with a lower incidence of 

weight gain than the newer agents clozapine (�lozaril), 

olanzapine (Zyprexa), and sertindole (Serlect). 

A retrospective study showed that clozapine (�lo-

zaril) and olanzapine (Zyprexa) had the greatest as-

sociated weight gain, followed by intermediate weight 

gain with risperidone (Risperdal). Patients treated with 

sertindole (Serlect) had less weight gain than those 

treated with haloperidol. �lozapine (�lozaril) linked 

to signiicant weight gain and lipid abnormalities, sug-

gesting increased risk for diabetes. Among the conven-

tional antipsychotics, thioridazine and chlorpromazine 

have greater potential for weight gain, while molin-

done (Moban) is the only antipsychotic shown to not 

increase weight on a consistent basis.

DEPRESSION AND CHRONIC CONDITION

Depression is one of the most common complica-

tions of chronic illness. It is estimated that up to 

one-third of individuals with a serious medical 

condition experience symptoms of depression. he 

rate for depression occurring with other medical ill-

nesses is quite high: he rate of depression varies in 

heart attack patients (40 -65 percent), 18-20 percent 

with coronary artery disease (without heart attack), 

40 percent with Parkinson’s disease, 40 percent with 

multiple sclerosis, 10-27 percent with stroke, 25 per-

cent with cancer and 25 percent of patients with dia-

betes experience depression.

DEPRESSION AND OBESITY

Epidemiologic data suggest an association between 

obesity and depression. Extreme obesity was asso-

ciated with the increased risk for depression across 

gender and racial groups, even after controlling for 

chronic physical disease, familial depression, and 

demographic risk factors. Adult obesity has been as-

sociated with depression, especially in women. Stud-

ies have also suggested an association between de-

pression in adolescence and higher body mass index 

(BMI) in adulthood. 

Whether depression leads to obesity or obesity 

causes depression is not clear. Obesity and depres-

sion are two major diseases which are associated 

with many other health problems such as hyperten-

sion, dyslipidemia, diabetes mellitus, coronary heart 

disease, stroke, myocardial infarction, heart failure 

in patients with systolic hypertension, low bone min-

eral density, and increased mortality. Goodman and 

Whitaker showed that depressed adolescents are at 

increased risk for the development and persistence of 

obesity later in their life and Pine et al. concluded that 

depression in childhood was positively associated 

with BMI during adulthood. In spite of the inconsis-

tent indings overall it is believed that psychological 

distresses caused by obesity may lead to depression. 

Serotonin is believed to be involved in the complex 

process of integrating physiological and behavioral 

systems geared towards energy balance. An insui-

cient serotoninergic neuronal function in the central 

nervous system has been shown in many studies to 

occur in patents with depression. he hird National 

�ealth and Nutrition Examination Survey (1988–94) 

indings suggest that obesity is associated with de-

pression mainly among persons with severe obesity.

In a recent prospective study, childhood depres-

sion was associated with an increased body mass in-

dex in adulthood. �hronic stress is also believed to 

increase abdominal obesity and its related adverse 

metabolic consequences, such as hypertension, in-

sulin resistance, and dyslipidemia. his may lead to 

changes in brain morphology and the neuroendo-

crine axis that can cause both obesity and depression. 

Obesity in adolescence may be associated with later 

depression in young adulthood, abdominal obesity 

among male subjects may be closely related to con-

comitant depression, and being overweight/obese 

both in adolescence and adulthood may be a risk for 

depression among female subjects. Anxiety disorders 

and depression were associated with higher BMIs in 

females, whereas these disorders in males were not 
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associated with higher BMIs. Depression is ten times 

more frequent in obese patients undergoing the obe-

sity treatment vs. general population. When people 

gain weight, their risk of developing diabetes mellitus, 

coronary artery disease, and other health problems 

increases. he drug’s mechanism of action involves 

blocking activity at serotonergic 5-�T2, muscarinic, 

cholinergic, histaminic, alpha-adrenergic, and dopa-

mine D1 and D2 receptors.

DEPRESSION AND CARDIOVASCULAR DISEASE

Depression signiicantly impacts morbidity and mor-

tality in cardiovascular disease patients. Depression 

is may be an independent risk factor for the onset of 

coronary heart disease. he risk of depressed patients 

dying in the 2 years after the initial assessment is two 

times higher than that of nondepressed patients. De-

pression may lead to dysregulation of immunologic 

mechanisms (eg, proinlammatory cytokines such 

as interleukins [IL-1, IL-6] or tumor necrosis factor 

[TNF]), which are associated with an increased risk 

of ��D. �oagulation abnormalities and vascular en-

dothelial dysfunction are thought to play an etiologic 

role in the development or the progression of athero-

sclerosis in depressed people. Psychosocial stressors 

are known to be predictors of depression in patients 

with ��D and are also known to be predictors of 

��D and the prognosis in ��D patients.

DEPRESSION AND DIABETES

Depressive symptom severity was associated with a 

nonsigniicant increase in �bA1c level. Depressed 

patients have increased insulin resistance after oral 

glucose testing compared with nondepressed pa-

tients. In a meta-analysis of 27 studies found a statis-

tically signiicant association between depression and 

hyperglycemia in both Type 1 and Type 2 diabetes.

DEPRESSION AND CANCER

Depression is also found in about 15 percent to 25 

percent of cancer patients. Breast cancer survivors 

who have inished treatment experienced more de-

pression and far higher levels of fatigue, sleep prob-

lems, and diiculty working and concentrating than 

healthy subjects. he depression rate was twice as 

high as patients with head and neck cancer. he most 

common type of depression in people with cancer is 

called reactive depression. he symptoms of feeling 

moody and unable to perform usual activities last lon-

ger and are more pronounced than a normal and ex-

pected reaction but do not meet the criteria for major  

depression.

SEE ALSO: Antidepressants; Drugs and Food.
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Nutrition 21

DEXA (Dual Energy X-Ray  

Absorptiometry)

RECENT ADVANCEMENT IN the investigation of body 

composition and its relation with the onset of dis-

eases has fostered the importance of using the dual 

energy X-ray absorptiometry (DEXA). he use of 

DEXA is an established method to measure bone 

mineral density (BMD) and mass, but is also used 

to assess lean body mass and whole body fat. DEXA 

measurements of body composition have previously 

been validated against a number of criterion meth-

ods including carcass analysis in animal studies. 

In general, the concept of the DEXA is to quantify 

the attenuated radiation subsequent to its passage 

through bone and tissue. his occurs by emitting 

two low-dosage X-ray beams at a patient’s bones, 
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which are calibrated at two energy levels. One beam 

absorbs mainly soft tissue, while the other concen-

trates on bone. he BMD can then be determined by 

subtracting the soft tissue from the total. �urrently, 

DEXA systems are based on either pencil beam or 

fan beam systems, where the fan beam is the newer 

generation with faster scan times. Also, DEXA mea-

surements are associated with low-dose radiation (2 

microSieverts, :Sv, at the spine or total body mea-

surement and 4 :Sv at the hip) compared to a chest 

X-ray (~60 :Sv). DEXA is one of the most precise 

measurements for bone densitometry (i.e., spine, 

hip, radius) and body composition (whole-body 

scan), with coeicient of variations between 1 to 2 

percent. �owever, its accuracy is still questionable 

in the severely obese and very lean. For example, es-

timates of bone density decrease in accuracy with 

increases in tissue thickness. �hanges in individuals’ 

hydration levels may inluence calculations for soft 

tissue estimates. �orrection algorithms are included 

in operating software to account for varying efects 

of tissue thickness, but estimates may difer with dif-

ferent manufacturers. Measurements with DEXA 

have weight limitations from 114–160 kg, which also 

depend on the instrument manufacturer and model. 

Despite certain limitations, DEXA methodology is 

currently the best research tool to estimate body 

composition in the clinical setting in adults and the 

pediatric population to better understand the physi-

ology and pathophysiology in obese individuals, and 

is important in the diagnosis of osteoporosis and 

low bone density. 

SEE ALSO: Osteoporosis. 
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Dexatrim

DEXATRIM IS THE brand name used for a number 

of commercial dietary supplements manufactured by 

�hattem, Inc., and sold as appetite suppressants and 

aids to weight loss. he products used in Dexatrim 

have changed over the years and at times have included 

phenylpropanolamine (PPA) and ephedra. Dexatrim, 

along with many other dietary supplements, was sub-

ject to recall in 2002 when the United States Food and 

Drug Administration (FDA) established that ephedra 

was associated with increased risk of stroke. No Dex-

atrim product sold today contains ephedra, according 

to the company website. It is more diicult to deter-

mine if any Dexatrim products contain PPA, because 

(again according to the company website) �hattem 

disputes that PPA has been established as dangerous, 

but also states that no Dexatrim products containing 

PPA will be advertised or shipped, at the request on 

the Food and Drug Administration (FDA). 

he contents of diferent Dexatrim products cur-

rently include common vitamins and minerals such 

as vitamins �, E, calcium and zinc; herbs such as yo-

himbe bark and licorice root, and other ingredients 

such as cafeine and green tea leaf extract. �hattem 

claims that Dexatrim helps people lose weight in two 

ways: by acting as an appetite suppressant so people 

eat less, and by increasing the base metabolic rate so 

people burn calories faster. It is important to note that 

in the United States, the FDA does not evaluate the 

safety or efectiveness of products such as Dexatrim 

that are marketed as dietary supplements, except for 

products established as hazardous such as ephedra. 

herefore, although the FDA may ban products such 

as ephedra which they feel have been established as 

dangerous, neither they nor the manufacturers are re-

quired to subject nutritional supplements to the type 

of testing required of prescription drugs, nor to estab-

lish the truth of claims regarding such products (for 

instance, that Dexatrim helps individuals lose weight). 

Although surveys have found Dexatrim to be a com-

monly used herbal weight loss product, no studies of 

the current formulation have established its eicacy. 

Dexatrim is sold by �hattem, Inc., a company 

which produces or distributes many well-known 

over-the-counter (nonprescription) pharmaceutical 

and drugstore products, including A�T mouthwash, 

�ortisone-10 ointment, Flexall topical analgesis, 
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Garlique dietary supplement, Gold Bond medicated 

powders, Selsun Blue dandruf shampoo, and Unisom 

sleep aids. �hattem began as a family business under 

the name of the �hattanooga Medicine �ompany 

in �hattanooga, Tennessee in 1879, and pioneered 

direct-marketing and advertising techniques in the 

pharmaceutical business, in particular the use of out-

door advertising on barns and storefronts. 

SEE ALSO: Drug Targets that Decrease Food Intake/Appe-

tite; Ephedra; Food and Drug Administration; Stroke
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Dietary Restraint

ORIGINALLY CONCEPTUALIZED BY �. Peter �erman 

and Deborah Mack, dietary restraint is deined as the 

conscious restriction of food intake to control body 

weight. �ontrolling food intake is important for the 

prevention and treatment of obesity. Several inves-

tigators have shown that higher dietary restraint is 

associated with a healthier body weight and greater 

success during weight loss. Yet, others show no re-

lationship or negative associations between dietary 

restraint and body weight or weight-loss success. Re-

cent indings suggest that further reinement of the 

construct using subscales to deine lexible and rigid 

styles of dietary restraint may reconcile previously 

conlicting evidence and fuel new advances in the de-

velopment behavioral approaches for the treatment 

and prevention of obesity. 

hree self-rating questionnaires have been devel-

oped to assess dietary restraint. he hree Factor Eat-

ing Questionnaire (TFEQ), also known as the Eating 

Inventory, is the most extensively studied and most 

commonly used scale. 

It is comprised of three factors—dietary restraint, 

disinhibition, and hunger—and was developed to im-

prove upon the validity of the original Restraint Scale, 

introduced by �. Peter �erman and Deborah Mack. 

Another scale, the Dutch Eating Behavior Question-

naire (DEBQ), assesses dietary restraint as well as 

emotional and external eating behavior. Findings on 

the relationship between measures of dietary restraint 

and obesity are equivocal, with some showing no re-

lationship, while others ind signiicant positive or 

negative correlations between dietary restraint scores 

and body weight or measures of adiposity. he later 

reinement of the restraint construct into two distinct 

subscales helps to reconcile the seemingly contradic-

tory research indings. 

he subscales distinguish between lexible restraint, 

deined as a graduated, adaptive approach to dieting, 
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and rigid restraint, an all-or-nothing approach that 

is often maladaptive. Results from a series of studies 

conducted in Germany showed negative correlations 

between body mass index and lexible restraint and 

positive correlations between body mass index and 

rigid restraint. 

hus, men and women with higher scores on the 

lexible restraint scale were found to have lower body 

mass indices, whereas men and women with higher 

rigid restraint scores had higher indices. Further-

more, increases in lexible restraint during weight 

loss were associated with greater success whereas 

increases in rigid restraint were not associated with 

weight-loss success. Items on the DEBQ relect a lex-

ible restraint style; thus, it is not unexpected that in-

creases in scores on this scale have been associated 

with more successful weight loss, whereas in studies 

where restraint scores from the TFEQ were used, no 

relationships were found. 

hese indings illustrate that lexible but not rigid 

restraint is associated with weight-loss success. Fur-

ther research is needed to determine if dietary re-

straint style can be modiied. Speciically, the indings 

suggest that intervention designed to promote the 

substitution of lexible for rigid restraint behaviors 

may enhance the eicacy of current behavioral ap-

proaches to the treatment and prevention of obesity.

SEE ALSO: Body Mass Index; �ognitive-Behavior herapy; 

Disinhibited Eating; Women and Dieting.
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Dieting: Good or Bad?

GIVEN THE CURRENT obesity epidemic, it is im-

portant to determine the extent to which individuals 

should be encouraged to diet. Dieting is already quite 

common in the general population, but it has variable 

efectiveness, depending on the weight-control behav-

iors that are used. Questions abound about the useful-

ness of dieting as well as its inluence on medical and 

psychiatric health. he controversy that surrounds 

dieting may in part be due to confusion between diet-

ing and the construct of restraint. Dieting is not con-

sidered to be synonymous with restraint, as described 

by Peter �erman and Janet Polivy. (Recent research 

indicates that items on their Restraint Scale do not 

measure dietary behaviors or restrained eating per se, 

and most �restrained eaters” who the scale identiies 

do not report currently dieting to lose weight.) Deter-

mining how �good” or �bad” dieting is involves three 

central issues: the efectiveness of dieting, its physi-

cal or biological efects, and its psychological efects. 

he efectiveness and consequences of dieting depend 

largely on the type of dieting behaviors that are being 

used and who is using them. �ontext is critical for un-

derstanding how helpful or harmful dieting is. 

EFFECTIVENESS OF DIETING

Information is available about the efectiveness of 

several types of dieting: dieting programs that are 

researched at university clinics, commercial dieting 

programs, and self-guided (i.e., independent) dieting. 

he most information is available about dieting pro-

grams that are researched at university clinics. �ow-

ever, the participants who enroll in these programs 

likely difer in signiicant ways from typical dieters; 

individuals who seek treatment from university-based 

clinics have more psychiatric problems (e.g., depres-

sion or binge eating) and a longer history of unsuc-

cessful dieting. 

University clinics often ofer comprehensive weight-

control programs that promote weight loss through 

nutrition change (e.g., a calorie-restricted, low-fat 

diet) and physical activity. Behavioral treatment (e.g., 

teaching techniques such as self-monitoring, goal set-

ting, and stimulus control) can facilitate these chang-

es in diet and exercise. Group-based behavioral treat-

ment is the gold standard for weight-loss dieting. his 

approach is efective in the short term. On average, it 

results in a loss of approximately 10 percent of initial 

body weight in approximately 30 weeks of treatment, 

which is considered a medically signiicant weight 

loss. �owever, weight-loss maintenance remains a 

challenge for virtually all approaches, including be-

184 Dieting: Good or Bad?



havioral treatment: the majority of dieters regain lost 

weight within 3–5 years. As a consequence, obesity is 

increasingly being conceptualized as a chronic disor-

der that requires long-term care. When contact with 

treatment providers is continued (e.g., through group 

meetings or phone calls) weight regain is slowed. De-

velopment of dieting programs that have promising 

long-term results is a priority for future research. 

Some research has also been conducted on the ef-

fectiveness of commercial dieting programs, which 

millions of Americans enroll in each year. Very-low-

calorie diets (e.g., Optifast) can promote large weight 

losses (e.g., 15 to 20 percent of body weight), but 

weight-loss maintenance is poor. Purchasing meal 

replacements (e.g., SlimFast) for use in a balanced-

deicit diet also can facilitate 5 to 10 percent weight 

losses; continued use of meal replacements also may 

facilitate weight-loss maintenance. Finally, group-

based approaches such as Weight Watchers can be 

efective at producing weight loss of approximately 5 

percent of initial weight. 

Although self-guided dieting is probably the most 

common approach for weight loss, there is little infor-

mation available about its efectiveness. Assessment 

of self-guided dieting is diicult because there is sub-

stantial variability in the dieting methods that indi-

viduals use, the length of time for which they diet, and 

the weight-loss goals they have (in fact, it is common 

for individuals to report that they diet not for weight 

loss but for weight gain prevention). 

In the general population, individuals who iden-

tify themselves as dieters or restrained eaters are 

more likely than nondieters to gain weight over time. 

One hypothesis for this phenomenon is that ignoring  

 hunger signals by restraining eating can disrupt the 

ability to regulate appetite and intake. Another hy-

pothesis is that individuals who diet have a propen-

sity toward weight gain that precedes dieting, and that 

most individuals who diet are simply not using strate-

gies that are efective enough to prevent this weight 

gain. Only one-third of self-guided dieters report en-

gaging in both caloric restriction and physical activity, 

and they often do not decrease their caloric intake or 

increase their caloric expenditure in a manner sub-

stantial enough to produce weight loss. Without the 

structure, support, and guidance of a weight-loss pro-

gram (such as the behavioral treatment ofered by uni-

versity clinics), many individuals appear to have a dif-

icult time adopting the weight-control behaviors that 

are necessary for lasting weight loss. 

Nonetheless, a variety of approaches, including self-

guided dieting, have the potential to produce positive 

results. he National Weight �ontrol Registry is a da-

tabase of over 5,000 individuals who have lost approx-

imately 66 pounds and maintained that lost for ap-

proximately ive years. Many of these individuals lost 

weight using self-guided or commercial programs. 

Regardless of weight-loss method, these individuals 

consistently report that to maintain their weight loss, 

they eat a low-fat, low-calorie diet and engage in high 

levels of physical activity. Although this database is 

clearly not representative of the general population 

of dieters, it demonstrates that long-term success is 

possible and provides information on the behaviors 

that are associated with success (though demonstrat-

ing this degree of weight-loss maintenance success in 

randomized clinical trials remains rare). 

PHYSICAL EFFECTS OF DIETING

here are numerous health-related beneits from 

weight-loss dieting in overweight individuals. Weight 

losses of 5 to 10 percent usually produce signiicant 

improvements in blood sugar control, hypertension, 

blood lipids, and other health indices. hese improve-

ments deteriorate if lost weight is regained. 

Weight loss tends to produce changes in bodily 

functions that encourage weight regain (e.g., height-

ened levels of ghrelin and greater insulin sensitivity). 

Weight loss tends to produce a slowing of metabol-

ic rate for two reasons. One is that some of the lost 

weight is muscle, which unlike fat, is metabolically 

active. he other is that the body can react to weight 

loss as if it is starving and therefore show an exagger-

ated metabolic slowdown, especially if weight losses 

are large. For those who are able to maintain a weight 

loss, evidence suggests that this �defensive” compo-

nent of the metabolic slowdown dissipates over time. 

herefore, for most people who lose and maintain a 

weight loss, their metabolism at their lower weight 

will be comparable to someone of equal size who nev-

er lost weight. 

Because weight lost on diets is frequently re-

gained, many people acquire a history of weight loss 

and regain (or weight cycling). Although initial re-

search on weight cycling raised concerns that weight 

loss became more diicult and weight regain more 
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likely with each weight cycle, subsequent research 

has mostly concluded that cycling does not have 

signiicant adverse efects on physiological param-

eters. here is some evidence that a history of weight 

cycling is associated with arteriosclerosis and early 

mortality. �owever, it is not clear whether any such 

associations might be due to volitional weight loss 

or to weight losses due to other factors. Finally, it 

is important to remember that individuals prone to 

weight gain who do not engage in weight-loss eforts 

are likely to continue gaining weight, which deinitely 

has negative health consequences. 

A reasonable conclusion from this research is that 

the health beneits of diet-induced weight loss appear 

to outweigh any concerns about the possible deleteri-

ous efects of repeated bouts of weight loss and regain. 

PSYCHOLOGICAL EFFECTS OF DIETING

he psychological efects of dieting are also important 

to consider. �oncern about the negative consequences 

of weight loss was sparked, in part, by an experimen-

tal study conducted with normal-weight men who 

were rapidly reduced to 75 percent of their initial body 

weight. After weight loss, many of these participants 

exhibited diiculty concentrating, binge eating, and ir-

ritable and depressed mood. Although this type of di-

eting clearly has negative consequences, the relevance 

of these phenomena to overweight and obese individu-

als is questionable. 

Dieting has been frequently implicated in the etiol-

ogy of eating disorders. Young females who diet are at 

increased risk of developing an eating disorder, com-

pared to nondieters. �owever, while dieting may be a 

necessary precursor to an eating disorder, it is prob-

ably not a suicient cause of one. Experimental stud-

ies suggest that a third variable may explain the re-

lationship between dieting and eating disorder onset 

in some women. In fact, when normal-weight young 

women are placed on a short, moderate weight-loss 

diet, their disordered eating decreases, rather than 

increases. Similarly, patients with bulimia nervosa 

who report frequent dieting actually binge and purge 

signiicantly less than patients who infrequently diet, 

raising further questions about the relationship be-

tween dietary restriction and eating disorder symp-

toms. It is possible that dieting is more likely to in-

crease risk for an eating disorder when it is done by 

young women, when weight is lost rapidly or through 

unhealthy methods, or when the dieter is normal 

weight or underweight when they begin dieting. 

In contrast, research has shown that in overweight 

youth, professionally administered weight-loss pro-

grams pose minimal risk of precipitating eating disor-

ders and actually result in signiicant improvements 

in psychological status. Similarly, dieting and weight 

loss in overweight adults is not associated with the 

development of eating disorders. 

Although some studies have identiied a link be-

tween dieting and disinhibited eating, more con-

sistent evidence indicates that weight-loss pro-

grams that prescribe modest caloric restriction do 

not precipitate binge eating. In fact, for individuals 

who experience binge eating, traditional behavioral 

weight-loss programs typically result in signiicant 

reductions in binge eating. Even more promising, 

when obese binge eaters lose weight, some improve-

ments in their binge eating are sustained even when 

weight is regained. 

Several studies have found that weight-loss dieting 

in obese adults is associated with improvements in 

depression, anxiety, and related outcomes. �owever, 

because most of these data were collected from stud-

ies of behavioral weight-loss treatment, it is diicult to 

determine whether these beneits are a consequence 

of dieting, of weight loss, or of behavioral treatment. 

Nonetheless, iatrogenic efects of dieting have not 

typically been observed; even when periods of weight 

regain follow dieting, it does not appear to have any 

signiicant, negative impact on mood, weight-related 

cognitions, or other psychological outcomes. 

AREAS FOR FUTURE RESEARCH

Additional research must examine the long-term ef-

fects of dieting on mental and physical health. he 

beneits and costs of weight-loss dieting that is fol-

lowed by weight gain also must be compared to the 

beneits and costs of not dieting. Given the current 

obesogenic environment, the consequences of ab-

staining from dieting should be studied as carefully as 

those of engaging in dieting. 

SEE ALSO: Dietary Restraint; Eating Disorders and Obe-

sity; Women and Dieting. 
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Diet Myths

MAINTAINING A HEALTHY diet involves a balance of 

behavioral, psychological, environmental, and bio-

logical factors. An overwhelming amount of dieting 

information is available through the internet, televi-

sion, magazines, and books. Some of this information 

is good, some bad, and some potentially harmful to 

dieting individuals. Surprisingly, little research has 

been done on dieting misconceptions and their ef-

fects on weight-loss eforts. Several of these weight-

loss dieting myths should be debunked.

THE “MAGIC BULLET” SYNDROME 

his is the belief that a pill, drink, special diet, or ex-

ercise machine will enable individuals to lose large 

amounts of weight rapidly and with little change in 

lifestyle. Individuals are continually bombarded with 

misleading advertisements (e.g., �Lose 30 pounds 

in 30 days!”, �Eat as much as you want and still lose 

weight!”). Such claims take advantage of people’s faith 

in modern science and instill false beliefs that excess 

weight can be shed quickly and efortlessly. hese 

claims may lead individuals to underestimate the 

medical severity of obesity and perceive the time and 

efort healthy dieting requires as unnecessary. Data 

from a large study in 1999 reported that most dieters 

are not using the recommended combination of re-

ducing caloric intake and increasing physical activity. 

When these remedies do not live up to their claims, 

individuals may become discouraged and less likely to 

seek legitimate weight-loss alternatives.

DIETING IS BAD

In past decades, there was a fear that dieting would 

lead to eating disorders, binge eating, and/or fur-

ther weight gain. �urrent research, however, does not 

support this contention. While improper weigh-loss 

techniques (e.g., skipping meals, starvation/fasting, 

purging, compulsive overexercise, amphetamine use) 

can be associated with disordered eating, evidence 

demonstrates that proper dieting (e.g., limiting portion 

sizes, consuming foods low in caloric density, limiting 

fat intake, balancing nutrients, avoiding excess sugar) 

actually reduces the incidence of eating disorders and 

binge eating in overweight individuals.

CARBOHYDRATES ARE BAD

Fad diets, such as the low-carbohydrate diet, are noto-

rious for gaining immense popularity, failing to live up 
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to their hype, and fading away until the next fad arises 

promising more weight loss with less efort. Ironical-

ly, in the early 1980s, the high-carbohydrate diet was 

touted as the answer to obesity. In the 2000s, America 

was in the midst of a low-carbohydrate craze. �owev-

er, research demonstrates that low-carbohydrate diets 

work if they reduce caloric intake and do not work if 

they do not reduce caloric intake. �arbohydrates are 

not necessarily good or bad; weight loss is determined 

by calories regardless of macronutrient makeup.

SNACKING IS BAD

Frequency of snacking is not consistently related to 

weight gain. In fact, recent evidence suggests that in-

dividuals who eat more often tend to weigh less when 

controlling for the number of calories eaten. Snacking 

can help individuals avoid feeling that they need to 

starve themselves to lose weight and can help curb 

strong cravings that may otherwise lead to ingesting 

a large amount of calories. Snacking can also be used 

strategically before meals (e.g., fruit or salad before a 

main course) in order to reduce intake of a calorie-

dense plate. �owever, the caloric content of snacks 

is important. �ontinually snacking on high-calorie 

foods will likely lead to weight gain, while an increase 

in snacking on low-calorie foods may actually result 

in weight loss.

OBESITY IS INDICATIVE OF  

AN UNDERACTIVE THYROID

An underactive thyroid can lead to almost unavoid-

able weight gain despite good nutritional practices. 

�owever, underactive thyroid accounts for less than 

1 percent of obese individuals. he hird National 

�ealth and Nutrition Examination Survey of 17,353 

patients relecting the U.S. population reported a 

prevalence of 0.3 percent overt hypothyroidism. In 

fact, aside from this small percentage of individuals, 

heavier individuals actually have a higher metabolic 

rate than do lean individuals. hus, consistent reduc-

tion in caloric intake and increase in caloric expendi-

ture will result in decreased body weight in over 99 

percent of obese individuals. 

REDUCED-FAT OR ORGANIC PRODUCTS ARE  

NECESSARILY LOW CALORIE AND HEALTHY

�Low fat” or �fat free” does not necessarily mean low 

calorie. Extra sugars and thickeners are often added 

to boost lavor and texture, so calorie content may 

actually be similar to standard products. Individu-

als may mistakenly think that fat-free products can 

be eaten in large quantities without contributing to 

their body weight. his may lead to higher caloric 

intake than would be associated with full-fat prod-

ucts. Additional products simply cut calories and fat 

by lowering the serving size of standard recipe items, 

which may also lead to increased consumption of 

these foods under the guise of being a healthier al-

ternative. Similarly, many believe organic foods to be 

necessarily healthier alternatives. he term organic 

refers to methods used to produce foods, not their 

nutrient content. Organic products often contain just 

as much fat, sugar, and calories as their nonorganic 

counterparts, and are just as likely to lead to weight 

gain when eaten in excess.

EATING AT NIGHT IS WORSE  

THAN EATING DURING THE DAY

Many diets direct individuals not to eat after a certain 

time of night in the belief that the body will store more 

fat because the calories are not burned of with activ-

ity. �owever, studies conducted in whole-body calo-

rimeters (which measure calories burned and stored) 

reveal that large meals eaten late at night do not make 

the body store more fat. It is the total calories ingest-

ed per 24-hour period that is important. When fewer 

calories are ingested than burned, weight loss occurs 

(and vice versa) regardless of what time the calories 

are ingested.

EXERCISE ALONE IS ENOUGH

A common assumption is that increasing exercise is as 

efective for weight loss as limiting food intake. To a 

large extent, individuals compensate for caloric expen-

diture due to exercise. As exercise increases, caloric in-

take tends to increase as well. 

This is not to say that exercise should not be 

included in a diet program. Studies from the Na-

tional Weight �ontrol Registry (individuals who 

have maintained significant weight loss) reveal 

that exercise is the single best predictor of weight-

loss maintenance. Although exercise has not been 

shown to significantly increase weight loss when 

added to lifestyle change diets, it may play an im-

portant role in the more difficult task of weight-

loss maintenance.
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DRINKING WATER INCREASES WEIGHT LOSS 

Water consumption that replaces caloric beverages 

may aid weight loss due to a decrease in caloric in-

take. �owever, water consumption itself does not 

result in weight loss. Drinking water may temporar-

ily increase the feeling of fullness however, studies 

show that individuals quickly overcome this feeling. 

�hoosing foods with a higher water content (lower 

in caloric density), however, has been shown to re-

duce overall caloric intake and cause weight loss. 

herefore, it may be more important for individuals 

to increase water consumption in the foods they eat 

as opposed to from the tap or bottle.

DIETING HAS TO BE COMPLICATED 

Many individuals mistakenly believe they have to mea-

sure everything they eat and perform complex calcula-

tions using nutrition labels. For the willing participant, 

these methods can be efective; however, there are 

numerous dieting options for individuals. A meal-re-

placement diet is very simple to follow and has been 

proven as efective as other diets. Sustainability is the 

key to successful weight loss.

ONCE A “FORBIDDEN FOOD” IS EATEN,  

THE DIET IS OVER

Dieting individuals often think in �all or nothing” 

terms; they are either on or of the diet. Breaches in 

a diet regimen (e.g., eating a dessert not on the diet) 

occur in everyone. Studies show that these individual 

lapses do not cause major problems for weight-loss 

eforts if the person resumes with his or her diet plan. 

�owever, once a �forbidden food” is eaten, many in-

dividuals assume that the diet has been ruined. his 

leads many to then consume large quantities of un-

healthy foods and sometimes even full-blown binge 

episodes. hus eating a �forbidden food” will not hurt 

the diet if the person accepts it; however, overreacting 

to such an event may lead an individual to abandon 

the diet altogether.

CONCLUSION

Research has shown that people who lose weight on 

a diet consistently show an increase in mood, even 

individuals on an all-liquid diet. Unfortunately, the 

diet myths discussed here cover only a fraction of the 

misguided beliefs held by dieters, many of which are 

perpetuated by companies who proit by instilling 

the public with false hopes of efortless weight loss. 

Weight loss is achieved by ingesting fewer calories 

than one expends and typically requires time, efort, 

and consistency. Regardless of the source, claims that 

weight loss can be achieved through means other 

than lowering caloric intake and/or raising caloric 

expenditure are misleading. Diet advice should be 

sought through individuals with formal training (R.D. 

or Ph.D.) in nutrition. 

SEE ALSO: Dieting: Good or Bad?; Energy Density; Nutri-

tion Fads.

BIBLIOGRAPHY. Paul �ampos, he Diet Myth (Gotham, 

2005); S. A. Jebb, �Energy Intake and Body Weight,” in 

�. Fairburn and K. Brownell, eds., Eating Disorders and 

Obesity, 2nd ed. (Guilford Press, 2002); National Insti-

tute of Diabetes and Digestive and Kidney Diseases, �Diet 

Myths,” http://win.niddk.nih.gov/publications/myths.htm# 

dietmyths (cited March 2007).

�hristopher N. Ochner, Ph.D. 

New York Obesity Research �enter 

St. Luke’s/Roosevelt �ospital �enter 

�olumbia University

Dilution Techniques

DILUTION TECHNIQUES ARE methods used to de-

termine the amount of a particular nutrient or other 

substance in a person’s body. hey are more consis-

tently accurate than simply measuring a person’s 

serum levels of a particular nutrient, because these 

serum levels may luctuate greatly, depending on the 

person’s state of stress, infection, fatigue, or general 

nutrition. hese techniques can be used to assay the 

nutritional status of a person and therefore screen for 

any potential malnutrition that may lead to or already 

be causing an illness. 

One example of a dilution technique is the isotope 

dilution technique (IDT), an excellent method for de-

termining a person’s nutritional status. he principle 

behind the IDT is simple: A person ingests a known 

amount of a nutrient that has been labeled with an 

isotope such as deuterium (hydrogen with one pro-

ton and one neutron in its nucleus compared to the 
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typical neutronless nucleus). Deuterium is stable and 

not radioactive. Suicient time is allowed so that the 

labeled isotope can difuse throughout the body such 

that it is not concentrated in any particular area. hen 

a blood sample is taken and the ratio of labeled to un-

labeled nutrient in the serum is analyzed. Because the 

total amount of labeled nutrient in the body is known, 

the clinician can then calculate how much unlabeled 

nutrient is present in the person’s body, and thus, de-

termine the nutritional status of the person. 

his technique works best when used to measure 

nutrients that are readily absorbed by the body and 

relatively stable over periods of time. If, for example, 

the labeled nutrient were barely absorbed, then the 

ratio would be misleading. Similarly, if the body me-

tabolized most of the labeled nutrient before difusing 

to equilibrium, the ratio would again be misleading. 

One major drawback to the IDT method is that la-

beled nutrients can be expensive; therefore, screen-

ing an entire population of people with this technique 

may be prevented by inancial considerations. 

Too low a level of nutrient in the body may result in 

serious illnesses; in some cases, too much a nutrient 

is not healthy either. herefore, another important 

application for the dilution technique is to measure 

a person’s body water or other substance status after 

nutritional or hormonal therapies. Endocrinology, 

immunology, neural signaling, and nutrition are all 

tightly linked in the body; therefore, after applying 

any therapy to a patient, clinicians must monitor the 

patient’s nutritional state to ensure that there is not a 

malnutrition side efect. 

Dilution techniques can be used in concert with 

bioelectrical impedance analysis as well. 

SEE ALSO: Bioelectrical Impedance Analysis; Neuropep-

tides; Neurotransmitters; Nutrition and Nutritionists.
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Disinhibited Eating

DISINHIBITED EATING OCCURS when an individual 

temporarily loses control over his or her eating be-

havior. �ommon examples of disinhibited eating are 

eating when one is not hungry, overeating, and en-

gaging in a binge-eating episode. Disinhibited eating 

is common in individuals who chronically diet as well 

as those with eating disorders such as bulimia ner-

vosa and binge-eating disorder.

he term disinhibited eating was coined by re-

searchers studying dieting behavior. hese research-

ers hypothesized that individuals could be classiied 

by the extent of restraint or control that they chroni-

cally exercise over their eating behavior. According 

to Dietary Restraint heory, individuals who exhibit 

a large amount of control over their eating (such as 

chronic dieters) generally eat in a very systematic way, 

successfully adhering to a speciic dietary regimen. 

�owever, the self-control of such individuals is fragile 

and, under certain circumstances, they are likely to 

engage in disinhibited eating. �onsequently, a pattern 

of eating characterized by strictly controlled food in-

take followed by disinhibited, overindulgent eating is 

common in individuals trying to diet or high in di-

etary restraint.

Disinhibited eating is likely to occur more fre-

quently in speciic situations and under certain in-

ternal psychological states. he most common em-

pirically supported factors that lead to disinhibited 

eating are eating �forbidden foods,” believing one 

has overeaten, distorted thinking, taking tranquil-

izing substances (such as alcohol), and experiencing 

strong emotional states.

Eating foods deemed to be dietarily unacceptable 

or �forbidden,” such as chocolate bars, ice cream, and 

fried foods, or believing one has overeaten can lead to 

disinhibited eating. One reason for this is that eating 

forbidden foods or overeating is often associated with 

distorted and unhelpful thinking focused on the fact 

that one has made a dietary violation. For example, 

after eating something deemed to be a dietary viola-

tion, an individual may think �I already ruined my diet 

today, so I might as well eat whatever I want.” Such 

distorted, all-or-nothing thinking leads individuals to 

engage in disinhibited eating.

Strong mood states are also associated with and 

predictive of disinhibited eating. Numerous studies 
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have exposed individuals with varied levels of dietary 

restraint to mood inducing laboratory situations and 

found that, when feeling strongly sad, anxious, or de-

pressed, individuals are more likely to engage in dis-

inhibited eating. Additionally, under the inluence of 

alcohol and some drugs, such as marijuana, individu-

als are more likely to engage in disinhibited eating.

�ognitive-behavioral treatment strategies can be 

helpful to ward against disinhibited eating. For ex-

ample, individuals can be trained to refute distorted 

thoughts, eat �forbidden foods” in moderation, and 

gain awareness of mood states that would ordinarily 

lead them to engage in disinhibited eating. 

SEE ALSO: Binge Eating; Bulimia Nervosa; Dietary Re-

straint; Disordered Eating.
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Disordered Eating

THERE ARE MANY times when the act of consuming 

of food varies from the norm; this variation can take 

place in the form of excessive consumption of food 

or a complete reduction in consumption to the point 

where an individual starves. Disordered eating pat-

terns can occur due to genetic (e.g., obesity has some 

genetic causes), environmental, psychiatric, or as an 

efect of other diseases present in the individual.

here is a general consensus that one should at-

tempt to adhere to the guidelines of food consump-

tion to avoid complications. An attempt to eat three 

meals a day with a substantial breakfast and two 

smaller meals with healthy snacks such as yogurt is 

recommended. Meals should include a variety of 

foods and should include at least ive fruits and veg-

etables, averaging out to 500 g a day. his enables one 

to consume the essential vitamins, minerals, ibers, 

and antioxidants. he consumption of oily ish once a 

week, which includes omega-3 polyunsaturated fatty 

acids, is also recommended. Eating foods with low 

glycemic index is also recommended as these foods 

increase the time it takes for blood sugar levels to rise. 

Normal eating is, however, lexible in that a slight al-

teration in patterns over time or a greater alteration 

within a short period is considered normal and will 

not prove to be problematic. 

Disordered eating appears in many diferent 

forms. he diferent types of disordered eating are 

discussed below.

ANOREXIA NERVOSA

Anorexia nervosa is a psychiatric eating disorder. 

he disorder has a prevalence rate in women of 1 to 

2 percent and 0.1 to 0.2 percent of males. �owever, 5 

percent of women may experience many of the symp-

toms of anorexia nervosa without developing the full 

disorder. Most of the suferers of the disorder are in 

their adolescence; however, the disorder has been 

known to occur in elderly people. he onset of an-

orexia nervosa during childhood can afect the timing 

of puberty and adult height. he intensity of the dis-

ease afects the timing of menarche in most patients. 

Anorexia nervosa is prevalent in �aucasian women, 

particularly those from high academic backgrounds. 

Studies have shown that the disorder can be seen 

in those with family and marital problems. Patients 

often have certain characteristics such as obsessive 

compulsion for perfection and age-inappropriate en-

gagement is sexual activity. 

Although anorexia nervosa is a psychiatric disor-

der, the causes are often due to interplay between oth-

er factors, such as social and genetic factors; the latter 

is demonstrated by the fact that monozygotic twins 

have a higher occurrence rate of the disorder than di-

zygotic twins. here are many other risk factors for 

developing anorexia nervosa. he disorder is seen in 

higher rates among athletes, students who have heavy 

workloads, and those with previous exposure to trau-

matic life experiences (e.g., abuse).

Anorexia suferers have a weight loss of 15 per-

cent below the expected weight. his occurs due to 

individuals using various measures to reduce weight 

such as adhering to a strict diet which may comprise 

of avoiding the main meals in a day. hese individu-

als may further perfom vigorous exercise to lose 

weight which they perceive as unhealthy, although 
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to others they appear fragile and very slim. �yper-

activity is observed in approximately 80 percent of 

patients. hese individuals may also use laxatives 

and diuretics to further lose weight. Patients may 

become severely depressed as a result of their con-

stant dissatisfaction with their appearance.

As these patients are practicing almost ritualistic 

eating behaviors and restricting their diet to a danger-

ous level, they are also limiting their intake of essen-

tial vitamins and minerals. hese patients often have a 

deiciency of protein and hence have muscle wasting. 

hey also have hypoglycemia and depressed thyroid 

fucntion with low levels of thryoid hormone T3 (tri-

iodothyronine). Reproductive abnormalities such as 

low estrogen levels, anovulation, and eventually the 

complete cessation of menstruation (amennorhea) 

may develop. Patients may also have decreased IGF-

1 (insulin like growth factor-1) levels, relecting de-

creased growth hormone action and hence retarded 

growth. Patients may have several cardiovascular 

abnormalities such as hypotension, bradycardia, mi-

tral valve prolapse, dysrhythmias, and shock due to 

congestive heart failure. Gastrointestinal problems 

include delayed gastric emptying, resulting in consti-

pation. Patients will also have dental enamel erosion 

as a result of the excessive emesis (vomit is acidic). 

Patients also have enlarged parotid (salivary) glands. 

Renal disturbances include decreased glomerular il-

tration rate, edema, acidosis, hyperaldosteronism, 

and hypokalemia. 

he unbalanced electrolytes in the body may lead 

to seizures. Patients may have decreased antidiuretic 

hormone and present with diabetes insipidus. Patients 

also have dermatological abnormalities such as lanu-

go, brittle hair and nails, hair loss, and dry skin. �ema-

tological abnormalities include anemia, leukopenia, 

thrombocytopenia, and impaired immunity. Patients 

may also sufer from hypothermia.Patients often have 

abnormal bone remodeling and osteopenia with a de-

crease in osteoprotegerin (OPG) and receptor activa-

tor of nuclear factor-kappaB ligand (RANKL), which 

could partly explain the increase in bone loss that oc-

curs in these patients. Family therapy is an efective 

treatment for anorexia nervosa. hose who respond 

well to outpatient family intervention generally re-

main well. In general, conjoint family meetings early 

on in treatment when raised levels of parental criti-

cism are evident are avoided. he process of refeed-

ing is undertaken slowly and ideal weight gain should 

occur at a rate of 1–2 lb per week.

Anorexia nervosa if untreated has a poor prognosis. 

It has a very high mortality rate, which may be up to 

20 percent. his is, however, mostly due to suicide and 

less commonly due to the main complications of the 

disorder. �alf of treated patients will recover fully.

BULIMIA NERVOSA

Bulimia nervosa is an eating disorder where the in-

dividual experiences episodes of bingeing and purg-

ing. he incidence of the disorder is approximately 

0.5 to 1 percent of women. Many of these women are 

in their adolescent years. he condition may also oc-

cur in men; 10 percent of bulimics are male. here 

are two types of bulimia nervosa: the purging type 

and the non-purging type. he former is associated 

with a excessive eating within a short period of time 

followed by acts of self-induced vomiting; the latter 

is associated excessive eating within a short period 

of time followed by other activities such as vigorous 

exercise, fasting, or inappropriate intake of laxatives 

to compensate for the excessive intake of food. hese 

patients experience a sense of lack of control over eat-

ing during the episode. 

he bulimic patient may engage in self-starvation 

between binge-purge episodes, thus presenting the 

same dangers as the anorexic patients such as osteo-

penia, in addition to the ones presented by the bing-

ing and purging. Approximately 25 percent of bulimics 

have had an episode of anorexia nervosa. 

Many causes of the disorder are suggested; however, 

the exact etiology is unknown. Social factors may in-

crease the risk of developing the disorder such as pre-

vious exposure to a traumatic/disturbing experience, 

abuse (mental, physical, and sexual), and family prob-

lems. Patients may also sufer as a result of bullying 

leading to low self-esteem. Social factors such as the 

Western perception of thin models representing the 

epitome of beauty and the general Western culture of 

thinness has been linked to bulimia nervosa. Research 

has linked low levels of the neurotransmitter serotonin 

(5-hydroxytryptamine) to bulimia nervosa and the de-

velopment of depressed mood in these patients. 

Bulimic patients may be of normal weight or 

slightly above average weight and hence the presence 

of other symptoms such as enlarged parotid glands 

and scarring on the back of the hands are important 
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in characterising the disorder. Dental complications 

frequently occur and include erosion of enamel and 

periodontal disease. Rarely seen complications are 

esophageal tears caused by purging and acute dilation 

of the stomach, occur after very large binges. Other 

symptoms include peripheral edema.

Often traits of childhood overeating are found to 

be more common in bulimic women compared to 

their unafected siblings. he increased risk of the 

disorder due to being overweight during childhood 

suggests that prevention strategies for childhood obe-

sity are also useful for bulimia nervosa. Young women 

with Type 1 diabetes mellitus have a higher incidence 

of eating disorders than young women in the gener-

al population. hese diabetic adolescents often lose 

weight before being diagnosed with diabetes mellitus; 

when they begin having insulin treatment, they gain 

weight and as a result become apprehensive and try 

to use various measures such as bingeing and purging 

to reduce this weight. hese patients may eventually 

discover another method of losing weight; by omit-

ting doses of insulin, they can reduce their weight and 

hence these patients undertake this dangerous behav-

ior to maintain weight. As a result, these patients are 

at an increased risk of developing other conditions 

such as retinopathy and also have increase risk of 

mortality from uncontrolled diabetes.

To treat the bulimia nervosa, the patient is gener-

ally properly assessed and subsequently administered 

various self-help guidelines and possibly prescribed 

antidepressant (e.g., luoxetine) which selectively in-

hibits serotonin reuptake and hence increases the lev-

els of serotonin. Patients may also be provided with 

cognitive behavior therapy. Patients who have strong 

support and encouragement from families and friends 

tend to have a greater chance of recovery.

Bulimia nervosa is more common than anorexic 

nervosa, and the prognosis is more favorable. Ap-

proximately 70 percent of patients have been known 

to recover. After recovery, however, many patients 

develop other problems such as anxiety and depres-

sion. Unexpected deaths may occur in patients, as 

women with bulimia nervosa are at risk to attempt 

suicide and many medical complications do exist due 

to the purging nature of this condition. Bulimic pa-

tients who have low weight also have an increase risk 

of death due to low blood potassium levels and car-

diac arrhythmia. 

BINGE-EATING DISORDER

Binge-eating disorder is a disorder with similar char-

acteristics to bulimia nervosa; however, the former is 

deined as acts of frequent overconsumption of food 

without the subsequent purging often seen in buli-

mia nervosa. his disorder has a prevalence of 1 to 3 

percent and afects males and females equally. Peak 

age of onset is 13–15; however, the disorder does oc-

cur during middle age and in the elderly. 

hese patients have a lack of control and hence 

cannot stop eating; they will continue to eat even 

when they feel full or not hungry. his will be fol-

lowed by guilt or embarrassment and hence these 

patients will often eat alone particularly at night. 

he patient will eat (particularly fatty foods) exces-

sively at least two days a week for six months. As 

a result, they are overweight or obese resulting in 

drastic measures to avoid other people and social 

situations. hey also have diiculties with impulse 

control in other areas of their lives. Risk factors for 

the disorder are typically the same as bulimia ner-

vosa; additional risk factors include, for example, 

elevated levels of perceived stress, which may pre-

cede the onset of the disorders. Studies suggest that 

approximately 25 to 50 percent of people sufer-

ing from obesity sufer from binge-eating disorder. 

Binge-eating disorder often results in some of the 

health risks associated with clinical obesity. Binge-

eating disorder has, however, a more favorable prog-

nosis than other eating disorders with estimates of a 

recovery rate of 80 percent after ive years and a low 

relapse rate. 

here are several other eating disorders such as 

eating disorders not otherwise speciied (EDNOS) 

which includes the disorders mentioned above pre-

senting in atypical form, for example, anorexic pa-

tients who menstruate normally. EDNOS develop 

in 4 to 6 percent of the general population. Other 

eating disorders include Pica, a disorder found most 

frequently in children who persistently eat inappro-

priate material such as clay, stones, feces, and light-

bulbs. It is often seen in those with developmental 

disabilities. Prader-Willi syndrome is a childhood 

disorder characterized by children overeating; this is 

an inherited disorder and these children may devel-

op life-threatening obesity. hese patients also have 

mental retardation. Nocturnal sleep-related eating 

disorder is another eating disorder where the person 
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eats excessively while asleep; these patients are not 

conscious and this act is often associated with sleep-

walking. hese individuals are not aware of what is 

happening and have no recollection of what has hap-

pened the previous night. his disorder occurs in 1 

to 3 percent of the general population. Another eat-

ing disorder where the patients eat during the night 

is night-eating syndrome; this is where the individual 

has increased appetite during the night and almost 

no desire to eat during morning. hese individuals 

will frequently eat diferent snacks during the night 

but do not binge eat.

Eating disorders have multiple and complex eti-

ologies. hey present an increasing problem to soci-

ety and are responsible for more loss of life than any 

other type of psychological illness. Eating disorders 

are common, especially in adolescents, and their 

worldwide prevalence is increasing. Approximately 

72 percent of alcoholic women below 30 years of 

age have an eating disorder. Only 10 percent of men 

and women with eating disorders obtain treatment 

and thus many instances of eating disorders remain 

undiagnosed. Interventions for patients with eating 

disorders have traditionally been ofered on an out-

patient or inpatient basis. 

�owever, there are now day hospital programs that 

ofer the possibility of relapse prevention in these 

patients. Signiicant progress has also been achieved 

in the development of psychological treatments for 

eating disorders; cognitive behavior therapy is cur-

rently the treatment of choice for bulimia nervosa 

and binge-eating disorder, and the use of a speciic 

form of family therapy for adolescents with anorexia 

nervosa is also useful. Eating disorders, however, 

cannot be prevented and many obstacles remain in 

developing the optimum treatment. Efective inter-

ventions for the main types of eating disorders and 

also the other disorders that have not met diagnostic 

criteria need to be made to reduce the growing trend 

of eating disorders among many societies. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia 

Nervosa.
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Dominican Americans

DOMINICAN AMERICANS ARE residents of the United 

States who have emigrated from or have ancestry from 

the Dominican Republic. he Dominican Republic is 

a Spanish-speaking nation of approximately 5.5 mil-

lion people located on the western half of the island of 

�ispaniola in the �aribbean Sea; the remainder of the 

island consists of the nation of �aiti. In the 2000 U.S. 

�ensus, about 765,000 individuals identiied them-

selves as being Dominican, constituting about 2.2 

percent of the total identifying as �ispanic. Domini-

can Americans are an ethnically diverse group whose 

racial ancestry includes the Spanish colonizers of the 

�aribbean, other Europeans, African slaves, �aitians 

and migrants from other �aribbean countries (who 

themselves may be a mix of ethnicities), and people 

from the Middle East and Asia. Most Dominican 

Americans are recent migrants to the United States; 

most arrived after 1960, and immigration greatly in-

creased in the 1980s. 

Because they are a relatively small and recently ar-

rived ethnic group in the United States, few studies 

have been done speciically of Dominican Americans 

and obesity, and most United States government 

surveys do not collect information on Dominican 

Americans as a separate ethnic group. herefore, in-

formation about the health of Dominican Americans 

must be gleaned primarily from studies of �ispanic 

Americans (with the proviso that Mexican Americans 

are the largest �ispanic-American group and thus 

dominate any statistics on that group), but also from 

studies of African Americans, other communities of 

migrants from the �aribbean or �entral and South 

America, and of Dominicans still residing in the Do-

minican Republic. 

Obesity is higher among �ispanic Americans 

than among �aucasian Americans, among both 
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children and adults, and rates of obesity and obe-

sity-related diseases such as hypertension and type 

2 diabetes also occur at a higher rate. Various expla-

nations have been profered, including difering di-

etary choices and rates of physical activity, cultural 

acceptance of larger body types, poverty, inequality 

in healthcare due to language barriers or other rea-

sons, and genetic diferences. 

Despite the importance of ethnically speciic stud-

ies, it is important to remember that in many ways, 

health risks for �ispanics are similar to those for the 

American population as a whole. For instance, over-

weight and obesity have been rising in the American 

population as a whole, and leading causes of death for 

�ispanics are similar for �ispanics as for �aucasians, 

with the exception that diabetes is a much greater 

cause of death for �ispanic women where it ranks 

fourth overall rather than eighth. �ispanics are inter-

mediate among ethnic groups in overall health; they 

have higher mortality rates than �aucasian Ameri-

cans or Asian and Paciic Islanders at most or all age 

groups, and mortality rates than American Indians/

Alaska Natives and African Americans. 

SEE ALSO: African Americans; �entral America and �a-

ribbean; �ispanic Americans; Immigration and Obesity.
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Dopamine

DOPAMINE IS A catecholamine neurotransmitter 

that is involved in many aspects of food intake, feed-

ing behavior, food motivation, and appetite. Whole 

forebrain dopamine depletions are known to pro-

duce aphagia (i.e., lack of eating). Although this ef-

fect has been erroneously attributed to actions on 

the so-called �reward” system, considerable evidence 

indicates that dopamine depletions that are restrict-

ed to the nucleus accumbens do not generally impair 

food intake. In fact, the critical dopamine terminal 

area at which dopamine depletions or dopamine 

antagonism impairs food intake is the ventrolateral 

neostriatum or ventral putamen. his region is gen-

erally thought to be somotatopically organized and 

appears to regulate speciic aspects of food-intake 

behavior. Dopmaine depletions in this region impair 

the motor components of feeding, as demonstrated 

by impairments in feeding rate (in grams/min), food 

handling, and oral motor dysfunctions. In contrast 

to these efects of neostriatal dopamine depletions, 

accumbens dopamine depletions or dopamine an-

tagonism leave appetite intact but appear to reduce 
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behavioral activation and the tendency to work for 

food; these manipulations reduce the exertion of ef-

fort in food-seeking behavior, and alter efort-relat-

ed choice by shifting organisms toward food sources 

that do not require much work to obtain. 

Dopamine in the hypothalamus is also involved 

in the regulation of food intake. In this case, dopa-

minergic involvement appears to be more important 

for features of appetite regulation. Many well-known 

appetite suppressants, such as amphetamines, 

mazindol, and phenylpropanolamine, facilitate do-

pamine transmission by increasing release, blocking 

uptake, or both. 

Several drugs that are known to be appetite 

suppressants act as dopamine agonists. The anti-

depressant buproprion, which blocks dopamine 

uptake, can suppress appetite, while dopamine an-

tagonists have been shown to increase body weight 

gain. There is evidence that enhancement of do-

pamine transmission in perifornical/lateral hypo-

thalamus can act to suppress appetite, and this is 

at least one of the mechanisms that is thought to 

be involved in the effects of appetite suppressants 

that act on dopamine. In addition, there is evidence 

that alterations in dopamine function are related to 

aspects of obesity. 

Dopamine is a neurotransmitter that is involved 

in a wide variety of functions related to food intake. 

Each distinct dopamine terminal area has speciic 

functions related to eating (i.e., appetite regulation, 

behavioral activation, efort processes, decision 

making, compulsiveness, motoric functions), and 

for that reason, dopamine appears to be involved in 

so many diferent aspects of normal and pathologi-

cal features of food consumption.

SEE ALSO: Neurotransmitters.
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Doubly Labeled Water

THE ABILITY TO measure free-living energy expendi-

ture is important given that most precise techniques 

require an individual to remain in a clinical setting for 

hours at a time. herefore, the emergence of a novel 

technique that is noninvasive and allows a person to 

go about his or her normal daily activities moved the 

ield of energy metabolism into a new era. his tech-

nique, the doubly labeled water method (DLW), is 

safe and straightforward, but technically complex. 

Basically, DLW uses water labeled with two sta-

ble isotopes—oxygen-18 (�218O) and deuterium 

(D2O)—hence, the �double label.” hese isotopes are 

safe and mix with the total body water pool just as any 

other type of water. After a baseline urine or saliva 

sample is taken, a measured dose of the water, con-

taining a speciic amount of each isotope relative to 

body weight or total fat-free mass (e.g., 0.1 g �218O/

kg body weight and 0.08 g D2O/kg body weight) is 

given to the volunteer. Approximately ive hours post 

dose, the DLW has equilibrated throughout the total 

body water pool and a urine or saliva sample is collect-

ed. hen, on any number of days following the dose, 

subsequent samples are collected and all samples are 

analyzed for the ratio of DLW to unlabeled water pres-

ent in the urine or saliva using a mass spectrometer. 

A computer program is then used to analyze the rate 

of loss of each isotope from the total body water pool 

and the diference in the two rates is used to estimate 

the �O2 production, allowing for a precise estimate 

of total energy expenditure to be made. 

he DLW method has been found to be accurate 

to within 3 to 6 percent of total energy expenditure 

measured using direct calorimetry, the most precise 

technique available. hus, not only is it extremely ac-

curate, but it also allows for individuals to carry on 

with their normal daily activities and does not require 

them to change their lifestyles in any real way. he 

fact that free-living energy expenditure is captured 

improves the accuracy of dietary measures by allow-

ing for a comparison to be made between total energy 

expenditure and estimated energy intake. Unfortu-

nately, the technical expertise required to analyze the 

samples as well as the cost of the DLW (upward of 

$200 per subject) makes the DLW method prohibi-

tively expensive for many investigators in developing 

countries. Alternatives to the DLW method do exist, 
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but what is gained in technical ease and cost is bal-

anced by a loss in precision.

he main uses of the DLW are to measure energy 

expenditure in free-living persons, children or adults. 

It can also be used to more accurately assess body 

composition, by providing an estimate of total body 

water which can then be extrapolated to the amount 

of fat mass and lean body mass. A novel use of these 

isotopes is to more accurately assess breast milk in-

take by delivering a dose of the water to a breast-feed-

ing mother and collecting urine samples from the 

infant. Finally, DLW has been used to compare food 

intake measures using the assumption that when a 

person is in energy balance, his or her energy intake 

equals his or her energy expenditure, so a measure of 

energy expenditure using DLW should indicate his or 

her usual energy intake.

SEE ALSO: Metabolic Rate.
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Down’s Syndrome

DOWN’S SYNDROME WAS described by John Lang-

don Down in 1862. It is a genetic disorder, most 

commonly the result of an extra chromosome 21, 

also known as trisomy 21. he incidence of Down’s 

syndrome is approximately 1 in 1,000 live births, and 

occurs in all races and cultures. he most predictive 

factor is the age of the mother, and when she is 40, 

the risk is about 1 in 100 or 10-fold higher than usu-

al. For women above 35, an older spouse above 50, 

may also enhance the risk. Most fetuses with Down’s 

syndrome are naturally aborted. Down’s syndrome 

can be reliably detected by amniocentesis and genet-

ic chromosomal tests, and in most such cases, the 

mother will choose to have an abortion. A chromo-

somal test can also be performed after the infant is 

born to conirm the syndrome.

Down’s syndrome is characterized by short stat-

ure, rounded face with lattened features, and re-

duced muscular coordination. Mild to severe cog-

nitive disability and developmental delays are also 

characteristic. �eart defects, breathing problems 

and obstructive sleep apnea, hearing problems, low 

thyroid hormone levels, as well as celiac disease are 

common. Psychologically, depression, obsessive-

compulsive disorder, and conduct disorder are also 

more common. Antidepressant medications, such 

as the selective serotonin reuptake inhibitors (SS-

RIs), can be helpful in treating depression. DS chil-

dren have signiicantly lower resting metabolic rate 

(RMR) possibly related to the reduced thyroid hor-

mone, but in adults with DS, RMR does not difer. 

It is possible that the lower RMR in childhood con-

tributes to weight gain later in life. Reduced physi-

cal activity in DS may also be a predisposing factor 

to obesity, which is much more common in women 

than in men. Food intake, however, does not appear 

to be greater than expected. Body composition also 

does not difer, but bone density of the pelvis and 

spine are lower. Although life span is reduced, it has 

continued to increase to around 60 currently.

Depending on the degree of mental disability, 

which varies considerably, children with Down’s syn-

drome can attend mainstream schools, receive spe-

cialized education within such schools, or be placed 

in specialized schools. Early intervention programs 

that provide intellectual stimulation as well as early 

walking practice on a treadmill may help Down’s 

syndrome children reach their potential. As adults, 

some are able to hold jobs and become fairly inde-

pendent and many reside in adult group homes and 

still others remain institutionalized. More emphasis 

should be placed on encouraging healthy lifestyles 

with nutritious meals and opportunities for regular 

exercise in an appropriate measured manner to help 

reduce the likelihood of obesity. National organiza-

tions, such as the National Down Syndrome Soci-

ety, can be valuable resources for information and to 

help locate local parent-support groups.
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SEE ALSO: Depression; Obsessive �ompulsive Disorder; 

Sleep Apnea.
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Drugs and Food

ALTHOUGH THE WAR on drugs has been fought 

since the 1980s, drug use, abuse, and dependence is 

still a part of our society. he Diagnostic and Sta-

tistical Manual of Mental Disorders, Fourth Edition 

Revised, outlines eleven classes of drugs with which 

people experience signiicant problems. Although 

many drugs are illegal, legal substances continue to 

have a signiicant public health impact. Tobacco use 

in the United States is still the number one cause 

of preventable death in the United States. Alcohol 

is one of the most commonly used mind-altering 

drugs in American culture, with up to 90 percent 

of people consuming it at some point in their life-

time. he lifetime risk of alcohol dependence is at 

approximately 15 percent, with an overall rate of 

current alcohol dependence on an annual basis of 

approximately 5 percent. he proliic use of alcohol, 

tobacco, and other substances in American society 

has illuminated the indelible link between drug and 

food consumption, which spans the emotional, so-

cial, and biological realms. 

Perhaps the most apparent connection between 

food and drugs is emotional and social. As alcohol is 

the one of the most commonly used and socially ac-

ceptable addictive drug in American culture it pro-

vides the clearest examples. Socially, many get-togeth-

ers are centered on a good meal, a strong drink, or a 

combination of the two, as evidenced by the proliic 

variety of bars and restaurants available. Additionally, 

both food and alcohol are woven into the culture of 

celebration and commiseration. 

Birthday parties begin with cake as the main event, 

but in later years, 21st birthday shots take center 

stage. Similarly, cultural representations of consoling 

oneself with a pint of ice cream are as well known as 

crying into one’s beer. he special ability of food and 

alcohol to regulate emotion has been associated with 

problematic use. People who are motivated to con-

sume alcohol or food to alter or cope with negative 

emotions are more likely to experience out of control 

eating and problem drinking. 

Advances in scientiic methodology have also be-

gun to shed light on the neurobiological links be-

tween food and drugs. Imaging studies of the brain 

have found a similar pattern of brain activation when 

participants have been presented with either a palat-

able food or a drug of abuse. 

More speciically, food and alcohol both produce 

part of their behavioral reinforcement by releasing 

endogenous opioids and dopamine in the limbic 

system. Depending on how rewarding the food is 

to the participant, the dopamine system reacts in 

a similar manner as it does with drugs of abuse, by 

releasing dopamine in the nucleus accumbens. Ad-

ditionally, other brain imaging studies in humans 

have suggested that areas of the brain involved with 

drug consumption are also involved in food con-

sumption and the neurobiological processes that 

drive emotional eating. 

Further, positron emission tomographic imaging 

studies have shown that obese individuals and indi-

viduals who are substance dependent both have sig-

niicantly lower dopamine D2 receptor levels in the 

brain, with the lowest D2 receptors in the participants 

with the highest BMIs. Lower dopamine D2 receptors 

in obese individuals would make them less sensitive 

to rewarding experiences, thus they may be vulner-

able to excessive food intake as a mechanism to tem-

porarily compensate for this deiciency. 

Additionally, pharmacotherapy traditionally used 

to prevent alcohol relapse by blocking the opiate sys-

tem, such as naloxone, is also capable of reducing 

preferences for high sugar foods and inducing opiate 

withdrawal in animals that demonstrate signs of de-

pendence with sugar consumption. Naloxone is also 
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capable of reducing the consumption of high fat/high 

sugar foods in obese and normal weight binge eaters. 

Similarly, blocking dopamine receptors with medica-

tion also reduces the reward value of both sweet foods 

and drugs of abuse. 

he eating patterns of individuals with substance 

use disorders have also made the link between food 

and alcohol more apparent. �linical observations of 

drug-dependent individuals have suggested that drug 

use may dampen the desire to eat. Some drug addicts 

stop consuming food and begin to rapidly drop weight. 

For example, cocaine addicts, heroine addicts, and al-

coholics are at a greater risk for malnourishment, as 

they focus their energy and attention on consuming 

their respective substances rather than consuming 

food. People may begin drug use, especially tobacco 

and stimulants, speciically for their appetite-sup-

pressing efects. On the other hand, food preferences 

and consumption patterns also appear to be afected 

by drug use and dependence. Although food con-

sumption may drop, heroin addicts appear to have an 

increased preference for sweets. he well-known link 

between marijuana and the consumption of craving 

for large amounts of food is known as the �munchies” 

in popular culture. Alcoholics demonstrate a stron-

ger preference for higher concentrations of sweeten-

ers than non-alcoholics. his increased preference for 

sweet foods also extends to those with a family mem-

ber with alcoholism, suggesting a possible genetic link 

for sweet food and alcohol preferences. 

he relationship between food and drugs is also 

demonstrated in the treatment of drug and alcohol 

dependence. �linical observations and empirical evi-

dence suggests that many clients struggling with ad-

diction being to consume more food during periods 

of abstinence from drugs. he resulting weight gain 

may provide a major obstacle in helping people stay in 

recovery, especially with those addicted to cigarettes. 

his increase in appetite may be due to the reemer-

gence of an appetite that was previously suppressed 

or may be the result of food consumption replacing 

drug consumption as a means to achieve pleasurable 

and soothing feelings. Alcoholics Anonymous (AA) 

has identiied food as an especially important part of 

recovery, as demonstrated by their relapse prevention 

mantra, �.A.L.T. AA recommends that recovering 

addicts avoid being �ungry, Angry, Lonely, or Tired, 

as these states can lead to an increased risk of relapse. 

Not only does Alcoholics Anonymous identify an 

empty stomach as a risk factor for relapse, but it also 

suggests that if a recovering addict is tempted to use 

drugs or alcohol again, they should turn to a sweet 

food instead. he consumption of a highly palatable 

food, such as a milkshake, is thought to reduce the 

urge to use alcohol and thus, helps keep the alcoholic 

on the road to recovery. 

�ompulsive eating and compulsive alcohol use 

also have an increased probability of occurring to-

gether. Researchers and clinicians have found in-

creased drug and alcohol abuse among bulimic par-

ticipants. Similarly, patients in treatment for drug 

and alcohol use disorders have a higher prevalence 

rate of compulsive eating behaviors than other clini-

cal patients. here have also been reports of an in-

creased risk for alcohol problems following weight-
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loss surgery, such as gastric bypass, that is performed 

to reduce the amount of food that can be physically 

consumed. Some patients have reported that follow-

ing their drastic weight loss they began to consume 

alcohol compulsively, in the same manner that they 

previously consumed food. Some have suggested that 

these patients may be replacing food with alcohol to 

deal with an underlying emotional problem. 

Other research has also pointed to the physiologi-

cal efects of gastric bypass surgery on alcohol metab-

olism. Gastric bypass patients have a more rapid ab-

sorption of alcohol and experience more inebriation 

and impairment on less alcohol than someone who 

has not undergone the procedure. Also, the reduced 

amount of food consumed by these patients may also 

contribute to the increased efect of alcohol, as food 

consumed before drinking reduces the degree of im-

pairment by slowing alcohol metabolism. Interest-

ingly, patients applying for gastric bypass surgery are 

rarely turned away due to excess alcohol or drug use. 

Further exploration of this clinical observation has 

revealed that alcohol consumption is signiicantly less 

frequent for obese participants than normal weight 

or overweight participants. Explanations of this ef-

fect have encompassed both the social and biologi-

cal realms. Obese individuals are at increased risk for 

weight discrimination, such as taunts and jokes about 

their size or bullying. Being subjected to this bias can 

result in low self-esteem and depression. Although 

negative emotion and depression has been linked to 

increased substance use, this does not appear to be 

the case for obese people. Negative social attitudes 

about obese individuals may prevent them from fre-

quenting places, such as bars and clubs, where alco-

hol is frequently consumed. Other research has sug-

gested that because alcohol and food both exploit 

similar areas of the brain, namely the dopamine and 

opiate system, excess food consumption may occupy 

biological mechanisms commonly used by alcohol, 

thus preventing excess alcohol consumption.

here is signiicant behavioral and biological evi-

dence that food and drugs have a relationship with one 

another. Not only are food and drugs frequently con-

sumed for similar emotional and social motivations, 

but they also share similar neurobiological underpin-

nings. �linically, problems with food and alcohol con-

sumption are more likely to occur together. Addition-

ally, substance use, abuse, and dependence also alter 

food consumption patterns and preferences. Evidence 

also suggests that while obesity may be associated 

with less alcohol consumption, surgical treatments 

for obesity may actually increase risk for alcohol use 

problems. Although many interesting links between 

food and drugs have been illuminated, future research 

is still needed to fully understand the relationship be-

tween the two. �aving a more fully developed under-

standing of the link between food and drugs may re-

sult in better prevention, treatment, and public health 

eforts for both substance use and eating problems. 

SEE ALSO: Alcohol; Disinhibited Eating; Food �Addictions”; 

Neurotransmitters.
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Drugs that Block Fat  

Cell Formation 

THE ADIPOSE TISSUE is a specialized conjunctive 

tissue with a predominance of the cell type called 

adipocyte. heir main function is to store energy as 

triacylglycerides (TGs). he energy-storing function 

of adipose tissue is highly eicient due to the low den-

sity and high caloric value of TGs. he adipose tissue 

is also important for temperature isolation, for struc-
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tural support of organs, and for a recently discovered 

endocrine function. Adipose tissue metabolism is 

very active, involving multiple processes including 

lipogenesis, lipolysis, and adipogenesis, which are 

under dynamic equilibrium. Adipogenesis is the dif-

ferentiation process by which preadipocyte cells ma-

ture into adipocytes. Lipolysis is a catabolic pathway, 

whereby stored TGs are metabolized to yield free fatty 

acids (FFAs) and glycerol with subsequent oxidation 

of FFAs for energy production. 

Lipogenesis is the process of storing energy in 

the form of TGs into the adipocyte. In this case, 

FFAs are re-esterified to yield TGs. The occurrence 

of lipogenesis in the adipocytes requires glucose in-

take, which can be transformed into glycerol phos-

phate. he necessary FFAs for lipogenesis usually 

come from the diet. �owever, they can also be syn-

thesized from glucose incoming into the adipocyte, 

with the participation of the enzyme fatty acid syn-

thase (FAS) in a process called lipogenesis de novo. 

Although not a major process, it also takes place in 

the adipocyte. Lipid metabolism of adipose cells is 

modulated by the intracellular protein kinases path-

way, which is initiated by activation of membrane 

receptors, inducing internal signaling cascades that 

ultimately result in the activation or inhibition of 

catabolic and anabolic pathways. 

Because obesity is the storage of excess energy, re-

duction of body fat can be achieved either by reducing 

food (energy) intake or by increasing energy expen-

diture. A new approach for the treatment and pro-

phylaxis of obesity may be based on the inhibition of 

carbonic anhydrase (�A), enzymes involved in several 

steps of de novo lipogenesis, both in the mitochondria 

and the cytosol of cells. Topiramate and zonisamide, 

clinically used antiepileptic drugs also showing strong 

�A inhibitory properties, possess a very much de-

sired side efect in obese patients, that is, induction of 

weight loss. Indeed, it has been recently proven that 

both topiramate as well as zonisamide act as very po-

tent in vitro inhibitors of several �A isozymes (includ-

ing �A II, �A VA, and �A VB), and that this might 

explain their antiobesity efects. Furthermore, it was 

also demonstrated that inhibition of �A by triluo-

romethanesulfonamide (TFM) or acetazolamide can 

decrease lipogenesis in adipocytes in cell culture. 

Acetazolamide is a clinically used drug that has been 

shown to reduce intraocular pressure and is used as 

an adjunct to other agents in the treatment of glauco-

ma. his seems to be the beginning of a very new and 

promising approach for the treatment of obesity, with 

the hope that more compounds showing this property 

will be soon developed and available for clinical use. 

A number of in vitro studies have also examined the 

efects of human immunodeiciency virus (�IV) pro-

tease inhibitors (PIs) on murine and human adipocyte 

diferentiation. hese studies indicate that diferent 

PIs have diferent efects on adipocyte function and 

diferentiation. Adipogenesis of human mesenchymal 

stem cells (hMS�s) was strongly inhibited by saquina-

vir and nelinavir ex vivo. 

Administration of the hormone leptin produces 

weight loss by decreasing appetite, while at the same 

time increasing the rate of fat metabolism. Leptin ac-

tivates 5’-AMP-activated protein kinase (AMPK) in 

muscle, inhibiting acetyl coenzyme A, an enzyme that 

catalyzes a key step in fat synthesis. As a result, the en-

ergy sources that go into fat formation are shifted into 

an oxidative pathway providing energy for muscle cells. 

In the liver, leptin turns down the activity of the gene for 

stearoyl-�oA desaturase-1 (S�D-1), which has a simi-

lar role to acetyl �oA. FAS inhibitors such as FAS-89B 

have been found to stimulate the rate of fatty acid oxi-

dation in peripheral tissues, particularly adipose tissue.

Recently, the use of naturaceuticals in the manage-

ment of obesity has gained more attention. �onju-

gated linoleic acid (�LA) is a unique lipid that elic-

its dramatic reductions in adiposity in several animal 

models when included at 1 percent of the diet. In vivo 

and in vitro analyses of physiological modiications 
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imparted by conjugated linoleic acid on protein and 

gene expression suggest that conjugated linoleic acid 

exerts its delipidating efects by increasing expression 

of genes associated with modulating energy expen-

diture, apoptosis, fatty acid oxidation, lipolysis and 

inlammation, as well as decreasing stromal vascular 

cell diferentiation, and lipogenesis. Peroxisome pro-

liferator-activated receptor (PPAR-α) agonists such as 

oleylethanolamide (OEA), a naturally occurring lipid, 

induce lipid catabolism through α-oxidation, a well-

known pathway for energy expenditure. Myriceline 

is a natural product that is obtained from the bark, 

leaves, and lowers of Myrica cerifera, which has been 

found to reduce lipogenesis and dipogenesis, and pro-

mote lipolysis by selective inhibition of tyrosine kinase 

activity of the β-receptor subunit and other enzymes 

involved in lipid metabolism pathways of adipocytes. 

SEE ALSO: Adipocytes; Leptin.
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Drug Targets that Decrease  

Food Intake/Appetite

THE REGULATION OF appetite and food intake is a 

complex process that involves the integration and 

processing of signals from the gastrointestinal tract, 

energy stores (such as fat cells and the liver), and ar-

eas of the brain. �ormones, neurotransmitters, and 

other circulating factors mediate these signals; the in-

tegration of these signals in the brain leads to sensa-

tions of hunger and fullness. here are multiple paral-

lel systems that contribute to controlling food intake 

and appetite and many of these represent drug targets 

for weight-loss treatments. 

Appetite and food intake are governed by a balance 

between efects that are classed as orexigenic (pro-

hunger signals that induce feeding or food-seeking 

behavior) and anorexigenic (antihunger signals that 

suppress feeding). Orexigenic signals also tend to pro-

mote the buildup of body weight and energy stores, a 

term known as anabolism, while anorexigenic signals 

may do the opposite, a process known as catabolism. 

A potential drug for weight loss or obesity treatment 

can, therefore, decrease food intake and promote 

weight loss by stimulating anorexigenic signals or by 

blocking orexigenic signals. 

Drug targets include compounds designed to an-

tagonize (block) the binding of hormones released 

by the gastrointestinal tract in response to fasting, to 

modulate the activity of hormones or neurotransmit-

ters in the brain, or to stimulate the production or 

activity of signals that promote a sensation of satiety 

(fullness). hese actions may be mediated directly by 

binding of a hormone or a neurotransmitter to its re-

ceptor, or indirectly by modulating the levels of other 

circulating factors/proteins or nerve signaling that 

themselves decrease appetite. 

Many pharmacotherapies that modulate food in-

take/appetite are currently under development for 

weight loss and the treatment of obesity. hese in-

clude classes of medication that are approved as 

weight treatments (sibutramine, phentermine, dieth-

ylpropion, and in some countries outside the United 

States, rimonabant). Other potential therapies are at 

various stages of early and mid-stage development; 

these drugs may have a deined target on a speciic 

receptor, while others may modulate multiple or as 

yet poorly deined targets.

SEE ALSO: Future of Medical Treatment of Obesity; �or-

mones; �umoral Factors and Satiety; �ypothalamus.

BIBLIOGRAPHY. George A. Bray and Frank L. Greenway, 

��urrent and Potential Drugs for Treatment of Obesity,” 

Endocrine Reviews (v.20/6, 1999); Jason �. G. �alford, 

guest ed., �Appetite Regulation: Future Directions in Obe-

sity Treatment,” Current Drug Targets (v.6/2, 2005); Katie 

Wynne and Stephen R. Bloom, �he Role of Oxyntomodu-

lin and Peptide Tyrosine-Tyrosine (PYY) in Appetite �on-

trol,” Nature Clinical Practice Endocrinology & Metabolism 

(v.2/11, 2006).

Alan G. �arris, M.D., Ph.D. 

Manhattan Pharmaceuticals, Inc.

202 Drug Targets that Decrease Food Intake/Appetite 



DSM-IV

DIAGNOSTIC AND STATISTICAL Manual of Mental 

Disorders, Fourth Edition, or DSM-IV, is a manual 

published by the American Psychiatric Association. 

DSM-IV categorizes all psychiatric disorders for both 

children and adults and lists known causes for disor-

ders, epidemiological statistics, prognosis, and treat-

ment approaches. While DSM-IV was created by an 

American medical society, it is used in many other 

countries as the standard in mental healthcare and 

psychiatric diagnosis. In addition, insurance compa-

nies, pharmaceutical companies, and health policy 

makers also use the manual. 

he DSM handbook was irst published in 1952 

and has subsequently gone through ive revisions. 

DSM-IV is considered the last major revision and was 

published in 1994 with a text revision in 2000 to keep 

the manual updated with the current literature. DSM-

V, the latest incarnation of the handbook, is currently 

being drafted and due for publication in 2011. 

DSM-IV is organized using a multiaxial approach 

to diagnosis to account for the various ways that men-

tal health can be afected in an individual. As a result, 

DSM-IV has ive levels (axes) that relate to various as-

pects of disability. Axis I includes clinical disorders, 

such as major mental disorders, developmental disor-

ders, and learning disorders. Axis II includes under-

lying pervasive or personality conditions and mental 

retardation. Axis III incorporates medical conditions 

that may be relevant to the understanding and treat-

ment of the mental disorder. Axis IV includes psy-

chosocial and environmental factors relating to the 

disorder. Axis V is a global assessment of function-

ing measured on a scale of 0 to 100. �ommon well-

known Axis I disorders include depression, bipolar 

disorder, attention deicit hyperactivity disorder, and 

schizophrenia. �ommon Axis II disorders include 

borderline personality disorder, antisocial personality 

disorder, and mild mental retardation.

While DSM-IV is widely used in mental health-

care, it also has many limitations. �ommonly held 

criticisms against DSM include the fact that DSM in-

vents illnesses and behaviors using an arbitrary dei-

nition for normality. In addition, patients are found to 

rarely fall into discrete categories of disease according 

to DSM, further underscoring the criticism of arbi-

trary deinitions of normal. A clear illustration of the 

arbitrary deinition problem can be seen when a well-

known fact of the most commonly diagnosed per-

sonality disorder is 301.9, Personality Disorder Not 

Otherwise Speciied. Some critics also believe that 

because treatment is the basis and goal of the psychi-

atric profession, DSM should be organized according 

to treatment modalities.

SEE ALSO: Assessment of Obesity and �ealth Risks; De-

pression, Disordered Eating; Eating Disorders and Gender; 

Eating Disorders and Obesity.
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Early Onset Menarche  

and Obesity in Women

AS A YOUNG woman approaches puberty, the hor-

mones involved in her reproductive system become 

more active. Two of these hormones, estrogen and 

progesterone, are responsible for the growth and sta-

bilization of the endometrium, the lining of a woman’s 

uterus. hroughout her life, the levels of these hor-

mones in a woman’s bloodstream will rise and fall in 

a characteristic monthly pattern. When the hormone 

levels are at their highest, the endometrium is primed 

to accept a fertilized egg and carry forth a pregnancy. 

However, when these hormones are at their lowest, 

the cells of the endometrium will slough of, resulting 

in menstruation. A woman’s irst menstrual period 

is known as menarche. Menarche is one of the inal 

stages in pubertal development and is widely consid-

ered a rite of passage into womanhood.

AGE OF ONSET

Menarche typically takes place between the 12th and 

13th years of life; one study showed that on average, 

it occurs at 12.06 years old in African-American girls, 

12.25 years old in Mexican-American girls, and 12.55 

years old in Caucasian girls. Although menarche is 

one of the inal stages of puberty, researchers often 

use it as a proxy for determining one’s age at puber-

ty; this is because the onset of menarche is far easier 

for a young woman to recollect than the more subtle 

pubertal events. hus, the discussion of early onset 

menarche is often more accurately a discussion of the 

early onset of puberty as a whole. 

OBESITY AND MENARCHE

he exact relationship between obesity and early onset 

menarche is unclear. According to the Frisch-Revelle 

model (developed by two puberty researchers in the 

1970s), there is a certain “critical weight” that a young 

woman must achieve for menarche to take place. his 

model implies that weight is the driving force of men-

arche. Other researchers argue a completely reversed 

direction of causality, citing puberty itself as the cause 

of weight changes in young women. 

PUBERTY AS A CAUSE OF WEIGHT INCREASE

Research indicates that the process of going through 

puberty causes changes in one’s body composition, 

resulting in increased weight and higher percentage 

of body fat. hus, on average, young women who have 

entered puberty will weigh more than their same-age 

counterparts who have not yet entered puberty. Re-

search also indicates that early maturing children 

tend to be more obese in adulthood than their later 

maturing counterparts. he researchers who argue 

that puberty drives weight changes point to a mixture 

of genetics, socioeconomic conditions, nutritional 
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status, and general health as the driving force behind 

puberty onset in a young woman. hey believe that 

when the combination of these factors inally results 

in a young woman entering puberty, it is these pu-

bertal changes that result in her increased weight as 

compared to her nonpubertal peers. 

WEIGHT INCREASE AS A CAUSE OF PUBERTY

here is also a great deal of evidence in support of the 

Frisch-Revelle model. One such inding is that as obe-

sity in American children has become increasingly 

more prominent in the past several decades, the age 

of puberty onset has declined signiicantly, suggesting 

that increasing weight may drive earlier puberty. (It 

must be noted that this association between weight 

and puberty does not necessarily ensure causation. 

Indeed, some researchers believe that the increasing 

use of insecticides, which can break down into es-

trogen-like compounds, may also explain the earlier 

onset of puberty.) Studies of body mass index (BMI) 

and puberty also lend support to the model: one study 

indicates that those girls who have a higher BMI than 

their peers at even 3 years of age tend to have earlier 

onset of puberty (a diferent study in children aged 

5–9 years had similar results). Finally, physiology re-

search also lends support to this model, as adipose 

(fat) tissue is believed to generate estrogen, which 

at certain levels helps promote a young woman’s 

progression into puberty. hus, a greater amount of 

adipose tissue (which is likely associated with higher 

weight and BMI) may lead to higher estrogen levels, 

which may translate into earlier puberty. 

CONCLUSION

Despite their diferent frames of reference, these no-

tions about puberty and obesity are not mutually ex-

clusive. here is strong data to support that obesity is 

a factor in promoting early puberty and that puberty 

itself is a promoter of weight gain. In this way, obe-

sity has the potential to have a signiicant efect on the 

development of young women, both as they progress 

toward puberty and as they graduate from it. 

SEE ALSO: Estrogen Levels; Hormones.
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Eating Disorders and Athletes

PARTICIPATION IN ATHLETICS may put some individu-

als at an increased risk for the development of eating 

disorders such as anorexia nervosa or bulimia ner-

vosa. hese disorders are characterized by an over-

valuation of weight and shape. he hallmark feature 

of anorexia nervosa is a refusal to maintain a normal 

weight, while individuals with bulimia nervosa main-

tain a normal weight but engage in binge eating and 

purging. Athletes are faced with unique concerns re-

garding body shape, weight, and nutrition in relation 

to athletic performance. However, research investi-

gating whether athletes are at an increased risk for de-

veloping eating disorders has yielded mixed results. 

While some studies indicate that participation in 

athletics may serve as a protective factor against dis-

turbed eating attitudes and behaviors, other research 

has found that athletes endorse more diiculties with 

eating, dieting, and body image than nonathletes. 

here is a general consensus that participation in 

weight-class sports (i.e., wrestling, weightlifting, light-

weight football, and tae kwon do), aesthetic sports (i.e., 

gymnastics, igure skating, diving, and synchronized 

swimming), and endurance sports (i.e., long-distance 

running, swimming, and cycling) heightens risk for 

the development of eating disorders. Weight-class 

sports encourage unhealthy weight-loss methods for 

competition, aesthetic sports judge athletes on ap-

pearance, and endurance sports generally require a 

lean physique for optimal performance. However, it is 
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diicult to determine whether participation in these 

sports is fostering disordered eating or if individuals 

predisposed to develop a disorder gravitate toward 

certain types of sports. 

Beyond the risk associated with participation in 

speciic sports, higher rates of disturbed eating atti-

tudes and behaviors have been observed among other 

athletic subgroups including dancers, elite athletes, 

and college athletes. Individuals who are nonelite but 

high-intensity athletes are also at an increased risk 

for engaging in eating disorder behaviors. he risk to 

college athletes may vary as a function of other col-

lege-speciic factors such as the availability of coun-

seling and academic support, attitudes of coaches and 

trainers, and pressures to win. he initiation of sport-

speciic training at a young age also makes individu-

als vulnerable to the development of eating disorders. 

Prepubertal athletes may begin a sport that ultimately 

is not suitable for their adult body type, causing them 

to engage in pathological weight-loss methods in an 

efort to attain the necessary build for the sport. 

here are a number of theories that seek to explain 

why these subgroups of athletes may be particularly 

vulnerable to the development of eating pathology. In 

general, athletes have additional pressures beyond so-

cietal expectations to attain a certain weight or body 

shape in order to optimize performance. Coaches 

frequently recommend weight loss to remedy subpar 

performances, but these recommendations are often 

made without guidance about proper nutrition and 

are not necessarily based on fact. Athletes are then left 

to their own devices, which may lead to experimenta-

tion with unhealthy weight-management techniques, 

such as extreme dieting or purging. he athletic en-

vironment can also lead to distorted perceptions of 

what is normal and healthy. 

Coaches and athletes may begin to develop un-

healthy expectations of body shape and weight, 

overlooking emaciated individuals who are perform-

ing well. hey may be blinded by improved perfor-

mances that accompany weight loss and view the 

shedding of pounds as a commitment to the sport. In 

this way, the athletic environment may “legitimize” 

both extreme weight loss and excessive exercise, 

thus masking a problem. A person who excessively 

exercises can appear disciplined and dedicated rath-

er than “disordered.” In addition, because individu-

als with eating disorders are able to achieve a high 

level of performance for a long time in spite of en-

ergy deprivation, overexercising is a way to validate 

their behaviors and convince themselves and others 

their disorder is not a problem. Athletes may also 

be at high risk for disordered eating because of per-

sonality traits commonly shared by individuals with 

eating disorders, such as perfectionism, drive, con-

scientiousness, high personal expectations, obses-

sionality, and self-denial. 

Once an individual has developed an eating dis-

order, athletic involvement may create a barrier to 

treatment, because athletes often fear that treatment 

aimed at altering eating disorder characteristics may 

reduce an athlete’s ability and competitiveness. Even-

tually, though, eating disorders can compromise ath-

letic performance because of physical problems such 

as fatigue, dehydration, heart problems, or stress 
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fractures. Athletes with eating disorders confer an 

elevated risk of physical complications related to the 

disorders because of the additional stress athletic 

activity places on their bodies. However, once per-

formance deteriorates, athletes are often more ame-

nable to treatment aimed at recovery and a return to 

their sport. 

While these risk factors may paint a worrisome 

picture of sports participation, athletics have been 

shown to provide a number of beneits and potential 

protective factors against developing eating disor-

ders. Sports can help an individual diversify his or her 

self-concept and provide a source of pride outside of 

one’s looks. Sports can also help an individual focus 

on what the body can do, rather than how the body 

looks. In addition, research indicates that nonelite, 

nonlean high school athletes do not appear to be at 

an elevated risk for development of eating disorders 

and may even have fewer eating problems than high 

school nonathletes.

SEE ALSO: Disordered Eating; Eating Disorders and Gen-

der; EDNOS; Exercise. 
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Eating Disorders and Gender

RESEARCH ON THE prevalence of eating disorders has 

identiied distinct gender diferences among those 

diagnosed. Speciically, many studies have docu-

mented that anorexia nervosa, bulimia nervosa, and, 

to a lesser extent, binge-eating disorder are more 

common among women. Anorexia and bulimia are 

found primarily in women, while men make up a 

more substantial, though not equal, portion of those 

diagnosed with binge-eating disorder. While the pre-

cise reason for this discrepancy is unknown, many 

believe that societal pressure on women to be thin 

and the general value placed on appearance in soci-

ety play an important role. 

A recent survey examining the prevalence of eat-

ing disorders in the United States reported that the 

lifetime prevalence estimate of anorexia is 0.9 per-

cent among women and 0.3 percent among men, of 

bulimia is 1.5 percent among women and 0.5 percent 

among men, and of binge-eating disorder is 3.5 per-

cent among women and 2 percent among men. hus, 

the lifetime prevalence for any of the three eating 

disorders, according to this study, was 1¾ to 3 times 

as high among women compared to men. he preva-

lence of bulimia and anorexia in men reported by this 

study is actually high compared to other studies. For 

example, clinical and case registry studies by Fairburn 

and Beglin and Hoek and van Hoeken reported that 

men make up less than 10 percent of those diagnosed 

with an eating disorder. Population-based studies by 

Garinkel et al. reported that less than 15 percent of 

those diagnosed with anorexia and less than 10 per-

cent of those diagnosed with bulimia are men. Spitzer 
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and colleagues found that in patient samples, the ratio 

of women to men with binge-eating disorder was 3:2; 

however, in community samples, binge-eating dis-

order was found to be equally prevalent in men and 

women. 

A study conducted by Lewinsohn and colleagues 

looked at disordered eating behaviors and attitudes in 

a community sample of young adults. hey reported 

greater eating disorder symptomatology among wom-

en compared to men. he biggest gender diferences 

were in body dissatisfaction and drive for thinness. 

Women were more likely to endorse both of these 

symptoms as well as to have much higher scores on 

scales that measure these two traits, both of which 

were identiied as anorexic-related dimensions. Men 

scored slightly higher on measures of excessive exer-

cise. Lewinsohn et al. also reported roughly equal rates 

of overeating in the past three months for men and 

women. With respect to overeating episodes, how-

ever, women were more likely to report experienc-

ing a sense of loss of control, feeling bad about these 

episodes, and considering their eating habits abnor-

mal. In addition, men were both less likely to report 

wanting treatment and having been treated for their 

eating disorder. Many believe that there are gender 

diferences with regard to the expression of speciic 

eating disorder symptoms, and these indings encour-

age future research to look at speciic eating disorder 

symptoms and behaviors as well as subthreshold eat-

ing disorders to better understand and identify these 

gender diferences. 

According to research indings, women are more 

likely to develop an eating disorder,and thus being fe-

male is a risk factor for eating disorders in general. 

While the precise reason for this gender diference is 

unknown, many charge the societal pressure on wom-

en to be thin. Hsu suggests that eating disorders are 

more prevalent among women because more women 

are dieting in order to lose or control their weight. 

He bases this contention on research that has shown 

that the prevalence of eating disorders increases in 

environments that emphasize thinness and that those 

who are most concerned with dieting are also more 

likely to have an eating disorder. 

An interesting study by Hepp et al. looked at the re-

lationship between gender role orientation and eating 

disorder behaviors and found that among women di-

agnosed with anorexia or bulimia, androgyny tended 

to be associated with lower levels of eating disorder 

symptomatology. hus, according to their indings, 

higher levels of masculinity and femininity had the 

strongest protective efect in regards to disordered 

eating. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Ner-

vosa; Families of Eating Disorder Patients. 
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Eating Disorders and Obesity

EATING DISORDERS AND obesity make up two of 

the most frequently battled clinical disorders and 

have morbidity and mortality rates that are currently 

among the highest of any psychological or health-

related conditions. Although eating disorders and 

obesity are often seen as two diferent issues, they ac-

tually share many connections. Eating disorders, obe-

sity, and other weight-related disorders can overlap as 

individuals move from unhealthy dieting to obesity. It 
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is not uncommon for an individual with eating issues 

to sufer from more than one eating disorder and/or 

to lip from one to another in varying degrees of se-

verity. An individual can move from anorexia to bu-

limia to binge-eating disorder. People sufering from 

binge-eating disorder often are overweight or obese. 

Research suggests unhealthy dieting rituals as a result 

of the media’s role along with outside inluences may 

be contributing to eating disorders and obesity. Peo-

ple sufering from eating disorders may show signs of 

body image distortion or body dysmorphic disorder.

BODY IMAGE DISSATISFACTION AND  

UNHEALTHY DIETING PRACTICES 

Body image dissatisfaction and unhealthy dieting 

practices may be at the helm of the development of 

eating disorders and obesity. It is suggested through 

some historical and cultural evidence that social and 

cultural contexts are contributors to risk for eating 

disorders as a result of the cultural valuation of thin-

ness internalized in some individuals. In some vul-

nerable individuals, this thin internalized ideal leads 

to body weight dissatisfaction, and potentially, the 

development of full ledge eating disorders. Investiga-

tors posit many eating and weight issues start with in-

dividuals who are unhappy with their bodies and turn 

to unhealthy weight-loss strategies such as smoking 

cigarettes, using nonprescription drugs, skipping 

meals, fasting, and other dysfunctional rituals. 

Body image disorder and body dysmorphic disor-

der (BDD) may play a role in eating disorders. Body 

image is deined as an internal view of one’s own ap-

pearance. Overestimating certain parts of the body 

such as the waist or thighs when compared to unbi-

ased measurements is often used as a tool to indicate 

body image disturbance such as dislike, disparaged, 

or unacceptable. As related to eating disorders, dis-

ordered image abnormality is one of the essential 

diagnostic criteria for anorexia nervosa and bulimia 

nervosa. here is often an over concern with weight 

or body shape. Although the criteria for people suf-

fering from binge-eating disorder do not include the 

criteria of abnormality of body image, symptoms of 

signiicant negative body image are present. 

BDD is similar to body image disorder; however, 

it is an extreme dislike, disparaged, or unacceptable 

body image. he individual is obsessively focused on 

the disliked body feature. his focus interferes with 

everyday function of life. Certainly, the general popu-

lation wishes to change some part of their body, but 

to those sufering from BDD, their body is unspeak-

ably hideous, yet to onlookers, it is considered nor-

mal. It is diicult to interact with others or to function 

normally due to a tremendous fear of ridicule and hu-

miliation as a result of their appearance. hroughout 

the day every day, both body image disorder and BDD 

people invest continuous thoughts about their body, 

compulsive mirror checking or mirror avoidance, 

while asking others for assurance.

MEDIA INVOLVEMENT

With the inlux of eating disorders, it is suggested that 

mixed messages from Western media plays a role in 

disordered eating. he media often portrays the “su-

per thin” body type as the preferred one, and some 

researchers believe that the inability for most to attain 

this can lead to feelings of inadequacy, which can in 

turn promote some individuals to binge. he super-

slender body shapes that ill magazines, billboards, 

movie screens, and television screens fail to represent 

a realistic diversity of body shapes, particularly ones 

that are not slender. 

On the one hand, foods are being pushed continu-

ously on billboards, magazines, television, and the ra-

dio. he traditional American diet is rich in saturated 

fats. Study after study reveals our children are becom-

ing overweight and obese in perilously high numbers. 

It is believed these alarmingly high numbers are par-

tially due to the rapid and often excessive increase to 

supersized meals, boundless fast-food restaurants, 

and less time and fewer options for physical activity. 

On the other hand, those same media channels are 

pushing thin, svelte bodies. hrown into the mix is 

the idea that we need to be healthy. Consequently, it 

is not unusual to see overly thin individuals or overly 

obese individuals, neither group healthy. 

Individual vulnerability and general cultural values 

may be subscribing to an association of thinness with 

social prestige. In fact, it has been learned a child who 

has a self-schema as being overweight can project 

that schema into what might be the future. In other 

words, a child could harbor the fear of being obese as 

an adult. Although these fears are only possibilities, 

they could inluence current behavior and the choices 

we make. In the 30-year span, from the 1980s and 

2000s, the fad diets were all about “carb loading.” he 
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idea was to ill up on tremendous amounts of low-fat 

starches adding small portions of protein. On the lip 

side, the recent fad has been to load up on protein and 

fat and stay away from the carbohydrates. 

Modern advertising implores females to become 

slimmer and just more attractive; this is not an easy 

task given the limits of heredity, physiology, and the 

cost of cosmetic surgery. It is important to note that 

the male population is not excluded. he advertis-

ing directed at them is to have a muscular body, 

lots of hair on their head, and exercise equipment 

to achieve a more attractive body to be accepted by 

society at large. 

his craving to become super thin is not just an 

American idea. In fact, it is spreading from one end 

of the globe to another. As a result of unprecedented 

advances in technology, globalization increasingly al-

lows diverse cultures to interact and converge. More-

over, commerce, immigration, and shared resources, 

information, and ideas are bringing us closer togeth-

er, resulting in persons around the globe being roped 

into these impossible standards. 

As a result, extreme dieting often comes into play. 

Unfortunately, there can be negative associations to 

extreme dieting. In fact, dieters are food preoccupied, 

distractible, emotional, binge prone, and unhappy. 

Studies conclude eating disorders are more inevita-

ble in groups involved in extreme dieting and weight 

loss. More speciically, a general parallel is present 

between cultural pressure to be thin and eating disor-

ders, which is widely and commonly occurring both 

across and within diferent ethnic groups.

EATING DISORDERS AND BEHAVIOR

Eating disorders are characterized by severe distur-

bances in eating behavior and come in many diferent 

guises. Eating disorders afect ive million individuals 

and poses serious medical and psychological risks. 

Eating disorders and obesity both contribute to a 

host of weight-related issues. Some of these problems 

include disorders such as bulimia nervosa, anorexia 

nervosa, anorexic and bulimic behaviors, binge-eat-

ing disorder, and unhealthy dieting practices. Indi-

viduals can experience more than one disorder or 

swing from one problem to another at diferent de-

grees of severity. 

he two most widely recognized eating disorders 

are anorexia nervosa and bulimia nervosa. In addi-

tion, many patients present with atypical eating dis-

orders, classiied in the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV TR) as eat-

ing disorder not otherwise speciied (EDNO). he 

most notable atypical eating disorder is binge-eating 

disorder (BED), which is characterized by recurrent 

binge eating without the compensatory weight-con-

trol methods, such as purging, which deines bulimia 

nervosa. Binge-eating disorder is considered the most 

common of all the eating disorders.

A person sufering from bulimia nervosa eats a 

large amount of food in a small period of time (binge-

ing) utilizing inappropriate compensatory measures 

to rid themselves (purging) of the excess intake of 

food and/or to avoid weight gain. he disproportion-

ate compensation includes throwing up recently eat-

en food, laxatives, enemas, overexercising, or other 

medication to aid in ridding the self of food. Often, 

diuretics are used to rid the self of excess luids to feel 

lighter and more completely emptied. A person suf-

fering from this disorder may also pass through bouts 

of not eating or eating very little. 

Anorexia nervosa is an eating disorder of inten-

tional starvation despite hunger. Research suggests 

this disorder often begins in the young population 

and involves extreme weight loss: at least 15 percent 

below the person’s normal body weight. It is not un-

common for a person sufering from this disorder to 

look emaciated and yet be terriied of gaining weight. 

In fact, food and weight become obsessions and take 

up a great deal of the individual’s energy. Some an-

orexics have strict exercise routines to keep of the 

weight. It is not unusual for the female anorexic pop-

ulation to lack monthly menstrual periods. Men who 

sufer from anorexia often become impotent. 

Common medical complications of anorexia ner-

vosa include:  cyanosis (purple or bluish coloring on 

hands and feet due to reduced blood low), lanugo 

(a soft downy hair covering the body), dry skin and 

brittle hair, low blood pressure, cardiac arrhythmias, 

and loss of menstrual periods. In addition, anorex-

ics can have many hormonal changes due to loss of 

body fat that revert them to pre-puberty levels, they 

have gastrointestinal problems (severe constipa-

tion, and slowed gastric motility), and reduced bone 

mass and density, putting them at risk for osteopo-

rosis. Anorexic and bulimic behaviors combined are 

another eating disorder often referred to as binge 
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eating/purging anorexia, which is a combination of 

bulimia and anorexia. People who sufer from this 

disorder will not only cut the intake of calories but 

also binge and purge through self-induced vomiting, 

misuse of laxatives, diuretics, or enemas. In essence, 

the person has symptoms of both anorexia and buli-

mia. Research indicates approximately 50 percent of 

individuals with anorexia also develop bulimia.

Binge eating (sometimes referred to as compulsive 

overeating) is a common problem among overweight 

people. his is a distinct, recently recognized eating 

disorder without inappropriate compensatory behav-

ior and has been proposed for further study in an ap-

pendix of the fourth edition of the DSM-IV-TR. 

Binge eating involves taking in abnormally large 

amounts of food in a relatively short period of time, 

accompanied by a sense of loss of control over eating 

followed by depression, moodiness, and unhappiness. 

Often, the person eats alone and is unable to stop eat-

ing although full. Feelings of being out of control fol-

lowed by feelings of guilt, disgust, and/or depression 

are often accompanied with overeating and bingeing. 

Unhealthy dieting practices include restricting 

calories or eating only certain foods at certain times 

with the goal of losing weight or staying thin. Un-

healthy dieting practices are just that—unhealthy. 

Meals are not balanced resulting in a lack of nutrients 

needed by the body to operate at an optimal level. It 

is believed that unhealthy dieting practices can lead 

to eating disorders.

Another type of eating disorder is known as dis-

ordered eating, which refers to troublesome eat-

ing behaviors such as restrictive dieting, bingeing, 

or purging. he diference in disordered eating and 

eating disorders is in the severity. Disordered eat-

ing occurs less frequently or is less severe than those 

required to meet the full criteria for the diagnosis of 

an eating disorder.

WORLDWIDE EPIDEMIC

Obesity is not only a serious and increasingly prev-

alent condition in the United States, but it is now a 

worldwide epidemic and has recently been declared 

one of the major concerns for global health by the 

World Health Organization (WHO). he WHO esti-

mates that there are nearly 180 million obese adults, 

and most likely, in addition to that number, there are 

at least twice as many adults who are overweight. 

Currently, evidence suggests that 65 percent of adult 

Americans are overweight and 31 percent are obese 

and this number is growing at an alarming rate. In 

fact, it is suggested that 60 to 70 million people weigh 

above the statistical average. 

Obesity is associated with, or a precursor state to, a 

plethora of serious diseases, including Type 2 diabetes 

mellitus, cardiovascular disease, stroke, and certain 

carcinomas. Although the percentage of children and 

adolescents sufering from obesity is not as high as 

adults, the current movement of obesity in our young 

population is staggering. It is reported that 13 percent 

of children aged 6–11 and 14 percent of adolescents 

are obese and larger numbers are overweight. 

It is questioned whether media involvement may 

be leading to body dissatisfaction and feeding into the 

eating disorders. his year, more than 60,000 Ameri-

cans will struggle with morbid obesity (100 lb or more 

overweight), not to mention those who are simply 

obese. In fact, more than one billion people world-

wide, including 22 million children younger than ive 

years of age, are now overweight or obese. his fact 

is continuously increasing. he likelihood that obe-

sity present during childhood will persist into adult-

hood rises with the age of the child, independent of 

the efect of parental obesity. In fact, several studies 

have indicated that approximately 70 percent of over-

weight adolescents become obese adults.

EATING DISORDERS AND OBESITY CONNECTIONS

Unfortunately, the individual’s self-worth is overly 

determined by body weight, shape, and appearance. 

It is believed that the person sufering from eating 

disorders overvalue their weight and shape to com-

pensate for low self-esteem, which involves the indi-

vidual’s attempt to self-regulate his or her emotional 

world and manage his or her stressful interpersonal 

relationships with food. here are diferent factors 

that can predispose, precipitate, and perpetuate the 

individual’s eating disorder. 

Contributing factors to eating disorders focus on 

interpersonal diiculties, which include role disputes, 

role transitions, interpersonal deicits, and unresolved 

grief. Interestingly, an individual’s eating disorder 

is placed within this interpersonal framework (e.g., 

a speciic role dispute as a trigger for binge eating). 

Research strongly implies that certain environmental 

and personality variables lay the foundation for its de-
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velopment years before the disturbed eating becomes 

apparent, regardless of whether an eating disorder 

has an early or a later onset. In fact, eating disorders 

are caused by factors beyond a simple preoccupation 

with food and weight. It is believed an eating disorder 

is caused by a complex interplay of sociocultural, en-

vironmental, and individual factors.

A person with an eating disorder will attempt to 

self-regulate the emotional world they live in as well as 

attempt to manage stressful interpersonal situations 

with food. he self-worth of the individual with an 

eating disorder is overly determined by body weight, 

shape, and appearance. Extreme weight luctuations, 

low self-esteem, cognitive distortions such as dichot-

omous thinking, and increased thoughts about food 

and eating, increased emotional liability, an increased 

vulnerability to social and environmental inluences 

are part of the psychological makeup in the eating 

disordered. Dysfunctions in interpersonal function-

ing and self-worth are two psychological theories that 

are ever present in eating disorders. 

Although each disorder is distinct on a number of 

diferent dimensions, they all harbor issues of self-

worth and interpersonal functioning. It is not uncom-

mon for an individual in any of the eating disorders to 

have aloofness in his or her mannerism, along with a 

tendency to push people away. he media’s emphasis 

on appearance, the central role of beauty in femininity, 

physical changes in a lifespan, and personality traits 

such as anxiety avoidance and perfectionism have all 

been impressed in the development of eating disor-

ders. here is a fear of relationships and the inability 

to handle feelings, especially when social interaction 

is diicult, leaving a constant self-conscious, insecure 

feeling with undertones of depression. 

CONCLUSION

Perhaps the answer for those sufering from eating 

disorders and obesity is in sound therapeutic rela-

tionships, self-monitoring, education on weight and 

eating, and establishing healthy eating patterns. he 

goal is working toward eliminating dieting, teaching 

problem-solving skills, cognitive restructuring, and 

working through strategies for addressing shape and 

weight concerns. here is no doubt interest in eating 

disorders and obesity is on the rise with clinicians and 

researchers. he connections between eating disor-

ders and obesity often cross paths as they share many 

connections. Eating disorders, obesity, along with 

other weight-related disorders can overlap as individ-

uals move from unhealthy dieting to obesity. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Body Dysmor-

phic Disorder; Body Image Disorders; Bulimia Nervosa.
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Eating Disorders in  

Schoolchildren

EATING DISORDERS ARE observed with increasing 

frequency in children and adolescents. Although food 

restriction is the most commonly reported symptom, 

children with eating disorders may have varying pre-

sentations and may meet only partial criteria for an-

orexia nervosa or bulimia nervosa. 

GENERAL DIAGNOSTIC CRITERIA

he Diagnostic and Statistical Manual of Mental Dis-

orders, 4th ed. (DSM-IV), published by the American 

Psychiatric Association, establishes criteria used in 

diagnosing and distinguishing eating disorders. 

Anorexia nervosa is diagnosed according to three 

diagnostic criteria: a refusal to maintain body weight 

within a normal range for the person’s age and height, 

an intense fear of gaining weight, and a severe distur-

bance of body image in which body image becomes 

responsible for self-worth accompanied by a denial of 

the gravity of the illness. he illness may take the form 

of one of two subtypes: restricting (ANR), or binge-

ing/purging (ANBP). Individuals with ANR use con-

straint in their eating to reduce their weight and are, 

in general, more perfectionistic in personality and 
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restrictive in their eating behaviors. In contrast, indi-

viduals with ANBP may binge and use purging meth-

ods (i.e., vomiting, laxatives) to control their weight. 

he DSM-IV criteria for bulimia nervosa include 

recurrent episodes of binge eating accompanied by a 

feeling of a loss of control (binge eating constitutes 

a consumption of larger-than-normal quantities of 

food in a discrete period); recurrent compensatory 

measures to avoid gaining weight postbinge that ei-

ther involve purging (e.g., self-induced vomiting) or 

nonpurging activities (e.g., excessive exercise or fast-

ing); the bingeing and purging behaviors occur a min-

imum of two times a week for a duration of 3 months; 

self-evaluation is disproportionately inluenced by 

body shape and weight. Also, these disturbances do 

not occur during episodes of anorexia nervosa.

Also included in the DSM-IV is the category Eating 

Disorder Not Otherwise Speciied (EDNOS), which 

includes all clinically signiicant eating behaviors that 

do not it into the other categories. 

EATING DISORDERS IN CHILDREN AND  

ADOLESCENTS: UNIQUE FEATURES

Diagnosing eating disorders in children and adoles-

cents poses a diicult challenge as children and ado-

lescents tend to present atypically and carry unusual 

features with their illness. Consequently, children 

with eating disorders may pass undetected by medi-

cal providers, as they may not meet the full criteria 

for anorexia nervosa or bulimia nervosa. For example, 

a child who has not yet reached menarche may “miss” 

the anorexia nervosa criterion of absent periods.

Research on eating disorders in children and young 

adolescents suggests that they are most likely to be 

given a diagnosis of EDNOS as these younger pa-

tients are less likely to engage in typical binge/purge 

behavior and are likely to meet only partial criteria 

for anorexia nervosa or bulimia nervosa. Restriction 

of food is identiied as a common presenting feature 

in children and adolescents. Furthermore, younger 

patients with eating disorders are more likely to be 

male and to have a high rate of comorbid psychiat-

ric illness such as obsessive-compulsive disorder. 

Additionally, younger patients are less likely to ad-

mit to the use of diet pills or laxatives as methods of 

weight control. Of particular concern is the inding 

that younger patients experience a more rapid rate 

of weight loss than older patients, thereby increas-

ing the risk of bone loss and abnormal growth and 

development. Other possible medical complications 

in younger patients include damage to reproductive 

organs and decreased brain cortical mass. 

here is a concerted efort to uncover etiological 

factors that contribute to the onset of eating disorders 

in children and adolescents. Environmental factors 

such as family dynamics or dysfunction have been im-

plicated, as well as biological factors such as the onset 

of puberty. A history of sexual abuse or other trau-

matic event has been associated with binge/purge be-

haviors. Other risk factors currently being researched 

include the efect of Western culture, female gender, 

dieting history, body image, media exposure, and oth-

er sociocultural factors.

TREATMENT OPTIONS AND OUTCOMES

Early intervention in children and adolescents with 

eating disorders is of paramount importance as medi-

cal complications can occur even before signiicant 

weight loss is remarked. Early treatment may prevent 

Formerly seen only in young and older adults, eating disorders are 

becoming far more prevalent in younger children.
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irreversible efects of the eating disorder that may 

damage normal growth and development.

Treatment of eating disorders in children places 

unique demands on caregivers due to children’s ten-

dencies to meet treatment with severe resistance and 

behavioral tantrums. In general, a multidisciplinary 

treatment approach is recommended. A treatment 

team may be comprised of a medical provider, a 

mental health provider, a therapist, and a registered 

dietician, preferably one who specializes in eating 

disorders. Weight management, restoration, and 

nutritional guidance are fundamental to successful 

treatment. Currently, there is no medical approved by 

the Food and Drug Administration for treatment of 

eating disorders in children. However, selective sero-

tonin reuptake inhibitors, antihistamines, and atypi-

cal antipsychotics such as olanzapine are useful for 

managing concomitant symptoms relating to anxiety, 

insomnia, or depression. It is important for the pre-

scribing medical provider to consider the diferences 

in pharmacotherapy for children and adolescents; 

children and adolescents may require more of the 

drug per unit of body weight due to a faster metabo-

lism and clearance.

As the etiology of eating disorders in general is 

considered multifactorial in nature, so are the varia-

tions in outcomes studies. One study with children 

and adolescents cited a full recovery achieved in 75 

percent of patients and partial recovery in 86 percent 

after follow-up of 10 to 15 years. Mortality from eat-

ing disorders was estimated to be between 0 and 18 

percent. Poor outcomes are associated with an early 

age of onset, comorbid obsessive-compulsive disor-

der, high serum creatine levels, and treatment drop-

out for anorexia nervosa and higher rates of bingeing 

and purging and co-occurring substance abuse for 

bulimia nervosa. Having experienced a negative life 

event is associated with a good outcome in adoles-

cents with anorexia nervosa, while higher social class, 

younger age of onset, and a shorter duration of the 

eating disorder are associated with a good prognosis 

in patients with bulimia nervosa.

SEE ALSO: Anorexia Nervosa; Body Dysmorphic Disorder; 

Bulimia Nervosa; Eating Disorders and Obesity.
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Eating Out in the United States

ACCORDING TO THE National Restaurant Associa-

tion (NRA), people in the United States ate out for 

around ifty-four billion meals in the year 1998. hat 

year, each person spent just over eight hundred dol-

lars on eating out. here were approximately two 

hundred seventy million people in the United Sates; 

therefore, the annual revenue in 1998 was about two 

hundred sixteen billion dollars. As of the year 2007, 

approximately four hundred thousand restaurants are 

in operation in the United States. Combined, these 

restaurants make revenue of nearly two hundred forty 

billion dollars annually. One estimate of the revenue 

for 2007 doubles those numbers—both for restau-

rants and revenue.

Around the turn of the 21st century, consumers 

began showing a preference for healthier food op-

tions. Restaurants began regularly ofering multiple 

portion sizes as well as more natural ingredients. 

Health-conscious food chains sprang up serving juic-

es (Jamba Juice, for example), nutritious smoothies 

(such as Smoothie King), etc. Subway restaurants be-

gan an intensive marketing campaign featuring Jared, 

a formerly obese person, who lost 235 pounds after 

a year-long diet eating only food from Subway. he 

problem for the consumer became iltering through 

the healthy-sounding names and advertising cam-

paigns and inding the truly healthy meal options. 

It is diicult to maintain a health diet when eating 

out. Many foods come packed with sugars, fat, and 

calories. he NRA ofers an eating out guide on its 

website that allows consumers to search for restau-

rants that feature healthy menu items. Search criteria 

include zip code, price range, and additional options 
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such as take-out, delivery, or catering. In order for a 

restaurant to be featured on this website, the restau-

rant must provide nutritional information for all its 

menu options. Any deep-fried foods will not be con-

sidered unless they are a small garnish, such as a won-

ton strip on a salad. To be considered, a full meal must 

include either fruits and/or vegetables, lean protein 

(and two or fewer red meat dishes per restaurant), or 

one hundred percent whole grains (a whole grain in-

cludes all three parts of the grain: the outer bran, the 

inner germ, and the endosperm which is the starchy 

product in reined grains). 

Additionally, full meals and appetizers are on a 

strict allowance of calories, fat grams, and saturated 

fat grams. Full meals are allowed 750 calories (37 

percent of the United States Food and Drug Admin-

istration [FDA] recommended 2,000 calories), 25 fat 

grams (the FDA recommends 44–78 grams per day), 

and eight saturated grams (the FDA recommends 22 

grams of saturated fat per day); appetizers and side 

dishes can have 250 calories, eight grams of fat, and 

three grams of saturated fat. If a menu item fulills 

two of these three criteria, and overshoots the third 

by less than 10 percent, it can still be featured. 

It is important to note, however, that these meals 

often do not mean the FDA deinition of “healthy,” 

which also includes sodium and cholesterol. Addi-

tionally, other nutritional information such as iber or 

sugar is not considered. It is important for the con-

sumer to choose a meal based on its entire nutritional 

content, not just the calories and fat grams. he NRA 

highlights meals that are low in sodium and choles-

terol, but does not include these values in its selection 

criteria. Restaurants are included in this listing if they 

submit information; therefore, smaller independent 

restaurants may not know of the listing and will sub-

sequently be unmentioned. Most of the search results 

turn out to be fast food or restaurant chains; there-

fore, the site could be useful for travelers looking for 

familiar meal options. 

Many nutritional resources ofer tips for staying 

health-conscious when eating out. hese tips are 

often similar and typically include requesting oil-

based dressings over cream- or cheese-based dress-

ing, and always requesting the dressing or sauce on 

the side. Additionally, avoiding deep-fried foods 

as well as all-you-can-eat bufets are good choices. 

At a location that ofers larger-than-necessary por-

tions, consumers can eat only half the meal and take 

the second half home. It may be easier to do so if 

the consumer requests a take-home box and imme-

diately removes half the portion from sight. Finally,  

a consumer should select a dessert that includes fresh 

fruit rather than one that has a high content of corn 

syrup. 

High fructose corn syrup entered the fast-food 

market in the 1970s; since then, its consumption has 

spiked, and so has the rate of obesity. Studies have not 

shown a deinite link, however. Some scientists theo-

rize that fructose and speciically high fructose corn 

syrup is not as satiating as glucose. Glucose levels in 

the body, after a meal, are used by the body to moni-

tor secretion of other peptides and hormones that 

control our feelings of hunger. One theory argues that 

if two meals contained either a certain amount of glu-

cose or the same amount of fructose, the glucose-con-

taining meal would make a consumer feel full before 

the fructose-containing meal. herefore, meals rich 

in high fructose corn syrup might circumvent our sa-

tiation feelings and keep us in a hungry state well after 

we have consumed enough food. Many items at fast 

food restaurants contain a large proportion of high 

fructose corn syrup. 

Another dimension to eating out is that large res-

taurants often buy food in bulk. Many foods have 

added sugars, salts, and preservatives. Cofee shops, 

which often sell food items high in sugar and fat, 

number about 20,000 in the United States; cofee 

shop combine revenue is about eleven billion dollars 

Larger portion sizes and a lack of nutritional information in 

restaurants have added to the obesity problem.
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annually. Additional sources for food when eating out 

include doughnut shops, gas stations and other con-

venience stores, grocery stores which offer pre-made 

items, and school or work cafeterias.

SEE ALSO: Access to Nutritious Foods; Accessibility of 

Foods; Appetite Signals; Department of Agriculture; Eco-

nomics of Food; Fast Food; Food and Drug Administration; 

Hunger; Income Level; Increasing Portion Sizes; School 

Lunch Programs; Supersizing; Taxation of “Unhealthy” 

Foods; Western Diet.
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Economic Disparities among 

Obesity in Women

OBESITY AND THE sex of an individual have a strong 

relationship with economic status. While the preva-

lence of obesity has increased in the United States 

and around the world, it is well known that obesity 

in affluent societies is more common in lower socio-

economic groups and in women. In fact, the disparity 

that currently exists based on socioeconomic status 

and sex continues to grow and may indicate a rela-

tionship whereby obesity affects social and economic 

status, and social and economic status affects likeli-

hood of obesity. 

Much of the relationship between socioeconomic 

status, women, and obesity can be explained by the 

fact that low socioeconomic status and economic 

constraints may lead to decreased access to healthy 

foods and proper exercise. In addition, low income, 

unemployment, and social isolation may also lead to 

variations in weight. Obesity, which is viewed poorly 

by affluent societies in a social context, may also lead 

to lower salaries and disadvantages for social and eco-

nomic advancement. Women are both more likely to 

be obese, and more likely to be in a lower socioeco-

nomic group, compared to men. For this reason, obese 

women are often economically worse off compared to 

the rest of society. Current studies demonstrate that 

women being overweight was associated with unem-

ployment, and obesity with long-term unemployment 

and absence of a strong social network. In addition, 

obese women were more likely to have low individual 

earnings, low household disposable income, and low 

individual incomes. 

While obese women in general face growing eco-

nomic disparities in the United States, obese wom-

en who are from certain minority groups face even 

Lack of affordable, nutritious food has cause obesity to become more 

prevalent in lower economic classes.
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more of a divide. In fact, African-American, Ameri-

can Indian, and Hispanic-American women have 

the highest risk of becoming overweight. As an ex-

ample, a recent study demonstrated that 37 percent 

of African-American women are obese (BMI >25), 33 

percent of Mexican-American women are obese and 

this is in comparison to the 24 percent of Caucasian 

women who are obese. Asian Americans are the only 

minority group that has lower rates of obesity than 

the general population. 

Currently, a large debate concerning obesity and 

economic disparities among women is related to the 

concept of whether genetics or socioeconomic factors 

play a larger role in causing obesity. Although it was 

found in heritability studies that 70 percent of body 

weight can be tied to genetics, proponents of an en-

vironmental socioeconomic cause of obesity say that 

genetics alone cannot account for the 50 percent in-

crease in the number of Americans who are currently 

obese in the past 20 years. hese same proponents 

argue that social class and economic ability can shape 

the environment to promote weight gain, while ge-

netics often predispose certain individuals to respond 

to this environment by eventually developing obesity.  

SEE ALSO: Economics of Food; Economics of Obesity; Eth-

nic Disparities among Obesity in Women; Health Dispari-

ties—NIH Strategic Plan; Obesity and Socioeconomic Sta-

tus; Prevalence of Obesity in U.S. Women.
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Economics of Food

THE ECONOMICS OF food is a broad, complex top-

ic involving many issues such as commodities, food 

markets and prices, international trade, security, con-

sumption, assistance programs, safety, biotechnology, 

labeling, and organic agriculture. U.S. and global eco-

nomic polices concerning agriculture, trade, invest-

ment, and marketing of food afect what the world 

eats and therefore can be regarded as global health 

policies. Research has shown that the economics of 

food can be directly implicated as one of the causes of 

obesity. Since the mid-1980s, the incidence of obesity 

in the United States has been rising as the cost of food 

has dropped below the rate of inlation. A better un-

derstanding of the economics of food may therefore 

provide insight into economic causes of obesity.

COMMODITIES, FOOD MARKETS AND PRICING

he United States produces many agricultural com-

modities for domestic consumption and export. Ac-

cording to the United Nations Food and Agriculture 

Organization, the United States is the number one 

producer of several globally important crops includ-

ing corn, soybeans, chicken, pork, beef, turkey, and 

milk. heir top ten highest grossing commodities (in 

order by dollar value) are: corn, beef, milk, chicken, 

soybeans, pork, wheat, eggs, tomatoes, and grapes. 

Corn and soybeans make up a large portion of the 

American agriculture and food sector. Soybeans are 

used to make cattle feed, vegetable oils, tofu, and pro-

tein isolates. Corn is even more versatile. Aside from 

being used as cattle feed, vegetable oil, and a major 

ingredient in many food products, there is a rapidly 

expanding industry converting corn into ethanol for 

fuel. he United States is also the number one pro-

ducer of high fructose corn syrup, which now replac-

es sugar in many convenience foods like soft drinks 

and confections.

he U.S. food marketing system is an important 

part of the economy, accounting for 12.3 percent of 

the U.S. gross domestic product (GDP) in 2001. It has 

ive main stages: production, processing and manu-

facturing, wholesaling, retailing, and consumption. 

Farmers produce food crops and sell them to manu-

facturers or processors. he processed or packaged 

products are then sold to wholesalers that in turn sell 

them to retailers. Consumers buy products from re-

tail food stores (e.g., grocery stores or super centers), 

or food service distributors (e.g., restaurants). An 

increasing amount of what consumers pay for food 

goes towards advertising, transportation, packaging, 

distribution, and labor, rather than going to the farm 
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sector. Food technology has made food production 

increasingly eicient in the United States. Food in-

dustry income growth outpaces any increases in food 

expenditures, resulting in a reduction of the share of 

income Americans spend on food. In 2001, consum-

ers spent 10 percent of their income on food, com-

pared to 18 percent in 1960. Recent consolidation in 

the retail food sector and food service sector has also 

helped keep food prices low. hese large companies 

frequently have contracts directly with the farm sec-

tor, instead of buying through wholesalers, making 

the whole process even more eicient. 

he consumer price index (CPI) is a statistical es-

timate of the price of goods and services consumed 

by U.S. households. he CPI for food measures the 

amount of money U.S. households spend on food and 

is broken down into several categories including food 

bought away from home, food bought for the home, 

alcohol purchases, etc. he change in CPI for food 

over time can be compared to the overall rate of in-

lation as a way to determine if food is getting rela-

tively more or less expensive. For example, from 1960 

through 1980, average food prices rose slightly faster 

than the overall inlation rate (5.5 percent versus 5.3 

percent per year). However, between 1985 and 2000, 

when obesity rates more than doubled, food prices 

rose 3.4 percent per year from 1980 to 2000, which is 

slower than the 3.8 percent average rise in the inla-

tion rate over the same period. So in actuality, relative 

food prices during this period fell 14 percent. Retail 

food price inlation has accelerated in 2007; the CPI 

for all food products is predicted to increase from 3.5 

percent to 4.5 percent due to increased commodity 

and energy costs, partly in response to the expanding 

corn ethanol industry.

GLOBAL FOOD MARKETS AND  

INTERNATIONAL TRADE

As incomes have risen in many countries around the 

world, the demand for food has shifted from staples 

like rice and wheat to processed, value-added prod-

ucts like meat, dairy, pasta, and processed vegetables. 

here are four main categories of foods traded on the 

global market: traditional bulk commodities (e.g., 

rice, wheat, soy, and corn), horticultural products (e.g. 

fresh fruits and vegetables), semi-processed foods 

(e.g. lour, cooking oils), and processed food products 

(e.g. pasta, prepared meats). Horticulture, semi-pro-

cessed, and processed foods are all considered high-

value products because they are either ready to eat or 

very perishable. In 1991, U.S. exports of high-value 

products surpassed exports of bulk commodities. 

Imports of high-value products are also on the rise, 

giving greater food choices to Americans and adding 

competition for U.S. food processors. 

Since 2002, the United States has imported more 

processed foods than it exports. About 25 percent 

of all imports are non-competitive food crops such 

as tropical fruits that cannot be grown in the United 

States. As a way to ofset this processed food trade 

deicit, American food manufacturers are building 

manufacturing plants abroad. his reduces trans-

portation costs, gives better insight to local markets, 

and eliminates costly tarifs. Foreign food companies 

are also investing in U.S. retail stores and manufac-

turing facilities. While sales by foreign food com-

panies in the United States is about equal to sales 

by U.S. companies abroad (roughly $200 billion in 

2001), foreign retail companies in the United States 

have more than 10 times greater sales than US retail-

ers abroad. he diference is largely made up by U.S. 

manufacturing abroad.

International food trade faces many inancial bar-

riers, but none as universal as import tarifs. Agricul-

tural tarifs are generally higher than other import 

tarifs, and vary greatly by import and importing 

country. Countries that are members of the World 

Trade Organization (WTO) that participated in the 

Uruguay Round Agreement on Agriculture negoti-

ate to reduce import tarifs, set sanitary standards, 

and set special safeguards to regulate the low of ag-

ricultural commodities. Antidumping laws (AD) and 

countervailing duties (CVD) are set up to ensure for-

eign companies cannot lood the international mar-

ket with their goods (AD) or unfairly subsidize their 

exports (CVD). 

FOOD SECURITY

Food security is the ability of all people to have ac-

cess to food at all times in order to maintain an active 

and healthy life. here are three conditions that must 

be fulilled in order to maintain food security. First, 

there must be suicient food production to ensure 

that food is available for people to lead healthy, ac-

tive lives. On a national level, this means there must 

be suicient domestic food production and imports 
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to meet a country’s food demands. Second, people 

must be able to access food. his is determined by 

household income and geographic proximity to food 

sources. Finally, people must be able to use the food 

that is available. hey must have access to clean drink-

ing water, safe food, and basic health care in order to 

make best use of the available food. 

In wealthy countries like the United States, food 

production is more than adequate to make food 

available to the entire population. However, low-

income families have limited access to and limited 

utilization of food.

Worldwide, over 1 billion people are hungry. Glob-

al food production is not the issue, since the growth 

in production has out-paced population growth in re-

cent years. Even though there is more food available 

per person, access and utilization are the key issues. 

Some countries are food insecure on a national level, 

but countries can have national food security with 

uneven food distribution. 

Many starving people live in rural areas where 

food is produced, but do not have enough income 

to purchase and utilize food. he United States pro-

vides food aid to food insecure countries in the form 

of commodities or cash. hey maintain a food secu-

rity commodity reserve by purchasing grains when 

the price is low and putting them into storage until 

needed for a food donation. From 1991 to 2001, the 

efectiveness of U.S. food aid was 66 percent, mean-

ing 34 percent either went to countries that were not 

in need or the food was not properly distributed to 

hungry people.

FOOD CONSUMPTION

he types and amounts of foods that people choose 

to eat have an inluence on global markets and soci-

ety in general. Food choices are highly individualized 

and vary depending on income, family structure, time 

constraints, etc. If Americans followed the USDA’s 

Food Guide Pyramid dietary recommendations, con-

sumer demand would change U.S. agricultural pro-

duction, trade, and food prices. 

To do this, Americans would have to change their 

diet considerably. Although per capita consumption 

of all fruits and vegetables (fresh and processed) has 

risen slowly since 1975, there is a large gap between 

recommended consumption and actual consump-

tion. To meet these dietary changes, fruit produc-

tion and imports would have to double. Production 

of dark-green leafy and deep-yellow vegetables, dry 

beans, peas, and lentils would have to increase by four 

times as the production of starchy vegetable crops is 

decreased. In addition, production of sweeteners, 

fats, and oils would be considerably reduced, since 

Americans currently over consume these products. 

A 60 percent reduction in sweetener consumption 

would be necessary to meet pyramid recommenda-

tions, reducing production of sugar beets, sugar cane, 

and corn for HFCS. 

Fat intake in the United States is among the high-

est in the world. A 36 percent reduction would be 

necessary to meet pyramid recommendations, which 

would have serious impacts on the soybean indus-

try since soybeans currently dominate the added fat 

and oil market. Consumption of dairy would have to 

be increased by 22 percent and meats by 5 percent 

to meet pyramid guidelines, however this increase 

would have to be low-fat choices such as skim milk, 

chicken, and ish. American grain consumption is on 

par with pyramid recommendations, but there would 

still be a large shift in the grain industry due to an 

increased demand for dairy cattle feed and decreased 

demand for oil and HFCS uses.

GOVERNMENT FOOD ASSISTANCE PROGRAMS

Many food assistance programs are ofered by the 

U.S. government to ensure those in poverty to not 

sufer from starvation. hese programs include the 

Food Stamp Program, National School Lunch Pro-

gram, School Breakfast Program, the Child and Adult 

Care Food Program, and the Special Supplemental 

Nutrition Program for Women, Infants, and Children 

(WIC) Program. Food stamps account for 62 percent 

of federal spending on food assistance. hey are avail-

able monthly to low-income households. he National 

School Lunch Program provides nutritious, low-cost 

or free lunches to students from low-income families. 

he School Breakfast Program is essentially the same, 

except low-cost or free breakfast is provided instead 

of lunch. 

he Child and Adult Care Program provides food 

subsidies for participating day-care or adult-care cen-

ters. he WIC program assists low-income pregnant, 

breast-feeding, or postpartum women and children 

up to 5 years old who are at nutritional risk. Although 

the original intention of food assistance programs 
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was to keep people from starving, there have been 

unintentional consequences. A recent USDA report 

found that long term participation in the Food Stamp 

Program increased the incidence of obesity. Another 

report found that both WIC program participants 

and non-participants at the same income level have 

similar nutritional intakes. Since WIC is intended to 

help people at nutritional risk, these indings call into 

question the level of nutritional risk that actually ex-

ists in the United States.

Another type of government assistance for food 

is agricultural subsidies to farmers. An agricultural 

subsidy is monetary assistance granted by the gov-

ernment to farmers to supplement their income and 

manage the supply and inluence the cost of agri-

cultural commodities on international markets. he 

USDA is required by U.S. farm bills to subsidize the 

production of over two dozen commodities. In 2004, 

the most subsidized crops in the United States were 

grains, cotton, wheat, rice, soybeans and soy prod-

ucts, dairy, peanuts, sugar, minor oilseeds, tobacco, 

wool and mohair, vegetable oil products, and honey. 

Subsidies give farmers extra money for the crops they 

grow but also set a price loor to protect them against 

inancial loss when there is an oversupply of a certain 

commodity and the price drops below what it costs to 

produce the crop. 

As agriculture in the United States has shifted from 

small family farms to large corporate farms, so have 

the beneiciaries of farm subsidies. According to the 

USDA, real farm income from 1929 to 2004 has re-

mained stagnant mainly from low crop prices and 

high operating costs. Even though there is much de-

bate about whether farm subsidies are the cause or 

efect of low farm prices, there is wide agreement that 

US farm policy contributes to the lowering of agricul-

tural prices worldwide.

SEE ALSO: Economics of Obesity; Food Guide Pyramid; 

Food Labeling; Food Technology.

BIBLIOGRAPHY. Food and Agriculture Organization of 

the United Nations “Major Food and Agricultural Com-

modities and Producers,” www.fao.org/es/ess/top/com-

modity (cited October 2007); Birgit Meade, Stacey Rosen, 

and Shahla Shapouri, “Food Security Assessment 2005,” 

USDA Economic Information Bulletin No. GFA-17 (May 

2006);Victor Oliveira, “he Food Assistance Landscape: FY 

2006 Annual Report,” USDA Economic Information Bulle-

tin No. EIB-6-4 (February 2007); USDA ERS Brieing Room 

“Food Consumption,” www.ers.usda.gov (cited October 

2007); USDA ERS Brieing Room “Food CPI, Prices, and 

Expenditures,” www.ers.usda.gov (cited October 2007). 

Barbara M. Schmidt, Ph.D.

Rutgers University

Economics of Obesity

SINCE THE 1970S, obesity in the United States 

has dramatically increased, with nearly two out of 

every three adult Americans currently classiied as 

obese or overweight. he prevalence of overweight 

children has increased from 5 percent in 1970 to 15 

percent in 2000. 

he mechanisms driving this trend are unclear, 

multivariate, and controversial. At a basic level, how-

ever, the trend is a product of decisions made by the 

individual over the course of a lifetime. Economists 

study these decisions made by individuals under con-

straints of cost, time, income, and other resources. 

Because weight gain can be viewed as a product of 

such decisions, economic analysis can provide unique 

insights as such constrained choices are decomposed 

and analyzed. 

At the same time, obesity has health consequences 

and, in turn, economic sequelae that should be un-

derstood and considered. Only through understand-

ing the causes and efects of obesity can we efectively 

hope to design appropriate interventions to stem the 

growth in obesity.

DRIVING FACTORS

While popular media might place blame on a multi-

tude of factors such as the fast-food industry, econo-

mists have attempted to build basic models to under-

stand the weight trends. In simple terms, weight gain 

is the result of an increase in calories ingested over 

calories expended. An increase in calories can result 

from greater food intake at each meal, more meals of 

equal caloric intake, or changes in food preparation to 

include more calories.

However, a decrease in calorie expenditure can be 

the product of a more sedentary lifestyle through a 
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decrease in energy expenditure at work or even in 

leisure activities. he challenge lies not in just docu-

menting the changes in the above in relation to the 

changes in weight, but to pin down the causal link 

between these myriad factors in the observed trend 

in increased obesity. Despite the paucity of neces-

sary data tracking the daily caloric intake and ex-

penditure values for large groups of individuals over 

long periods of time, economists have used clever 

models with limited data to uncover some of these 

underlying relationships.

ROLE OF TECHNOLOGY

Technological change has impacted both the supply 

and demand for obesity. On the supply side, technolo-

gy has made the agricultural production process more 

eicient, such that the price per calorie has become 

much cheaper, increasing the demand for calories. 

On the demand side, technology has made the time 

spent at work more sedentary. For example, because 

work was more strenuous in more agrarian and early 

industrial societies, laborers were essentially paid to 

exercise. However, post-Industrial Revolution, the 

nature of work itself has changed; individuals are es-

sentially paid in terms of foregone leisure. In essence, 

individuals are paid to substitute out-of-work leisure 

exercise for exercise typically undertaken at work. 

Empirical estimates by RAND economist Darius Lak-

dawalla and University of Chicago economist Tomas 

Philipson show that 40 percent of the recent increase 

in weight is due to the lower food prices from agri-

cultural innovation, while 60 percent is a product of 

declining physical activity due to technological im-

provements in home and market production. 

While this model does explain the long-run changes 

in obesity trends, it falls short of explaining the large 

increase in obesity in the United States starting in the 

1980s, a time during which commensurate changes in 

technology do not exist. herefore, Harvard econo-

mists David Cutler, Edward Glaeser, and Jesse Shapiro 

study the role of technology in increasing caloric in-

take, as it has decreased the time costs of food prepa-

ration. Economists use a broad deinition of price that 

includes the monetary amount paid in addition to the 

time needed to use the product. In 1965, nonworking 

woman spent two hours preparing a meal and clean-

ing thereafter, while 30 years later, the same tasks re-

quire less than an hour. his causes a fall in price paid 

in terms of time, thereby, increasing both the quantity 

and variety of food prepared and consumed. Cutler, et 

al., observe that the increased calories were primarily 

attributable to higher consumption of snacks, driven 

by technology improvements in the making of pre-

pared foods. hey also ind that technology lowered 

the ixed and variable costs of meal preparation and 

led to greater variety and frequency of meals. his was 

especially true for women because they experienced 

the largest savings of time and energy; and therefore 

as expected, women showed the most rapid average 

weight gain.

ECONOMIC COSTS OF OBESITY

Such decisions made in the present by individuals 

have long and lasting efects on their own health and 

productivity in the future. he rapid rise in obesity has 

been associated with a corresponding rise in health-

care costs related speciically to obesity. Obese indi-

viduals have a 14 to 25 percent increase in the num-

ber of physician visits and 24 to 74 percent increase in 

the number of days spent in the hospital than similar, 

normal-weight individuals. In terms of annual medi-

cal expenditures, analysis of U.S. national survey data 

from 1997–98 found that obese adults aged 18–65 

incur a 36 percent higher cost of medical treatment 

than normal-weight individuals. Furthermore, it has 

been estimated that 300,000 Americans die annually 

from obesity and a sedentary lifestyle through an in-

creased risk of coronary artery disease, stroke, high 

blood pressure, cancer, and diabetes. In 1995 dollars, 

researchers estimated that the direct costs of obesity 

amounted to $99.2 billion, or 10 percent of total U.S. 

healthcare expenditures. In 2003 dollars, the 2001 

U.S. Surgeon General report on obesity stated that 

annual indirect costs of obesity total $64 billion, sug-

gesting that the indirect and direct costs combined 

may be as high as $139 billion per year. 

SOCIETAL RESPONSE

Despite full information on the health consequenc-

es of obesity, beneits of physical activity, and the 

nutritional content of food, a certain subset of the 

population will likely continue to engage in lifestyles 

that promote weight gain. he reason is that the high 

personal cost of maintaining normal weight is not 

completely borne by individuals themselves and the 

cost of maintaining healthier weights is indeed ex-
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pensive. Because taxpayers, instead of individuals 

themselves, bear a signiicant portion of the current 

and future costs of an individual’s added weight, the 

decisions that individuals make regarding weight 

gain are likely not to be optimal from a societal per-

spective. Calculations by nutritional scientists at the 

University of Wisconsin bring to light the added cost 

of much-scrutinized “supersize” option, inding that 

paying 67 cents to supersize an order is paying only 

17 percent more for 73 percent more calories, which 

would result in an average increase of 36 g of adipose 

tissue. he future medical costs for the supersize 

option would be $6.64 for an obese man and $3.46 

for an obese woman. hese numbers are far greater 

than the price initially paid for the supersized meal. 

In addition, this later cost of the present-time deci-

sion to supersize is not fully borne by the individual, 

because the future healthcare cost bill is partially 

borne by the taxpayer. 

WEIGHT LOSS

he decisions made in the present need not create 

future healthcare costs because obesity is a medical 

condition that is treatable and manageable for most 

people in the same manner as any other chronic con-

dition. Diet, medication, or bariatric surgery are in-

terventions of difering intensity and cost that provide 

weight-loss options to the individual, resulting not just 

in decreased future medical costs, but also increased 

nonmedical beneits to the individual. Using a large 

U.S. longitudinal survey, economist Jay Zagorsky at 

the University of Ohio has found a signiicant nega-

tive relationship between body mass index (BMI) and 

a Caucasian woman’s net worth. Speciically, after 

controlling for confounding factors such as age, sex, 

marital status, and previous net worth, he found that 

a one-unit increase in BMI for a young woman is as-

sociated with roughly a $1,300 or 8 percent reduction 

in wealth. So while some of these high-tech weight-

reduction strategies might seem prohibitively expen-

sive, the health and inancial beneits from the loss 

in pounds might just provide the impetus for more 

widespread adoption.

NEXT GENERATION 

If perhaps the obesity trend afected only adults, the 

trend may have ended with this generation. Unfortu-

nately, children have increasingly become more over-

weight and obese. Some of the rationales proposed 

include an increased availability and usage of televi-

sion and video games, too much homework, less time 

to exercise, more fast food, and more usage of cars. 

However, economists have found that the overall 

changes are a decline in free time for children, as it is 

occupied by day care and after-school programs, and 

a decline in appropriate nutrition. On the bright side, 

though, as there is increased time in day care, school, 

and after-school programs, there is a greater oppor-

tunity for intervention through education about obe-

sity, better nutrition, and greater time allotment for 

physical activity.

SEE ALSO: Economic Disparities among Obesity in Wom-

en; Economics of Food; Obesity as a Public Health Crisis.
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EDNOS

INDIVIDUALS WITH CLINICALLY signiicant eating dis-

orders who do not meet the full diagnostic criteria for 

either anorexia nervosa or bulimia nervosa are cur-

rently diagnosed with Eating Disorder Not Otherwise 

Speciied (EDNOS). Individuals with EDNOS may 

exhibit partial syndromes of anorexia nervosa or bu-

limia nervosa, show mixed features of both disorders, 

or have extremely atypical eating behaviors that are 

not captured by either disorder.

Examples of individuals who should be diagnosed 

with EDNOS are those who: (1) meet all criteria for 

anorexia nervosa except have regular menstrual cy-

cles, (2) meet all criteria for anorexia nervosa except 

their weight falls within normal range, (3) meet all cri-

teria for bulimia nervosa except they engage in binge 
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eating or purging behaviors less than twice per week 

or for fewer than three months, (4) purge after eating 

small amounts of food while retaining a normal body 

weight (i.e., “purging disorder”), (5) repeatedly chew 

and spit out large amounts of food without swallow-

ing, or (6) meet criteria for binge eating disorder. he 

body weight of individuals with EDNOS may vary, but 

those with the binge-eating-disorder subtype (who 

regularly eat large amounts of food while feeling out 

of control) are typically overweight or obese.

he EDNOS diagnosis was initially introduced 

in the 1987 edition of the Diagnostic and Statistical 

Manual of Mental Disorders as a catchall category 

for unusual eating disorder presentations. However, 

data from multiple clinical and nonclinical samples 

indicate that EDNOS is more prevalent than anorexia 

nervosa and bulimia nervosa combined. In a com-

munity-based sample of approximately 2,000 young 

females, EDNOS was the most common eating disor-

der, comprising 2.37 percent of the sample. EDNOS is 

especially prevalent in populations that have received 

less research attention such as young children, males, 

and older adults.

EATING PATHOLOGY

Although some forms of EDNOS may represent 

relatively mild subclinical, prodromal, or residual 

variants of anorexia nervosa or bulimia nervosa, 

most individuals with EDNOS exhibit levels of eat-

ing pathology and functional impairment commen-

surate to those with anorexia nervosa and bulimia 

nervosa. In addition, there is substantial diagnostic 

crossover between EDNOS and the main eating dis-

orders over time, and rates of EDNOS are elevated 

in the family members of people with anorexia ner-

vosa and bulimia nervosa.

he high prevalence of EDNOS poses a signii-

cant challenge to clinical practice, because to date, no 

evidence-based treatment has been developed spe-

ciically for this disorder. In addition, behavioral ge-

neticists may have diiculty identifying speciic genes 

associated with EDNOS due to the heterogeneity of 

the disease. In order to ameliorate these concerns, 

investigators have proposed revising the diagnostic 

criteria for eating disorders by relaxing the criteria 

for anorexia nervosa and bulimia nervosa, extracting 

new diagnoses from the EDNOS category (e.g., binge 

eating disorder), or collapsing all three disorders (an-

orexia nervosa, bulimia nervosa, and EDNOS) into a 

single transdiagnostic category.

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Ner-

vosa; Disordered Eating.
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Elevated Cholesterol

CHOLESTEROL IS A sterol (steroid alcohol) that is es-

sential in cell membrane, steroid hormone, and bile 

synthesis. Cholesterol is transported via lipoproteins. 

Obesity is a risk factor for hypercholesterolemia (el-

evated cholesterol). Hypercholesterolemia increases 

the risk of atherosclerosis, which is the main cause of 

cardiovascular disease and stroke. While there is no 

strong evidence that targeting obesity improves coro-

nary heart disease (CHD) outcome, exercise, diet, and 

lifestyle modiications efectively treat hypercholes-

terolemia.

Low-density lipoproteins (LDL) carry cholesterol 

absorbed by the gut or produced by the liver to the 

tissues. Excess LDL can lead to vascular damage in-

cluding atherosclerosis, thrombi, and emboli that can 

cause stroke or death. LDL levels increase due to in-

creased saturated fat intake or hereditary conditions. 

High-density lipoproteins (HDL) remove excess cho-

lesterol from the blood. Increased HDL levels protect 

against CHD. Hypercholesterolemia allows damaging 

reactions with free cholesterol to occur within vessel 

walls. Excess LDL forms atheromas and can be taken 

up by white blood cells, causing them to form foam 

cells, leading to further damage. Oxidizing reactions, 

atheromas and foam cells increase blood pressure, 

the formation of thrombi and emboli, and the risk of 

atherosclerosis.
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Cholesterol screening is recommended for men 

older than 35 years and women older than 45 years. 

If other risk factors such as diabetes, high blood pres-

sure, smoking, or a family history of premature car-

diovascular disease exist, screening should begin af-

ter 20 years of age.

Fasting measurement of total cholesterol, triglyc-

erides, and HDL allows LDL calculation. Optimally, 

total cholesterol should be under 200 mg/dL, LDL 

should be under 100 mg/dL, HDL should be over 41 

mg/dL, triglycerides should be under 150 mg/dL, and 

the total cholesterol to HDL ratio should be under 4. 

he Framingham score considers total cholesterol, 

HDL, smoking history, blood pressure, and age to 

predict the risk of developing coronary heart disease.

Treatment of hypercholesterolemia involves life-

style modiications including diet and exercise. Sever-

al classes of medication, including statins, bile-acid–

binding resins, ibric acid derivatives, cholesterol 

absorption inhibitors, and niacin, can be used if life-

style modiications are unsuccessful. Only statins, 

which reduce the rate of de novo cholesterol synthe-

sis, have been shown to reduce overall mortality due 

to hypercholesterolemia complications.

SEE ALSO: Atherosclerosis; Blood Lipids; Exercise; Fat In-

take; High Density Lipoproteins; Low Density Lipopro-

teins; Stroke.
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Endometrial and  

Uterine Cancers 

THE UTERUS CONSISTS of smooth muscle (the myo-

metrium) overlaid by an endothelial gland-studded 

mucosal stroma that makes up the endometrial lining 

of the uterine cavity. he endometrial lining under-

goes cyclic response to hormonal stimulation during 

monthly menstrual cycles and throughout pregnancy. 

Cyclic proliferation and shedding is stimulated indi-

rectly by the pituitary gonadotropins, luteinizing hor-

mone (LH), and follicle-stimulating hormone (FSH) 

and directly by the ovarian estrogens and progestins. 

he endometrial lining begins each menstrual 

cycle as a thin stromal layer. As estrogen secretion 

increases, stromal and endometrial cells proliferate 

rapidly and the stromal layer thickens markedly. At 

ovulation, progestins augment estrogen secretions, 

causing the endometrial glands to accumulate glyco-

gen and lipids in their cytoplasm. his “uterine milk” 

will provide a nutrient supply to the implanted ovum. 

If fertilization does not occur, both estrogen and pro-

gestin secretion declines, causing rapid involution of 

the endometrium and vasospasm in the uterine blood 

vessels. he endothelial lining, deprived of both blood 

nutriture and hormonal signaling, becomes hemor-

rhagic, undergoes necrosis, gradually separates from 

the uterus, and is expelled. 

Subtle abnormalities in hormonal signals can in-

terrupt the normal endometrial cycling, causing pain 

and bleeding. Anovulatory cycles result from exces-

sive estrogen stimulation of the endometrium with 

absent or inadequate progestin inluence. his pattern 

of hormonal imbalance can result from metabolic ab-

normalities such as marked obesity and malnutrition. 

Because they relect hormonal imbalance, anovula-

tory cycles are also common at menarche and in the 

perimenopausal period and are not associated with 

endometrial cancer risk. 

In contrast, endometrial hyperplasia, also called 

endometrial intraepithelial neoplasia, is strongly im-

plicated as a precancerous lesion. Endometrial hy-

perplasia difers from benign anovulation in that the 

endometrium has a higher ratio of glands to stroma 

and glands exhibit crowding, enlargement, and shape 

irregularity. Two types of endometrial cancer have 

been characterized. Type I tumors represent up to 

80 percent of cases and are associated with endo-

metrial hyperplasia together with mutations in the 

ras protooncogene and the PTEN tumor suppressor 

gene. Decreased activity of the mutant PTEN gene 

increases sensitivity of endometrial cells to estrogen 

stimulation. Less common type 2 tumors develop in 

a background of atrophic endometrial tissue in older 

women and often have mutations in the p53 tumor 

suppressor gene. Some epidemiological studies sug-

gest that obesity and lifestyle factors modify risk for 
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type I endometrial cancer to a greater extent than for 

type 2 cancers. 

he incidence of endometrial cancer is up to 10 fold 

higher in industrialized than rural countries and in-

creases as populations migrate from less to more de-

veloped areas. Strong environmental inluences have 

been identiied, including estrogenic environmental 

pollutants, reduced parity, sedentary life style, use of 

exogenous estrogens for oral contraception or post-

menopausal replacement therapy and increased body 

mass index (BMI). Unopposed estrogen it thought 

to be the link between risk factors and endometrial 

cancer. Mitogenic efects of estrogens, when insui-

ciently counterbalanced by progesterone can result 

in growth promotion and hyperproliferation in hor-

mone dependent tissues. 

Obesity is associated with increased total and bio-

available plasma sex steroid levels in both pre- and 

postmenopausal women. In postmenopausal women, 

estrogens are derived almost entirely by extraglandu-

lar aromatization of androgens in adipose tissue. Hy-

perinsulinemia, also associated with obesity, inhibits 

the hepatic synthesis of sex-hormone-binding globu-

lin (SHBG) and can enhance the synthesis of andro-

gens by the gonads and adrenal glands. 

In noncycling postmenopausal women, the body 

mass index is positively related to plasma levels of 

estrogen metabolites and to levels of bioavailable 

estrogen not bound to SHBG. Investigations are un-

derway to assess the inluence of other mediators as-

sociated with increased adipose tissue mass such as 

leptin and adiponectin. 

Additionally, it is possible that estrogen also can 

act as a “complete” carcinogen, capable of inlicting 

DNA damage by oxidative mechanisms. 

SEE ALSO: Estrogen Levels; Hormones; Menopause.
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Energy Density

ENERGY DENSITY REFERS to the amount of calories 

in a given weight of food (calories per gram; kcal/g). 

A food that is high in energy density provides a large 

amount of calories in a small portion of food, while a 

food that is low in energy density has fewer calories 

for the same weight of food. Eating foods of lower en-

ergy density has been associated with reduced short-

term energy intake and, in some studies, reduced 

body weight. hus, consuming a diet that is lower in 

energy density may be an important strategy to en-

hance satiety and help with weight management. 

he macronutrient and the water content of a 

food determine the energy density of a food. Fat is 

the most energy-dense nutrient, which provides 9 

calories per gram, followed by carbohydrate and pro-

tein which both provide 4 calories per gram. Alcohol 

provides 7 calories per gram. Water has the greatest 

impact on energy density because it adds weight to 

food but no calories. hus, foods that are higher in 

energy density typically have a high fat content (e.g., 

butter, mayonnaise, nuts, chocolate) and/or a low 

moisture content (e.g., crackers, chips). Converse-

ly, foods that are lower in energy density typically 

have a low fat content and/or a higher water content 

(e.g., fruits, vegetables, soup). here are exceptions, 

however, in that not all high-fat foods are necessar-

ily higher in energy density and all low-fat foods are 

lower in energy density. For example, cheese, due to 

its high moisture content, can have the same energy 

density as fat-free but dry pretzels. 

Lowering the energy density of a mixed meal can 

be achieved in various ways. One strategy is to add 

water-rich ingredients to a dish, such as water-rich 

fruits or vegetables, which add weight but not many 

calories and therefore reduce the overall energy den-

sity of the dish. Another strategy is to cut out some fat 

from the dish, which can be achieved by substituting 

lower fat ingredients for their full-fat counterparts 

(e.g., use low-fat cheese instead of full-fat cheese). 

he combination of these two strategies can greatly 

lower the energy density of a meal while increasing 

its overall volume. Eating a larger volume of food 

without ingesting many calories can greatly enhance 

short-term satiety (i.e., the feeling of fullness). For ex-

ample, studies by Barbara J. Rolls and colleagues have 

shown that eating a salad or soup, which are both very 
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low in energy density, as a irst course reduces intake 

during the main course of the meal. 

In conclusion, the energy density of a food or mixed 

dish greatly inluences the amount of calories it pro-

vides for a given weight of food. Eating foods with a 

lower energy density has been suggested to enhance 

fullness and reduce caloric intake. 

SEE ALSO: Fruits and Vegetables; Low-Fat Diets; Volu-

metrics.
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Energy Expenditure Technologies

THE MEASUREMENT OF energy expenditure (EE) is 

valuable in understanding the etiology of obesity 

and in the prevention and treatment of excess body 

weight. here are several methods that have been de-

veloped to quantify the various components of EE in 

as precise and accurate a manner as possible. 

Two fundamental approaches to the objective mea-

surement of EE are direct and indirect calorimetry. 

Direct calorimetry measures EE as the rate at which 

heat is lost from the body to the environment, includ-

ing the nonevaporative heat losses (conduction, con-

vection, and radiation) and evaporative heat loss in 

the form of water vapor. 

Direct calorimetry usually involves whole body 

measurements in an enclosed chamber. Today, very 

few calorimetric chambers work on the principle 

of direct calorimetry because it is technically much 

more diicult than indirect calorimetry. Indirect 

calorimetry predicts heat production (EE) from rates 

of respiratory gas exchange, that is, oxygen (O2) con-

sumption and carbon dioxide (CO2) production. 

here are several indirect calorimetric methods to 

measure EE. In the closed-circuit method, the sub-

ject is kept in a sealed room (calorimeter room and 

respiration chamber), and this chamber is ventilated 

with a constant supply of fresh air. he subject’s re-

spiratory gas exchange is measured by comparing the 

composition of well-mixed air in the chamber with 

the composition of air entering the chamber, together 

with the low rate of air. Most chamber calorimeters 

are furnished and include television, radio, telephone, 

some exercise equipment, and toilet and washing fa-

cilities, thus permitting measurements that approxi-

mate sedentary existence with tight control on intake 

and activity. 

Careful monitoring of the chamber and gases is re-

quired to ensure accurate measurements. In the open 

circuit system, a hood or canopy is worn over the sub-

ject’s head and is ventilated with room air that enters 

the hood. As the subjects breathes under this hood 

or canopy, the airlow and the percentage of O2 and 

CO2 are measured using a metabolic cart consisting 

of gas analyzers for O2 and CO2. he openness and 

portability of the metabolic cart make it the method 

of choice for measuring basal EE and particularly for 

exercise-related EE. he doubly labeled water method 

is a form of indirect calorimetry because it measures 

CO2 production. One advantage of this method over 

the chamber is that it does not restrict physical activ-

ity and is currently the best objective method to mea-

sure free-living EE over a longer period of time, for 

example, 7 to 14 days. 

here are several technologically advanced devices 

that allow continuous monitoring of the various com-

ponents of EE with little interference to the subject’s 

activity. hese include movement assessment devices 

such as pedometers, which are either clipped to a belt 

or worn on the ankle and are designed primarily to 

count speciic movements such as steps while walk-

ing or running. Some pedometers adjust for stride 

length to estimate the distance walked while the more 

sophisticated battery-operated ones also have a sen-

sitivity adjustment. 

Portable accelerometers work on the principle that 

when an individual moves, the limbs and body are ac-

celerated, theoretically in proportion to the muscu-

lar forces responsible for the accelerations and thus 

to EE. Advances in global positioning systems and 

radar technology have provided opportunities for re-

mote monitoring of activity EE, and devices have now 
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been developed to map and measure this component 

of EE. Physiological measurements such as heart rate, 

core body temperature, blood pressure, oxygen up-

take while performing an activity, or a combination 

of such measures can also be obtained using various 

modern-day monitors. hese measures are subject to 

limitations and should be interpreted with caution 

when used to quantify EE.

SEE ALSO: Bod Pod and Pea Pod; Doubly Labeled Water; 

Pima Indians.
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Ephedra

EPHEDRA IS AN alkaloid compound which was fre-

quently used in dietary supplements and over-the-

counter medications sold in the United States before 

being banned by the Food and Drug Administration 

(FDA) in 2004. Ephedra was traditionally obtained 

from plants in the genus Ephedra. he active con-

stituents of plants in the genus Ephedra include the 

compounds ephedrine and pseudoephedrine, which 

are still produced and sold legally in the United States 

because they are classiied as drugs rather than di-

etary supplements. 

Ephedra has a number of biological efects, and it 

has been used for many years as a stimulant, treat-

ment for colds, inluenza and asthma, and weight-loss 

aid. he herbal drug ma huang, of the Ephedra fam-

ily, has been known in traditional Chinese medicine 

for at least 5,000 years. Efects of ephedra include in-

creased heart rate, increased blood pressure, increase 

in body heat and metabolism, and expansion of the 

bronchial tubes. Side efects of ephedra include ner-

vousness, dizziness, profuse perspiration and dehy-

dration, and irregular heartbeat, and it is associated 

with increased risk of heart attack and stroke. Before 

being banned by the FDA, ephedra was commonly 

used in the United States as a weight-loss aid because 

it increases both metabolic rate and acts as an appe-

tite suppressant. 

Because products sold as nutritional supplements 

in the United States are not required to provide evi-

dence of either their safety or eicacy, ephedra and 

related products were available for many years in the 

United States without being subject to the kind of 

testing required of prescription drugs. 

However, in the late 1990s, concerns mounted over 

the side efects of ephedra use, and the FDA proposed 

requiring warning labels and outlawing high dosages 

in supplements. he Ephedra Education Council, a 

Once a legal substance used in weight loss, ephedra has been 

banned due to potentially serious side effects.
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public relations group funded by the supplement in-

dustry, was created to battle these proposed changes. 

However, review of mounting evidence against ephe-

dra, coupled with the possibly ephedra-related death 

of professional athletes Korey Stringer and Steve 

Bechler, led to further evidence reviews, and in 2004, 

the FDA banned the sale of dietary supplements con-

taining ephedra in the United States. Many sporting 

bodies also ban Ephedra, including the National Foot-

ball League, the International Olympic Committee, 

and the National Basketball Association. 

A meta-analysis conducted in 2003 by Shekelle and 

colleagues found that ephedrine and ephedra-based 

products produce modest gains in short-term weight 

loss relative to placebo, that there were no data re-

garding long-term weight loss, and that use of ephe-

dra and ephedrine is associated with increased risk 

of psychiatric, autonomic, and gastrointestinal symp-

toms. 

SEE ALSO: Dexatrim; Drug Targets that Decrease Food In-

take/Appetite; Food and Drug Administration; Stroke.
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Epistatic Effects of  

Genes on Obesity

THERE ARE MANY complex human diseases and traits 

that are determined by multiple genetic, environmen-

tal, and behavioral inluences. he global epidemic of 

obesity results from a combination of genetic suscep-

tibility, increased availability of high-energy foods, 

and decreased requirement for physical activity in 

modern society. he increasing prevalence of obesity 

is associated with conditions such as Type 2 diabetes 

mellitus, hypertension, cardiovascular disease, dys-

lipidemia, osteoarthritis, lower quality of life, some 

cancers, and premature death. 

A multigenic trait, obesity has a substantial genetic 

component involving multiple genes and gene–gene 

and gene–environment interactions that contribute 

to its pathogenesis.

Epistasis, or the interactions among genes, con-

tributes to explain obesity onset and severity. he 

genetic basis of variation in obesity is thought to be 

due to many genes of relatively small efect and their 

interactions. In addition, growing evidence suggests 

that epistasis plays an important role in the genetic 

control and evolution of complex traits

Genomics is the study of the entire human genome 

and involves the actions of single genes and the in-

teractions of multiple genes with each other and with 

the environment. In humans, there are complex inter-

actions among multiple genes and environmental fac-

tors that play an important role in controlling obesity 

traits. For example, variations at multiple genetic loci 

contribute to the etiology of typical obesity, and it is 

probable that allelic efects at some loci may be ampli-

ied in the presence of variants at other loci. 

he diferent strategies to study the genetic back-

ground is based on linkage analysis and candidate 

gene approach. However, the genetic background re-

mains stable over many generations and genes have 

not changed substantially over this time period. 

Consequently, the rising prevalence of obesity 

in developed and developing societies reflects life-

style changes even though multiple studies show 

that the genetic contribution to obesity is signifi-

cant. For example, only 1 to 5 percent of obesity 

cases can be explained by a single gene mutation, 

even though a family history of obesity is a strong 

predictor of the condition. 

It seems that numerous genes with modest efect 

contribute to an individual’s predisposition toward 

the more common forms of obesity. Heritabilities for 

obesity-related phenotypes vary from 6 to 85 percent 

among various populations. Although obesity is part-

ly determined by genetic factors, an “obesity-promot-

ing environment” is typically necessary for the phe-

notypic expression of obesity.

Obesity may be derived from a failure on the ho-

meostasis systems, as a consequence of a dysfunction 
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at the genetic level, which may be afected by changing 

environmental exposure (dietary habits, sedentarism, 

etc.). Variants in several candidate genes have been 

identiied and association analyses and functional 

studies have shown that they contribute to modest 

obesity and related phenotypes. 

In addition, nutrition and physical activity are 

environmental factors which both inluence gene 

expression. For example, diferent individuals may 

respond diferently to the same nutritional stimulus 

and cycles of physical activity and inactivity interact 

with genes resulting in a functional outcome appro-

priate for the environment. 

he genetically mediated susceptibility to environ-

mental exposure is referred to as gene–environment 

interaction. Most cases of human obesity probably 

result from subtle interactions of susceptibility genes 

with environmental factors favoring deposition of ex-

cess calories as fat. 

he recent surge of obesity may relate to past evo-

lutionary pressure that favored selection of mecha-

nisms defending body weight against caloric restric-

tion rather than against caloric excess. 

Gene-interaction networks may contain modules 

of co-regulated or interacting genes with distinct 

biological functions. Such modules may be linked to 

speciic gene polymorphisms, transcription factors, 

cellular functions, and disease mechanisms. here 

are genes with large efects that are independent of 

environment and epistasis, and genes whose alleles 

interact with the environment to produce obesity in 

some individuals but not others, and genes that inter-

act with each other. 

R. J. Loos and T. Rankinen suggest four levels of 

genetic contribution to obesity: (1) genetic obesity—

genetic mutation in a single gene leads to obesity de-

spite environment (1 to 5 percent of cases); (2) strong 

predisposition—overweight in nonobesigenic envi-

ronment and obese in obesigenic environment; (3) 

slight predisposition—normal weight in nonobesi-

genic environment and overweight in obesigenic 

environment; and (4) genetically resistant—normal 

weight in obesigenic environment. In practice, obe-

sity risk at least depends on two important factors, 

which mutually interact: (1) genetic variants and gene 

expression changes in candidate genes and (2) expo-

sure to environmental risk factors. To understand the 

overall biological etiology of obesity, scientists must 

identify the genes responsible for each of these difer-

ent mechanisms and the gene–gene and gene–envi-

ronment interactions. 

SEE ALSO: Genetic Inluences on Eating Disorders; Genetic 

Mapping of Obesity elated Genes; Genetic Taste Factors; 

Genetics.
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Estrogen Levels

ESTROGEN IS A hormone produced primarily in the 

ovaries. A signiicant amount is also in body fat. Es-

trogen is a speciic hormone involved in the develop-

ment of female sexual characteristics such as breasts, 

uterine, and ovarian tissue. Estrogen also plays a role 

in regulating a woman’s menstrual cycle. Estrogen is 

made from cholesterol in the ovaries and the adrenal 

glands.

here are three types of estrogen in women. Es-

trone (E1) and estradiol (E2) are produced in the ova-

ries. Estrone is dominant in postmenopausal women. 

Estrone can be converted back from the conversion 

of estradiol to estrone. Estradiol is dominant in post-

menopausal women and is the most potent form of 

estrogen. Estriol (E3) is highest during pregnancy, be-

ing produced by the placenta.

Estrogen increases collagen production in the 

skin. In the liver, estrogen increases lipoprotein 

receptors, which elevate high-density lipoprotein 

(HDL), the good cholesterol. Estrogen helps with 

prevention of bone loss and maintains the integrity 

of the vaginal wall.

he onset of menopause causes a distinct decline in 

estrogen production, instigating a decline of its posi-

tive attributes. Ovaries cease estrogen production at 
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menopause. Small amounts of estrogen are then pro-

duced from prehormones of the adrenal glands that 

transform to estrogen from fat tissue. Bone is broken 

down and the vaginal wall becomes thinner and less 

lexible.

Hormone therapy may be warranted during the 

years prior to menopause. his time is referred to as 

perimenopause. Estrogen therapy may be prescribed 

for menopausal symptoms, contraception, irregular 

menstrual cycles, or delayed puberty in a young girl. 

Estrogen replacement is controversial as to its efects 

on heart disease in women. A discussion with a quali-

ied physician may ofer appropriate guidance as to 

which course of action an individual may want to pur-

sue.

he amount of estrogen in the blood may have a 

direct correlation to obesity as fat cells produce es-

trogen. Prior to menopause, this increased estrogen 

decreases the risk of breast cancer. Research suggests 

that following menopause, the high level of estrogen 

produced in obese women from the fat tissue may in-

crease risk for breast cancer and osteoporosis.

It is known that men have about half the amount 

of estrogen as women. In men, testosterone and an-

drosteredione are converted to estrogen in individual 

organs. he male supply of estrogen is never depleted. 

An excess of estrogen in men may be the result of liv-

er disease, testosterone deiciency (hypogonadism), 

chronic alcoholism, estrogen-producing tumors, or 

congenital adrenal hyperplasia. As yet, it is unclear as 

to the exact role estrogen plays in men.

Compounds similar to estrogen, phytoestrogens, 

are found in some plant compounds. hey are present 

in soy, clover, green tea, laxseed, and some legumes. 

hey occupy the same receptor sites as estrogen and 

have many similarities.

SEE ALSO: Breast Cancer; Estrogen-Related Receptor; Hor-

mones; Menopause.
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Estrogen-Related Receptor

ESTROGEN RECEPTORS OPERATE similarly to a lock 

and key. Estrogen works as the key to a receptor (lock) 

on the outside of a speciic cell. hese locks are not the 

same in every organ. Estrogen stimulates the growth 

of breast cells and may also stimulate the growth of 

breast cancer. Drugs referred to as selective estrogen 

receptor modulators (SERMs) were developed to pre-

vent estrogen from stimulating the growth of breast 

cells that could become cancerous by blocking the es-

trogen receptors in the breast.

Estrogen-related receptors (ERRs), speciically ERR 

α, are an orphan member of the superfamily of nucle-

ar receptors. An orphan receptor is one that has no 

known ligands (proteins that bind to it). ER and ERR 

α are related in that they bond to DNA sites. ERR α 

binds to DNA targets by the process of transcription.

Research has been conducted with mice as to the 

role ERR α may play in the body. his research hy-

pothesizes a possible connection to intestinal fat 

transport and may play a role in bone remodeling. It is 

also thought that ERR α is present at high levels in tis-

sues having high oxidative properties. It is theorized 

that there may be a linkage to estrogen signaling and 

oxidative metabolism An increase in energy demand 

such as during fasting, exercise, or cold exposure re-

Estrogen, the female hormone produced by the ovaries, has been 

linked to both breast cancer and obesity.
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quires an elevated level of ERR α. In studies on mice, 

ERR α was removed, creating a defect in thermogenic 

function. ERR α appears to be high in tissue which 

has high oxidative capacity.

It is theorized that ERR α plays a role during times 

of metabolic stress and dietary lipid digestion and ab-

sorption. here may be a link to high expression of 

ERR α in brown fat by lipid metabolism and trans-

port, which are signiicant, factors in energy balance.

Research is continuing to determine the role 

ERR plays in thermogenic function and homeosta-

sis. ERR may play a role in lipid metabolism and 

energy balance.

SEE ALSO: Breast Cancer; Estrogen; Hormones.
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Ethnic Disparities in Obesity 

among Women 

THERE HAS BEEN a signiicant rise in the preva-

lence of obesity in the United States during the last 

50 years and this has become a public health con-

cern of epidemic proportions. Body weight is often 

classiied into four categories: underweight, normal 

weight, overweight, and obesity. To determine into 

which category a person should be placed, his or her 

body weight needs to be converted into another val-

ue known as body mass index (BMI). his number is 

obtained by dividing a person’s weight in kilograms 

by the square of their height in meters. A person with 

a BMI of less than 18.5 is considered underweight. A 

person with a BMI between 18.5–24.9 is considered 

to be of normal weight. A person with a BMI between 

25.0–29.9 is considered to be overweight. Finally, a 

person with a BMI greater than 30 is considered clin-

ically obese. hese classiications for BMI ranges are 

based upon the risk of developing certain diseases 

with each BMI range. In 2000, it was estimated that 

more than half of the adults residing in the United 

States could be deined as clinically overweight (hav-

ing a BMI between 25.0–29.9). Furthermore, one-

ifth of the U.S. adult population was clinically obese 

(having a BMI >30) and 2 percent of the U.S. adult 

population was classiied as morbid obesity (having a 

BMI >40). Some researchers consider these estimates 

to be conservative and that the prevalence of obesity 

is much greater in this country.

Many diseases have an increased prevalence when 

a person is overweight or obese. hese include heart 

disease; high blood pressure; Type 2 diabetes mellitus; 

several cancers including, but not limited to, breast, 

colon, and prostate; stroke; metabolic syndrome; gall-

stones; and arthritis.

While the prevalence of obesity has increased for 

the entire U.S. population, disparities still remain in 

the prevalence of obesity based upon gender and race 

or ethnicity. Females are more likely to be overweight 

and obese compared to males for all races and eth-

nicities studied. 

Within the female population, African-American 

women are more likely to be overweight and obese 

compared to Caucasian, Hispanic, or Asian women. 

According to data collected for the National Health 

and Nutrition Education Survey (NHANES; a large, 

national epidemiological study), half of the Cauca-

sian women who were between 20–39 years old were 

considered overweight (body mass index [BMI] >25), 

while 70 percent of African-American women in this 

age group were overweight. 

Furthermore, half of the African-American fe-

males in this age group were clinically obese (BMI 

>30), while only one-quarter of the Caucasian wom-

en in this age group were clinically obese. Diferences 

in the prevalence of obesity among races are not lim-

ited to adult populations as African-American chil-

dren have a greater prevalence of obesity compared 

to Caucasian children. 

Along with the increased prevalence of obesity 

in African-American women, there is an increased 
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prevalence of many diseases such as insulin resistance 

and Type 2 diabetes mellitus. In addition, because of 

the greater prevalence of insulin resistance in Afri-

can-American women, they also have increased insu-

lin secretion from their pancreas and decreased insu-

lin clearance in their body. hese clinical symptoms 

may lead to a greater percentage of African-American 

women developing Type 2 diabetes mellitus from in-

sulin resistance in a shorter period of time compared 

to Caucasian women.

here are many other diferences between Af-

rican-American and Caucasian women relating to 

the diference in their prevalence of obesity. Afri-

can-American women have a lower metabolic rate 

compared to Caucasian women. his means that for 

the same amount of body weight, African-American 

women need to consume fewer calories to maintain 

that body weight. As portion sizes continue to grow 

in this country, African-American women may be 

more susceptible to weight gain compared to Cauca-

sian women because of their lower metabolic rates. 

Several diferences also exist in the body composi-

tion of African-American women compared to Cau-

casian women. African-American women tend to 

have a greater bone density as well as longer bones 

compared to Caucasian women. 

his may explain the decreased prevalence of 

bone injuries observed in African-American wom-

en. African-American women also tend to have 

more muscle compared to Caucasian women. In 

addition, in regard to the distribution of fat in the 

body, African-American women have a greater 

amount of fat in their muscles, but less fat around 

their abdomens. he extra fat in the muscle may be 

related to the increased prevalence of insulin resis-

tance and Type 2 diabetes mellitus observed in Af-

rican-American women. African-American women 

also tend to have a better lipid proile compared to 

Caucasian women; they tend to have lower triglyc-

erides, a marker of the risk for developing heart dis-

ease. African-American females have a lower risk of 

developing heart disease in an obese state compared 

to Caucasian females.

Another ethnic group with elevated obesity rates in 

the female population is the Hispanic population. he 

term Hispanic encompasses a diverse group of people 

who have a very heterogeneous mixture of genetic 

information. People of Hispanic origin tend to be 

more overweight and obese than Caucasians and less 

overweight and obese than African Americans. In the 

20–39 year old age range, over 60 percent of Mexi-

can-American women were clinically overweight and 

nearly one-third of Mexican American women were 

clinically obese. 

Hispanic women have an increased prevalence of in-

sulin resistance and Type 2 diabetes mellitus compared 

to Caucasian women but a lower prevalence of these 

disorders compared to African-American women.

Another ethnic group that has seen an increase in 

their prevalence of obesity rates is Asian-American 

females. Asian-American females have a lower preva-

lence of being overweight and obese compared to 

Caucasian, Hispanic, or African-American females. 

However, the use of the cutof values for the BMI scale 

has often been criticized for Asian Americans. 

Several researchers have suggested that Asian 

Americans should be considered overweight at a 

BMI of 23. his is because Asian Americans have an 

increased risk of developing certain diseases with 

smaller weight gains. 

Asian-American females are more likely to gain 

weight around their stomach. he excess weight gain 

around the stomach is associated with an increased 

risk in developing many of the diseases that are men-

tioned above. However, other researchers have argued 

that the current BMI numbers are appropriate for the 

Asian-American female population.

he rise in obesity along with the concurrent rise in 

metabolic disorders has been hypothesized to short-

en the life expectancy of the population in the United 

States for the irst time since the mid-1800s. he es-

timated number of excess deaths in the United States 

that are attributable to obesity range from 112,000 to 

325,000 deaths every year and the number of years of 

life lost (YLL) attributed to obesity range from 5 to 20 

years based on age, gender, and race. 

he cost of obesity on society has been estimated to 

be $117 billion per year. his estimate includes both 

direct and indirect costs such as medical expenses and 

lost productivity. Ethnicities that have an increased 

prevalence of obesity are more likely to sufer from a 

poorer quality of life and shorter lifespan.

SEE ALSO: Ethnic Disparities in the Prevalence of Child-

hood Obesity; Ethnic Variations in Body Fat Storage; Eth-

nic Variations in Obesity-Related Health Risks.
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Ethnic Disparities in the  

Prevalence of Childhood Obesity

THE PREVALENCE OF obesity has increased dramati-

cally over the past three decades. his increase has 

been noted in both adults and children. However, 

the increase in children is a major concern among 

healthcare professionals and policymakers because 

obese children have an increased risk for becoming 

obese adults. Currently, approximately 15.3 percent 

of children (ages 6–11) and 15.5 percent of adoles-

cents (ages 12–19) are obese. he concern about 

the increased prevalence of childhood obesity is 

heightened regarding ethnic minority and low- 

income communities. 

he Institute of Medicine (IOM) has reported that 

childhood obesity has become a national priority. his 

characterization of childhood obesity by the IOM and 

others has directed more attention to a health prob-

lem that is seen as an epidemic. Despite conlicting 

views about what has caused obesity to increase in 

the irst place, the obesity epidemic can be attributed 

to multiple factors. For example, environmental, bio-

logical, and behavioral factors all play signiicant roles 

in contributing to obesity in children. 

Multiple sources provide data that demonstrate an 

upward trend in obesity rates since the early 1960s to 

the present. he major source of data comes from the 

National Health and Nutrition Examination Survey 

(NHANES), a nationally representative survey that 

has been conducted periodically since the early 1970s. 

Other data sources include, but are not limited to, the 

Pediatric Nutrition Surveillance System (PedNSS), 

which gathers annual nutritional risk data from more 

that 8 million children participating in public assis-

tance programs; and the National Longitudinal Study 

of Adolescent Health (Add Health Study), a nationally 

representative survey of teenagers.

Notwithstanding the source of data, the results 

continue to reflect that the prevalence of childhood 

obesity is greatest within ethnic minority and low-

income communities. As reflected by the data, obe-

sity rates are generally higher for Native-American 

and Hispanic children of both sexes and for Afri-

can-American girls. Because more data are avail-

able regarding African Americans and Hispanics, 

most of the historical as well as current literature 

focuses on these two populations. Additionally, 

low-income children are at greater risk of obesity 

regardless of ethnicity.

Compared to other ethnic groups, relatively few 

U.S. data regarding health and weight status of Asian 

Americans are available. Unlike other ethnic minor-

ity groups, Asian Americans have not been overs-

ampled in national studies. Additionally, some stud-

ies have combined obesity prevalence rates for Asian 

Americans with Paciic Islanders. Overall, Asian-

American children do not it the general pattern of 

higher obesity rates similar to children in other eth-

nic minority groups.

Most of the data regarding the prevalence of obesi-

ty on Native-American children have been collected 

since 1990. Despite a great deal of variation among 

tribes, the data indicate a widespread prevalence of 

obesity with Native-American youth. he data in-

dicate that 12 percent of Native-American children 

aged 2–4 years are overweight. A similar trend has 

been found among Hispanic children in the same age 

group. Overall, the data reveal that obesity among 

Native-American children may begin in early child-

hood. Moreover, the prevalence of overweight and 
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obesity continues to increase in Native-American 

schoolchildren aged 5–17 years. In two large popu-

lation-based studies, 39 percent of Native-American 

youth were overweight.

Hispanic-American children have also seen a sub-

stantial increase in the prevalence of obesity. Similar 

to Asian Americans and Native Americans, there 

is a great deal of variation among Hispanic groups. 

For example, one Hispanic HANES study reported 

that obesity was more common among Puerto Ri-

can adolescents compared to Mexican Americans 

and Cubans. Another study revealed similar obesity 

prevalences (32.2 to 33.1 percent) among Mexican 

American, Puerto Rican, and Cuban adolescents aged 

13–18 years. In contrast, Central/South American 

Hispanics have a lower rate of obesity (25.7 percent). 

Generational diferences have also been observed 

among Hispanics, with only 26 percent of irst-gen-

eration Hispanic adolescents being obese compared 

with 33 percent of second- and third-generation His-

panics. Overall, current data show that approximately 

23.7 percent of Hispanic-American children (ages 6–

11) are obese and 23.4 percent of Hispanic-American 

adolescents (ages 12–19) are obese.

African-American children have experienced some 

of the greatest increases in the prevalence of obesity. 

Some of the research has revealed a twofold increase 

in the prevalence of obesity among children aged 4–

5 years from 1976–80 to 1988–94 (3 to 8.7 percent 

for boys, and 6.5 to 12.6 percent for girls). It has also 

been reported that for children aged 6–11 years, the 

prevalence of obesity increased from 11.6 (1976–80) 

to 17.7 percent (1988–94) for girls, and from 8.6 to 

14.7 percent for boys. Consistent with younger Afri-

can-American children, there has been an increase 

in the prevalence of obesity among adolescents aged 

12–17 years (10 to 16.0 percent for girls, and 6.1 to 

12.5 percent for boys). Overall, current data reveal 

that approximately 19.5 percent of African-American 

children (ages 6–11) are obese and 23.6 percent of 

adolescents (ages 12–19) are obese.

he obesity epidemic has taken a heavy toll on the 

health of the nation’s children. Many obesity-related 

illnesses that were once primarily seen in adults, such 

as Type 2 diabetes and high blood pressure, are now 

being seen more frequently in children. hese obe-

sity-related illnesses are especially a concern for mi-

nority children. Overall, minority children, especially 

African Americans, Hispanic Americans, and Native 

Americans, tend to have a higher prevalence of child-

hood obesity than their Caucasian peers. Several fac-

tors have been found to have a signiicant inluence 

on ethnic disparities of childhood obesity: environ-

ment, biology, and behavior. hese factors tend to in-

teract with low-income status, which places minority 

children at greater risk for becoming obese and ulti-

mately obesity-related illnesses.

SEE ALSO: Ethnic Disparities among Obesity in Women; 

Ethnic Variations in Body Fat Storage; Ethnic Variations in 

Obesity-Related Health Risks.
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Ethnic Variations in  

Body Fat Storage

RESEARCH SHOWS THAT ethnic groups exhibit vary-

ing patterns of fat distribution. Humans have two gen-

eral patterns of fat distribution: androidal (commonly 

referred to as central or abdominal/truncal adipos-

ity) and gynoidal (lower-body/peripheral adiposity), 

or described more colloquially by Marie Savard as 

“apple-shaped” or “pear-shaped,” respectively. While 

both patterns of fat distribution have potential health 

risks, research shows that abdominal (especially vis-
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ceral fat) and truncal adiposity carry an increased risk 

for obesity-related complications such as glucose in-

tolerance, hyperinsulinemia and the development of 

Type 2 diabetes, cardiovascular disease (CVD), and 

some types of cancer. Increased levels of central adi-

posity observed in some ethnic groups may explain 

the increased incidence of metabolic complications 

and CVD in these groups.

Ethnic groups, including non-Hispanic blacks, Mex-

ican Americans, and some Native American groups 

in the United States, and black Caribbean and Irish 

groups in Britain, consistently show a higher preva-

lence of overweight and obesity according to body 

mass index (BMI) than the general population of the 

country. However, a growing body of evidence suggests 

that BMI alone may not adequately deine overweight 

and obesity in adults or children for several reasons. 

First, BMI does not distinguish between fat mass 

and lean (nonfat) mass. herefore, a deinition of 

obesity based on BMI alone might classify individu-

als with large central fat deposits as “normal” (deined 

as within the BMI range of 25–29.9), when that indi-

vidual may be at greater risk for metabolic and car-

diovascular complications. 

Second, BMI also gives no indication of the distri-

bution of body fat, and as mentioned above, fat dis-

tribution has been linked to several comorbidities. 

Simple anthropometric measures including waist 

circumference (WC), waist-hip ratio (WHR), and 

subscapular to triceps (STR) skinfold thickness ratio 

have been established as reliable measures of central 

adiposity. Among these, WC has been endorsed as 

the best surrogate measure of abdominal adiposity 

and cutof points of over 102 centimeters in men and 

of over 88 centimeters in women are widely accepted 

as values representing risk for the development of 

obesity-related comorbidities. More sophisticated 

measurements such as computed tomography (CT) 

scans or magnetic resonance imaging (MRI) have 

also been used by some investigators because they 

can accurately distinguish between subcutaneous 

and visceral fat accumulation, but their usage is lim-

ited by their expense. 

Certain ethnic groups exhibit a high prevalence of 

central obesity. When South Asians gain weight, they 

tend to accumulate fat in the abdominal and trun-

cal regions of the body. his has been documented 

in several studies showing that they have larger waist 

circumferences, larger abdominal diameters, and 

thicker trunk skin folds for a given weight compared 

to other groups. South Asians also show a relation-

ship between the onset of comorbidities such as Type 

2 diabetes and CVD at much lower levels of BMI than 

has been documented in other groups. Japanese and 

Taiwanese Americans exhibit similar fat distribu-

tion as South Asians. Research in the United States 

shows that Mexican-American men and women have 

higher WC and STR than non-Hispanic Whites. Sev-

eral studies demonstrate that abdominal adiposity 

in African Americans is characterized by a greater 

accumulation of subcutaneous fat than visceral fat, 

compared with other ethnic groups. Ethnic groups 

such as Pima Indians and Naruans do not show cen-

tral fat distribution. 

Why certain groups exhibit central adiposity and 

others exhibit lower-body adiposity is not clear. As 

far back as 1956, Jean Vague recognized that visceral 

fat accumulation was greater in men than women for 

a given weight, and suggested that central fat distri-

bution may be related to cardiovascular risk. In hu-

man females, lower-body fat has been evolutionarily 

advantageous for fertility and reproduction, which 

may explain why lower-body fat is diicult to lose. 

Central fat distribution may be related to the thrifty 

genotype and evolutionary biology, which may now 

have been rendered maladaptive in the context of im-

proved food security and decreased physical activity. 

Research shows that fat distribution is to a large ex-

tent genetic, with a calculated heritability of 0.36–0.6; 

however, environmental factors such as education, 

physical activity, and parity (in women) play a role in 

fat distribution. 

Given that central adiposity is recognized as a risk 

factor for metabolic complications and CVD, it is 

important that those groups exhibiting this form of 

fat distribution be targeted for health interventions, 

which may help to limit the accumulation of fat and 

reduce morbidity. 

SEE ALSO: Asia, South; Assessment of Obesity and Health 

Risks; Body Fat Distribution in African Americans; Ethnic 

Variations in Obesity-Related Health Risks.
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Ethnic Variations in  

Obesity-Related Health Risks

A LARGE BODY of literature demonstrates an associa-

tion between obesity (speciically central obesity), in-

sulin resistance, and risk factors for chronic diseases 

such as impaired glucose tolerance, Type 2 diabetes, 

cardiovascular disease (CVD), hypertension, and 

certain cancers, including breast, prostate, and colon 

cancers. hese associated conditions have been clus-

tered together and described in the literature under 

the names of metabolic syndrome, insulin-resistance 

syndrome, syndrome X, plurimetabolic syndrome, 

and cardiometabolic syndrome. Ethnic variations in 

obesity-related health risks have been explored in 

detail, with particular attention given to the relation-

ship between adiposity and insulin resistance, Type 2 

diabetes, hypertension, and CVD in certain groups. 

Research shows that obesity is more strongly cor-

related with Type 2 diabetes in South Asian, Native 

American, and Mexican American populations; with 

hypertension (and stroke) in individuals with Afri-

can ancestry (in African Americans in the United 

States, black Africans and Afro-Caribbeans in the 

United Kingdom, as well as in the Caribbean and 

Africa); and with CVD among Caucasian Americans 

and South Asians (from the Indian subcontinent and 

from East Africa).

In addition to traditional lifestyle risk factors for 

the development of metabolic complications and 

CVD such as diet, physical activity, and smoking 

patterns, research shows that percentage of body 

fat and distribution of fat are related to disease risk, 

and ethnic groups show variation both in percentage 

of body fat and body fat distribution. Some popula-

tions (namely mainland Chinese, Chinese from Hong 

Kong and Taiwan, Filipinos, Koreans, and South 

Asians) have higher body fat percentage at a given 

body mass index (BMI) than Caucasian or European 

populations. Some Paciic populations also have a 

lower percentage of body fat for a given BMI than 

Caucasian or European populations. In one study, 

Paul Deurenberg and colleagues show that for the 

same percentage of body fat, age, and gender, Ameri-

can blacks have a 1.3 kg/m2 and Polynesians have a 

4.5 kg/m2 higher BMI compared to Caucasians. By 

contrast, the typical BMI of Chinese, Ethiopians, In-

donesians, and hais are 1.9, 4.6, 3.2, and 2.9 kg/m2 

lower compared to Caucasians, respectively. his 

is cause for concern as a higher percentage of body 

fat at a lower BMI relects increased risk of disease 

and may explain why some Asian populations show 

a high prevalence of the comorbidities of obesity at 

comparatively lower levels of BMI than Caucasian 

or European populations. As a result, some argue 

that the cutof points for overweight and obesity for 

Asians should be lower than the World Health Orga-

nization (WHO) cutof points, but this continues to 

be widely disputed. 

Central fat distribution, which has been observed 

in some ethnic groups such as South Asians and 

Mexican, Japanese, Taiwanese, and Native Ameri-

cans, also increases the risk for metabolic complica-

tions and CVD. he role of visceral and subcutane-

ous abdominal fat in metabolic complications and 

CVD risk is not clear, but it has become a question of 

great interest. Two potential mechanisms have been 

suggested: the highly lipolytic visceral depot releases 

fatty acids into the portal vein that travel to the liver, 

which can lead to glucose intolerance and insulin 

resistance; and elevated free testosterone and re-

duced sex-hormone-binding globulin may promote 

increased central adiposity and reduce fractional he-

patic extraction of insulin. 

In all populations, obesity shows a strong correla-

tion with insulin resistance and Type 2 diabetes and 

the global prevalence of Type 2 diabetes is rising, 

relecting increasing weight gain worldwide. he re-

gions with the greatest potential increases of diabe-

tes are Asia and Africa where the rates are predicted 

 Ethnic Variations in Obesity-Related Health Risks 237



to rise to two or three times those experienced to-

day. Recent research shows that factors acting early 

in life may impact risk for disease later in life. he 

Barker hypothesis, also referred to as the thrifty 

phenotype hypothesis or the developmental origins 

hypothesis, suggests that poor fetal and early post-

natal nutrition imposes mechanisms of nutritional 

thrift on a growing individual which may result in 

reduced capacity for insulin secretion, insulin resis-

tance, and impaired glucose tolerance as adaptive 

strategies to cope with its frugal early nutrient sup-

ply. he resulting metabolic programming may lead 

to a greater risk for developing diabetes later in life. 

High levels of low birth weight observed in South 

Asians, coupled with good postnatal food security, 

may explain the increasing prevalence of Type 2 dia-

betes in this group.

While research demonstrates that ethnicity inlu-

ences the prevalence of obesity-related health risks, 

it remains unclear why certain ethnic groups show 

a higher incidence of metabolic disorders and CVD. 

Extensive literature shows that it is not merely a func-

tion of genetics and, therefore, environmental, social, 

cultural, and intergenerational factors must be con-

sidered in the appropriate treatment and prevention 

in all ethnic groups worldwide. 

SEE ALSO: Barker Hypothesis; Ethnic Diferences in Body 

Fat Storage; Hypertension in African Americans; Native 

Americans.
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Europe, Eastern

ALTHOUGH THE ANCIENT Greeks generally portrayed 

athletic males on their friezes and igures shown on 

their jars, there is some evidence of female obesity 

in surviving imagery. Certainly, there are many igu-

rines of females, often described as “Venuses” which 

show obese people. In a recent study on a clay igurine 

found at Farsala, hessaly, now held at the Athanas-

sakeion Archaeological Museum of Volos, there have 

been attempts to evaluate views on ancient feminine 

obesity in connection with the concepts of “Mother 

Earth.” Other studies have shown that obesity was a 

major problem in the Byzantine Empire, as increasing 

prosperity and sedentary lifestyles among some peo-

ple in cities and towns led to a high body mass index 

(BMI), and subsequent medical complications.

In Russia, there has long been a problem with obe-

sity rising from overeating and drinking, lack of ex-

ercise, and some genetic and inherited traits. Many 

of these problems afected the rich urban elite. he 

Russian playwright Anton Chekhov (1860–1904) in 

his notebook wrote of a problem in which a doctor 

asked the maid of an obese man to put his slippers as 

far as possible under the bed to remind her master 

of his obesity at every possible opportunity. Political 

cartoonists in Russian history often associated obesi-

ty with inancial or political corruption, with many of 

these during the Brezhnev period in the Soviet Union 

careful to show a much slimmer version of Leonid 

Brezhnev than actually was the case. 

Since the end of the Communist rule, obesity has 

also been associated, in the public mind, with po-

litical corruption, with caricaturists and cartoonists 

overemphasizing the weight of some politicians. Al-

though obesity has long been noticeable in European 

Russia, and also in Ukraine, Belarus, and Moldova, it 

is now a major health concern throughout Siberia as 

well where the main Siberian populations have mas-

sively reduced their amount of physical activity, as 

well as increasing their consumption of foods that are 

likely to lead to obesity.

In Finland, the prosperity of the country since the 

mid-19th century has seen a gradual rise in the BMI, 

which has become particularly noticeable in the later 

20th century. his led to the creation of the Finnish 

Association for the Study of Obesity (FASO) with Dr. 

Kirsi Pietiläinen of Helsinki being the national rep-
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resentative on the International Association for the 

Study of Obesity (IASO).

In Poland, Hungary, Czechoslovakia, Romania, and 

Bulgaria, until World War II, obesity was associated 

with wealth, and during the period of Communist 

rule came to embody, in the public mind if nowhere 

else, political corruption, although some came from 

genetic and inherited factors, and smoking, as well as 

a more sedentary lifestyle. he end of Communism 

and the massive rise in aluence in East Central and 

Eastern Europe has seen the establishment of a large 

number of associations to improve access to informa-

tion on the reduction of obesity. In Poland, the Polish 

Scientiic Association of Obesity and Metabolism has 

Professor Barbara Zahorska-Markiewicz, Department 

of Pathophysiology, Medical University of Silesia, Ka-

towice, as the national representative on the IASO. 

In recent years, L. Szponar, J. Ciok, A. Dolna, and M. 

Oltarzewski from the Department of Food and Nu-

trition Safety, National Food and Nutrition Institute, 

Warsaw, have been involved in a number of studies on 

obesity in Poland.

he Hungarian Society for the Study of Obesity 

(HSSO) has Professor Csaba Nyakas of the Institute 

of Sports Sciences, Semmelweis University, Budapest, 

as their national representative on the IASO. In the 

neighboring Czech Republic, the Czech Society for 

the Study of Obesity (CSSO) is responsible for raising 

awareness of obesity in its country, with Dr. Vladimir 

Stich of the Department of Sports Medicine, Faculty 

of Medicine, Charles University, Prague, being the na-

tional representative on the IASO. In Romania, the Ro-

manian Association for the Study of Obesity (RASO) 

has Professor Nicolae Hancu of Cluy-Napoca as the 

national representative on the IASO; and in Bulgaria, 

the Bulgarian Association for Study of Obesity and 

Related Diseases (BASORD) has Professor Handjiev 

Svetoslav of the Department of Nutritionietetics and 

A town square in Eastern Europe. Due in part to an increase in the number of people following a modern, sedentary lifestyle, the obesity 

problem is growing much more severe throughout Eastern Europe. 
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Metabolic Diseases, Soia, as its national representa-

tive on the IASO. 

In Albania, there was traditionally a much lower 

rate of obesity than in other parts of Eastern Europe. 

However, in period since the end of Communist rule, 

increased prosperity has led to some cases of acute 

obesity, and a higher rate of risk factors connected 

with acute coronary syndrome, and also Type 2 dia-

betes. A study in 2007 involving 1,120 in the Albanian 

capital, Tirana, found that over 75 percent had excess 

body weight, and 22 percent of men and 30.9 percent 

of women were found to be obese—igures which are 

very high given the previously low prevalence rates of 

obesity in the country.

here has long been an obesity problem in Greece 

with the diet contributing to the problem. About 35 

percent of men in Greece being overweight. Curious-

ly, the problem has not adversely afected some other 

health indicators in the country, with Greece being 

7th (of 191) in terms of its average life expectancy, 

and Greece also having one of the lowest rates of 

heart disease in the region. he Hellenic Medical As-

sociation for Obesity (HMAO) was founded in 1990 

as a nongovernmental scientiic association, with Dr. 

Ioannis Kaklamanos of Athens as Greece’s national 

representative on the IASO.

In the former Yugoslavia, the Croatian Obesity As-

sociation (COA) has Professor Dr. Mirko Korsic of 

the Department of Endocrinology, Clinical Hospital 

Zagreb, as the national representative on the IASO; 

the Macedonian Association for Obesity (MAO) has 

Professor Dr. Gordana Pemovska of the Clinic of En-

docrinolgy, Diabetes and Metabolic Disorders, Sko-

pje, as its national representative on the IASO; the 

Serbian Association for the Study of Obesity (SASO) 

has Professor Dr. Jagoda Jorga of the Department of 

Nutrition, School of Medicine, Pasterova, Belgrade, 

as the national representative on the IASO; and in 

Slovenia, the Professional Section of the Slovenian 

Association for Obesity has Dr. Tina Sentocnik of 

Ljubljana as its national representative on the IASO. 

All these groups have been instrumental in raising the 

awareness of obesity in their respective countries.

SEE ALSO: Europe, Western.
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Europe, Western

OBESITY HAS INCREASINGLY become a major problem 

in Western Europe owing to excessive eating, eating 

the wrong foods, some inherited genetic traits, and 

also for medical reasons, or as a side efect from med-

icines. Although it is clearly a much greater problem 

nowadays than it has been previously, there is much 

evidence of obesity in the history of the region since 

classical times.
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Gluttony as a problem is more associated with 

the Roman Empire as it became wealthier and lazier, 

and some of its citizens greatly indulged themselves. 

he Roman actor Aesopus was well known for the 

ostentatious vulgarity of his enormous eating habits, 

and Pliny the Elder was certainly very large. Other 

obese Romans included the writer Horace and the 

Emperor Vitellius who was emperor from April to 

December 69. he Roman physician Galen wrote 

that there was a man called Nichomachus of Smyrna 

(modern-day Izmir, Turkey) who was so large that 

he could not get out of bed. Traditionally, obesity for 

men tends to be associated with political corruption. 

In the Celtic world, obesity appears to have been 

very rare, although rulers such as King Louernius of 

Gaul are recorded to have indulged themselves and 

their close supporters with vast feasts, with heavy 

consumption of meat. 

he irst king of England who can deinitely be 

said to have sufered from obesity was Henry VIII, 

evident from contemporary accounts and the size of 

his armor. One of Henry VIII’s ministers, Cardinal 

homas Wolsey, also became obese in his later years. 

John Marriott, a public glutton from the reign of 

James I, became the subject of a pamphlet he Great 

Eater of Graye’s Inn, or the Life of Mr. Marriott, the 

Cormorant. It claimed that he had himself once eaten 

a banquet prepared for 20 people. Samuel Pepys, in 

his diary, refers to various obese people, including 

Mr. Mills, the parson, whose size is equated with his 

laziness. Mention should also be made of the siege of 

Londonderry in 1688–89 when it was recorded that 

one extremely fat man refused to go into the streets 

during the 105-day siege because his neighbors often 

licked their lips when they saw him. he term “Fat 

Man in Londonderry” soon became an expression to 

describe people in similar situations. George Cheyne, 

a London medical doctor, promoted vegetarianism 

as a way of controlling body weight and as a possible 

cure for obesity.

By the 18th century, body size became associated 

with wealth, although it is clear from paintings that 

some people were what would now be regarded as 

obese. Sir Robert Walpole, the irst British Prime Min-

ister, became increasingly corpulent in his later years, 

with some cartoonists considerably exaggerating his 

size, as they seem to have done with other political 

and social igures of the period. James Boswell, the bi-

ographer and diarist; Samuel Johnson, the lexicogra-

pher and author; Frederick, Lord North, prime minis-

ter from 1770–82; and Edward Gibbon, the author of 

he Decline and Fall of the Roman Empire, in his later 

years, were four well-known individuals of the period 

who were all extremely corpulent. Although as Prince 

Regent, George, son of George III, was a handsome 

man, by the time he acceded to the throne as George 

IV in 1820, he was extremely overweight.

here were also details of many cases of obesity 

coming solely from excessive eating. William Doug-

las, the fourth Duke of Queensberry and third Earl of 

March, is said to have regularly eaten two breakfasts 

and two lunches, ending the day with ive full dinners 

consumed from between 5 p.m. and 3 a.m. It was dur-

ing this period that it was recorded that Jack Biggers 

ate a meal consisting of 6 pounds of bacon, a green 

salad, a loaf of bread, and a dozen suet dumplings, 

French delicacy: A variety of causes has increased the number of 

obese and overweight people throughout Western Europe.
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washed down by a gallon of beer. he Annual Regis-

ter (November 1765) reported that Walter Willey, the 

obscure servant of a London brewer ate a 6 pounds 

of roast goose, about 4 pounds of bread, and 3 quarts 

of port. Nicholas Wood of Kent is said to have eaten 

an entire sheep at one sitting, leaving only the bones, 

horns, wool, and skin, and at another sitting, it was 

claimed that he ate 400 pigeons. 

By the end of the 18th century in Britain, obesity 

was once again heavily associated with decadence 

and also with political corruption. British caricatures 

of Indian middlemen and some “Nabobs” (Britons 

who returned after a successful business career in 

India) often showed them as obese, and cartoons 

and drawings of Lord Macartney’s mission to China 

in 1792 similarly showed Chinese oicials as gro-

tesquely obese.

During Victorian England, in spite of a healthier 

diet, there were still many prominent examples of 

obesity, perhaps the most famous being that of the 

“Tichborne Claimant.” Following the death of James 

Tichborne, his French-born widow started to adver-

tise for news of her son who had disappeared in 1854 

in a shipwreck of the coast of Chile. A butcher in the 

Australian town of Wagga Wagga came forward claim-

ing to be the missing Sir Roger Tichborne. Coming to 

London in 1866, only Roger’s mother supported his 

claim, but this enabled him to live a wanton lifestyle, 

eating voraciously and his weight quickly rose to 27 

stones (378 pounds). In a subsequent court case, he 

was found guilty of perjury and jailed for 14 years, his 

obesity in court being the subject of many caricatures 

and much ridicule. 

France also had a number of prominent obese peo-

ple. Following the end of the Roman Empire, Gaul was 

taken over by the Franks whose king from 751 until 

768 was Pepin the Younger, who is sometimes de-

scribed in history books as being Pepin “he Fat.” Pe-

pin, the son of Charles Martel, is most famous for be-

ing the father of Charlemagne. Another Frankish king. Another Frankish king 

was also known for his size. Charles “he Fat” became 

Holy Roman Emperor in 879 and the king of the East 

Franks in 884. With a reputation for being lethargic 

and inept, although he managed to accumulate a very 

large number of titles concurrently becoming king of 

Alemannia and Rhaetia, king of Italy, king of Upper 

Burgundy, king of East Frankia, king of West Francia 

(France), and king of Aquitaine. 

here were two subsequent French kings of the 

Capetian dynasty whose size earned them the title 

“he Fat.” he irst of these, Philip the Fat, ruled from 

1059 until 1108. Becoming king at the age of 7, he 

went with Richard the Lionheart on the hird Cru-

sade, with his size contrasted by English chroniclers 

with athletic prowess of his English counterpart. U.S. 

Historian Joseph Dahmus described him as undistin-

guished and recorded that he spent most of his en-

ergy eating, “wenching,” and sleeping. His son, Louis 

VI of France, was also given the title “he Fat,” suc-

ceeding his father to the throne in 1108. Louis “he 

Fat” managed to consolidate his kingdom, but died 

in 1139 from excessive eating, which seems to have 

followed his contracting dysentery. he penultimate 

Capetian king of France, Louis XVIII, was also a large 

man whose size was rarely relected in contemporary 

paintings and images of him, although a proile draw-

ing from 1814 shows his obesity clearly. 

During the 19th century, the increased prosperity 

of France led to a development of gluttony, and inevi-

tably, increased obesity. Honoré de Balzac was said to 

have eaten 12 cutlets, 110 oysters, one duck, and two 

partridges at a single sitting. Although the theologian 

John Calvin was overweight, historians doubt he was 

as obese as Balzac and other critics made out in Cath-

erine de Medici. Balzac’s contemporary, he socialist 

politician Jean Jaurès was short and obese, something 

that his political critics used to parody him as “a fat 

merchant who overeats.”

French research into obesity has helped achieve a 

greater understanding of the symptoms connected 

with it. In 1920, a French physician Georges Bardet 

studied a disease that was characterized by obesity 

and various other problems. Two years later, the 

Hungarian Arthur Biedl added to Bardet’s work, and 

the rare genetic disease became known as the Bar-

det-Biedl syndrome. Within France, the Association 

Française d’Etudes et de Recherché sur l’Obésité 

works on promoting awareness of obesity, with Dr. 

Yannick Lemarchand-Brustel of the Faculty of Medi-

cine, Nice, being the national representative on the 

IASO. In Belgium, the Belgian Association for the 

Study of Obesity operates for coordination of re-

search into obesity, with Dr. Maximilien Kutnowski 

of the Department of Internal Medicine at the Uni-

versity Hospital Brugmann being the Belgian na-

tional representative on the IASO. he Netherlands 
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Association for the Study of Obesity operates in the 

Netherlands and the Netherlands West Indies, with 

Professor Ellen Blaak of the Department of Human 

Biology, Maastricht University, being the national 

representative on the IASO.

In Spain and Portugal, several rulers were also 

well known for their obesity. Sancho I of Leon, Spain 

was given the title “he Fat” (El Craso). He ruled the 

state of Leon, taking over after the death of his older 

brother Ordono III. He reigned for three years before 

being forced into temporary exile, but regained con-

trol of the kingdom in 960. However, his obesity gave 

him so much trouble that he sought the help of some 

Moorish physicians from the court of Abdul-Rahman 

III of Cordoba. hey suggested a strict diet and also 

the use of a distillation of herbs, which helped him, 

shed some of his weight. However, diet was to be a 

major problem, and legend has that he died eating a 

poisoned apple given to him by a subject.

he third king of Portugal, Afonso II, also gained 

the title “he Fat” (O Gordo). He was born just before 

the death of his grandfather, the founder of Chris-

tian Portugal, after whom he was named, and when 

he was a young man, he rapidly became obese, which 

was said to have developed from an aliction he had 

in his youth. his prevented him from leading his sol-

diers into battle against the Muslim Almohads, but 

this did not prevent his armies considerably enlarg-

ing the kingdom. he third king in the Iberian penin-

sula who had the title “he Fat” was Henry I, king of 

Navarre in northern Spain, and also Henry III, Count 

of Champagne. 

Obesity in the general Spanish population came 

much later, with the introduction of sugar into the 

diet of many Spaniards in the early 16th century with 

sugar plantations using slave labor appearing in many 

parts of the Americas. To promote awareness, the So-

ciedad Española para el Estudio de la Obesidad op-

erates in Spain and the Sociedade Portuguesa para o 

Estudo da Obesidade in Portugal. Dr. Jordi Salas of 

Reus is the Spanish representative on the IASO and 

Professor Galvão-Teles of Lisbon is the Portuguese 

representative on the IASO.

In Italy, there had been a long tradition of gluttony 

going back to the Roman Empire, with many later 

examples such as Rodrigo Borgia who became Pope 

Alexander VI in 1492. he only obese pope in recent 

times has been John XXIII, pope from 1958 until 

1963, who has always been renowned for his personal 

kindness and sincerity, perhaps emphasizing the im-

age of obesity as representing being jolly, friendly, and 

afable. Research in Italy is promoted by the Socita 

Italiana dell’Obesita with Professor Carlo Mario Ro-

tella of the Dipartamento di Fisipatologia Clinica, Po-

livalente dell’Università, Florence, being the national 

representative on the IASO.

German history has seen a number of portly rulers, 

but few became as well known as Frederick I, king of 

Würtemberg, who was known as the “Great Belly-Ge-

rant.” he French Emperor Napoleon Bonaparte was 

said to have remarked that God had created Prince 

Frederick to show the extent to which the human 

skin could be stretched without. Fitz, the powerful 

German Jewish banker and art connoisseur, sufered 

greatly from obesity. Herman Goering was always 

portly, becoming obese during World War II. Helmut 

Kohl, chancellor of Germany from 1982 until 1998, 

and the man who presided over the reuniication of 

Germany, was tall and physically large, occasionally 

being nicknamed the “pear” because of his shape, or 

appearing as a pear in cartoons. 

In Germany, the Deutsche Adipostas Gesellschaft 

promotes obesity awareness, with the Swiss Associa-

tion for the Study of Obesity running in Switzerland 

and the Austrian Obesity Association in Austria. he 

respective national representatives on the IASO are 

Professor Alfred Wirth of Teutoburger-Wald-Klinik, 

Bad Rothenfelde, Germany; Professor Yves Schutz, In-

stitute of Physiology, Faculty of Medicine, Lausanne, 

Switzerland; and Professor Dr. Monika Lechleitner of 

the Department of Internal Medicine, University of 

Innsbruck, Austria.

Since World War II, the increasing prosperity in 

Western Europe, combined with more people taking 

up sedentary occupations and less physical exercise, 

has seen a rise in obesity in men, women, and more 

worryingly, in children. Other contributing factors 

have been genetic as well as certain medications es-

pecially steroids which have the side efect of con-

siderably increasing body weight. Some have seen 

the prevalence of smoking, and indeed the various 

antismoking medications, as also causing a problem 

in weight gain. he rise in the obesity levels have re-

sulted in an increase in Type 2 diabetes, heart dis-

ease, and many other problems associated with obe-

sity, which has placed an added burden on the health 
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services in Western Europe. In some countries, the 

rise in obesity levels has been very marked. In the 

Netherlands, the obesity levels of boys and girls dou-

bled between 1980 and 1997, and again from 1997 

until 2004, with a threefold increase for some ages. 

In Portugal, a survey has shown that in the period 

2003–05, some 38.6 percent of the population sur-

veyed was overweight, and 13.8 percent were obese, 

with the result that the overweight and obese people 

make up over half the population.

To counter this, there has been the introduction 

of many forms of dieting, promoted on television, 

in newspapers, and in magazines. hese have led to 

many people losing weight, others not putting on 

as much as they otherwise would have done, and 

a problem with eating disorders such as anorexia 

nervosa and bulimia nervosa. As well as diets, there 

have also been regular campaigns to encourage 

physical itness in children, with compulsory school 

sports and physical activity. Some schools have also 

encouraged healthier diets, and a few in Britain and 

France have sought to prevent children bringing un-

healthy food to school. With adults, food manufac-

turers have been keener to label goods as being “fat 

free” or “99 percent fat free” as a way of encouraging 

more people to eat healthier food. Many “fast-food” 

restaurants and cafés have also created healthier 

food options, with the “slow food” movement doing 

much to try to reduce the amount of fatty food such 

as french fries, potato crisps, soft drinks such as co-

las, and the like.

SEE ALSO: Europe, Eastern.
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Exercise

THE ENERGY COST of exercise is supported by one 

or more of three energy systems. Each of these is dis-

tinguishable from the other by the rate at which it can 

take food energy and convert it into usable chemical 

energy to fuel muscle contraction during exercise. 

Physical itness and health are both related to the 

functional capacity of each of the energy systems. 

Improvements in health and itness can be achieved 

only by improving the working capacity of the energy 

systems; this is accomplished by speciically design-

ing exercise programs that target each energy system 

so that it is forced to work harder than accustomed. 

Weight control is best achieved through low-to-mod-

erate intensity exercise training that can be sustained 

for 30–60 minutes or more on most days of the week. 

Factors that facilitate or impede newly established 

exercise behaviors should also be considered when 

planning for long-term success. 

ENERGY SYSTEMS 

To understand how exercise inluences the energy 

stores (body weight and fat) of the body, one must 

understand how the energy demand of the body is 

met through the utilization of dietary nutrients. Most 

people are familiar with calories, or more appropri-

ately kilocalories (kcal), the unit of energy. People also 

understand that the kcal we derive from food is uti-

lized in the body to do whatever the body needs to 

do that requires energy, whether it be replacement of 

cell constituents, growth, or physical work. Our body 

transforms the chemical energy of food into electri-

cal, mechanical, and heat energy to do what it needs 

to do. However, the fundamental form of energy the 

body deals with is not heat (kcal) but chemical. So, 

to understand how exercise afects energy balance in 

the body, it is easier to talk in terms of the chemical 

energy currency of the body, adenosine triphosphate 

(ATP), rather than heat (kcal). However, because food 

energy is usually thought of in terms of kcal, it often 

becomes confusing going back and forth between kcal 

and ATP. With this in mind, remember that all energy 

requirements of the body can be converted into ATP 

equivalents (e.g., 7.3 kcal = 6.022 x 1023 ATP). 

ATP is the chemical compound that supplies the 

muscles with the energy they need to perform physi-

cal movement. Fats, proteins, and carbohydrates are 
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the food sources that supply the body with the needed 

energy to make ATP required by the muscles. hus, 

we eat food that contains energy (usually measured 

in kcal), that energy is transferred to form ATP, and 

that same ATP is used in the muscles to give them the 

energy for muscle contraction. 

he body has three basic chemical pathways in 

which energy from food can be converted into ATP: 

the ATP-phosphocreatine (ATP-PC) system, the lac-

tic acid system, and aerobics. Each of these pathways 

is distinct from the other, but there are several cross-

over points where the pathways share chemical com-

pounds, and all three pathways can be functioning 

at the same time in the same cell. he distinguishing 

characteristic for each of these ATP producing path-

ways is their power output, or rate of ATP produc-

tion. he ATP-PC system can produce ATP at a rate 

approximately twice that of the lactic acid system and 

three to ive times the rate of aerobics. 

he link between exercise and the ATP producing 

pathways, then, is the demand for ATP, which is de-

termined by exercise intensity. If exercise intensity is 

extremely high, the ATP-PC system will supply the 

needed energy. Conversely, if the demand for ATP 

energy in the working muscles is relatively low, the 

aerobic energy system will be used to support the en-

ergy needs of the exercise. If the energy demand is 

moderate, then the supporting energy system is the 

lactic acid system. 

A second factor that determines which energy sys-

tem will be used to support the demands of exercise 

is the duration of the exercise. he ATP-PC system 

has the capacity to support any and all intensities of 

exercise, but the resources available for the produc-

tion of ATP through the ATP-PC system are limited 

to 15–20 continuous seconds. At high exercise inten-

sities, once the ATP-PC resources become depleted, 

exercise intensity has to be reduced to continue exer-

cise. At this point, the major responsibility for sup-

porting the exercise power output demand shifts to 

the lactic acid system. his system also has limited re-

sources, which will become exhausted after four to six 

minutes of continuous exercise at moderate-to-high 

intensity. At this point, the exercise intensity must be 

downshifted again to a low-to-moderate level for the 

aerobic system to supply the needed ATP to sustain 

the continued exercise. he aerobic energy system is 

the only system of the three that, for all practical pur-

poses, has an unlimited source of energy resources 

from which to draw. In other words, fatigue during 

low-to-moderate intensity exercise is caused by fac-

tors other than running out of fuel. Furthermore, as 

the term implies, aerobic production of ATP requires 

oxygen, which must be delivered to the working mus-

cles by the heart, lungs, and circulatory system. Con-

sequently, lack of oxygen, not fuel, is often the limit-

ing factor in prolonged exercise performance. 

Protein is not used extensively to support the di-

rect needs of exercise, and is therefore, generally ig-

nored as a signiicant contributor in the scheme of the 

energetics of exercise. he ATP-PC system is fueled 

by fat or carbohydrate, but the mechanism for re-

plenishing the energy stores in the ATP-PC system is 

through aerobics, thus making the “recharging” of the 

ATP-PC system resources impossible during intense 

exercise. Hence, once the stored ATP-PC is used dur-

ing exercise (15–20 seconds) the ATP-PC system is 

inoperable until exercise ceases or exercise intensity 

is reduced to a level where aerobics can generate 

enough ATP to support the exercise demand as well 

as replenish the ATP-PC system. 

Carbohydrate can be the fuel source for both the 

lactic acid system and aerobics, but if the exercise in-

tensity demand for ATP is higher than that which aer-

obics can supply, exercise will last only as long as there 

Regular exercise can not only help reduce weight, it is linked to a 

variety of other positive health benefits.
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is carbohydrate available to fuel the lactic acid system 

(ive to seven minutes). On the other hand, if the exer-

cise intensity is low enough for the aerobic energy sys-

tem to support the exercise energy demand, a mix of 

fat and carbohydrate will be used to fuel the working 

muscles. Fat will become the dominant fuel source as 

exercise duration extends beyond an hour and carbo-

hydrate stores become scarce. Because body fat stores 

are abundant, even in the normal-weight person, low-

to-moderate exercise can continue for hours. 

EXERCISE, FITNESS, AND HEALTH 

Exercise training can increase physical itness as well 

as improve health or reduce disease risk. Physical it-

ness and health are often viewed as equivalent, but 

they are not. Fitness is a measure of the body’s ability 

to perform, whereas health is a measure of the body’s 

status of well-being. 

here are four components of physical itness: car-

diovascular or cardiorespiratory capacity, muscular 

strength, muscular endurance, and lexibility. Other 

than lexibility, the components of itness are directly 

related to the energy systems previously discussed. 

Cardiovascular or cardiorespiratory capacity is a 

measure of the body’s ability to deliver oxygen to the 

muscles and utilize that oxygen, with the residuals of 

dietary fat and carbohydrate, to form ATP. Muscular 

strength is a measure of the muscle’s ability to exert 

maximal force, whereas muscular endurance is a mea-

sure of the muscle’s capacity to exert a submaximal 

force repeatedly. Cardiovascular or cardiorespiratory 

itness relates directly to the aerobic energy system, 

muscular strength to the ATP-PC system, and mus-

cular endurance to the lactic acid system. 

Physical health is also related to the three energy 

systems. Chronic diseases such as heart disease, pe-

ripheral vascular disease, hypertension, and diabetes 

are related to cardiorespiratory capacity or functional 

aerobic capacity. Conditions such as osteoporosis and 

diabetes are related to muscular strength and mus-

cular endurance. Consequently, exercise training, 

targeting a speciic component of physical itness or 

health, really consists of training or improving the ca-

pacity of one or more of the energy systems. 

Aerobic exercise is any type of exercise that uses 

oxygen in the production of energy (ATP) to support 

the exercise. Because oxygen is transported to the 

exercising muscles through the cardiovascular sys-

tem, aerobic exercise is also termed cardiovascular 

or cardiorespiratory exercise. Although other types of 

exercise have positive efects on health, aerobic exer-

cise has proved to be the safest and have the greatest 

impact on health and disease risk reduction. Further-

more, because obesity is associated with many dis-

eases (comorbidities) such as heart disease, diabetes, 

and hypertension, aerobic exercise is the best form of 

exercise for the obese person. 

Aerobic exercise must meet certain criteria for the 

training efect to occur in the aerobic energy system. 

he type of exercise needs to be continuous, rhythmic, 

and use the large muscle groups. his type of exercise 

will ensure that a large volume of blood carrying oxy-

gen will be continuously delivered to the exercising 

muscles so ATP can be produced through the aerobic 

energy system. Examples are walking, jogging, swim-

ming, hiking, cycling, and rowing. Strength training 

exercises do not work for aerobic training because 

they are not continuous and the power output re-

quired for a strength training is too great to be met by 

the aerobic energy system. 

For improvement in the energy system to occur, ex-

ercise training must be repeated at intervals for sev-

eral weeks. he minimal guideline for the frequency 

of exercise to show a training efect is every other day, 

or three times a week. Each exercise session must last 

a certain length of time for the heart, lungs, and cir-

culatory system to coordinate with the aerobic energy 

system in delivering newly formed ATP to the exer-

cising muscles. he minimal length is 15–20 minutes. 

Because aerobic energy production has the slowest 

rate of ATP production (compared to the ATP-PC 

and lactic acid systems), the intensity of exercise must 

be low-to-moderate, otherwise the other systems will 

be used to support the exercise. 

here have been several ways physiologists have de-

signed to monitor aerobic exercise intensity, all of which 

are focused on having the cardiorespiratory system 

work at 40 to 80 percent capacity. Most often, exercise 

intensity is monitored by exercising at a level that el-

evates the heart rate to a predetermined level that cor-

relates to 40 to 80 percent of cardiorespiratory capacity. 

A simpler method of monitoring exercise intensity is to 

exercise at a level just below that at which you cannot 

hold a conversation. Increasing the length, frequency, 

and intensity of exercise will ensure that adaptations in 

the aerobic energy system continue to occur. 
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Training of the ATP-PC energy system happens 

when repeated short bursts of muscle contraction 

near maximal output occur, and there is a rest interval 

long enough for the aerobic energy system to replen-

ish the ATP-PC constituents in between bursts of en-

ergy production. Examples of exercises that train the 

ATP-PC system are short sprints of 100–200 meters at 

maximal pace, strength training to fatigue the muscle 

within several seconds, and explosive exercises like 

jumping. he lactic acid system is trained similarly 

to the ATP-PC system, but the exercise bursts should 

be a few to several minutes with the same amount of 

rest time in between repeated sets. An example would 

be repeatedly running 800 meters with a two-minute 

rest interval between sets. 

EXERCISE AND WEIGHT CONTROL 

Aerobic exercise is one of the few factors that are posi-

tively correlated with successful long-term reduced 

body weight maintenance in the previously obese. Pre-

viously obese individuals who maintain a reduced body 

weight report that regular exercise is the greatest factor 

responsible for their prolonged weight maintenance. 

Research has determined that for a previously obese 

person to maintain a reduced body weight through 

exercise alone, he or she needs to perform moder-

ate intensity exercise for 80–90 minutes a day. his 

translates into burning approximately 700 kilocalo-

ries each day in exercise. Unfortunately, to expend 700 

kilocalories in exercise, a person needs to walk or jog 

about seven miles. his amount of exercise is beyond 

the reach of most people and presents a tremendous 

barrier to long-term weight control. Moreover, many 

previously obese individuals do not have a history of 

being physically active or may have medical conditions 

that preclude or limit exercise participation. hus, the 

expectation of people exercising enough to obtain and 

maintain a normal body weight seems unrealistic. 

On the other hand, obese individuals can receive 

the beneits of regular exercise, even if their body 

weight does not normalize. Exercise lowers blood 

pressure, lowers cholesterol, and improves blood glu-

cose control in the obese, even without weight loss. 

Furthermore, these health beneits of exercise are 

manifest in as few as seven days with only 30–60 min-

utes a day of moderate-intensity exercise. 

he efects of exercise on body weight loss itself are 

not as great as one would expect. Weight loss of only 

about 0.2 kilograms (0.5 pounds) per week is typical 

of most exercise-only weight-loss programs. Further-

more, when calculated exercise energy expenditure is 

taken into account, people do not lose as much weight 

as was predicted through exercise programming. For 

these reasons, the suggestion for exercise prescrip-

tion for weight loss is to focus primarily on promot-

ing high-energy expenditure through a large volume 

of exercise. On the other hand, exercise intensity and 

duration are often reduced to levels below those rec-

ommended for improvement in physical itness be-

cause of the orthopedic risks and limited functional 

capacities in the obese population. Obese individuals 

are therefore faced with the dilemma of how to opti-

mize exercise-induced fat loss in the midst of limited 

exercise tolerance. 

In an efort to solve this dilemma, many have used 

unproven assumptions about exercise and fuel use 

to promote what they claim to be optimal fat-burn-

ing exercise protocols. he biggest exercise prescrip-

tion debate centers on exercise intensity. However, 

as explained above, exercise intensity and duration 

are closely related. As one increases exercise intensi-

ty, the capacity for exercise duration decreases, and 

as one diminishes exercise intensity, the capacity for 

exercise duration is increased. Parallel to this associ-

ation between exercise intensity and duration is the 

association between exercise intensity and energy 

system or fuel use. High-intensity exercise derives 

a greater portion of the fuel source from carbohy-

drate, while low-intensity exercise derives a greater 

portion of the fuel source from fat. High-intensity 

exercise relies on the lactic acid and ATP-PC energy 

systems, whereas low-intensity exercise relies upon 

the aerobic energy system. 

Because the biochemistry of the body dictates that 

fat can only be burned through the aerobic energy 

system, the logical choice for exercise programming 

is low-intensity exercise for extended duration. he 

traditional recommendation for weight-loss exercise 

is for the individual to exercise at 60 percent or below 

maximal aerobic capacity for as long as possible, and 

as frequently as possible. Evidence over the last sever-

al years, however, has shown that weight loss can re-

sult from nonaerobic exercise such as strength train-

ing. Nonetheless, the amount of weight lost through 

strength training is less than that achieved through 

aerobic exercise. 
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EXERCISE RECOMMENDATIONS 

Because physical itness is evaluated in terms of car-

diorespiratory capacity, muscular strength, muscular 

endurance, and lexibility, the ideal would be for all 

people to participate in an exercise-training program to 

improve or maintain itness in each of these categories. 

However, the majority of Americans do not participate 

in any type of regular exercise program. To promote 

the message of increased physical activity for all Ameri-

cans, the American College of Sports Medicine and the 

Centers for Disease Control and Prevention have rec-

ommended that every adult should accumulate 30–60 

minutes or more of moderate-intensity physical activity 

on most, and preferably all, days of the week. Moderate 

activity in this recommendation is deined as activity 

that elicits an energy expenditure of three to six times 

resting rate. In layman’s terms, this means simple ac-

tivities such as walking, gardening, playing golf, walking 

the dog, as well as incorporating more activity into one’s 

lifestyle, such as using the stairs instead of the elevator, 

parking the car at the far end of the lot, and so forth. 

hose who follow these recommendations for activity 

will experience many of the health-related beneits of 

physical activity, but may not improve their itness level 

or lose weight. Physical itness, however, is not a dichot-

omy, but a continuum. Once physical activity becomes 

a part of one’s lifestyle, higher levels of itness than rec-

ommended above can be achieved by participating in a 

more structured exercise program. 

Improvements in cardiorespiratory itness, or aero-

bic capacity, are directly related to two principles of ex-

ercise training: overload and speciicity. he overload 

principle states that an organ, tissue, or system will im-

prove its functional capacity only if it is exposed to a 

load to which it is not normally accustomed. Repeated 

exposure to this overload, or exercise stress, causes an 

adaptation, which improves functional capacity. he 

principle of speciicity states that the training efects 

derived from an exercise program are speciic to the 

organ, tissue, or system being overloaded. he ap-

plication of these two principles means that speciic 

muscles, tissues, or energy systems will improve their 

functional capacity only if the exercise prescription is 

structured to overload those very same muscles, tis-

sues, or energy systems. he achievement of the de-

sired training efect is therefore accomplished through 

an exercise prescription that speciies the proper type, 

frequency, duration, and intensity of exercise required 

to overload the muscles, tissues, and/or energy system 

wherein the speciic training adaptation is desired. 

he overall objective of exercise participation for 

the overweight person is to bring about a physiologi-

cal change that will improve the health status of the 

individual as well as reduce weight and prevent future 

disease. Most people must overcome several obsta-

cles or barriers to exercise before exercise participa-

tion becomes part of their lifestyle. hus, the art of 

exercise prescription is the successful integration of 

exercise science with behavioral techniques that re-

sult in long-term program adherence and attainment 

of the individual’s goals. 

he overload principle can be applied to the cardio-

respiratory system in two ways: pressure overload and 

volume overload. Pressure overload is found when 

peripheral resistance in the circulatory system is in-

creased and the heart has to beat harder to overcome 

this resistance. his condition causes hypertension 

or high blood pressure and is an unhealthy and dan-

gerous way to overload the cardiorespiratory system. 

Strength training or weight lifting also causes pressure 

overload, which is another reason why weight lifting is 

not the preferred exercise choice for the obese person. 

he healthy way to overload the system is through vol-

ume overload. In volume overloading, the heart mus-

cle is overloaded by pumping a larger volume of blood 

than that to which it is accustomed. Volume overload-

ing is achieved best when the exercise uses large mus-

cle groups over prolonged periods of time in activities 

that are rhythmic and continuous. hus, the type of 

exercise necessary for improving cardiovascular func-

tion or aerobic itness is one that is continuous, rhyth-

mic, and uses the large muscle groups. Examples of 

good “aerobic exercises” are walking, jogging, cycling, 

dancing, or endurance games. 

he duration of exercise should be 20–60 minutes 

of continuous or intermittent (10 minutes minimum) 

exercise accumulated throughout the day. As dis-

cussed previously, the duration of the exercise that 

can be sustained is dependent upon exercise intensi-

ty. Low-to-moderate intensity exercises can be main-

tained for a longer period of time than high-intensity 

exercise. he best exercise for the overweight person 

attempting weight loss is an exercise of low-to-mod-

erate intensity and long duration. 

he exercise stimulus must be applied repeatedly to 

achieve and maintain the desired adaptation in the car-
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diorespiratory system. he minimal frequency of activ-

ity for improving itness is three times a week. How-

ever, for weight loss, daily exercise is recommended.

he inal criteria to meet for overloading the car-

diorespiratory system during exercise training relates 

to the intensity of the exercise. To achieve the ben-

eits of an aerobic training, one needs to exercise at 

an intensity of 40 to 80 percent of maximal aerobic 

capacity. Individuals who are severely obese and un-

conditioned should exercise at the lower end of the 

intensity range (40 to 60 percent), while those who 

are accustomed to exercise can exercise at the higher 

intensity of the range (60 to 80 percent). he best in-

dicator available outside the laboratory for estimating 

aerobic intensity during exercise is heart rate. How-

ever, most laypeople and some exercise professionals 

do not understand the principles underlying moni-

toring heart rate during exercise and make erroneous 

assumptions about heart rate and the aerobic energy 

system. An easier way to monitor exercise intensity is 

to use rating of perceived exertion. It must be remem-

bered, though, that the relationship between rating of 

perceived exertion and the aerobic energy system is 

valid only if the exercise is prolonged and aerobic in 

nature—meaning that the type of exercise is continu-

ous, rhythmic, and uses the large muscle groups. 

he ideal level of intensity for aerobic exercise train-

ing and weight loss is where the rating of perceived 

exertion describes the exercise stress on the whole 

body as fairly light to somewhat hard. he uncondi-

tioned individual who is unaccustomed to physical 

activity should start at an intensity that is fairly light. 

As the person becomes more accustomed to physi-

cal activity, the intensity can be elevated, the duration 

enlarged, and the frequency increased. Making these 

adjustments in the exercise program will increase the 

volume of exercise, increase the energy expenditure, 

and increase the likelihood of weight loss. 

Adjustments in the exercise prescription should be 

made according to individual needs and any existing 

comorbidities or relative contraindications. If vigor-

ous activity is planned, the exercise session should 

be preceded by a warm-up period and followed by a 

cool-down period, each consisting of several minutes 

of low-intensity aerobic activity (e.g., walking). Medi-

cal parameters such as heart rate, blood pressure, or 

blood glucose may need to be monitored for patients 

with existing comorbidities. 

EXERCISE ADHERENCE 

he two most frequently cited reasons that people 

give for not being able to maintain a healthy weight 

after a weight-loss attempt is that they returned to 

their old eating behaviors and discontinued exercise. 

Maintaining an exercise program is even more dii-

cult than dieting in that most people will stop exer-

cising before they give up their diet attempts. hus, 

steps should be taken to dismantle the barriers to ex-

ercise and support newly established behaviors. Ar-

eas in which barriers to exercise should be explored 

and support systems designed include tangible barri-

ers such as time, scheduling, and a place to exercise; 

emotional barriers such as using food as comfort or 

to soothe emotional distress; and developing social 

support networks. Last, an individualized system of 

self-monitoring should be designed. Self-monitor-

ing might include such things as keeping an exercise 

log, recording feelings after exercise, and evaluating 

progress through prevalence of disease symptoms or 

reduction in disease risks. 

SEE ALSO: American College of Sports Medicine; Fitness.
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Expanded Food and Nutrition 

Education Program

THE EXPANDED FOOD and Nutrition Education Pro-

gram (EFNEP) is a federally funded program de-

signed to provide nutrition education to low-income 

youth and families with young children. EFNEP’s  
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aim is to improve the following for its target popula-

tion: diets and nutritional welfare; nutrition knowl-

edge; ability to select healthful food choices; food 

production, preparation, storage, safety, and sanita-

tion practices; and inancial and resource manage-

ment to assist them in the achievement of healthy, 

active lifestyles. 

hus, nutrition education provided via EFNEP is 

deined in a broad sense, that is, in addition to teach-

ing topics traditionally considered to be nutrition 

education, programs may provide participants with 

educational opportunities to assist them in more ef-

fectively managing their resources, gardening, food 

preservation, personal development, and/or weight 

management. Local EFNEP programs are granted 

considerable autonomy in their approaches used to 

accomplish the program’s aims. his allows for ample 

consideration of cultural factors that may be appar-

ent both in the teaching and learning styles of people 

hailing from varied backgrounds. 

Created in response to President Lyndon B. John-

son’s 1964 War on Poverty, EFNEP is the oldest fed-

erally supported nutrition education program in 

existence in the United States. Support for EFNEP’s 

development and implementation included legisla-

tion to initiate the program via a pilot program, pro-

vide national funding on an ongoing basis, and train 

EFNEP nutrition education staf.

EFNEP is administered by U.S. Department of 

Agriculture’s Cooperative State Research, Exten-

sion, and Education Service (CSREES) through 

funding distributed to U.S. Land-Grant Universi-

ties/Institutions in all 50 states, both of those fund-

ed in 1862, as well as those funded in 1890, and the 

following U.S. territories: American Samoa, Guam, 

Micronesia, Northern Marianas, Puerto Rico, and 

the Virgin Islands.

Federal legislation mandates that “to the maximum 

extent practicable” EFNEP be delivered via parapro-

fessional staf “hired from the indigenous target pop-

ulation.” he employment of paraprofessional staf 

as peer nutrition educators has been an integral part 

of EFNEP since its inception. Paraprofessionals are 

those who lack a baccalaureate degree in the subject 

matter under which their work falls and who provide 

services under the supervision of a degreed profes-

sional. In the 1960s, paraprofessional staf lines were 

developed in the social, educational, and health ields 

as part of the “New Careers” movement, a movement 

whose goals were to provide the unemployed and un-

deremployed career training and jobs as a means to 

help them out of poverty, to use a cost-efective strat-

egy to meet the increased demand for human services 

workers that had been created by the “War on Pov-

erty,” and to enhance service delivery by utilizing the 

inherent skills and life experience knowledge of those 

residing in the community. 

EFNEP paraprofessional educators remain peer 

educators who share ethnicities, languages, food 

customs, food access, and values, as well as common 

understandings of community beliefs and barriers to 

nutrition education. hey demonstrate an empathy, 

sensitivity, and responsibility for the needs of those 

living in their communities. hus, paraprofession-

al–participant trust, caring, reciprocity, and respect 

characterize EFNEP education. 

hese factors enhance emotional support and 

assist in the identiication of participant problems, 

particularly with regard to sensitive participant is-

sues, for example, their inability to maintain food 

security for their families. Program participants 

perceive their peer educators as being like them-

selves and therefore consider them to be credible 

information sources and persons in whom they are 

willing to conide information needed for efective 

program delivery.

In EFNEP, the paraprofessional educational model, 

sometimes referred to as the EFNEP model, has ac-

complished its aims. Many EFNEP paraprofessionals 

have moved beyond paraprofessional roles to assume 

professional positions. he program has consistent-

ly run on a cost-eicient basis and EFNEP is noted 

for its high degree of cultural competence due to the 

strong rapport that exists between its educators and 

their program participants.

EFNEP impact evaluation has been an important 

component of the program since its inception. Ini-

tially, dietary impact assessment was necessary to 

justify the experimental use of Section 32 funds. 

Legislators relied on data to demonstrate the ability 

of the program to efectively change its participants’ 

dietary quality. his accountability proved worth-

while as has been demonstrated through EFNEP’s 

continued funding.

Data collected to demonstrate dietary change in-

cluded a survey of demographic characteristics and 
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a 24-hour food recall. Although no nutrient analy-

ses were initially performed, the 24-hour food recalls 

were assessed under the “professional eye of the su-

pervisor” to relect the number of servings partici-

pants consumed from each of the four food groups 

before and after EFNEP intervention. Later, a Behav-

ior Checklist was added to capture those behaviors 

not evidenced via dietary assessment, that is, food 

safety practices, and so forth. Initially, EFNEP pro-

gramming with adults was performed via individu-

alized, in-home learning. However, beginning in the 

mid- to late 1980s, due to economic considerations as 

well as safety concerns, group presentations became 

the most widely used method of program delivery, 

particularly in urban areas.

In 1980, the Progression Model, which progress-

es participants through the program to “graduat-

ing” from the EFNEP, was implemented. he model 

uses the results of the 24-hour pre- and postdiet 

recall and Behavior Checklists to assess the learn-

ing needs and progress through the program. Al-

though revised and updated since its initiation, this 

now-computerized program evaluation model re-

mains in place. Graduation standards, including the 

number of classes that must be completed by each 

graduating program participant, are set at the local 

program level.

hroughout the years, the EFNEP model has em-

braced collaborations with community agencies and 

researchers. hrough collaborative eforts, local pro-

grams have participated in many research endeavors. 

SEE ALSO: Department of Agriculture; Department of 

Health and Social Services; Federal Initiatives to Prevent 

Obesity; Food Stamp Nutrition Education Program.
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External Controls

THE CONCEPT OF external control is in comparison 

to that of self-control. Often external control is used 

in the context of the equation: (Internal) Self-Control 

+ External Control = Weight Control. 

People with an inability to self-regulate an action 

such as smoking, consuming alcohol, or overeating 

often turn to external controls for assistance. An ex-

ternal control is something that is out of the person’s 

control that directly afects their particular action. 

For example, a family member throwing away ciga-

rettes is an external control for smoking. An exter-

nal control for over-eating may be having access to a 

limited amount of food. Several popular weight-loss 

programs use just such an external control. 

An early example of external controls can be found 

in a group of Portuguese monks of the Middle Ages 

who consciously built a kitchen door narrow enough 

to keep out all but the slender monks. 

A chief external control for youths is a parent ig-

ure dictating how much food the child will consume. 

Some data hints that people whose portions were 

decided by parents, i.e., children who grew up being 

told to “inish their plates,” have more trouble aligning 

adult food intake with hunger than people who were 

allowed to determine their food doses as youths. 

Imposing external controls requires determination. 

Some people move to metropolitan locations that 

force them to walk more, rather than dwell in sub-

urbs. Others take activity-focused vacations. Recruit-

ing family members and spouses to help limit tempta-

tions and access to food has repeatedly been shown to 

aid people in reducing their over-eating. Individuals 

who are supported in their endeavors to control their 

eating are less likely to feel depressed about their ac-

tions and also less likely to relapse into overeating. 

With recent interest in overeating, obesity, and di-

eting, the desire for a solution to overeating has in-

spired entrepreneurs. For example, it is commonly 

known that the body takes ifteen to twenty minutes to 

recognize a state of satiety; in 1987 a patent was iled 

for a device that is efectively a microphone to am-

plify sounds made in the gastrointestinal tract when 

enough food has been consumed, to warn the eater 

before the standard physiological ifteen to twenty 

minutes. Another device iled under the same patent 

was to be internally embedded and would send a radio 
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signal to an external processor once enough nutrients 

have been consumed. hese two devices would act 

as an external control to alert the eater when enough 

food has been eaten, thus avoiding over-eating. 

External controls can range from subtle to extreme. 

For example, limiting the stress in one’s life might re-

lax the need to ind solace in food. Extreme cases of 

imposing external controls include wiring one’s teeth 

shut or undergoing gastric bypass surgery, colloqui-

ally known as “stomach stapling”. 

Gastric bypass surgery shunts food from a small-

er-sized stomach to further down the small intestine 

than normal (the shunt joins the jejunum). In this 

way, the stomach is much smaller and therefore ills 

up more easily (an individual who has undergone gas-

tric bypass surgery can consume about the amount of 

food that would it in a shot glass). Additionally, the 

irst part of the small intestine (duodenum) is circum-

vented, limiting caloric absorption. Downsides to this 

surgery include extreme pain and nausea if too much 

food has been consumed, and possible under-absorp-

tion of vital nutrients such as iron and vitamin B-12. 

Deiciency in vitamin B-12 is particularly frequent in 

individuals with gastric bypass because a gastric se-

cretion is necessary for absorption of this vitamin. 

herefore, not only smaller portions of food must be 

eaten, but speciic foods and supplements must be 

consumed in order to obtain proper nutrition. 

Although an extreme external control, gastric by-

pass has helped many morbidly obese people take 

control over their eating. It is meant for only those in-

dividuals who have been obese for extended periods 

of time. Individuals cannot have a drinking problem 

because the excessive liquid intake would cause ex-

treme pain. 

Finally, it is imperative that individuals undergoing 

gastric bypass not have uncontrolled depression, as 

often the psychological strain of such a surgery and 

the immediate physiological results are a burden. 

Alongside the fact that individuals will no longer be 

able to turn to food for comfort, they will initially feel 

low in energy due to limited energy intake as well as 

muscle weakness; depression is therefore a common 

side efect of the surgery.

Although also a drastic external control, jaw wiring 

is a much less invasive procedure than gastric bypass 

because there is no surgery and therefore no anes-

thesia involved. Jaw wiring involves bonding brackets 

onto the top and bottom teeth, on both sides of the 

mouth, and then wiring those brackets together. An 

individual’s teeth do not touch, but the jaw cannot be 

opened to allow food intake. herefore, a strictly liq-

uid diet is imposed. As with gastric bypass surgery, 

care must be taken to ensure proper nutrition; an 

additional side efect to jaw wiring is diiculty with 

speech. People usually keep their jaw wired shut for 

approximately six months. Individuals must also face 

social reactions to the wires, which can be diicult.

SEE ALSO: Food Intake Patterns; Jenny Craig; Self-Es-

teem and Obesity; Sensory-Speciic Satiety; Stress; Weight 

Watchers.
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Familial Lipodystrophies

LIPODYSTROPHY, OR ABNORMAL distribution of 

body fat including subcutaneous lipoatrophy, which 

is the loss of fat located under the outermost layer of 

skin on limbs or the trunk, and fat accumulation in 

the face, back, or intraabdominal area were observed 

in some patients and their families in the 1970s. he 

inherited lipodystrophy was referred to as Kobber-

ling-Dunnigan syndrome or familial lipodystrophy. 

Various metabolic abnormalities and comorbidities 

of obesity were observed in familial lipodystrophy.

Type 1 familial partial lipodystrophy (FPLD1), 

Kobberling type, causes lipoatrophy in the limbs, 

with a normal or increased fat distribution on the 

face, neck, and trunk. FPLD2, Dunnigan type, causes 

lipoatrophy in the limbs and trunk, with fat accu-

mulation in the neck and labia. FPLD3 has similar 

clinical phenotypes as the other familial lipodystro-

phies, but is due to a mutation on a diferent gene 

than FPLD1 and FPLD2.

Familial lipodystrophy is considered an autoso-

mal-dominant disorder, which means that one non-

sex gene from a parent carrying the mutated gene is 

required to show the physiological features of familial 

lipodystrophy.

Metabolic abnormalities, also seen in obesity, in fa-

milial lipodystrophy include diabetes mellitus, insulin 

resistance, hypertriglyceridemia, low plasma high-

density lipoprotein, acanthosis nigricans, hyperten-

sion, dyslipidemia, and cardiovascular disease. Diabe-

tes mellitus and insulin resistance are conditions that 

afect the individual’s body to utilize glucose as ener-

gy. Acanthosis nigricans is a brown overpigmentation 

of the skin, due to excessive production of insulin. 

Magnetic resonance imaging (MRI) can show the 

distribution of fat in familial lipodystrophy. Genetic 

tests can be used to examine the gene that is mutated. 

A pedigree chart, which is a chart mapping the ge-

netic traits of a family, may also be helpful in the as-

sessment of the condition.

he treatment of metabolic conditions of familial 

lipodystrophy has been similar to the metabolic con-

ditions of obese individuals. Peroxisome proliferator-

activated receptor (PPAR) gamma agonists are used 

for insulin resistance and diabetes in both familial li-

podystrophy and obesity. Leptin treatment, a protein 

that inluences energy metabolism and appetite, and 

gastric bypass surgery, which manipulates the nutri-

ent intake from the gastrointestinal tract, are being 

investigated for the treatment of familial lipodys-

trophy. Both treatments are also being tested on the 

treatment of obesity. 

SEE ALSO: Genetics; Genomics.
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Families of Eating  

Disorder Patients

THE FAMILIES OF patients with eating disorders 

share several characteristics; some characteristics are 

present before the eating disorder onset and others 

are a consequence of it. Twin and family studies show 

that eating disorders run in families. Below, the fam-

ily characteristics, consequences, and aggregation of 

anorexia nervosa (AN), bulimia nervosa (BN), binge-

eating disorder (BED), and night eating syndrome 

(NES) are discussed. 

While an individual suffers from an eating disorder, the interpersonal dynamics within the patient’s family are also important. There is also 

evidence suggesting that several eating disorders may have a genetic link.

FAMILIES OF PATIENTS WITH  

ANOREXIA NERVOSA 

Research on the families of patients with AN has fo-

cused on several factors, such as the interpersonal 

family dynamics, siblings, and the impact of AN on 

caregivers. In general, families of people with AN 

have been characterized as rigid, avoidant of dis-

agreement, and sometimes lacking in interpersonal 

boundaries. 

Researchers have noted that the presence of sib-

lings can afect the experience of a person with AN, 

either by contributing to the illness or by helping the 

patient cope with his or her disorder. Siblings can in-

luence people with AN directly and also indirectly 

through parents.

he impact of AN on families appears to be pro-

found. Several studies have shown that the eating dis-

order becomes the central focus of family life. Parents 

feel that they must put their life on hold to care for 

their child with AN, and they worry about the nega-

tive impact of the eating disorder on their child’s heath 

and social functioning.
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Caregivers of patients with AN have reported a 

number of negative emotions that are often centered 

around feelings of helplessness. Parents often report 

guilt, as they believe they have contributed to their 

child’s disorder. he efect of guilt and worry on the 

caregiver, often the parent, has been shown to lead to 

physical and mental exhaustion and sleep deprivation. 

Several studies have shown that AN runs in families, 

and researchers are beginning to discover the genes, 

especially those related to serotonin functioning, that 

put one at risk for the development of this disorder. 

FAMILIES OF PATIENTS WITH BN

Families of patients with BN have been characterized 

somewhat diferently than families of patients with 

AN. In general, research suggests that there is less ri-

gidity, less stability, and more disturbance in family 

functioning among families of patients with BN.

he consequences of BN for families are, in many 

ways, similar to those of AN. Like AN, BN can domi-

nate family life. Caretakers of patients with BN report 

powerful negative emotions centering on feelings of 

helplessness, as well as a sense of responsibility for 

the development of the disorder. Caregiving for BN 

takes a toll on physical health and raises many practi-

cal concerns such as diiculties at mealtime, inancial 

burden, and loss of social opportunities for both the 

carer and the individual with BN. 

BN also afects family life when the individual with 

BN is the parent. Research has shown that depressive 

symptoms both during pregnancy and postpartum 

are common among women with BN. 

Research from family, twin, and adoption studies 

shows that BN runs in families. Genetic and envi-

ronmental inluences on temperament, such as thrill 

seeking and impulsivity have been the focus of much 

research, as have the familial coaggregation of BN, 

substance use disorders, and mood disorders. 

FAMILIES OF PATIENTS WITH BED AND NES

Less is known about the families of patients with BED 

and NES. Research has suggested that adolescents with 

BED experience disruptions in family cohesion; no 

studies to date have examined the family functioning 

of adolescents with NES. 

Both conditions appear to run in families. Twin and 

family studies suggest that the heritability of BED is 

signiicant, at around 40 percent. he irst-degree rela-

tives of NES patients are ive times more likely than the 

irst-degree relatives of healthy controls to have NES. 

In summary, eating disorders are inluenced by 

both genetic and environmental family factors, and 

they signiicantly impact family functioning and care-

giver well-being. 

SEE ALSO: Anorexia Nervosa, Bulimia Nervosa, Binge Eat-

ing, Night Eating Syndrome
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Family Behavioral Interventions

OBESITY REMAINS A complex disorder requir-

ing a multifaceted treatment approach. Behavioral 

intervention is frequently referred to as behavioral 

weight control, behavioral treatment, and/or lifestyle 
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modification. Behavioral intervention is a com-

prehensive approach to weight management that 

combines education and behavioral techniques. 

The Diabetes Prevention Program, one of the most 

impressive behavioral intervention studies, dem-

onstrated a 7 percent decrease of initial weight. 

This amount concurs with the 5 to 10 percent rec-

ommended weight loss that the National Heart, 

Lung, and Blood Institute and the World Health 

Organization put forth. When treating overweight 

children, a family-based approach is critical.

Behavioral intervention for obesity is the first line 

of treatment preceding more aggressive methods 

such as pharmacotherapy or surgery. This method 

of treatment emphasizes a reduced calorie diet 

(e.g., 1,200 to 1,500 kilocalories per day), increased 

physical activity (e.g., 180 minutes per week), and 

modification in thoughts and behaviors. Psycho-

education is an essential adjunct in which patients 

are educated on the causes of overweight, energy 

balance, nutrition, and physical activity. The typi-

cal structure of behavioral interventions consists 

of 16 to 26 weeks of group or individual treatment 

lasting 60 to 90 minutes. Formally trained health-

care providers (e.g., dieticians, behavioral psychol-

ogists) deliver the intervention. 

Key behavioral strategies include the following: 

Self-monitoring: being aware of one’s own behav-

ior. For example, patients are asked to record meals, 

times of eating, physical activity, and weight so that 

they can identify diiculties or patterns and modify 

behavior. his is often acknowledged as the most in-

tegral technique.

Goal setting: patients learn to articulate speciic, 

measurable, and realistic goals. Although weight loss 

is the primary objective, behavior goals (e.g., eating 

1,300 calories/day, walking briskly for 60 minutes 

ive times per week) are emphasized.

Stimulus control: patients learn to identify cues or 

triggers that are often associated with unhealthy eat-

ing habits. A classic example is going to the movies 

and eating popcorn or eating a snack when watching 

television. 

Slowing the rate of eating: patients are encour-

aged to enjoy their food and eat less. Patients are 

encouraged to put their fork down or take sips of 

water while eating to allow their body to recognize 

satiation.

Regular eating: patients are instructed to eat at 

least three meals a day at regular times (e.g., break-

fast, lunch, and dinner) as opposed to skipping meals 

and overeating at a later time. 

Problem solving: the patient identiies diiculties 

and generates feasible solutions.

Relapse prevention: the patient prepares for situ-

ations that may come up in the future. he patient 

learns to identify high-risk situations to avoid, but is 

also equipped with skills to handle unavoidable dif-

icult situations. 

Nutrition education: patients are educated 

on healthy, well-balanced diets including items  

from the ive basic food groups as outlined in My-

Pyramid.

Physical activity education: patients are educated 

on the beneits of exercise as well as how to increase 

both lifestyle activity and structured exercise.

Cognitive restructuring: patients learn to modify 

irrational, unrealistic, or self-deprecating thoughts. 

Patients identify negative cognitions and work to re-

frame them and adopt more positive thinking. For 

example, a patient may overeat and think, “I’ll never 

be able to do this, I might as well just give up.” he 

patient could reframe such a thought to be more 

positive: “I had a lapse today, but if I keep trying, I 

will improve.”

Family behavioral intervention, or family-based 

treatment (FBT), is comprised of the aforementioned 

skills in addition to family involvement, parental 

control of the home environment (e.g., shopping 

for and preparing healthier foods, while eliminating 

junk food from the home), parental support, positive 

reinforcement, and modeling of desired eating and 

activity behaviors. Parents learn behavior manage-

ment strategies to assist their children in adopting 

healthier behaviors. FBT can be delivered in a variety 

of methods targeting (1) the parent and child togeth-

er in a session, (2) the parent and child in separate 

sessions that occur simultaneously, or (3) the par-

ent alone without the child involved in treatment. A 

plethora of evidence exists for FBT in the treatment 

of childhood obesity. Len Epstein’s group from the 

University of Bufalo has successfully demonstrated 

short- and long-term results of FBT for child obesity 

for three decades. 

SEE ALSO: Behavioral Treatment of Child Obesity.
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Family Therapy in the Treatment 

of Overweight Children

IT IS COMMONLY recognized that the intervention of 

choice for overweight children is a change in lifestyle. 

As family environment serves as the main context of 

change in children’s weight-related behaviors, fam-

ily-based intervention is an integral part of treatment 

and prevention. While the goal for any overweight 

child is undoubtedly behavioral modiications in di-

etary and exercise behavior, it is also essential that 

families are equipped to facilitate such changes. hus, 

family-focused treatments should incorporate com-

ponents of behavioral parent training, but the eicacy 

of behavioral parent training can be enhanced with a 

broader focus that includes the family environment. 

Some families may thus beneit from family therapy, 

focused not on changing speciic behaviors related 

to eating or exercise, but rather with an emphasis on 

basic parenting skills, the family’s emotional climate, 

conlict resolution, and overall motivation in order to 

prepare parents to inluence a change in their chil-

dren’s behavior.

Modiication of eating behavior and reduction of 

sedentary behavior are the cornerstone of interven-

tion for both achieving and maintaining weight loss 

in overweight children. Many have demonstrated that 

behavioral treatment is most beneicial when the fam-

ily is involved as family behavior plays an important 

part in childhood obesity. In fact, in programs such 

as those developed by Maria Golan and colleagues, 

parents are viewed as the primary change mediator 

in weight-related interventions because their involve-

ment is crucial for the induction of a healthy environ-

ment, modeling of healthy eating and activity patters, 

and improvement in the child’s behavior and weight 

in the long term. While parents are often instructed 

to implement speciic behavioral treatments and pre-

ventative measures designed to efect children’s eating 

and exercise habits, the efectiveness of these prac-

tices is likely to vary depending on whether they’re in 

the context of a healthy family environment. 

Parenting skills have been shown to be particularly 

important determinants of behavioral outcome. Fam-

ily therapy interventions targeting weak parenting 

skills in the treatment of childhood obesity are widely 

supported by existing research. Improvement in au-

thoritative parenting style (parents are assertive, but 

not restrictive) might contribute to parents’ ability to 

maintain a healthier environment and thus support 

healthy behavioral changes. Professionals caution 

that parents must learn to regulate but not control the 

environment, as parental control can interfere with a 

child’s ability to attend to internal signals of hunger 

and satiety that serve self-regulation.

Solution-focused brief therapy (SFBT) and sys-

tematic family therapy have also been found to be 

useful in a wide range of contexts for overweight 

children. A central belief in SFBT is that children 

and their families may actually have most of the re-

sources and strengths they need to solve problems. 

herapy is utilized to highlight individual and family 

resources by solution building and to create goals in 

order to empower the family unit to change behavior 

toward a healthier lifestyle. Carl-Erik Flodmark and 

colleagues demonstrated that using family therapy 

focused not on changing speciic behaviors related 

to eating or exercise but rather focused on the fam-

ily’s emotional climate and resources for coping still 

showed signiicant weight loss relative to controls. 

Moreover, they found that family therapy actually 

prevented the progression of obesity in older teen-

agers if treatment is started early. 

A change in the entire family is believed to cre-

ate more lasting change for a wide range of child and 

adolescent problems because every family member is 

involved in the change process and all members con-

tinue to exert synchronous inluence on one another. 

However, some have cautioned that increasing the 

family focus beyond teaching parents to use behavior 

modiication to change children’s eating and exercise 

behaviors may actually reduce efectiveness, if parents 

are distracted from learning new eating and exercise 
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habits that have proven efective. While discrepancies 

remain regarding the most efective family-based in-

tervention, it is evident that the family is in the stron-

gest position to help or hinder healthy behaviors in 

the overweight child and must be utilized to facilitate 

challenges of treatment.

SEE ALSO: Family Behavioral Interventions; Parental and 

Home Environments.
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Fast Food 

EATING OUT IS on the rise. he United States Depart-

ment of Agriculture’s (USDA’s) food intake surveys in-

dicate that between 1977 and 1996, daily caloric intake 

from food eaten outside of the home increased from 

18 to 32 percent, with a 40-percent increase between 

1987 and 2000 in the proportion of the population that 

reported eating three or more commercially prepared 

meals per week. Food-away-from-home expenditures 

have increased to account for about half of total food 

expenditures, and fast-food restaurants (deined by 

the North American Industry Classiication System 

as restaurants ofering limited waitperson service) ac-

count for nearly 40 percent of the away-from-home 

market. Furthermore, the rising consumption of res-

taurant fare has coincided with an increased preva-

lence of obesity, and several studies have reported a 

positive association between the frequency of eating 

at fast-food restaurants and body weight. In addition, 

a higher per capita number of restaurants has been 

positively associated with a higher body mass index 

(BMI), particularly among populations of lower so-

cioeconomic status, who are already at an increased 

risk for obesity and its related complications. Al-

though these associations do not prove causality, they 

raise important questions. Customers eating away 

from home are often confronted with large portions 

of foods that are higher in calories, saturated fat, and 

cholesterol compared to foods prepared at home and 

that may be more likely to contribute to weight gain 

or exacerbate obesity-related complications. Lack of 

knowledge about appropriate serving sizes and inad-

equate nutrition information may further complicate 

matters and lead to overconsumption of unhealthy 

foods. Spurred by public interest in health and nu-

trition, some segments of the fast-food restaurant in-

dustry have increased the number of healthy food op-

tions on their menus. Moreover, legislation has been 

proposed to require more extensive nutrition labeling 

of restaurant foods so that customers will be able to 

make informed choices about the nutrient content of 

the foods they select and learn how to incorporate 

away-from-home eating into a healthy diet that does 

not contribute to weight gain. 

he rise in foods consumed away from home has 

been attributed to the increase in dual-income house-

holds in which both spouses work long hours and do 

not have time to prepare home-cooked meals. Fast-

food restaurants provide a quick and inexpensive al-

ternative. Indeed, by the late 1990s, dollar sales per 

fast-food outlet were comparable to those per full-

service restaurants, and take-out and drive-through 

traic now account for more than 60 percent of all 

fast-food sales, underscoring the importance of con-

venience. Further, several studies have reported a de-

cline in cooking skills among younger generations, 

suggesting that even if time were available for food 

preparation, these individuals might still rely heavily 

on the restaurant industry. However, foods prepared 
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away from home tend to contain more calories per 

meal and are higher in saturated fat and cholesterol 

and lower in dietary iber, calcium, and iron com-

pared to foods prepared at home. Fast-food con-

sumption has been inversely associated with dietary 

quality measures such as the USDA’s Healthy Eating 

Index, a scoring system measuring how closely a diet 

meets USDA Food Guide Pyramid recommendations 

for grains, vegetables, fruits, milk, and meat/meat 

alternatives. One study found that individuals who 

obtained a higher percentage of food from fast-food 

restaurants had lower Healthy Eating Index scores for 

fruit, total fat, and saturated fat compared to those 

who obtained a smaller percentage of their meals 

from fast-food restaurants. 

Further, the size of restaurant and fast-food meals 

has increased dramatically over the past few decades 

so that patrons who eat out frequently have increased 

access to low-cost, energy-dense foods. Portion sizes 

began to grow in the 1970s and have continued to 

increase, prompting restaurants to replace standard 

10.5-inch dinner plates with 12.5-inch versions and 

automobile manufacturers to install larger cup hold-

ers to accommodate “supersized” beverages and the 

“grab-and-go” lifestyle that has many Americans con-

suming fast-food meals purchased at a drive-through 

window in their cars. Many of these larger portion 

sizes far exceed standard serving sizes, which are de-

veloped by the USDA and the U.S. Food and Drug 

Administration (FDA) based on the amount of a food 

believed to be customarily consumed. For example, a 

sampling of foods from popular fast-food restaurants 

found that chocolate chip cookies exceeded USDA 

serving size standards by 700 percent. Similarly, 

cooked pasta, muins, steaks, and bagels exceeded 

the USDA standards by 480 percent, 333 percent, 224 

percent, and 195 percent, respectively. In comparison, 

just a few decades ago, at the dawn of the fast-food era, 

portion sizes were considerably smaller: current por-

tions of hamburgers, french fries, and soda are two to 

ive times larger than the portions ofered when these 

items were irst introduced to the public. hese origi-

nal sizes have become today’s “small” portions, with 

“large” and “supersize” options often providing dou-

ble or triple the calories found in the smallest size. In 

many fast-food restaurants, meal combinations ofer 

customers a discount for selecting the largest portions 

of an entrée (“supersizing” the meal) in combination 

with a large beverage and side item. For example, in 

2002, at one fast-food restaurant chain, an additional 

$1.57 could buy a supersized cheeseburger meal with 

600 calories more than the next largest size. An ad-

ditional $0.64 could buy 330 more calories of french 

fries, and an extra $0.37 could buy about 450 more 

calories of some soft drinks. In contrast, few, if any, 

fast-food restaurants ofer a reduced price for smaller 

portions of the same entrée. hus, in many fast-food 

restaurants, choosing a healthy meal based on pricing 

and available nutrient information is diicult and at 

times even seems irrational when considering price 

alone. Moreover, the exact size of these “supersized” 

choices may vary by region; in Europe, portions served 

at chain fast-food restaurants are markedly smaller 

than those served in the United States. For instance, 

in 1998, the largest soda served by a major fast-food 

restaurant in London, Rome, and Dublin weighed the 

same as the second-to-largest size served by the same 

franchise in the United States. 
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consumers, but the health costs may be much greater.



hese products are attractive to both the food in-

dustry and to customers: larger packages draw at-

tention, increase sales, and cause proits to rise, and 

consumers believe that they are getting a “bargain.” 

Of course, these portions also contribute additional 

calories, causing concern that increased caloric in-

take coupled with factors such as physical inactivity 

may be contributing to the obesity epidemic in the 

United States. Research indicates that on-the-spot 

portion size estimation is diicult for many people 

and that when served a larger portion, people often 

eat more. In one study, portions of baked pasta served 

in a cafeteria-style fast-food restaurant were varied 

on diferent days; customer intake was determined 

by discreetly weighing each dish before and after the 

meal, and customers were asked to evaluate the ap-

propriateness of the portion size they were served and 

compare the amount of food they consumed to their 

usual intake. hose served a portion of baked pasta 

that was 50-percent larger than the standard portion 

consumed 43 percent more energy than those who 

were served the smaller portion. Further, customers 

who were served the larger portion consumed more 

of the side dishes accompanying the entrée and over-

all, consumed an additional 159 calories during the 

meal compared to those consuming the standard por-

tion. When asked to rate whether the portion size was 

appropriate and to compare the amount of food they 

had eaten with the amount they usually consumed at 

lunch, customers responded similarly regardless of 

which portion they had consumed. Similar indings 

have been reported with other foods (e.g., popcorn, 

sandwiches, packaged snacks—when served a larger 

portion, consumers tend to eat more and often do not 

realize that the portion is larger. 

hus, portion size can afect intake, and lack of 

knowledge or misconceptions of appropriate serv-

ing sizes may lead customers to consume more food 

than usual when served a larger portion at a restau-

rant. In fact, a survey of more than 1,000 Ameri-

cans conducted by the American Institute for Can-

cer Research (AICR) found that 30 percent of those 

responding said that the amount of food they eat is 

based on the amount of food they are served, and 43 

percent of those who reported being above their ideal 

weight determined portion size this way. Moreover, 

69 percent of respondents reported inishing their 

entrée when dining out, and 60 percent of those who 

reported “cleaning their plates” said they believed the 

portion they were served was “just right.” However, 

not everyone is satisied with oversized portions: 71 

percent of men and 66 percent of women who report-

ed leaving food behind when dining out described the 

portion as being too large, and almost seven out of 10 

Americans who regularly leave some of their restau-

rant entrée uneaten take the leftovers home. Yet, even 

though many Americans are dissatisied with these 

larger portions, only 1 percent of those surveyed by 

AICR were able to correctly identify standard serv-

ing sizes for common foods, and others have reported 

that consumers typically underestimate the fat, satu-

rated fat, and calories provided by a restaurant meal 

and that actual amounts of these are often double 

what consumers predict. 

Other factors, including race/ethnicity, age, and 

income, may also inluence possible associations be-

tween fast-food restaurant use and obesity. his is of 

particular interest to health professionals because the 

prevalence of obesity and its associated complications 

is higher among African Americans and Latinos than 

in the general United States population. For instance, 

a survey of African Americans living in North Caroli-

na reported a mean BMI of 31.3 kgm-2 for those who 

usually/often consumed fast food versus a mean BMI 

28.6 kgm-2 for those who rarely/never consumed fast 

food. In addition, those who reported consuming fast 

food usually/often were less physically active than 

those who rarely/never consumed fast food. hose 

who ate at fast-food restaurants more frequently also 

had higher intakes of total and saturated fat and lower 

intakes of vegetables. 

Frequent fast-food restaurant use was also positive-

ly related to perceived diiculty in ordering healthy 

foods at restaurants and preparing healthy meals. 

Moreover, a weight-maintenance study of women 

aged 20–45 reported that an increase of one fast-food 

meal per week was associated with an average weight 

gain of 1.5 pounds above the average weight gain 

of 3.75 pounds that occurred during the three-year 

study. Further, more frequent fast-food restaurant 

use was signiicantly associated with younger age, 

lower income, and non-Caucasian ethnicity. Emerg-

ing evidence suggests that fast-food intake and insu-

lin resistance may be related. For example, a 15-year 

follow-up study of 18- to 30-year-olds reported that 

participants who used fast-food restaurants more 
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than two times per week at baseline and at the 15-

year follow-up gained an extra 10 pounds of weight 

and had a 104 percent greater increase in insulin re-

sistance, measured by fasting serum insulin. 

Access to fast-food restaurants afects neighbor-

hoods disproportionately and may be greatest among 

populations with the greatest risk of obesity and re-

lated chronic diseases. In both the United States and 

England, fast-food restaurants are more prevalent in 

lower-income neighborhoods. Speciically, one analy-

sis revealed signiicant correlations between the num-

ber of residents per fast-food restaurant and obesity 

prevalence, reporting that states with a lower preva-

lence of obesity tended to have more residents per fast-

food restaurant and that income, physical inactivity, 

and the percentage of African Americans and males 

were also signiicant predictors of obesity. Others have 

found that predominantly black neighborhoods and 

neighborhoods with a lower socioeconomic status 

have more than double the exposure to fast-food res-

taurants and fewer full-service establishments com-

pared to neighborhoods that are predominantly 

Caucasian or have a higher socioeconomic status. 

Moreover, among Latino women, fast-food restau-

rant use has been positively associated with higher 

acculturation, which has been positively associated 

with less healthy diets that are high in total and satu-

rated fats and lower in total iber. he types of foods 

served at fast-food restaurants may also vary by 

neighborhood socioeconomic status. Several studies 

evaluating the availability of “healthy” menu options 

such as fruit, salads, or lean meats that are baked or 

broiled instead of fried reported that lower income 

neighborhoods were less likely to have fast-food res-

taurants that served these healthier choices. hus, 

in communities for which the risk of obesity may al-

ready be high, environmental factors such as a high 

density of fast-food restaurants may make following 

a healthy lifestyle and maintaining a healthy weight 

even more diicult.

Possible associations between fast-food con-

sumption and obesity among young people are 

also a concern. BMI has been positively associated 

with fast-food restaurant use in adolescents, and 

obese adolescents are more likely to remain obese 

as adults. Several mechanisms may be responsible. 

First, as with adults, intake of energy from fat and 

saturated fat is often higher among children and ad-

olescents when eating at a restaurant than when eat-

ing at other locations (e.g., home, school, day care, 

or friends’ homes). Second, television advertising of 

soft drinks, fried foods, and snacks may contribute 

to overconsumption of foods that are high in calories 

and total fat and low in healthy nutrients. Among 

adolescents, each one-hour increase in television 

viewing corresponded with an increase of about 0.2 

to 1.4 servings per week of commonly advertised 

foods, including fast-food meals, sugar-sweetened 

beverages, and baked sweet snacks. Perceived barri-

ers to healthy eating have also been positively linked 

to fast-food consumption among adolescents. In 

a study of students attending a large metropolitan 

high school, adolescent males and females who re-

ported frequenting fast-food restaurants more than 

three times during the past week were signiicantly 

more likely to report that healthy foods tasted bad 

and that they did not have the time to eat healthy 

foods and were not interested in doing so. 

Consumer demand is a key factor in determin-

ing which foods remain on the menu, but attempts 

by fast-food restaurants to introduce new choices 

have not always been successful, despite consumer 

requests for healthier options. Slow sales of lower-

fat versions of hamburgers and other fast-food items 

caused several major fast-food chains to remove these 

items from the menus soon after their introduction in 

the 1990s. However, some changes, such as the switch 

to vegetable oils for deep-frying in response to con-

sumer concern over the health efects of saturated fat, 

have been successful. Further, one study evaluating 

a restaurant-based nutrition program to substitute 

lower-fat menu items for traditional higher-fat op-

tions found that customers (n = 686) were signiicant-

ly more satisied with the lower-fat items than with 

the regular versions. 

Others have found that many fast-food restaurant 

customers would support legislation requiring nutri-

tion labeling on restaurant menus. However, although 

many fast-food restaurant chains have compiled nu-

trition information about their foods to distribute to 

patrons, the information is not always readily avail-

able in stores, limiting consumer access to point-of-

purchase nutrition facts that might help them make 

healthy choices. Paradoxically, providing additional 

nutrient information does not always lead to healthier 

choices. Providing college students with information 
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on fat content caused students in one school to select 

items with less fat from the campus cafeteria but to ig-

nore the amounts and types of foods they were eating. 

Further, because every consumer has diferent nutrient 

needs and because restaurant meals are often custom-

ized to each consumer’s preferences, precise nutrition 

information is diicult to provide. However, nutrient 

information appears to have a strong inluence on the 

attitudes, intentions, and choices of customers order-

ing food, and easily-accessible nutrient information 

may help fast-food restaurant patrons navigate the 

range of choices presented to them and select options 

that will help them maintain a healthy weight. 

he search for ways to increase the number of 

healthy menu options in fast-food restaurants has led 

some to consider the factors that motivate market-

ing executives and leaders in the fast-food industry. 

Clearly, sales and proit are key issues. Further, menu 

items that are easy to prepare have an additional ad-

vantage in that they can be made by less-skilled em-

ployees and do not require restaurants to hire work-

ers with advanced culinary training, thereby reducing 

costs and increasing proit margins. hus, fast-food 

restaurants that ofer healthier menu items marketed 

toward a health-conscious clientele do so only when 

they believe it is worthwhile: A suicient number of 

diners must order healthier fare and inluence friends 

and family to do the same for these items to be attrac-

tive for a restaurant operator to sell. However, many 

restaurant operators feel that diners want to indulge 

rather than choose healthy fare when eating out and, 

consequently, choose to emphasize healthy items only 

as they it with the menu (e.g., serving a meat entrée 

advertised as “low carbohydrate” without potatoes). 

Even if they believe there is suicient demand for 

healthier foods, other barriers aside from cost may 

stand in the way. Some are concerned that marketing 

foods as “healthy” will scare customers, and instead 

use words such as “fresh” or “lavorful” to emphasize 

that taste is not compromised. Others face obstacles 

to storing fruits and vegetables, limited shelf-life, lack 

of storage space, and the seasonality of items. 

Despite these concerns, many fast-food restaurant 

operators are open to new ideas for preparing and 

marketing healthy foods and to collaboration with the 

produce industry in the development of methods for 

packing and distributing high-quality fresh produce 

that will ensure a longer shelf-life and reduce spoil-

age. In addition, incentives, such as tax breaks or price 

supports might encourage fast-food restaurants to 

serve healthy options at the same or a lower price than 

less healthy foods, and some have also recommended 

legislation requiring fast-food restaurants to include 

point-of-purchase nutrition information in an efort to 

motivate customers to choose healthier options. At the 

federal level, the proposed Menu Education and La-

beling Act would require restaurant chains with more 

than 20 outlets to have nutrient information available 

for customers, and several states are considering legis-

lation that would require restaurant franchises with 10 

or more outlets nationwide to provide information on 

the number of calories and the amount of key nutri-

ents in their foods. In response to these initiatives, the 

FDA has also begun considering national standards 

for the provision of nutrition information by restau-

rants. Labeling of fast-food and full-service restaurant 

menus might inform customers about the nutrient 

contents of the foods for sale and help them to choose 

foods that are healthy. Further, nutrient labeling might 

prompt restaurants selling foods that are high in total 

fat and calories to alter their products so that they are 

more nutritious and competitive with restaurants that 

already sell healthier options. 

Customers may wonder how fast-food restaurants 

compare nutritionally to full-service establishments. 

Although full-service restaurants may be more likely 

to ofer healthy options such as plain vegetables and 

salad bars, fast-food restaurants are more likely to dis-

play nutrient information, but in some establishments, 

it is not posted near the menus and is diicult to ind. 

Compared to sit-down restaurants, fast-food estab-

lishments often encourage patrons to “upgrade” their 

meal to a larger portion for greater value, although 

“all-you-can-eat” availability, another potential barrier 

to healthy eating, is more likely to occur at full-service 

restaurants. Sharing a meal typically does not cost ex-

tra at a fast-food restaurant; however, some full-ser-

vice restaurants have a plate charge for shared entrées, 

although others ofer customers less expensive, small-

er portions for certain menu items. Finally, although 

fast-food restaurants may be more likely to ofer a chil-

dren’s menu, full-service restaurants are more likely to 

serve 100 percent fruit juices and 1 percent or nonfat 

milk. hus, both types of restaurants can provide some 

healthy choices to the savvy customer. Clearly, there is 

a need for health education that will equip consum-
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ers with the knowledge and skills needed to evaluate 

the options that confront them when eating out and 

enable them to correctly distinguish healthier choices 

from less healthy options. 

SEE ALSO: Eating Out in the United States; Food Labeling; 

Increasing Portion Sizes.
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Fat Acceptance

FAT ACCEPTANCE, ALSO known as size acceptance, 

ights discrimination based on weight, works to im-

prove the self-esteem of heavy people, counters nega-

tive media stereotypes, strives to change limited no-

tions of what body types are considered attractive, 

and encourages doctors to provide care focused on 

health rather than weight. 

WEIGHT DISCRIMINATION 

Weight discrimination is widespread in our culture. 

Prospective employers often refuse to hire large-

size people, especially in physical jobs or jobs where 

employees interact with the public. Size acceptance 

advocates argue that skills and performance should 

be the only criteria for evaluating applicants and 

employees. Large people are subject to harassment 

by their employers, are kept in jobs beneath their 

abilities, and are often demoted or ired because 

of weight prejudice. hey are systematically denied 

health and life insurance or forced to pay higher pre-

miums, and are often turned down as applicants to 

educational institutions. 

Public facilities are inaccessible to many large 

people because of turnstiles, narrow armchairs, 

and small bathrooms. Airplanes, trains, and buses 

often have seating that is uncomfortably tight for 

larger-than-average people. Plus-size people suf-

fer bullying, harassment, and derision from strang-

ers, and insults, criticism, and more subtle forms of 

disrespect from friends and family. he size accep-

tance movement encourages fat people to stand up 

for themselves, and works toward laws that protect 

people from discrimination based on weight.
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HEALTH ISSUES 

Much of the bias against fat people is based on the 

idea that weight is within a person’s control. Size ac-

ceptance advocates counter this misconception by 

pointing to the long-term inefectiveness of all cur-

rently known methods of weight loss. he vast major-

ity of dieters will regain the weight they lost over time, 

so it is rational to conclude that the diet is failing, not 

the people following the diet. he size acceptance 

movement also questions the premises that being 

heavy is always unhealthy and that weight loss always 

makes you healthier. 

Some of the health risks of overweight, advocates 

say, are due to the stress of prejudice. Biased attitudes 

on the part of healthcare practitioners also contribute 

to health problems, especially when plus-size people 

delay care for their medical problems out of fear of 

diet lectures and judgment. Medical oices often lack 

armless chairs, larger gowns, bigger blood pressure 

cufs, and other equipment that would make the facil-

ity size friendly. In addition, larger patients are often 

unable to obtain diagnostic tests such as magnetic 

resonance images (MRIs), computerized tomography 

(CAT) scans, X-rays, and bone density scans because 

few facilities have the necessary medical equipment 

to it larger bodies or accommodate higher weights. 

Advocates teach people to communicate with their 

doctors and to insist on respectful, weight-neutral 

healthcare. he fat acceptance movement also joins 

with the health at every size movement to support a 

nondiet approach to health and healthcare, advocat-

ing eating according to internal cues of hunger and 

satiety, inding forms of physical movement that are 

pleasurable, and working for health improvement 

without focusing on weight loss. 

MEDIA IMAGES

he size acceptance movement works to change so-

cietal attitudes about body image and attractiveness. 

he movement celebrates size diversity, noting that 

ideal body type is a concept that changes over time 

and across cultures. In many cultures, a woman’s 

desirability increases with her weight. Artists such 

as Auguste Renoir, Gaston Lachaise, and Fernando 

Botero chose heavy women as their models. Lillian 

Russell, who weighed 240 pounds, was considered 

the most beautiful woman in the world at the turn of 

the 19th century.

Size acceptance teaches people to look at media 

images and advertising critically. Quick weight-loss 

schemes are very likely to fail over time, despite the 

alluring before-and-after pictures. Instead of emulat-

ing the unrealistically thin media models, fat accep-

tance advises people to overcome their internalized 

oppression and improve their self-esteem through 

support, education, and camaraderie with other self-

accepting people.

ADVOCACY 

While fat acceptance is a grassroots movement, there 

are several organizations that represent the goals of 

the movement, including National Association for 

the Advancement of Fat Acceptance (NAAFA), In-

ternational Size Acceptance Association (ISAA), and 

Council on Size & Weight Discrimination (CSWD). 

Social and support groups are found in various re-

gions as well as on the internet, including many Big 

Beautiful Woman (BBW) dating services. Fat lesbians 

come together in NOLOSE, and fat gay men gather in 

Girth and Mirth. Professionals who use the size ac-

ceptance, nondiet approach, are represented by As-

sociation for Size Diversity and Health (ASDH).

Activist groups and individuals have protested dis-

criminatory policies through the use of books, vid-

eos, letter-writing campaigns, letters to the editor, 

e-mail lists, and websites. Advocates say that helping 

individuals cope with instances of unfair treatment, 

or simply living as a proud fat person, can make the 

point that worthy people come in all sizes. 

Detractors say that encouraging fat people to feel 

better about themselves will keep them from trying 

to lose weight. Implicit in this theory is the errone-

ous notion that stigma and blaming will create behav-

ioral change. Fat acceptance advocates see antiobesity 

initiatives as an attempt to eradicate fat people as a 

class. Size diversity is natural to human beings, and 

should be accepted and celebrated. Treating people as 

second-class citizens because they do not conform to 

society’s ideals is wrongful discrimination. 

SEE ALSO: Council on Size and Weight Discrimination; 

National Association to Advance Fat Acceptance; Non-

Diet Approaches; Weight Cycling and Yo-Yo Dieting.
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Fat Intake

THE ROLE OF dietary fat and its efect on human 

adiposity has been controversial for some time. 

Low-fat and very-low-fat diets were thought to re-

duce the percentage of body fat in the past. More 

recently, popular high-fat diets were found to have 

a similar efect. he growing obesity epidemic along 

with confusing information regarding fat intake rec-

ommendations for weight loss and weight mainte-

nance has led to a renewed interest into the role that 

dietary fat plays. Recent research suggests that a low 

fat (about 20 percent of calories from fat) to a mod-

erate-fat diet (about 35 percent of calories from fat), 

has little to no efect on the percentage of body fat as 

has been observed long term.

Dietary fat supplies about nine calories per gram, 

which is more than twice the amount of energy that 

is found in carbohydrates and proteins. Low-fat di-

ets have been recommended, because of fat’s high-

er energy density, as a preferred way to reduce the 

amount of total calories consumed. However, many 

foods containing moderate to high amounts of fat 

may lead to greater satiety, and consequently re-

duced food consumption.

Dietary fats are essential to many biological func-

tions and are an integral part of cell membranes. In 

addition, essential fatty acids from dietary fats are 

needed in the absorption of the fat-soluble vitamins 

A, D, E, and K as well as in the absorption of carot-

enoids. Dietary fats occur naturally as saturated, 

monounsaturated, and polyunsaturated fatty acids. 

Trans fatty acids are unsaturated fatty acids, which 

have been chemically altered to become partially hy-

drogenated. Cholesterol, even though not a fatty acid, 

is a fatty substance essential in many biological path-

ways. Cholesterol is synthesized in the liver as well as 

obtained through animal sources in the diet. 

Saturated fat, which is predominantly found in 

animal products, and trans fats, which are frequent-

ly used in vegetable shortenings, cookies, and snack 

foods, has been linked to an increase in LDL-choles-

terol levels. Elevated LDL cholesterol is frequently as-

sociated with obesity, and may increase the potential 

for coronary heart disease. As a general guideline, the 

fat intake from saturated fat should be less than 10 

percent of the total caloric intake, with energy from 

trans fats reduced to a minimum and a dietary cho-

lesterol intake of less than 300 milligrams/day. Some 
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research suggests even lower intakes of saturated fat 

and cholesterol to treat adults with elevated LDL cho-

lesterol levels. Foods high in saturated fats are usually 

solid at room temperature and include, for example, 

cheese, whole-milk products, beef, as well as fried 

foods, butter, ice cream, and desserts.

he main source of calories from fat should come 

from polyunsaturated and monounsaturated fatty ac-

ids, which are generally liquid at room temperature. 

Good sources of monounsaturated fatty acids include 

vegetable oils, such as olive and canola oil, as well as 

nuts. Evidence exists that a Mediterranean-style diet, 

which is high in monounsaturated fatty acids, may be 

efective in reducing the prevalence of the metabolic 

syndrome and its associated cardiovascular risk.

Polyunsaturated fatty acids can be subdivided into 

omega-3 and omega-6 fatty acids. Omega-3 and ome-

ga-6 fatty acids are essential fatty acids that difer in 

their chemical structure with regard to the position of 

the irst chemical double bond. Omega-6 fatty acids 

are found in vegetable oils including soybean, corn, 

and salower oil. Good sources of omega-3 fatty acids 

include laxseed, walnuts, shellish, and ish high in 

fat, such as salmon, mackerel, and trout.

he ratio of omega-6 to omega-3 fatty acids is an-

other key factor when discussing fat intake. he typi-

cal Western diet is lower in omega-3 fatty acids, and 

studies have shown that the ratio between omega-6 

and omega-3 fatty acids is as high as 16:1. Some re-

search is suggesting that a ratio of 1:1 to 4:1 of ome-

ga-6 to omega-3 fatty acids may be beneicial in the 

treatment of chronic conditions such as cardiovascu-

lar disease or rheumatoid arthritis. 

A diet for weight loss and weight maintenance 

should have about 20 to 35 percent of calories from 

fat. he total intake of saturated fatty acids should be 

no more than 10 percent of the daily caloric intake, 

with the remainder coming from mono- and poly-

unsaturated fatty acids. Of the polyunsaturated fatty 

acids, an increased intake of omega-3 fatty acids from 

ish sources and laxseed is recommended.

SEE ALSO: Carbohydrate and Protein Intake; Overall Diet 

Quality.
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Fat Taste

TRADITIONALLY, FAT IN foods was thought to be per-

ceived through textural cues, such as creaminess and 

oiliness. he thought that fat might have a detectable 

taste was only recognized in the past few years, irst 

in animal studies, and then more recently in humans. 

Previous literature identiied only ive basic taste sen-

sations: sweet, sour, bitter, salty, and umami (L–amino 

acid). However, recent studies point to the possibility 

of a receptor system for fat, hence a fat taste. Dietary 

fat was thought to be perceived exclusively by trigem-

inal (textural) and olfactory cues, but it seems that 

taste plays an important role in fat sensing as well. 

Fat taste may be one mechanism that has developed 

to promote increased consumption of the nutrient.  

his could lead to health problems, since preference 

for high-fat foods and excessive fat intake in humans 

increases risk for numerous diseases, such as obesity, 

diabetes, heart disease, hypertension, and cancer.

Taste perception occurs when molecules of food or 

drink contact and activate taste cells, which are as-

sembled into buds and located at various sites, such 

as the tongue, throat, and upper esophagus. Fats or 

their constituents may stimulate some or all of these 

buds. Although most dietary fat consists of triacylg-

lycerol (TAG), long-chain fatty acids (LCFAs), which 

are released from TAG by the enzyme lingual lipase, 

allow for some free fatty acids to be liberated in the 

oral cavity where they can activate taste cells. In fact, 

when lingual lipase is blocked, rodents show a consid-

erable reduction in there fat preferences, presumably 

because the ability to taste fats has been blocked.

One protein that has been implicated as a potential fat 

taste receptor is CD36, also known as FAT for fatty acid 

translocase. CD36 is expressed in human and rodent taste 

papillae, as well as a variety of other tissues, and it func-

tions to transport long chain fatty acids (LCFA) across 

the cell membrane. Once LCFAs are delivered inside the 
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cell, they are able to transmit information about fat taste 

stimuli to the brain. When rodents were made CD36-de-

icient, the high palatability of LCFA-enriched solutions 

was completely abolished, so in a sense, the absence of 

CD36 made these animals unable to form fat preferenc-

es. his inding has yet to be replicated in humans.

Fatty acid taste may involve more than the oral cav-

ity. Research suggests that fat is tasted in postoral re-

gions of the gastrointestinal tract, such as the intestine, 

and other areas of the body, such as adipose tissue, 

skeletal muscle, heart, and brain. he expression fat 

taste is used to deine the detection of fatty acids even 

beyond the oral cavity because the CD36 taste trans-

duction mechanism seems to be universal and apply to 

the other fat-sensing tissues besides the GI tract.

Fat taste may activate the metabolic response to 

dietary fat. In humans and animals, sham studies fol-

lowing oil capsule ingestion demonstrated that oral 

fat exposure stimulated larger postprandial elevations 

in circulating TAG than exposure to nonfat stimuli or 

no oral stimulation. Follow-up studies revealed that 

the taste component, and not the olfactory stimula-

tion, from the oral exposure of fat was the metabolic 

cue for the rise in circulating TAG.

SEE ALSO: Blood Lipids; CD36 and FAT (Fatty Acid Trans-

porters); Fat Intake; Palatability.
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Fatty Acid Transport Proteins 

FATTY ACID TRANSPORT proteins (FATPs) are a group 

of proteins that play a critical role in moving fatty acids 

throughout the body. Some FATPs deliver fatty acids 

to cells of organs such as muscle or heart, while other 

FATPs move fatty acids around within the cell to specif-

ic organelles such as the mitochondria or the nucleus. 

Once inside the cell, fatty acids may be used for many 

cellular activities including making energy or afecting 

gene expression. Traditionally, it was believed that fat-

ty acids entered a cell by difusion (without any help). 

However, over the course of the last decade, FATPs 

were discovered and their critical role is beginning to 

be fully understood. hey are often considered to be 

a rate-limiting step in fatty acid metabolism. Only the 

liver and fat tissue can synthesize fatty acids, a process 

known as de novo synthesis, and thus all other organs, 

such as the heart, kidneys and muscle depend on fatty 

acids to be delivered which highlight the critical role 

that FATPs play in metabolism.

here are many diferent types of FATPs. Some 

of these include fatty acid translocase (FAT/CD36), 

FATP, fatty acid binding protein-plasma membrane 

(FATPpm), fatty acid-binding protein-cellular (FATPc), 

and Acyl CoA synthase. FAT/CD36 is located within 

the cell membrane and plays a critical role in transport-

ing fatty acids inside a cell. It is necessary for normal fat 

and sugar metabolism in the body. here have been six 

FATPs discovered to date in humans that are known as 

FATP1–FATP6, respectively. hey also are responsible 

for bring fatty acids inside a cell. It is believed that they 

change the structure of the fatty acid, which allows it 

to pass through the cell membrane easier. FATPpm 

helps facilitate the movement of fatty acids through 

the cell membrane, while FATPc helps move fatty acids 

within the cell to their target (i.e., the nucleus or mito-

chondria). Acyl-CoA synthase is an enzyme that was 

primarily believed to play a role in making fatty acids. 

Recent studies have found that it may also have a role 

in transporting fatty acids within the cell.

here are some known medical conditions that may 

be related to abnormal FATPs. Some studies that have 

removed FATPs in mice have been used to identify sev-

eral metabolic defects. Mice that do not have any FAT/

CD36 cannot perform fat oxidation and tire out very 

quickly during exercise. Conversely, mice that have extra 

FAT/CD36 levels (through genetic alterations) can sus-

tain exercise for longer time than mice that have normal 

FAT/CD36 levels. Mice that lack FAT/CD36 are also less 

likely to become obese while consuming a high-fat diet. 

In humans, FAT/CD36 deiciencies exist at high levels in 

some populations. hree to 10 percent of Asians and 5 

to 18.5 percent of African Americans have a deiciency 

of FAT/CD36, while only 0.3 percent of Caucasians are 
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deicient. he lack of FAT/CD36 is associated with ab-

normal fat metabolism in these patients and increase 

risk for heart disease (including enlarged heart), insulin 

resistance, and Type 2 diabetes mellitus.

SEE ALSO: Metabolic Disorders and Childhood Obesity.
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Fatty Liver

FATTY LIVER DISEASE (FLD) results from an accu-

mulation of lipids within liver cells and ranges from 

fatty liver alone (steatosis) to fatty liver associated with 

inlammation (steatohepatitis). FLD may be related 

to alcohol (generally above 10 grams per day) or not 

(nonalcoholic fatty liver disease [NAFLD]). If steato-

hepatitis is present without a history of alcohol use, 

the condition is termed nonalcoholic steatohepatitis 

(NASH). Steatohepatitis may progress to cirrhosis as 

scar tissue and regenerative nodules, with accompa-

nying loss of liver function, replace normal liver cells. 

FLD is now the most common cause of abnormal 

liver function blood tests in the United States. Ap-

proximately 25 to 35 percent of the general popula-

tion has fatty liver changes with a higher incidence 

among females. NAFLD is found in over 80 percent 

of people who are obese. NASH is the most common 

cause of liver disease among U.S. adolescents, and is 

identiied in over 50 percent of patients undergoing 

bariatric surgery. 

he most common association with FLD is meta-

bolic syndrome, a combination of insulin resistance, 

central obesity, high blood pressure, and/or abnormal 

cholesterol. Other factors, such as medications, alco-

hol, pregnancy, and inborn metabolic abnormalities 

due to enzyme deiciencies, may also contribute. 

Most people with FLD have no symptoms and are di-

agnosed only after having an abnormal blood test. Oth-

ers may experience persistent fatigue, upper abdominal 

discomfort, or in cases of cirrhosis, jaundice, abdominal 

distension due to luid, swelling of the feet, breast en-

largement in males, or menstrual disorders in women. 

Physical examination often reveals enlargement of 

the liver and sometimes the spleen. Patients with al-

cohol-related FLD may have other problems such as 

muscle wasting, pancreatic inlammation, or nerve 

damage. Laboratory studies should include blood 

tests for liver function, lipid levels, and viral hepatitis. 

Radiological studies such as ultrasound or computed 

tomography (CT) may help identify FLD, but a liver 

biopsy is required to establish the diagnosis. 

Studies of patients with NAFLD have shown that 30 

percent progress to cirrhosis, 30 percent remain stable, 

and 30 percent improve over a three-year period with-

out treatment. Abstinence from alcohol is the key to 

therapy in alcohol-related FLD. A low fat, American 

Diabetes Association diet as well as a weight-loss goal 

of one to two pounds per week helps reverse changes 

in NAFLD. No established treatment is available for 

NASH although several treatment strategies have been 

suggested which include exercise, weight training, lip-

id-lowering medications, and weight loss.

SEE ALSO: Gastrointestinal Disorders. 

A normal mouse liver at left, compared to a mouse with a large 

accumulation of fat in the right panel, seen in the dark droplets.
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Federal Initiatives to  

Prevent Obesity

FEDERAL INITIATIVES TO prevent obesity represent 

collaborative and integrated eforts to address over-

weight and obesity as major public health issues 

within the United States. Key initiatives include those 

from the Surgeon General, Department of Health and 

Human Services (HHS), National Institutes of Health 

(NIH), and the Oice of the President. he initia-

tives are designed to accomplish their objectives via 

mechanisms such as research, education, or funding 

of other programs, and are often designed to be inte-

grated with state and local government initiatives and 

community-based programs. Many initiatives focus 

on improving nutrition and increasing physical activ-

ity based on scientiic evidence that too many calories 

and too little exercise are major contributing factors 

to overweight and obesity. In addition, the majority 

of the initiatives contain objectives for reducing and 

preventing obesity-related conditions such as cardio-

vascular disease, diabetes, and hypertension.

THE SURGEON GENERAL’S CALL TO ACTION  

TO PREVENT AND DECREASE OVERWEIGHT 

AND OBESITY 2001

his Call to Action from the Surgeon General sum-

marizes the health risks, epidemiology, economic 

consequences, and disparities in prevalence of over-

weight and obesity, and emphasizes the beneits of 

weight loss. he ive key principles of the plan are: 

(1) promoting recognition of overweight and obesi-

ty as major public health problems, (2) encouraging 

healthy nutrition choices and physical activity, (3) 

identifying efective and culturally appropriate in-

terventions, (4) encouraging environmental changes 

to help prevent overweight and obesity, and (5) de-

veloping and enhancing relationships between pub-

lic and private sectors for plan implementation. he 

Call to Action focuses on ive key settings (families 

and communities, schools, healthcare, media and 

communications, and the workplace) and utilizes 

the CARE framework (Communication, Action, 

Research, and Evaluation) to accomplish objectives 

within each key setting. 

STRATEGIC PLAN FOR NIH OBESITY RESEARCH 

he Strategic Plan for NIH Obesity Research, pub-

lished in 2004, is a multidimensional plan for ad-

dressing obesity and represents a collaborative efort 

between the NIH, other federal agencies, public and 

private organizations, and community members. 

It provides a guide for coordinating clinical and 

population-based obesity-related research activi-

ties across NIH institutes. he plan was developed 

by the NIH Obesity Research Task Force (cochaired 

by directors from the National Institute of Diabetes 

and Digestive and Kidney Diseases [NIDDK] and the 

National Heart, Blood, and Lung Institute [NHBLI]) 

and is organized into four research areas. he irst, 

research toward preventing and treating obesity 

through lifestyle modiication, is intended to iden-

tify behavioral and environmental factors contribut-

ing to childhood and adult obesity and to test poten-

tial intervention strategies. 

he second, research on preventing and treating 

obesity through pharmacologic, surgical, and other 

medical approaches, focuses on biological factors re-

sponsible for regulating fat storage, appetite, and the 

balance between energy intake and expenditure. he 

third area, breaking links between obesity and asso-

ciated health conditions, uses research to investigate 

biological connections between obesity and related 

diseases. he fourth area, crosscutting research top-

ics, includes technology, translational research (ap-

plying research results in the real world), education 

and outreach eforts, and research on obesity-related 

health disparities. 
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HEALTHY PEOPLE 2010

Healthy People 2010, issued by HHS, is a set of 10-year 

evidence-based national health objectives focused on 

increasing quality and years of happy life and eliminat-

ing health disparities. he initiative is supported by 

partnerships with other federal agencies, businesses, 

communities, tribal organizations, and state and local 

governments. he Healthy People 2010 plan identiies 

10 leading health indicators, including the prevalence 

of overweight and obesity and physical activity levels, 

which will be used to measure the nation’s health over 

time. Speciic goals of Healthy People 2010 include in-

creasing the proportion of adults at a healthy weight and 

reducing the proportion of children and adolescents 

who are overweight or obese. Healthy People 2010 ob-

jectives related to nutrition and weight will also be used 

to measure progress in implementing recommenda-

tions from the Dietary Guidelines for Americans.

DIETARY GUIDELINES FOR AMERICANS 

Produced by a partnership between HHS and the 

U.S. Department of Agriculture (USDA), the dietary 

guidelines are a set of nutritional recommendations 

intended for use by educators, nutritionists, health-

care providers, and policy makers. he guidelines, 

updated every ive years, are intended to promote 

health and prevent disease by improving nutrition 

and increasing physical activity. Scientiic evidence 

demonstrates that poor diet and lack of physical ac-

tivity are the main contributors to overweight and 

obesity. Key recommendations in the guidelines are 

grouped into nine interrelated focus areas that when 

utilized together are designed to help Americans 

make healthier food choices, consume fewer calories, 

and become more physically active.

REPORT OF THE FOOD AND DRUG ADMINISTRA-

TION (FDA) WORKING GROUP ON OBESITY

he mission of the FDA is to promote and protect 

public health. he agency is addressing the obesity 

epidemic via recommendations made by its Obesity 

Working Group in March 2004 targeting food label-

ing, enforcement, education, restaurants and indus-

try, therapeutics, and research. he FDA is promot-

ing the message that “calories count.” Speciically, the 

FDA will evaluate plans for revising food labels (to 

more clearly highlight calories and serving size), en-

force accuracy in serving size information, and edu-

cate consumers about using label information when 

making food choices. Restaurants will be encouraged 

to provide nutritional information for consumers. In 

addition, the FDA plans to enhance research coordi-

nation with public and private sector partners to study 

food consumption patterns related to overweight and 

obesity, and to develop interventions inluencing con-

sumers to make healthier food choices. 

OBESITY EDUCATION INITIATIVE (OEI)

he OEI was implemented by the NHLBI in 1991 and 

serves as an educational tool for professionals and the 

general public. he overall goal of this initiative is to 

reduce coronary heart disease risk (and associated 

morbidity and mortality) by reducing the prevalence 

of overweight and obesity and increasing physical 

activity (in alignment with objectives from Healthy 

People 2010). he initiative employs two strategies. 

he irst, a population approach, targets the general 

public and includes the Hearts N’ Parks community-

based program encouraging healthy eating and physi-

cal activity (in partnership with the National Recre-

ation and Park Association). he second, a high-risk 

targeted approach, focuses on individuals who are at 

high risk for, or are experiencing, adverse health ef-

fects or medical complications from overweight or 

obesity. To help health professionals manage weight 

loss and weight maintenance in their high-risk pa-

tients, NHLBI and the North American Associa-

tion for the Study of Obesity (NAASO) developed 

he Practical Guide: Identiication, Evaluation, and 

Treatment of Overweight & Obesity in Adults.

WEIGHT-CONTROL INFORMATION  

NETWORK (WIN)

WIN is an information service established in 1994 

by the NIDDK. WIN provides science-based infor-

mation on obesity, weight control, physical activity, 

and nutrition via fact sheets, electronic newsletters 

(WIN Notes), and other publications distributed to 

health professionals, members of the public, the 

media, and Congress. Statistics on overweight and 

obesity, including deinitions, prevalence, and eco-

nomic costs, are available through WIN. As a part of 

WIN, the NIDDK developed Sisters Together: Move 

More, Eat Better, an initiative encouraging African-

American women to maintain a healthy weight via 

diet and exercise. 
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WE CAN! WAYS TO ENHANCE CHILDREN’S  

ACTIVITY AND NUTRITION 

We Can! is a national education program for prevent-

ing overweight and obesity in children aged 8–13 by 

emphasizing improved food choices, increased physi-

cal activity, and reduced screen time (the amount of 

time spent watching television, playing video games, 

and sitting at the computer). he program helps par-

ents and caregivers, the primary inluencers of this 

age group, to understand the risks of obesity-related 

health conditions, choose healthy foods to limit calo-

ries from fat and sugar, and encourage at least 60 min-

utes of daily physical activity for children. We Can! 

ofers resources for home and community settings in-

cluding posters, advertisements, parent handbooks, 

and community tool kits. We Can! represents a col-

laboration between NHBLI, NIDDK, National Can-

cer Institute (NCI), and National Institute of Child 

Health and Human Development (NICHD).

THE PRESIDENT’S HEALTHIER US INITIATIVE

his broad federal initiative (with several subinitia-

tives) is designed to help Americans live longer and 

healthier lives by eating a nutritious diet, making 

healthy choices, and being physically active every 

day. hrough a partnership with HHS and the Cen-

ters for Disease Control and Prevention (CDC), the 

Steps to a Healthier US Cooperative Agreement Pro-

gram (Steps Program) provides funding to states, city, 

and tribal entities to implement health-promotion 

and disease-prevention programs targeted specii-

cally toward reducing obesity, diabetes, and asthma. 

hese health-promotion and disease-prevention ac-

tion plans are required to be aligned with state-level 

plans, other CDC programs, and federal initiatives. 

he President’s Challenge encourages individuals 

of all ages to become more physically active. he 

program provides materials speciically tailored to 

educators, advocates, communities, and corporate 

groups. he President’s Council on Physical Fitness 

and Sports (PCPFS), composed of volunteer citizen 

advisers to the President and HHS, has set a goal of 

getting 20 million more Americans to exercise and 

become physically it. 

SEE ALSO: National Heart, Lung, and Blood Institute; Na-

tional Institutes of Health; NIDDK; State and Local Initia-

tives to Prevent Obesity.
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Feminist Perspective and  

Body Image Disorders

BODY IMAGE DISORDERS (BIDs) encompass the 

clinical diagnoses of anorexia nervosa, bulimia nervo-

sa, and body dysmorphic disorder, all of which feature 

signiicant distress surrounding the way in which the 

body is experienced. Prior to discussing feminist the-

ory and BIDs, it is important to note that traditionally 

the term disorder is underemphasized in feminist lit-

erature. Feminists often argue against focusing on di-

agnostic categories used to label individuals because 

it is viewed as “pathologizing,” or assuming behavior 

is deviant. his matter has been the subject of ex-

treme controversy between proponents of the medi-

cal model and those adhering to feminist interpreta-

tions. Feminists contend that when the beauty ideal 

compels women to feel shame instead of self-accep-

tance of the curves that make up the natural female 

form, body distress (however extreme) should not be 
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interpreted as pathological. In fact, it is a normative 

and culturally sanctioned response to an unrealistic 

thin ideal that has persisted since the second wave of 

the women’s movement. his is not suggesting that 

feminists do not view BIDs as debilitating; instead 

they are seen as representations of a very problematic 

cultural phenomenon. Hence, this body of literature 

emphasizes decoding the meaning underlying BIDs 

as opposed to simply treating the symptoms.

he core feature of a feminist perspective is its 

consideration of social context and the critical exam-

ination of oppressive social structures that inluence 

an individual’s experience of his or her body. Because 

problems with body image and eating are about nine 

times more likely to occur in women than men (mak-

ing eating disorders the most gendered psychiatric 

diagnoses in the Diagnostic and Statistical Manual 

of Mental Disorders [DSM-IV]), the focus in the 

feminist literature is generally on the experiences of 

women. Feminists view the body as a cultural text on 

which messages about social norms, power struc-

tures, and systems of control and privilege are in-

scribed. Feminists recognize that despite two wom-

en’s movements, the position of women in our culture 

remains secondary to that of men. hat is, men still 

largely control decision making and the allocation of 

resources. Many feminists view the cultivation of an 

unnaturally thin ideal body for women as a means 

of maintaining this power diferential between sexes. 

History has shown that during times when the so-

cial roles of women were changing and new oppor-

tunities were aforded to them, beauty ideals became 

increasingly thin. For instance, in the 1920s, during 

the women’s sufrage movement, the rail-thin boyish 

igure glamorized by the famous lapper became the 

ideal for female beauty. Given this evidence, some 

feminists believe that an insidious obsession with the 

female body arose to prevent women from becoming 

too strong and inluential. 

Feminists decry the dieting industry and the objec-

tiication of the female body in Western culture as cul-

prits in women’s battles with their weight. Ubiquitous 

messages mandating weight loss if one’s body does not 

it the ideal causes an erosion of a woman’s sense of 

self-worth and conidence. Furthermore, the energy 

spent buying into the mass media’s “cult of thinness” 

costs women an enormous amount of productivity. In 

many cases, when a dieting woman reaches the slen-

der body ideal, maintaining it requires hours of daily 

exercise and existence in a constant state of hunger. 

his makes it less likely that she will have time or en-

ergy to make a signiicant contribution in whatever 

roles she is upholding. Additionally, the woman who 

diets is often overwhelmed by irritability as she ights 

the physical weakness resulting from denying her 

body the food it needs to function optimally. Eventu-

ally, the body’s propensity to return to its natural size 

wins, and if she has internalized the media-driven thin 

ideal, her self-esteem consequently plummets. his is 

a vicious cycle that occurs frequently among women. 

It allows for the perpetuation of the status quo with 

regard to gendered power structures and represents 

the primary contention of the feminist perspective 

and body image disturbance. 

Several theories have arisen out of the feminist lit-

erature on BIDs. One of these theories involves the 

notion of the superwoman ideal. It was recognized 

that after large numbers of women developed careers 

and professional identities, their roles as housewives, 

Feminists believe that the obsession with the female body has played 

a role in preventing women from becoming powerful.
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mothers, and caretakers in general were not lightened 

in response. Negotiating the demands of added re-

sponsibilities in their careers to their already full-time 

jobs in the domestic domain place many women in 

situations where they were leading superhuman lives. 

Juggling these multiple roles successfully involves let-

ting go of the need to be perfect and asking for (as well 

as receiving) help. However, women who endorse the 

superwomen ideal require that they have the perfect 

job, husband, children, home, and appearance. Besides 

holding exceedingly high standards for herself, the 

woman endorsing the superwoman ideal is iercely in-

dependent and refuses help in accomplishing her mul-

tiple tasks. Furthermore, she equates the attainment 

of a thin body as a representation of her autonomy. 

Both theoretical work and empirical research have un-

derscored endorsement of the superwomen ideal as a 

characteristic of women who struggle with BIDs. Per-

fectionism and an unrelenting need for independence 

are the cardinal problems leading these women down 

the path toward an eating disorder.

Feminist theory should not be misunderstood as 

blaming men for women’s problems with their bodies. 

While the feminist perspective places the sociocultural 

context at the root cause of BIDs, this fact does not 

preclude the plausibility of the biological argument. 

Many feminist researchers view biological and envi-

ronmental factors as inextricably linked in the cause 

of eating disorders. A common etiological metaphor is 

that genetics load the gun and environment pulls the 

trigger. In short, a woman with biological vulnerability 

in a culture that objectiies females bodies and experi-

ences that lead her to internalize the thin beauty ideal 

is a recipe for the development of extreme forms of 

otherwise sanctioned weight-related distress. 

SEE ALSO: Body Dysmorphic Disorder; Body Image; Eat-

ing Disorders and Gender. 
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Fenfluramine 

FENFLURAMINE IS AN antiobesity medication that 

came into the U.S. market in the early 1970s. Fenlu-

ramine is the racemic mixture of dexofenluramine 

and levofenluramine. Dexfenluramine is the active 

form and is efective in one-half the dose of the ra-

cemic mixture. Fenluramine is currently available 

in many countries throughout the world. Although 

structurally very similar to the noradrenergic drugs, 

these agents act by diferent mechanisms. Fenlura-

mine and dexfenluramine are highly selective sero-

tonin agonists that enhance serotonin release into 

nerve synapses and inhibit its reuptake. In a major 

study by the National Heart, Lung, and Blood Insti-

tute, the noradrenergic agent phentermine was com-

bined with the serotonergic drug fenluramine.

he concept of this medication was to increase the 

levels of serotonin, an important neurotransmitter 

in food intake regulation, in the brain. Serotonin is 

a monoamine neurotransmitter that is synthesized in 

serotonergic neurons in the central nervous system 

(CNS). Serotinon is believed to play an important 

role in the regulation of anger, aggression, body tem-

perature, mood, sleep, vomiting, sexuality, and appe-

tite. An increase of serotonin levels in the brain are 

thought to depresses the part of the CNS that regu-

lates mood and appetite, leading to a decrease in food 

intake and subsequent weight loss. 

However, this medication was withdrawn from the 

U.S. market in 1997 after reports of heart valve disease 

and pulmonary hypertension, a high pressure of blood 

moving into the lungs. Heart valves also have serotonin 

receptors, which regulate their growth. he distinctive 

valvular abnormality seen with fenluramine is a thick-

ening of the chordae tendinae in the heart. hese are the 

thin, ibrous chords that lie within the heart muscle wall 

and contribute to the support of the tricuspid and mitral 

valves. hese abnormalities seen in patients who take 

the medication have led it to be removed from use.

Consequently, the Food and Drug Administration 

(FDA), acting on new evidence about signiicant side 

efects associated with fenluramine has asked the 

manufacturers to voluntarily withdraw both treat-

ments for obesity from the market. he FDA recom-

mended that patients using fenluramine products 

stop taking them. Users of these products should con-

tact their doctors to discuss their treatment. here is 
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currently a seemingly endless pursuit for a medicinal 

cure to the drastic obesity epidemic in the United 

States and abroad. Further research with other sero-

tonergic medications is under way and may change 

treatment measures for obesity in years to come. 

SEE ALSO: Central Nervous System; Dexatrim; Drug 

Targets that Decrease Food Intake/Appetite; Drugs and 

Food; Food and Drug Administration; Serotonergic 

Medications.
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Fertility 

FERTILITY IS DEFINED as the ability to conceive af-

ter one year of unprotected coitus. Fertility is a mul-

tifactorial process. Researchers have linked impaired 

fecundity in women with a body mass index (BMI) in 

excess of 30kg/m2. Obesity is now the number one 

cause of infertility in the United States.

Obesity is associated with three alterations that 

interfere with normal ovulation and weight loss im-

proves all three: (1) increased peripheral aromatiza-

tion of androgens to estrogens; (2) decreased levels 

of sex hormone binding globulin (SHBG) resulting in 

increased levels of free estradiol and testosterone; and 

(3) increased insulin levels that can stimulate ovarian 

stromal tissue production of androgens. 

Polycystic ovarian syndrome (PCOS) is the most 

common cause of anovulatory infertility in the Unit-

ed States, afecting 5 to 10 percent of women of re-

productive age. PCOS is characterized by chronic 

anovulation with biochemical and/or clinical evi-

dence of androgen excess and without evidence of 

adrenal, thyroid, or pituitary glands diseases. PCOS 

is not only a disease of infertility but is also asso-

ciated with an increased risk of diabetes mellitus, 

stroke, hyperlipidemia, coronary artery disease, and 

endometrial carcinoma. PCOS is associated with, 

and aggravated by, obesity. Seventy-ive percent of 

women with PCOS sufer from infertility, which 

is primarily related to anovulation and a high rate 

of early miscarriage. In obese women with PCOS, 

weight loss as a means of improving insulin sensi-

tivity is often a primary goal, because loss of 5 to 

10 percent of body weight over six months is sui-

cient to reestablish ovarian function in more than 50 

percent of patients. Aside from weight loss, several 

treatment options exist including those that target 

insulin resistance (metformin, thiazolidinediones). 

he phenomenon of resumed menstruation after 

surgically induced weight loss was observed initially 

in the era of jejunoileal bypass. he current mainline 

surgical options of Roux-en-Y gastric bypass (RYGP) 

and the adjustable silicone gastric band have fewer 

metabolic side efects and have been shown to be 
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highly efective in reversing the insulin resistance as-

sociated with Type 2 diabetes mellitus. Pregnancy fol-

lowing weight loss surgery, among women who have 

been previously diagnosed with infertility, has proven 

to be safe for both mother and child.

In the many overweight and obese women who 

achieve pregnancy, there are a number of increased 

and interrelated adverse perinatal outcomes. Ma-

ternal morbidity includes increased incidences of a 

number of disorders including chronic hypertension, 

gestational diabetes, preeclampsia, fetal macrosomia, 

as well as higher rates of cesarean delivery and post-

partum complications. Obese women have a two- to 

threefold risk for a fetus with a neural-tube defect or 

other anomalies. here is also a two- to threefold in-

creased incidence in omphalocele, heart defects, and 

multiple anomalies. An increased incidence of late-

pregnancy stillbirths (1.6- to 2.6- fold) has been asso-

ciated with obesity. A prepregnancy BMI greater than 

30kg/m2 is an independent risk factor for stillbirth.

Due to the rapid and dramatic weight loss expe-

rienced in the irst year after bariatric surgery, preg-

nancy should be avoided until at least the second 

year after surgery. he American College of Obste-

tricians and Gynecologists (ACOG) advises all pa-

tients to delay pregnancy for 12 to 18 months after 

bariatric surgery.

Pregnant women who have undergone bariatric 

surgery are at risk for speciic nutritional deiciencies 

that could potentially impact both the mother and the 

infant. In both restrictive and malabsorptive proce-

dures, decreased caloric intake can result in drastic 

weight reduction and a catabolic state. In addition, 

small gastric pouch volumes created in restrictive 

procedures may aggravate hyperemesis. he RYGP 

potentially has a greater impact on pregnancy due to 

the added malabsorptive component. Iron deiciency 

anemia, vitamin B12, folate, calcium, and vitamin D 

deiciencies can particularly impair fetal growth and 

development. If pregnancy is planned or desired, a 

careful screening of compliance with multivitamin 

supplementation, anemia, vitamin deiciency, and 

metabolic derangements should be obtained and any 

deiciencies corrected prior to pregnancy. During 

pregnancy, prenatal vitamins, oral iron, and calcium 

should be prescribed. Folate and iron supplementation 

may need to be higher due to malabsorption. Severe 

iron deiciency anemia, refractory to oral iron treat-

ment, requiring blood transfusion has been described 

after gastric bypass surgery. In a recent study, how-

ever, pregnancy outcomes within the irst year after 

weight-loss surgery revealed no signiicant episodes 

of malnutrition, adverse fetal outcomes, or pregnan-

cy complications. When comparing prior pregnancy 

outcomes with those after gastric bypass, there is a 

dramatic reduction in hypertension, diabetes, and 

infant weight greater than 4,000 grams. Pregnancy 

outcomes after lap band are consistent with general 

community outcomes rather than outcomes from se-

verely obese women.

SEE ALSO: Cytokines; Hormones; Impotence; Pituitary 

Gland; Polycystic Ovary Disease; Pregnancy; Sexual 

Health.
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Fiber and Obesity

FIBER ENCOMPASSES BOTH dietary iber and added 

iber. Dietary iber is deined by the National Acad-

emy of Sciences as nondigestible carbohydrates and 

lignin that are intrinsic and intact in plants, while 

added iber includes isolated, nondigestible carbo-

hydrates that have beneicial physiological efects in 
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humans. Sources of dietary iber include fruits, vege-

tables, whole grains, and legumes/nuts, while sources 

of added iber include iber supplements found in pill 

or functional food form. Both types of iber have ben-

eicial health efects. 

Experts suggest that iber is beneicial in managing 

chronic diseases such as cardiovascular disease, dia-

betes, colon cancer, and obesity. he current recom-

mendation for total iber intake for young men is 38 

grams per day and for young women is 25 grams per 

day. Mean intake for iber is 16.5 to 17.9 grams per 

day for men and 12.1 to 13.8 grams per day for wom-

en, signiicantly lower than the recommendations. 

here appears to be an association between iber 

intake and obesity. Populations that consume higher 

iber report lower obesity rates. Additionally, iber in-

take is inversely associated with body weight as well 

as body fat. Controlled studies have examined both 

individuals consuming whole foods with dietary iber 

and individuals on diets with iber supplements. One 

study found that supplementing a low-calorie (1,200 

kcal/day) diet with four grams of iber per day pro-

duced a signiicantly greater loss in body weight than 

individuals without iber supplements. However, an-

other study using a iber supplement could not detect 

any diferences in hunger, satiety, or body weight be-

tween individuals with or without iber supplements. 

Fiber is thought to reduce body weight through 

several means. First, iber-rich foods require in-

creased chewing, which results in saliva and gastric 

acid production. his saliva and gastric acid produc-

tion may result in stomach distention (i.e., a feeling of 

fullness). Additionally, soluble/viscous ibers, which 

absorb water in the stomach, are thought to delay 

gastric emptying time and consequently promote 

satiation and a prolonged feeling of fullness. After a 

meal, these soluble ibers may suppress glycemic and 

insulinemic responses, which may reduce the rate of 

return of hunger. his is also supported by evidence 

that a large intake of iber at breakfast results in re-

duced food intake at lunch. 

Fiber may also exert its efect by blocking or lim-

iting the absorption of macronutrients, which would 

decrease net caloric intake, resulting in weight main-

tenance. Experts think that iber efects the secretion 

of certain gut hormones, such as cholecystokinen 

(CCK). CCK is secreted after a meal from cells in 

the upper small intestine, and controls gut motility, 

gallbladder contraction, and secretion of pancreatic 

enzymes. Consequently, if iber can modulate CCK 

secretion, this will be another means in which iber 

promotes weight maintenance. 

While evidence suggests that increasing iber in-

take is beneicial for individuals seeking to maintain 

a healthy weight, it is not desirable to consume an 

excessive amount of iber. Although no tolerable up-

per intake level for iber has been established by the 

National Academy of Sciences’ Dietary Reference In-

takes, it is important to note that overconsumption 

of iber can lead to decreased availability of certain 

vitamins and minerals. 

SEE ALSO: Nutrition and Nutritionists; Nutrition Education.
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Fitness

THE IMPORTANCE OF itness in promoting health, 

preventing disease, and managing weight is now well 

recognized. A considerable body of research exists 

examining the relationship between various aspects 

of itness and obesity as well as related chronic dis-

eases and mortality. Currently, however, there is some 

debate over whether improved itness in the presence 

of obesity leads to a reduced risk for cardiovascular 
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disease-related mortality. Despite this debate, numer-

ous recommendations have been made regarding lev-

el and volume of exercise for improvements in itness 

and, concomitantly, health. his entry will discuss 

components of itness, improvement of itness, and 

research on the link between itness and obesity.

COMPONENTS OF FITNESS

Fitness is a multidimensional state of being in which 

the body is able to function eiciently and efectively. 

he components of itness can be divided into three 

areas: health-related itness, metabolic itness, and 

skill-related itness. 

Health-related itness consists of body compo-

sition, cardiorespiratory itness (CRF), lexibility, 

strength, and muscular endurance, all of which are 

directly related to physical health and some of which 

are directly related to obesity. Body composition re-

fers to relative and absolute amounts of fat, lean tis-

sue (muscle and bone), and water in the body. he it 

person has a low, but not too low, level of body fat that 

is distributed more in the hips and buttocks than the 

abdomen. Excessive amount of body fat, especially in-

tra-abdominal (belly) fat, is associated with increased 

risk of disease, while excessively low fat is also detri-

mental as it causes physiological dysfunction. An ad-

equate amount of muscle mass is important because 

low levels contribute to metabolic complications and 

a greater risk of fat gain. Strong, healthy bones are 

important to optimal health, and low bone mass and 

density are risk factors for osteoporotic fracture. 

here are several diferent methods for measuring 

body composition, which can be important in track-

ing weight gain and obesity at the individual and pop-

ulation levels. Techniques such as hydrodensitometry 

(water displacement) and plethysmography (air dis-

placement) measure body composition from a ratio of 

body mass to body volume. A newer technique, dual 

X-ray absorptiometry (DEXA), is also highly reliable 

and has the additional ability to determine exactly 

where fat is located in the body. hese techniques are 

very useful for individual measurements, but cannot 

be used on a larger scale because they are costly and 

require highly trained personnel. he anthropomor-

phic measurement of body mass index (BMI) assesses 

relative weight and height and is often used in studies 

of obesity. Circumference measurements of various 

areas of the body, such as those used for waist-to-hip 

ratio calculation, and skin-fold measurements, also 

are used very frequently. Finally, bioelectrical imped-

ance analysis (BIA) is becoming increasingly more 

common as it assesses body composition by measur-

ing total body electrical conductivity using a special-

ized household scale. 

A second component of health-related itness is 

CRF. CRF is the eiciency of the heart, lungs, and 

vascular system in delivering oxygen and nutrients 

to the working muscles and the ability of muscles to 

utilize fuel so that prolonged physical activity can be 

sustained. CRF is considered health related because 

low levels are associated with a marked risk of pre-

mature death from all causes, and increases in CRF 

are associated with a reduction in such deaths. he 

best way to improve CRF is through engaging in exer-

cises that use large muscle groups and require aerobic 

pathways to sustain the activity (i.e., jogging, cycling, 

swimming, dancing, rollerblading, or cross-country 

skiing) for an extended period of time (20–60 min-

utes). he most common measure of CRF is maximal 
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oxygen uptake (VO2Max), which is an assessment of 

the greatest rate at which oxygen can be taken in, dis-

tributed, and used during exercise. VO2Max is most 

commonly assessed by slowly and systematically in-

creasing exercise to exhaustion, usually performed 

on a stationary bike or treadmill. While this “maxi-

mal” exercise testing is considered the gold standard, 

it requires that the participant exercise to volitional 

fatigue and often requires medical supervision and 

emergency equipment. hus, practitioners commonly 

rely on “submaximal” tests in which they utilize heart 

rate as a predictor of VO2Max. 

Other components of health-related itness that are 

less often correlated with obesity include lexibility, 

strength, and muscular endurance. Flexibility refers 

to the ability to maintain optimal movement ranges 

at a single joint or series of joints. Improvements in 

lexibility can help reduce muscle tension and reduce 

the risk of injury. Strength refers to the ability of the 

muscles to exert force as in controlling one’s own 

body weight or lifting heavy objects. Finally, muscular 

endurance is the ability of the muscles to exert them-

selves repeatedly with minimal fatigue. A it person 

can repeat movements or engage in physical activity 

for a long period of time without undue fatigue. In gen-

eral, only a moderate amount of lexibility, strength, 

and endurance are required to prevent disease and 

promote health. High levels of these components re-

late more to performance than to health beneits. For 

example, a moderate level of strength is necessary to 

prevent back injuries and posture problems, whereas 

a high level of strength improves performance in ac-

tive sports such as football or hockey. 

he second area of itness, metabolic itness, is a 

nonperformance component of physical itness and is 

evidenced by healthy cholesterol levels, blood pres-

sure, blood sugar, and insulin levels. Strongly related 

to obesity, these metabolic factors can be manipulated 

with weight loss or gain. A person who has a constel-

lation of metabolic risk factors (i.e., high cholesterol, 

high blood pressure, and excessive body fat) is said 

to have metabolic syndrome, a serious risk factor for 

coronary artery disease, noninsulin-dependent diabe-

tes, hypertension, certain types of cancer, and other 

chronic diseases. Individuals who are overweight or 

obese have substantially increased risk for metabolic 

syndrome. he basic therapeutic approach to treat-

ing metabolic syndrome is typically an organized pro-

gram of lifestyle change, focusing on increased physi-

cal activity and weight reduction. 

he third area of itness is skill-related itness, 

which directly relates to improved physical perfor-

mance. he components of skill-related itness are 

agility, balance, coordination, power, speed, and re-

action time. Agility is the ability to change the di-

rection of movement with speed and precision. Bal-

ance refers to the maintenance of equilibrium both 

while stationary and while moving. Coordination is 

the ability to use the senses to bring together difer-

ent parts of the body to perform motor tasks with 

harmony and accuracy. Speed is the ability to per-

form a movement in a short period of time. Power, 

essentially a combination of speed and strength, is 

the ability to transfer energy into force at a fast rate. 

Finally, reaction time is the time it takes to react to 

a stimulus. hese components are not simply use-

ful for athletes; varying degrees of competencies in 

these skills are necessary for various motor skills. 

For example, while agility is useful in sports in which 

a person needs to move in response to an opposing 

player, being agile can also help a person to avoid 

tripping over unexpected objects. 

IMPROVING FITNESS

Whereas physical activity is simply any bodily move-

ment that results in energy expenditure beyond rest-

ing expenditure, exercise is planned, structured, re-

petitive, and purposeful activity in the pursuit or 

maintenance of health and itness. Improvements 

in health and itness can occur in a variety of ways, 

and numerous health organizations have issued rec-

ommendations across the spectrum of physical ac-

tivity to this end. hese guidelines vary in terms of 

frequency, intensity, and time of activity as well as 

their intended outcome. For example, both the Sur-

geon General in 1996 and the Institute of Medicine in 

2002 provided comprehensive recommendations for 

health-related physical activity. Neither of these rec-

ommendations, however, addressed improvements in 

itness; the Surgeon General’s recommendations fo-

cus on the health beneits of physical activity, while 

the Institute of Medicine’s recommendations focus 

on physical activity as a requirement for weight main-

tenance. On the other hand, a third set of guidelines, 

issued by the American College of Sports Medicine, 

was directed at improving itness through a combina-
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tion of frequency, intensity, and duration of chronic 

exercise. his set of guidelines recommended vigor-

ous exercise for at least 20 minutes a day for three to 

ive days a week. A range of intensities was provided 

within the guidelines, as low-it individuals could 

experience improvements in CRF even at lower in-

tensities. Presumably, adherence to this set of guide-

lines also would result in health beneits of activity 

and improved weight management. 

FITNESS IN THE CONTEXT OF OBESITY

Fitness and obesity in the United States have been 

following divergent paths, as rising rates of obesity 

have been documented along with diminishing lev-

els of itness. hese health-related trends contribute 

to the overall burden of disease, and they are targets 

for public health recommendations. he prevalence 

of obesity among U.S. adults has received the most 

attention due to its record levels in the population. 

Rates of overweight children and adolescents also 

continue to rise, suggesting the likelihood that the 

trend of excess weight in the United States will con-

tinue into the future. Low levels of cardiorespiratory 

itness (CRF) also have been noted in a large per-

centage of adolescents and adults. he health im-

pact of these trends is well-established. Low levels of 

CRF, in particular, fail to aford the normally protec-

tive beneits of itness against cardiovascular disease 

and all-cause mortality (i.e., death for any reason). 

Further, obesity has been shown to be independent-

ly associated with increased risk for cardiovascular 

disease and other health conditions, such as Type 2 

diabetes, hypertension, and dyslipidemia. 

A common denominator for weight and itness is 

physical activity. Low levels of CRF are related to low 

levels of physical activity, and lack of physical activi-

ty is a potential causal factor in the complex etiology 

of obesity. he present-day environment, illed with 

laborsaving conveniences and easy transportation, 

ofers few opportunities for physical activity sui-

cient for weight management or improvements in 

CRF. Consequently, 40 to 50 million Americans are 

sedentary and many more are insuiciently active.

here is debate, however, over the exact relation-

ship between itness and weight. Not all researchers 

agree on the cardioprotective efect of high levels of 

CRF in the presence of obesity. his debate has been 

referred to popularly as an issue of “itness versus 

fatness.” A large number of studies have been con-

ducted to examine the relationship between CRF 

and disease or death among normal-weight, over-

weight, and obese populations. Many of these large, 

well-controlled studies showed that CRF remained 

cardioprotective even when individuals were over-

weight or obese. In fact, obese individuals with high 

levels of CRF were at reduced risk for death from 

cardiovascular disease compared to lean, unit indi-

viduals. hese studies also showed that high levels 

of CRF were related to decreased risk for all-cause 

mortality. Other researchers, however, have found 

that neither CRF nor physical activity diminishes the 

relationship between obesity and poor health out-

comes. For instance, high levels of CRF might not 

improve biomarkers of cardiovascular disease risk 

or protect against Type 2 diabetes. he issue, there-

fore, is undecided. 

he “itness versus fatness” controversy does not 

diminish the urgency of establishing public health 

goals. Engaging in physical activity or exercise at 

recommended levels is an important aspect of treat-

ment for obesity and is necessary to improve CRF. 

Improvements in weight and CRF both are indepen-

dently associated with improved health outcomes. 

Because obesity is the result of positive energy bal-

ance, caloric expenditure due to activity becomes 

integral to any weight loss plan. 

Consistent physical activity, especially that which 

is suicient to improve itness, is also integral to suc-

cessful weight maintenance, whether as a lifestyle 

activity or as part of a weight loss plan.

SEE ALSO: American College of Sports Medicine; Exercise; 

Inaccessibility of Exercise; Physical Activity and Obesity; 

Physical Activity Patterns in the Obese. 
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Flavor: Taste and Smell

THE SENSES OF taste and smell are closely linked 

with food-intake behavior, particularly because they 

are responsible for the perception and enjoyment of 

foods and beverages. In addition to the pleasure at-

tained from food, the chemosensory systems of mam-

mals provide life-preserving signals to the organism 

about the chemicals present within the immediate 

environment. hus, these systems are vital in deter-

mining reproductive success of an organism. Taste, 

also known as gustation, is a commonly misused 

term, because when referring to the taste of a choco-

late, a piece of cake, or a beverage, most people actu-

ally mean overall lavor. Only a small portion (around 

5 percent) of overall lavor of foods is actually due to 

the perception of basic tastes (sweet, bitter, salty, sour, 

and umami). Flavor is deined as the complex efect 

of basic taste sensations, olfactory (smell) sensations, 

and trigeminal sensations (carbonation or the hotness 

of chili pepper), and textural aspects of food (creami-

ness, oiliness, smoothness, etc.). Flavor is achieved 

primarily through the olfactory system (about 95 

percent), with only 5 percent attributed to basic taste 

perception, or the gustatory system. A clear example 

of this fact is that we often lose the ability to expe-

rience the lavor of foods when we have a cold or a 

stufy nose. Due to an excess of mucous secretions, 

olfactory receptors are blocked, thus decreasing the 

functionality of the olfactory system.

Taste, or gustation, is a sense that involves the de-

tection of the ive basic tastes: sweet, salty, sour, bit-

ter, and umami. he umami taste is a savory or meaty 

taste of L-glutamate, the most common amino acid 

in proteins, which has recently been added as one of 

the basic tastes. Umami is a familiar taste in Japanese 

cuisine, and the discovery of this ifth distinct basic 

taste was made almost a century ago by a chemist at 

Imperial University. Some researchers have recently 

debated that fat, or more speciically, polyunsaturat-

ed long chain fatty acids (PUFAs), are also detected 

by receptors on taste cells. Fat was always thought 

to be tasteless, and only detectable through the tex-

tural components (e.g., creaminess, oiliness) it adds 

to foods. he discovery of a taste component to di-

etary fat would add a new complexity to the percep-

tion of this nutrient. However, until further research 

conirms the existence of a “fat taste” mechanism in 

humans, we remain with the ability to taste ive basic 

types chemicals. 

he anatomical features of the taste system con-

sist of taste buds, taste papillae, taste pores, and 

taste cells. Taste buds are groups of anywhere from 

30 to 100 epithelial cells (taste cells) that are often 

embedded within structural units known as the taste 

papillae. Papillae consist of three primary types: fun-

giform, foliate, and circumvallate. he fungiform pa-

pillae consist of anywhere from one to three taste 

buds, and are the large, mushroom-shaped papillae 

on the anterior surface of the tongue that you can 

see with the naked eye. he chorda tympani branch 

of the facial nerve innervates these papillae. Foliate 

papillae appear as three to four small vertical lines 

on the side of the tongue. Circumvallate papillae are 

arranged in a V shape at the back of the tongue. Both 

foliate and circumvallate papillae are innervated by 

the glossopharyngeal nerve. At the apex of taste 

buds, a small pore exists (the taste pore) that extends 

into the oral cavity, and allows access taste stimuli to 

gain access to the individual taste cells. hese indi-

vidual taste cells often contain either ion channels 

or specialized receptors that can respond to the ive 

basic tastes. 

One of the primary functions of taste receptor 

cells on the surface of the tongue is to distinguish 

appealing stimuli, such as sweet, salty, and umami, 

from aversive taste stimuli, such as sour and bitter. 

Palatable taste stimuli often signal the presence of 

calories, and thus the ability to recognize these by 

taste can help an organism survive. At the same time, 

the aversive taste of bitter often signals the presence 

of toxic chemicals in a food source. Each of the basic 

tastes uses a unique method of detection that utilizes 

either ion channels or second messenger proteins to 

ultimately depolarize taste receptor cells, and carry 

messages to the brain. Salty taste stimuli (NaCl) are 

detected by difusion of sodium ions through special-

ized Na+ channels that are expressed on taste cells. 

Ultimately, this difusion of sodium ions through so-

dium channels results in the depolarization of taste 

receptor cells, the irst step in signaling to the brain 

that salt is present on the tongue. Sour taste is also 

perceived through ion channels present on the taste 

cells, although the ion channels present in this case 

sense the presence of acids (H+), and are activated 

by decreases in extracellular pH. he mechanisms of 
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bitter, sweet, and umami perception are beyond the 

scope of this entry, but common with all three are 

the binding of tastants to specialized second mes-

senger coupled taste receptors on the surface of cell 

membranes. Improved and more eicient molecular 

biology techniques have made the discovery of taste 

perception mechanisms a fertile ground for discov-

ery over the past few years. 

Olfaction, or the sense of smell, is deined as the 

perception of airborne odorants by the olfactory 

epithelium, located in the roof of the nasal cavity. 

he olfactory epithelium is covered by a secretion of 

mucus, and contains the sensory cells for odor de-

tection. he sense of smell is one of the oldest senso-

ry systems, and its functions are vital to organisms’ 

health and well being. he primary functions of this 

system are to distinguish both the type (quality) and 

strength of an odor (used for nonfoods) or aroma 

(used for foods). he olfactory system is also an im-

portant warning system, capable of sensing volatile 

molecules from some distance, before we are actu-

ally close enough to taste something. 

Odor determination has been a poorly understood 

process, with many complexities due mainly to the 

sheer volume (thousands) of possible odors that the 

brain must be able to identify. his function is ac-

complished by a complicated sequence of events that 

begins with odor molecules traveling into the nasal 

cavity to gain access to olfactory receptor neurons. 

Each olfactory neuron is covered with small hairlike 

ibers called cilia, and these ibers assist in direct-

ing odor molecules to the olfactory receptors. After 

binding to the receptor, the neurons send messages 

about the speciic odorant through axons, and these 

messages converge into a few larger structures called 

glomeruli. Based on the pattern of glomeruli that are 

activated, the brain can determine the speciic type 

of smell that is being experienced in the nose. 

Both the senses of taste and smell can have close 

relationships to overall emotion and well being. 

Brain areas such as the amygdala hypothalamus 

(emotion) and the hippocampus (memories) are re-

active to taste and smell stimuli. he reactions that 

these areas of the brain have to foods are not well 

understood as of yet, but certainly, we have all ex-

perienced smells or tastes that have evoked power-

ful memories. As more sophisticated methods of 

studying the brain are reined, such as functional 

magnetic resonance imaging (MRI), scientists will 

be able to clearly understand what happens to the 

brain upon exposure to palatable foods. Several pre-

liminary studies in this area have shown that obese 

and lean individuals might have diferences in these 

brain areas that respond diferently to exposure to 

tasty, high-caloric foods.

SEE ALSO: Magnetic Resonance Imaging Scans; Sweet 

Taste; Taste Aversion Learning. 
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Flavor-Nutrient Learning

BECAUSE WE MUST eat to obtain nutrition, we rap-

idly learn to associate certain lavors with nutri-

tional rewards as well as nutritional emptiness. For 

example, if we eat a meal with a certain lavor and 
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receive a nutritional reward such as high energy, we 

will learn to associate that “good” lavor with nutri-

tion. If we eat another meal with a diferent lavor 

and in turn feel energetically empty afterward, we 

will learn a negative association between that “bad” 

lavor and nutrition. his type of learning is impor-

tant evolutionarily in all animal species. he trouble 

with modern foods is that often “good” lavors are 

paired with nutritionally empty meals, thus confus-

ing the consumer. It is diicult for humans to un-

learn a lavor-nutrient association; therefore, it is 

diicult for people to choose nutritionally balanced 

meals based on lavor alone. 

A great number of scientiic studies have investi-

gated the phenomenon of lavor-nutrient learning. It 

has been known for many years that when a laborato-

ry animal such as a rat is given a lavored food after a 

fast, it will develop an association between that lavor 

and calories. his efect is a model of lavor-nutrient 

learning. In 1993, researchers showed that if, howev-

er, following a fast that animal is given food and then 

a lavor, the animal will show reduced preference for 

the lavor that came after caloric satiation. his “full-

ness efect” may be the opposite of lavor-nutrient 

learning. Yet, while rats have been an excellent tool 

for lavor-nutrient learning studies, this efect has 

been nearly impossible to show in humans. 

A recent study from 2007 showed that human 

lavor-nutrient learning may have been diicult to 

show in an investigation because there is a difer-

ence between restrained and nonrestrained eaters. 

his study used women who had been rated on a 

test for dietary restraint. When given desserts with 

high- or low-energy content, the women who could 

exercise dietary restraint preferred the desserts 

with high-energy content at the end of the study. 

In contrast, the unrestrained eaters did not develop 

a preference for either lavor. his study reinforces 

how in today’s time of unrestrained eating, it is dif-

icult, if not impossible, to develop proper lavor-

nutrient learning. 

Flavor-nutrient learning is not the same phe-

nomenon as taste-nutrient learning. Flavor-nutrient 

learning is when we learn to associate a lavor with a 

nutritional reward and therefore prefer that lavor to 

another one. In contrast, taste-nutrient learning is 

when we associate a particular taste with a particu-

lar nutritional reward. Tastes are qualitative such as 

sweet, salty, salty-sweet, bittersweet, and so forth. A 

study published in the European Journal of Neurosci-

ence in 2005 shows that a particular brain region, the 

amygdala, may be involved in lavor-nutrient learn-

ing but not taste-nutrient learning. As scientists be-

gin to understand the neural circuitry for lavor-nu-

trient learning, their knowledge may lead to better 

tools for nutritional counseling and dietary design. 

SEE ALSO: Nutrition and Nutritionists; Nutrition Educa-

tion; Taste Aversion Learning.
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Flavor Programming and  

Childhood Food Preferences

PROGRAMMING OF FLAVOR preferences and aver-

sions occurs in childhood through exposure to lavors 

and conditioning of response to particular lavors 

through associations with the various internal and 

external consequences of their consumption. A num-

ber of factors contribute to the development of lavor 

preferences. Certainly, there is an innate competent. 

Research indicates that sweet lavors are universally 

preferred by children, even shortly after birth. Fur-

ther, a common preference for salty lavors tends to 

develop around 4 months of age. Genetics may also 

play a role. For instance, children of overweight par-

ents have demonstrated decreased ability to detect 

sweetness compared to other children and thus may 

require sweetness in greater intensities amounts in 

order to be sated. However, environment and early 

experience play a signiicant role in the development 

of lavor preferences, which has an efect on food 

preferences later in life.
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Research demonstrates that lavor learning be-

gins during fetal development. Tastes, smells, and 

lavors from a mother’s diet are transported to a 

child through amniotic luid. Researchers have 

demonstrated that odors from certain foods and la-

vors in a mother’s diet, such as garlic, are detectable 

to human smell in the amniotic luid. hrough this 

early exposure, a child habituates to the diet of the 

mother and learns what foods and lavors are safe 

and preferable. A connection between mother’s diet 

throughout pregnancy and subsequent child pref-

erences has been established. For instance, infants 

whose mothers drink carrot juice during pregnan-

cy exhibit more acceptance and enjoyment of car-

rot-lavored cereal at 6 months. his suggests that 

mothers should be encouraged to eat a varied diet 

during pregnancy in order to expose the fetus to 

various lavors. his may lead to greater acceptance 

of a wide variety of foods as a child, which is impor-

tant as greater dietary variety is often an indicator 

of satisfactory nutrient intake.

Early infancy, during breast- or bottle-feeding, ap-

pears to be another critical period for the develop-

ment of lavor preference. Breastfed infants continue 

to be exposed to a variety of lavors from mother’s 

diet through breast milk. Flavors transmitted through 

breast milk afect the infant’s suckling patterns and 

appear to have an efect on food preferences in child-

hood. Researchers have demonstrated increased 

suckling in response to the lavor of garlic or vanilla 

in mother’s breast milk. Further, lavors eaten by the 

mother during the breastfeeding period are typically 

preferred by the child when exposed to the same la-

vors in solid food. 

Bottle-fed infants do appear to orient to lavors as-

sociated with their particular formula as well. For in-

stance, those fed with bitter-tasting formula solutions 

are more accepting of bitter and sour lavors later in 

childhood. However, breast-fed infants are more ac-

cepting of a wide variety of foods later in life. his is 

presumably because they are exposed to a greater va-

riety of lavors in breast milk, as opposed to bottle-fed 

infants, whose exposure is limited to the unique la-

vors of the formula they are fed. he belief that breast-

feeding will expand the child’s diet repertoire later in 

life, coupled with knowledge of the health beneits 

conferred by breastfeeding, leads many to argue for 

mothers to breastfeed their children. 

Flavor programming continues throughout child-

hood; however, new lavors are approached more 

cautiously in early childhood (between the age of 2 

and 5) than during infancy. Infancy appears to be a 

critical period for lavor learning, during which la-

vors are readily accepted and preferences are quickly 

learned. During early childhood, however, children 

grow increasing hesitant to try new foods. From an 

evolutionary perspective, this tendency seems to 

make sense. Feeding is largely controlled by the moth-

er during infancy, who presumably knows what foods 

are safe and nutritious for the child, thus infants are 

likely primed to be more accepting during this period. 

Following the weaning period, however, children as-

sume greater responsibility for feeding, thus an innate 

caution toward new food may guide them to orient 

only toward foods they know are safe.

Despite this increased caution toward new foods, 

children do continue to develop lavor and food pref-

erences during this period which will afect later eat-

ing habits. As would be expected, the most important 

determinant of food preference during this age is fa-

miliarity. hus, the key to enhancing the acceptabil-

ity of a food is to make it more familiar. Research has 

consistently demonstrated that exposure to the taste 

of a food in early childhood increases acceptability of 

and preference for the food. Indeed, mothers who re-

port exposing their children to a variety of foods at a 

young age tend to have children who are less neopho-

bic and have fewer feeding problems. 

Flavor preferences can also be conditioned in 

early childhood through the postingestive conse-

quences and social context associated with the con-

sumption of the lavor. hrough repeated pairings, 

children can come to prefer lavors associated with 

food and drinks of higher energy density and fat 

content, due to the greater sense of satiety associat-

ed with their consumption. Additionally, preference 

for a certain lavor can be learned through repeat-

edly pairing the lavor with certain social contexts. 

For instance, studies have indicated that preference 

for a lavor increases when foods associated with the 

lavor have been repeatedly used as a reward, paired 

with adult praise and attention, or withheld from the 

child. However, if a certain food or lavor is used as 

a contingency for some other behavior (e.g., “If you 

eat your vegetables, you can go outside and play”), 

the food or lavor becomes less preferable to a child. 
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his research gives insight into the development 

of preferences for foods and lavors that are likely to 

promote obesity. Not only do children come to pre-

fer foods of high-fat or high-sugar content because 

they are more likely to ill them, but such foods are 

often used as rewards for good behavior and other-

wise withheld. Parents often “bribe” or “barter” with 

their children over the ingestion of healthier foods, 

such as fruits and vegetables, by promising rewards 

for their consumption. 

Further, foods with higher fat and sugar content 

and less nutritive value (e.g., cake) are often pre-

sented in contexts associated with greater atten-

tion and praise (e.g., a child’s birthday). However, 

knowledge of this preference learning may help to 

promote healthier eating habits. Parents can expose 

a child to the lavors of healthier foods of higher en-

ergy density, which will enhance preference through 

greater satiety, while providing nutritive value. 

Greater attention and praise can be given during 

the ingestion of healthier foods; “junk” foods can be 

presented in moderation, rather than withheld alto-

gether; and a variety of lavors and healthier foods 

such as fruits and vegetables can be integrated into 

celebratory contexts.

Flavor programming continues to some degree 

throughout childhood; however, preferences tend to 

become more stable over time. Studies of eating be-

havior in middle childhood (ages 6–12) indicate that 

repeated exposure continues to increase the prefer-

ence for various foods and lavors. hus, dietary vari-

ety continues to be important throughout childhood; 

however, preferences may be more diicult to alter 

during this period.

SEE ALSO: Flavor: Taste and Smell; Food Preferences; Ge-

netic Taste Factors; Taste Aversion Learning.
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Folic Acid and Neural  

Tube Defects

NEURAL TUBE DEFECTS are a common category of 

congenital anomalies. Neural tube defects are serious 

and directly afect the developing nervous system of 

the fetus. hese defects include anencephaly, spina bi-

ida, and encephalocele. In the United States, there is 

an estimated one to two per 1,000 babies born each 

year with a neural tube defect. Neural tube defects 

occur in the irst month after conception during the 

critical period when the neural tube is closed in the 

fetus. Anencephaly and spina biida are considered 

the most common neural tube defects. Anencephaly 

occurs as a partial absence of the skull bones due to 

inadequate closure of the neural tube. Spina biida is 

essentially a failure of the vertebral arches to close 

over an open neural tube defect, resulting in an ex-

posed spinal cord and nerves at birth. 

Folic acid is found naturally in a number of foods, 

such as beans, lentils, greens, papaya, broccoli, peas, 

and asparagus. Most folic acid, however, is attained 

from fortiied food sources, mainly cereals and grains. 

Folic acid supplementation in foods has been shown to 

reduce the incidence of neural tube defects. Some stud-

ies have demonstrated that neural tube defects can be 

reduced as much as 40 to 100 percent if folic acid is in-

gested on a daily basis by the pregnant mother. Because 

the critical period when neural tube defects form is in 

the irst month after conception, neural tube defects are 

best prevented by adequate daily folic acid in mothers’ 

diet throughout reproductive years. In 1998, the Food 

and Drug Administration required that enriched cereal 

grain lours be supplemented with folic acid. 

Obesity has been shown to increase risk for hav-

ing a baby with a neural tube defect.  Women with a 

BMI over 29 have twice the risk of having a child with 

a neural tube defect, compared to both lean and un-

derweight women.  It is unclear why obesity increases 

risk for NTDs, nor is it known if losing weight prior 

to pregnancy will improve this risk. Fortifying food 

in the general diet of women is considered an efec-

tive and low-cost alternative to a strategy encourag-

ing women to change their dietary choices to include 

more folic acid intake. After the mandated fortiica-

tion, the number of neural tube defects in the United 

States decreased signiicantly. he use of folic acid re-
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mains one of the best examples of public health inter-

vention and prevention in the United States. 

SEE ALSO: Center for Maternal and Child Health; Food 

and Drug Administration; Oice of Dietary Supplements; 

Prevention. 
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Food “Addictions”

LOSS OF CONTROL over intake, constant desire (i.e., 

craving) for a substance, use-associated guilt, and se-

cretive use of a substance are the hallmarks of drug 

addiction. Many people report feelings of loss of con-

trol over eating and obsessive thoughts and craving for 

food, as well as guilt, depression, and secretive eating 

in response to loss of control. he Diagnostic and Sta-

tistical Manual, 4th edition (DSM-IV) lists provisional 

criteria for binge eating disorder (which usually occurs 

in obese individuals, but may occur in lean individuals) 

and deinitive criteria for bulimia nervosa (which usu-

ally occurs in lean individuals) that include all of these 

symptoms. here is no agreement among scientists as 

to whether the existence of these symptoms in an indi-

vidual constitutes an addiction to food.

Addiction is a term that really describes the com-

bined physiological, psychological, and social conse-

quences of repeated uncontrolled intake of substanc-

es. However, some people use the term addiction to 

refer to the physiological and/or psychological de-

pendence on a substance. Using this deinition, the 

presence of an addiction can thus be demonstrated 

by the emergence of physiological symptoms (e.g., 

shaking, teeth chattering, sweating) or psychological 

symptoms (e.g., irritability, aggression, depression, 

crying) upon withdrawal of the substance for a period 

of time. Researchers have demonstrated physiological 

“addictive” responses (in rats) to sucrose when pro-

vided on a limited and unpredictable basis. In fact, all 

living creatures are physically dependent on food to 

sustain life. 

Because we all need food to survive, it is diicult 

to ascribe addiction to certain behaviors toward food. 

However, recent brain imaging data have shown simi-

larities in dopamine functioning and activation of the 

reward circuitry of the brain between those experi-

encing “loss of control” over eating and those addict-

ed to drugs. he diference, however, between food 

and drugs with respect to addiction potential, lies in 

the reduced amount of dopamine released upon food 

stimulation compared to drug stimulation and the 

shorter duration of dopamine release upon stimula-

tion, which causes a more rapid return of the brain 

reward circuitry to its normal state compared to that 

observed with drug use. he diferent time course for 

food-induced dopamine efects compared to drug-

induced dopamine efects, results in a reduced op-

portunity for an individual to experience an altered 

state, or “high,” which fuels continued abuse of the 

substance. In addition to altered activity in the brain 

reward circuitry, decreased signaling in the “emotion” 

centers of the brain due to stress and depression can 

also promote uncontrolled eating. Carbohydrate- and 

fat-induced dopamine release in the brain can cause 
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a transient and temporary relief of the stress or de-

pression. his temporary relief promotes conditioned 

learning that underscores the development of a crav-

ing for carbohydrate-/fat-containing food during fu-

ture periods of stress and/or depression.

Besides altered brain responses to food, disorders 

in peripheral digestion and metabolism can also con-

tribute to a sense of “loss of control” over eating in 

obese individuals. he peripheral digestive and meta-

bolic systems of the body contribute signals of satia-

tion (stop eating now) and satiety (I’ve had enough 

to eat) to the brain. Increased stomach capacity and 

decreased stimulation of the vagus nerve produce 

weaker signaling to the brain of satiation (“stop eat-

ing” signal) in some obese individual, and insensi-

tivity to hormone-based signals of satiety (I’ve had 

enough to eat), such as insulin resistance and leptin 

resistance, add to reduced “stop eating” signals that 

are also relayed to the brain. 

What predisposes some obese individuals to ex-

perience “loss of control” over eating? Brain imaging 

and genetic testing of components of the brain dopa-

minergic system are contributing to our understand-

ing of these phenomena and to factors that increase 

risk of developing “loss of control” over eating. A 

recent imaging study demonstrated that extremely 

obese individuals have fewer brain receptors (the sig-

nal-receiving sites) for dopamine (the reward-related 

neurohormone) than lean or less obese individuals. 

Whether this predisposes an obese individual to fo-

cus on food or is the result of excessive focusing on 

food is not known. However, recent work in drug-na-

ive rats demonstrated that those with fewer dopamine 

receptors were more likely to become dependent on 

cocaine, suggesting that a similar situation could also 

predispose an individual to uncontrolled eating.

SEE ALSO: Addictive Behavior; Carbohydrate “Addictions”; 

Food and Mood.
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Food and Drug Administration

THE FOOD AND Drug Administration (FDA), an 

agency within the U.S. Department of Health and 

Human Services (DHHS), is charged with regulat-

ing food, drugs, biological products, cosmetics, and 

medical and therapeutic devices sold in the Unit-

ed States. he roots of the FDA lie in the Bureau of 

Chemistry, founded in 1863 within the Department 

of Agriculture, and which focused on the adultera-

tion of food products. he modern era of the FDA 

dates from 1906, the year the Pure Food and Drug Act 

was passed; this law added regulatory functions to 

the FDA’s mission and broadened the agency’s pow-

ers. he FDA assumed its current name in 1930; it 

became part of the Federal Security Agency in 1940, 

was transferred to the Department of Health, Educa-

tion, and Welfare (HEW) in 1953, became part of the 

Public Health Service within HEW in 1968, and part 

of the DHHS in 1980. 

he FDA designated an Obesity Working Group 

to study the problem of obesity in the United States, 

which the FDA at its Web site calls an “epidemic.” he 

inal report of this Working Group focused on the 

concept of caloric balance, that is, that overweight 

and obesity are a function of the consumption of 

more calories than are burned in daily activities. he 

slogan for the FDA’s campaign is “Calories Count.” 

Actions recommended by this committee to com-

bat overweight and obesity include improving food 

labels to including meaningful serving sizes and to 

display calorie counts more prominently, initiating a 

consumer education campaign around the “calories 

count” concept, encouraging restaurants to provide 

nutritional information, increasing enforcement ac-

tions regarding the accuracy of food labels, revising 

FDA guidance concerning the development of obesity 

drugs, and cooperating with other entities, including 

government agencies, nonproits, industry, and aca-

demia, on obesity research. 

he Center for Drug Evaluation and Research 

(CDER), one of ive centers within the FDA, regulates 

both prescription and over-the-counter drugs. he 

distinction between prescription and over-the-coun-

ter drugs has been made in the United States since the 

Durham-Humphrey Amendment of 1951. he com-

pany marketing the drug performs the actual testing 

of drugs: CDER reviews the information, including 
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testing data and proposed labeling provided by the 

company. Two drugs are currently (2007) approved to 

treat obesity. Orlistat, manufacture by Roche Labo-

ratories Inc. under the trade name Xenical®, was the 

irst approved drug in the lipase inhibitor class; it pre-

vents fat from being broken down and absorbed in the 

digestive tract, thus reducing caloric intake. Sibutra-

mine, which suppresses the appetite by inhibiting 

norepinephrine and serotonin reuptake, is produced 

under the brand name Meridia® by Knoll Pharmaceu-

tical Company. Fenluramine and phentermine were 

approved for single-drug, short-term therapy; how-

ever, their long-term use in combination (Fen-Phen) 

has been linked with valvular heart disease and both 

drugs were withdrawn from the U.S. market. 

SEE ALSO: Drug Targets that Decrease Food Intake/Appe-

tite; Drugs and Food; Drugs that Block Fat Cell Formation; 

Fenluramine; Government Agencies; Oice of Dietary 

Supplements. 
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Food Guide Pyramid

THE FOOD GUIDE pyramid is a graphic device de-

veloped by the U. S. Department of Agriculture 

(USDA) as an educational tool to illustrate the rela-

tive proportion of foods types recommended to 

compose a healthy diet. he USDA has been issuing 

dietary recommendations for Americans since 1894, 

and the best-known food guide pyramid (hereafter 

“the traditional food pyramid”) was developed in 

1992 and is still used on food packaging and some 

oicial Web sites, including that of the National 

Agricultural Library of the USDA. he traditional 

food pyramid was a revision of the “four basic food 

groups” which had been used in USDA educational 

materials since 1956: the groups, and recommended 

minimum servings per day, were meats, poultry, 

ish, legumes, eggs, and nuts (two servings); dairy 

products (two servings); grains (four servings); and 

fruits and vegetables (four servings). he traditional 

food pyramid was oicially replaced in 2005 by My-

Pyramid, which presented the similar concepts in a 

diferent graphical form and includes a computer in-

terface to allow individuals to create individualized 

nutritional recommendations based on their age, 

gender, and activity level. 

he traditional food pyramid is divided into four 

horizontal layers, and the middle layers are divid-

ed into two sections each: the size of the sections 

graphically represents the recommended servings of 

each type of food. Notes to the pyramid include dei-

nitions of what constitutes one serving: for instance 

one cup of milk, two to three ounces of cooked meat, 

one cup of raw leafy vegetables and one slice of bread 

all constitute a single serving. he base of the pyra-

mid is the bread, cereal, rice, and pasta group (6–11 

servings per day, including several servings per day 

of whole grains). he second layer of the pyramid is 

divided into the vegetable group and the fruit group 

(three to ive servings daily, including legumes and 

dark green leafy vegetables several times per week) 

and the fruit group (two to four servings daily). he 

third layer of the pyramid contains the milk, yogurt, 

and cheese group and the meat, poultry, ish, dry 

beans, eggs, and nuts group (two to three servings 

are recommended daily from each group, and in 

both cases, low-fat options are recommended). he 

top layer of the food pyramid represents fats, oils, 

and sweets; no speciic consumption recommenda-

tions are given other than that these foods should be 

used sparingly. 

he traditional food guide pyramid was replaced 

in 2005 by MyPyramid, which presents the propor-

tion of diferent food groups recommended by divid-

ing a triangle into color-coded vertical sections; the 

width of each section represents the relative propor-

tion recommended for that food group. he MyPyra-

mid.gov Web site, includes the MyPyramid Plan, an 

interactive tool that allows calculation of personal-

ized dietary recommendations. While the ability to 

create customized recommendations and the incor-

poration of considerations such as activity level rep-

resent an advance over the traditional food pyramid, 

the graphical presentation of MyPyramid makes it 

less useful as an educational tool. he reason is that 
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while the traditional food pyramid included pictures 

of food and was labeled with the names of the groups 

and recommended servings, MyPyramid uses only 

colored sections whose meaning is not clear with-

out access to a printed key explaining the meaning of 

each color. In addition, because there are no general-

ized serving recommendations included in MyPyra-

mid, a person without access to a computer cannot 

obtain information on the number of servings rec-

ommended for each food group. 

MyPyramid has six sections: vegetables, grains, 

fruits, meat and beans, oils, and milk. Speciic num-

bers of servings are not included in MyPyramid 

graphics but must be calculated depending on the 

individual’s age, gender, and activity level. For in-

stance, for a 50-year-old woman getting 30–60 min-

utes of moderate or leisure exercise per day, MyPyr-

amid Plan recommends 2,000 calories per day. his 

includes six ounces of grains, 2.5 cups of vegetables, 

two cups of fruit, three cups of milk, six teaspoons 

of oil, and 5.5 ounces of meat and beans. Each rec-

ommendation comes with further advice, such as 

consuming at least three whole grains per day and  

cups of dark green vegetables weekly, and basic in-

formation about the importance of physical activity 

is also included. For a 21-year-old male getting more 

than 60 minutes of physical activity per day, MyPyr-

amid Plan recommends 3,000 calories daily, includ-

ing 10 ounces of grains, four cups of vegetables, 2.5 

cups of fruits, three cups of milk, seven ounces of 

meat and beans, and 10 teaspoons of oil. MyPyra-

mid Plan includes the option of entering weight and 

height, in which case dietary recommendations may 

be modiied. For example, a 5’ 6” 50-year-old wom-

an weighing 130 pounds receives the 2,000-calorie 

advice mentioned above, while entering the same 

information with a weight of 180 pounds triggers 

a message that the weight is not in a healthy range 

for the height. MyPyramid Plan then presents the 

user with two options: either generating food rec-

ommendations for maintaining the speciied weight, 

or for a diet that would cause gradual weight loss. In 

the former case, a 2,400-calorie daily diet is recom-

mended; in the latter case, the recommendation is to 

consume 2,000 calories daily, with a corresponding 

adjustment in the servings from each food group. 

Both incarnations of the food pyramid, and pre-

vious USDA dietary recommendations as well, 

have been criticized as based on shaky science, un-

duly emphasizing meat and milk products, ignor-

ing food consumptions patterns common to differ-

ent ethnic groups, and failing to incorporate recent 

information about nutritional requirements and 

healthy eating. 

he Harvard School of Public Health has cre-

ated an alternative food guide pyramid called the 

Healthy Eating Pyramid. It is composed similarly to 

the traditional food pyramid and is divided into sev-

en horizontal layers including nine food groups. It 

also incorporates pictures of food, names of the food 

groups, and serving recommendations, so that it can 

be used as a stand-alone graphic similar to the tra-

ditional food pyramid. he base of the Healthy Eat-

ing Pyramid is daily exercise and weight control. he 

second layer is composed of whole grain foods (rec-

ommended to be consumed at most meals) and plant 

oils, including olive, canola, soy, and peanut oils. 

he third layer is split into vegetables (to be con-

sumed “in abundance”) and fruits (two to three times 

per day). he fourth layer is nuts and legumes (one to 

three times per day). he ifth layer is ish, poultry, and 

eggs (zero to two times per day), and the sixth layer is 

dairy or a calcium supplement (one to two times per 

day). he seventh layer includes two food categories, 

both of which are to be consumed sparingly: red meat 

and butter, and white rice, white bread, white pasta, 

potatoes, soda, and sweets. Notable changes from the 

USDA pyramid include the emphasis on plant prod-

ucts and the deemphasis on animal products, and the 

inclusion of weight control and exercise as a basis for 

a healthy diet. here are also recommendations for 

most people to take a multivitamin, and for moderate 

alcohol consumption if appropriate.

SEE ALSO: Department of Agriculture; Government Agen-

cies; Government Policies and Obesity; Nutrition and Nu-

tritionists; Nutrition Education.
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Food Insecurity and Obesity

THE PREVALENCE OF both food insecurity and obe-

sity are increasing in the United States. Food security 

for a household is deined as access by all members at 

all times to enough food for an active, healthy life. In 

contrast, food insecurity describes not having ready 

availability of nutritionally adequate and safe foods, 

and an assured ability to acquire acceptable foods in 

socially acceptable ways, without scavenging, steal-

ing, or resorting to emergency food supplies. 

Food insecurity has been identiied as a predictor 

of obesity. hose who are confronted with a threat of 

food deprivation tend to have higher rates of obesity. 

A number of potential mechanisms have been sug-

gested to explain this seemingly paradoxical associa-

tion, including the overconsumption of inexpensive 

high-energy foods; physiologic adaptation of in-

creased body fat in response to periods of overeating 

followed by periods of deprivation, commonly known 

as the “food stamp cycle”; and stress- or anxiety-in-

duced biological changes. Economic variables appear 

to be the primary link. As such, in the United States, 

where most people’s experience with hunger or food 

insecurity is sporadic or episodic (as opposed to con-

tinuous or chronic), hunger and obesity can and do 

coexist. However, as might be expected, very low food 

security often characterized by feelings of hunger is 

associated with a lower risk of obesity. 

Food security is commonly measured using a ques-

tionnaire developed by the United States Department 

of Agriculture (USDA). he USDA measures the na-

tion’s food security annually. Despite a general societal 

perception of food surplus, national statistics related 

to the prevalence of food insecurity revealed that in 

2005, 12 percent of all households were food insecure. 

his number has risen over the past ive years. 

Food insecurity interacts with poverty status to 

inluence obesity. As such, weight gain and food in-

security can afect the same individuals. Both food 

insecurity and obesity rates tend to be highest for lim-

ited-resource individuals, particularly women. (Obe-

sity may be linked to women’s habits of periodically 

going without food so that their children can eat.) 

Limited-resource individuals confront many barriers 

to the procurement of healthy food, such as high costs 

of “healthy” foods, limited access to large supermar-

kets, and prevalence of fast-food restaurants 

HIGH COSTS OF “HEALTHY” FOODS

Consuming energy-dense foods contributes to weight 

gain. Energy density is deined as the quantity of en-

ergy per unit of edible weight. he energy density of 

foods is a function of their water content. Low en-

ergy-dense foods are heavily hydrated. High energy-

dense foods are dry and contain large quantities of 

fat and sugar and typically few nutrients. Examples 

of high energy-dense foods include most fast foods, 

soft drinks, and snack foods, such as potato chips and 

cookies. Low energy-dense foods include lean meats, 

fruits, and vegetables. 

A unit of energy from high-fat, high-sugar foods, 

such as potato chips and cookies, is typically less 

expensive than a unit of energy from fruit and veg-

etables. In other words, high energy-dense foods cost 

less than low energy-dense foods. In relation to this 

concept, it is important to consider the relationship 

between energy density (kcal/kg) of selected foods 

and their “energy cost” as expressed in kcal/$. For ex-

ample, the energy cost of potato chips is 1,200 kcal/$ 

and the energy cost of soft drinks is 875 kcal/$. In 

contrast, the energy cost is approximately 250 kcal/$ 

for fresh carrots and approximately 170 kcal/$ for fro-

zen orange juice. he diference in cost per calorie be-

tween the high energy-dense foods and those of lower 

density is more than sixfold. High energy-dense foods 

provide a consumer with more calories per dollar 

than lower calorie choices. Over the past few decades, 

retail price increases have been consistently lower for 

sugars/sweets and fats and oils than for nutrient-rich 

foods such as fruits and vegetables. 

Food-insecure individuals often maximize the val-

ue of the dollar by purchasing foods that are cheaper 

in cost. As a result, this group tends to consume more 

calories per dollar than higher-income populations. 

For example, limited-resource shoppers on aver-

age pay 12 percent less per pound for ground beef, 
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yet they shop in stores where ground beef is costlier. 

(Ground beef costs are directly related to its quality 

and fat content.) his discrepancy can be explained in 

that limited-resource shoppers tend to buy low-qual-

ity, high-fat beef, because they cannot aford more 

expensive cuts. Foods richer in nutrients like lean 

cuts of meats, ish, and fresh fruits and vegetables 

are commonly more expensive. Correspondingly, in-

dividuals with the lowest household incomes (below 

130 percent poverty) consume the fewest fruits and 

vegetables of any income group. 

Economic constraints can induce an increase in di-

etary energy density in food-insecure individuals con-

suming a low-cost diet. his is so because individuals 

eat a constant weight of food. If individuals consume 

foods that contain a greater amount of energy per 

unit of weight, the result may be an overall increase in 

energy intake that can result in weight gain. 

LIMITED ACCESS TO LARGE SUPERMARKETS 

he built environment, broadly deined as the man-

made surroundings in which individuals function, 

strongly inluences the purchasing and consumption 

behaviors of individuals. Limited-resource, food-in-

secure populations tend to live disproportionately in 

areas where there are fewer large supermarkets than 

where higher-income groups reside. Consequently, 

this group is more reliant on smaller shops, conve-

nience stores, and bodegas to acquire food. Not only 

do these smaller stores ofer a limited selection of 

foods, but also their prices are typically higher than 

those of large supermarkets. Food availability in 

stores is linked to the diets of residents in the area of 

the stores. More healthful product oferings in stores 

are associated with increased consumption of more 

healthful foods by individuals living near the stores. 

As follows, those who live and shop in limited-re-

source neighborhoods tend to be more overweight 

than those who shop in wealthier areas.

PREVALENCE OF FAST FOOD RESTAURANTS

Limited-resource individuals are obtaining a greater 

percentage of their food outside the home and com-

monly from fast-food places where inexpensive, en-

ergy-dense foods dominate the menus, and “value” 

meals, such as oversized burgers, extra-large servings 

of fries, and buckets of soda are promoted. Food eaten 

away from home tends to contain higher amounts of 

total fat, saturated fat, and be more energy dense than 

foods eaten at home. 

Food insecurity is associated with lower nutrient 

intake but an overall increase in energy intake. In 

food choice decision making, when inancial resourc-

es are lacking, nutrition and health tend to function in 

a secondary role to economic considerations. House-

holds reduce food spending by changing the quality 

or variety of foods consumed before they reduce the 

quantity of food eaten. As a result, while families may 

get enough food to avoid feeling hungry, they may be 

poorly nourished because they cannot aford a con-

sistently adequate diet that promotes health; the need 

to satisfy hunger frequently overrides considerations 

for a healthy weight. 

SEE ALSO: Access to Nutritious Foods; Hunger; Obesity 

and Socioeconomic Status.
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Food Intake Assessments  

in Children

A NUMBER OF methods exist for assessing dietary 

intake of children, including food frequency ques-

tionnaires, dietary recall, food records, doubly la-

beled water, and observation of intake. Assessing 

food intake in children is critical for both research 

and clinical purposes. To assess the connection be-

tween eating behaviors in childhood and physical 

and psychological health, researchers must have 

methods by which they can measure food intake. In 

clinical settings, assessment of food intake is neces-

sary to appropriately formulate dietary interventions. 
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Diferent assessment methods have unique strengths 

and weaknesses and the decision of which method to 

use can depend on factors such as the reason for as-

sessment, degree of accuracy required, and amount 

of time and resources available.

Food frequency questionnaires (FFQs) are used 

routinely to assess dietary intake in adults and less 

frequently utilized in children. hese questionnaires 

query the parent or the child, if he or she is old enough 

to satisfactorily complete the form, regarding the fre-

quency of the child’s intake of various common foods 

and beverages over a given time. A few studies have 

suggested that such questionnaires may be useful in 

assessing the dietary intake of children, particularly in 

larger, epidemiological studies. he strengths of this 

method are that it is inexpensive, easily administered, 

and imposes little burden on the subject and the inves-

tigator. However, the accuracy of FFQs in estimating 

children’s intake is questionable. Several studies have 

documented a tendency for FFQs to overestimate en-

ergy intake in children. Additionally, the FFQs used 

for adults may not be appropriate for use in children, 

because reference portion sizes used are generally 

larger than those recommended for children and the 

listed foods may not provide a representative sample 

of a child’s diet. his may be remedied through the use 

of modiied FFQs, which include more “kid-friendly” 

foods and portion sizes.

Dietary recall is another popular method used to 

assess intake. Using this method, the child and/or a 

parent is asked to retrospectively report all food and 

drink consumed by the child over a certain time (usu-

ally 24 hours). his method appears to have a reason-

able level of accuracy when used on child samples. 

here are, however, some concerns about this meth-

od. Signiicant variability has been reported in the 

degree of accuracy, with some parents and children 

reporting intake with excellent and others with poor 

accuracy. Further, ethnicity and weight-status may af-

fect the accuracy of recall assessments. For instance, 

overweight children are more likely to underestimate 

intake, while normal-weight peers are more likely to 

overreport intake. 

Both FFQs and dietary recall rely on retrospective 

report. Studies in adults have long demonstrated a 

tendency to misreport caloric intake due to diiculties 

with recall, desirability efects, and lack of nutrition-

al knowledge. his efect may be more pronounced 

when assessing a child’s intake. Children may have 

more memory, time-conceptualization, and compre-

hension diiculties when reporting intake. hey also 

tend to be less knowledgeable of the portion sizes and 

food preparation of foods consumed. Parent recall is 

similarly imperfect. Such methods rely not only on 

retrospective recall, but also on third-party observa-

tion. Parents can only report on the eating behavior 

that they directly observe and may therefore inaccu-

rately report on meals and snacks eaten outside the 

home and any secretive eating. Accordingly, parents 

appear to be less accurate in reporting child’s snack 

intake and disordered eating behavior. 

To avoid the errors associated with recall, some 

studies have attempted to use weighed or estimated 

food records, doubly labeled water, or direct observa-

tion of food intake in order to assess children’s eat-

ing. Using the food record method, children and/or 

their parents are asked to record the child’s food and 

beverage intake over time, including information re-

garding speciic types and portions of foods eaten. In 

the case of weighed food records, food is measured 

and weighed before and after eating in order to deter-

mine the quantity of any leftover food and drink. In 

the case of estimated records, these food quantities 

are estimated. 

his method allows greater accuracy than recall 

methods by eliminating the problems associated with 

retrospective reporting. Although records are time-

consuming to complete, fewer days of recording may 

be required to assess intake in children than in adults 

due to the lesser degree of variance in dietary intake 

in childhood. Food records are burdensome to com-

plete; therefore, a high level of subject commitment is 

required. Accuracy of the data can be compromised 

by fatigue, forgetfulness, lack of compliance, efects 

of monitoring on intake, and desirability efects. his 

method also requires more of the investigator’s time 

to explain to methods to the subject and to analyze. 

In the case of weighed records, special equipment is 

needed, which may be expensive to obtain.

he doubly labeled water technique involves track-

ing isotopes in an altered water solution through 

a child’s system to measure metabolic rate. his is 

typically considered the most accurate measure of 

energy intake for children. However, there are limi-

tations to the method. Growth must be taken into 

account when using this assessment in children and 
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proper gut function is required for accurate results. 

his method requires staf trained and knowledgeable 

in how to administer the test and analyze the results 

and it tends to be a more costly method. Additionally, 

while this method provides an accurate assessment 

of caloric intake, it cannot provide any information 

regarding the types of foods consumed or the eating 

behavior of the subject.

Another technique often utilized in the assess-

ment of dietary intake in children is direct observa-

tion by investigatory staf. According to this method, 

a third-party observes children’s eating habits di-

rectly in either a naturalistic (e.g., school cafeteria) 

or laboratory setting. his method helps to reduce 

the error associated with child- and parental-report 

methods, provides greater objectivity, and permits 

investigators to examine eating behaviors in addition 

to intake. Additionally, observation in the laboratory 

allows for controlled conditions and manipulation of 

target variables. here are speciic limitations associ-

ated with this method. If aware that they are being 

observed, children may intentionally or unintention-

ally alter their eating behavior. his method is time-

consuming, often costly, and can be burdensome for 

both the subject and the investigator. For this reason, 

it is diicult to use such methods to assess a child’s 

eating habits over longer periods. If laboratory con-

ditions are used, an artiicial environment is created, 

and therefore results may not generalize to more typ-

ical eating situations.

When selecting a method for assessing children’s 

eating habits, knowledge of the particular beneits 

and challenges associated with each method is criti-

cal. Such knowledge can help a researcher or cli-

nician to select the most appropriate assessment 

method for the given circumstances and can reduce 

inaccuracies by anticipating diiculties associated 

with particular techniques. 

SEE ALSO: Doubly Labeled Water.
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Food Intake Patterns 

FOOD CONSUMPTION PATTERNS, including cook-

ing practices and eating behaviors, are a set of norms, 

rules, and principles that population groups have 

established to provide nourishment, healing, and 

comfort to them. Examination of food consumption 

patterns, instead of intakes of single nutrients, gives 

a better idea of the relationships between diet, health, 

and disease patterns afecting population groups. In 

fact, people do not eat single, isolated nutrients nor 

do nutrients exert their efects in health status in a 

vacuum. On the contrary, people eat foods in the 

most complex and intriguing combinations, with sev-

eral nutrients and other food compounds acting ei-

ther synergistically or antagonistically. herefore, to 

decipher the dietary efects on health, it makes sense 

to study foods as they are consumed instead of focus-

ing in single nutrients. 

Food patterns based on low-fat, nutrient-dense 

foods, particularly fruit and vegetables, have benei-

cial efects on cardiovascular health, protect against 

certain cancers, and are associated with healthier 

body weights. In the opposite direction, food patterns 

of poor diversity and those that include foods high in 

energy and poor nutrient density are associated with 

cardiovascular disease, Type 2 diabetes, certain can-

cers, and obesity. 

Food patterns develop slowly, with the input of sev-

eral factors associated with the physical environment 

and food availability. hey are highly determined by 

cultural inluences, as people construct their pref-

erences, choices, perceptions, beliefs, and attitudes 

about foods on the basis of their ethnic and cultural 

values. Such cultural constructs are not always consis-

tent with scientiic knowledge regarding the safety or 

nutritional values of foods. Based upon the constructs 

of their speciic cultures, diferent foods may be con-

sidered preferable and acceptable by some groups, but 

rejected and unacceptable by others. However, food 
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patterns are composed of dynamic constructs that are 

modulated and redeined as result of the interaction 

of people from diferent cultures and ethnicities.

Food choices afect health and well being, although 

these are not necessarily inluential in such decisions. 

Social, cultural, and economic considerations are of-

ten decisive when selecting what to put on the table. It 

is notorious how the American population, since co-

lonial times, has tested, improved, and adopted sev-

eral foodstufs, which are now integral elements of its 

eating patterns. A classic example is the food pattern 

deined to celebrate the hanksgiving holiday—foods 

and meals incorporated into this celebration play im-

portant social, cultural, and emotional roles intrinsic 

in the American cultural identity. he food patterns 

followed by populations from the Mediterranean re-

gion, and known as the Mediterranean diet, devel-

oped slowly during centuries and became inserted 

into the lifestyles of these populations; such diet is as-

sociated with greater longevity and reduced mortal-

ity and morbidity for cardiovascular disease, certain 

cancers, and other nutrition-related diseases. 

he easy and inexpensive access to food and the 

luidity associated with the globalization of the food 

markets, along with several other factors inluencing 

food choices, have brought profound changes in eat-

ing patterns of the population, including more diverse 

combination of foods, frequent snacking, and larger 

portion sizes. hese changes in eating patterns, plus 

the perceived decreases in levels of physical activity, 

are associated with the epidemic of overweight and 

obesity that currently afect Americans. Eforts to 

promote better diets among the American popula-

tion need to aim at the maintenance or adoption of 

healthful dietary patterns based on both cultural and 

modern foods that could satisfy the biological, emo-

tional, and social needs of this population. In particu-

lar, eforts should be concentrated in guiding the pop-

ulation to adopt food patterns aimed at restoring or 

maintaining healthy body weights as more and better 

strategies are needed to halt or alleviate the current 

epidemic of obesity. 

SEE ALSO: Food Guide Pyramid; Food Preferences; Fruits 

and Vegetables; Healthy Eating Index; High Carbohydrate 

Diets; Increasing Portion Sizes.
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Food Labeling

REGULATION OF FOOD labeling in the United States 

is largely within the purview of the U.S. Food and 

Drug Administration (FDA), an agency within the 

Department of Health and Human Services. he 

Center for Food Safety and Applied Nutrition with-

in the FDA is responsible for regulating the safety 

and accurate labeling of most foods; the major ex-

ceptions are the products of domesticated animals 

(such as cattle and poultry), alcoholic beverages, and 

drinking water. Meat, poultry, and related products 

containing them are the responsibility of the United 

States Department of Agriculture Food Safety and 

Inspection Service. Beverages containing more than 

seven percent alcohol are regulated by the Bureau 

of Alcohol, Tobacco, and Firearms, part of the U.S. 

Department of the Treasury. Nonbottled drinking 

water is regulated by the Environmental Protection 

Agency, a cabinet department within the federal 

government. Bottled water is regulated by both the 

FDA and state governments, and dietary supple-

ments are regulated by the FDA as foods (meaning 

they are not subject to the same safety and eicacy 

testing applied to drugs). he Federal Trade Com-

mission, an independent agency within the federal 

government, governs the regulation of claims made 

for food products or supplements in advertising.

he United States government’s role in regulating 

food labeling dates back to the late 19th century. he 

FDA’s origins lie in this era also, as its beginnings can 

be traced back to the Division of Chemistry created 

within the Department of Agriculture. One of the 

activities of the Division of Chemistry was research 

into the adulteration and mislabeling of foods and 

drugs; results from these investigations were issued 

in a series of reports from 1887 to 1902. hese re-

ports, reinforced by a general interest in increasing 

government regulation of matters concerning public 

health, and the work of crusading journalists such as 

Upton Sinclair, led to passage of the Food and Drugs 

Act, which became law in 1906. Among other things, 

this Act banned interstate transport in adulterated 

or misbranded food and drugs (the legal structure of 

the United States generally does not allow the federal 

government to regulate commerce within individual 

states). Federal regulatory oversight increased with 

the founding of the Food and Drug Administration 

in 1927, and was further strengthened in 1938 with 

passage of the Food, Drug and Cosmetic Act. his 

Act remains the basis of most of the FDA’s regula-

tory powers to the present day, although speciic 

regulations are regularly added and revised. 

he Oice of Nutritional Products, Labeling and 

Dietary Supplements (ONPLDS) within the Center 

for Food Safety and Applied Nutrition is responsible 

for developing labeling policy, regulations, and stan-

dards; it was realigned in 2003 into units organized 

around product categories. Within the ONPLDS, the 

Division of Dietary Supplement Programs develops 

and implements policy, regulations, guidance docu-

ments and compliance activities related to dietary 

supplements, and reviews new dietary ingredients, 

labeling standards, and enforcement actions for 

adulterated or mislabeled dietary supplements. he 

Food Labeling and Standards Staf develops policy, 

regulations, guidance documents, and enforcement 

strategies concerning food labeling, and participates 

in international committees such as the Trilateral 

(United States, Canada, and Mexico) Technical 

Working Group on Food Labeling, Packaging, and 

Standards. he Nutrition Programs and Labeling 

Staf is concerned with scientiic and regulatory re-

view of nutrition labels, including health claims, nu-

trient content claims, and the information required 

to be provided by the Nutrition Facts panel; this staf 

also sets policy and creates guidance documents re-

garding nutritional labeling and promulgates and 

administers regulations. he Division of Research 

and Applied Technology provides expert advice to 

the Center for Food Safety and Applied Nutrition 

and evaluates the validity of dietary exposure esti-
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mates. he Infant Formula and Medical Foods Staf 

deals with issues related to infant formula. 

Basic laws regarding food labeling in the United 

States include the requirements that label informa-

tion be conspicuously displayed and be expressed in 

common English, the amount of food in the package 

must appear, and if the food is imported, the name 

of the country of origin must appear in English. he 

common name of the food must appear, as well as 

the form (e.g., “whole” or “chopped”), and the indi-

vidual food components must be listed in order by 

weight. With a few exceptions, food additives and 

colors must be listed; the exceptions include the use 

of most coloring agents in butter, cheese, and ice 

cream. Nutritional information must be provided 

for most packaged foods. Claims concerning nutri-

ent content (such as “sodium free” or “low fat”) must 

meet additional standards speciied by the FDA. 

Primarily the Nutritional Labeling and Education 

Act of 1990 governs the contents of nutrition labels, 

which are required on almost all packaged foods in-

tended to be sold to the public. he Nutrition Facts 

Panel is required by law to contain information in-

tended to help people choose foods that are nutri-

tious and appropriate for their caloric needs. he 

irst information provided is the serving size and the 

number of servings in the package; most of the in-

formation that follows is based on a single serving of 

the food, so it is important to understand what con-

stitutes a serving in the context. Serving sizes must 

be given in standard units, such as cups or pieces, 

and also in metric weight (usually grams). Serving 

size information is followed by information about 

the amount of 15 nutrients, listed in standard order, 

contained in a serving of the food: calories, calories 

from fat, total fat, saturated fat, trans fat, cholester-

ol, sodium, total carbohydrate, dietary iber, sugar, 

protein, vitamin A, vitamin C, calcium, and iron. 

his information is also presented as the percent-

age it constitutes of a recommended 2,000-calorie 

diet, and reference information about the amount 

of fat and saturated fat, cholesterol, sodium, carbo-

hydrate, and dietary iber recommended for a 2,000 

and 2,500-calorie diet is also presented. If claims are 

made on the label about other vitamins and minerals 

for which a Reference Daily Intake (RDI) has been 

established, the amount of these ingredients must be 

also listed. Other information may be included on a 

voluntary basis, including calories from saturated fat 

and amounts of polyunsaturated fat, monounsatu-

rated fat, potassium, soluble iber, insoluble iber, 

sugar alcohol, other carbohydrates, other vitamins 

and minerals, and beta-carotene. he addition of 

trans fat (trans fatty acids) to the labeling regulations 

(efective January 2006) is the irst signiicant change 

since the Nutritional, Labeling, and Education Act 

regulations were inalized. 

Strict deinitions have been set for the following 

terms used in claims on food labels: free, reduced, 

lean, less, light, extra lean, low, fewer, high, more or 

extra, and good source. Deinitions of the require-

ments for the use of each term are available from the 

Center for Food Safety and Applied Nutrition Web 

page. For instance, the word free must be used to sig-

nify that a product contains none or only a physiolog-

ically trivial amount of an ingredient. his is deined 

according to the context; for instance, in the case of 

“calorie free,” it means ive calories or less per serving, 

and in the case of “sugar free” or “fat free,” it means 

less than 0.5 grams per serving. To take another ex-

ample, “lean” and “extra lean” are used to describe 

meat, poultry, and similar products: lean means less 

than 10 grams of fat, less than 4.5 grams of saturated 

fat, and less than 95 mg of cholesterol per serving 

and per 100 grams, while extra lean means less than 

5 grams of fat, 2 grams of saturated fat, and 95 milli-

grams of cholesterol per serving and per 100 grams. 

he Food and Labeling Consumer Protection Act 

of 2004, which came into efect on January 1, 2006, 

requires that food labels clearly state if the food 

contains any protein derived from eight major al-

lergenic foods. his regulation is a response to the 

fact that about 2 percent of U.S. adults and 5 per-

cent of infants and young children sufer from food 

allergies, that about 150 Americans die each year 

from allergic reactions to food, and that the eight 

major allergens account for about 90 percent of all 

documented food allergic reactions. he eight ma-

jor allergens are milk, eggs, ish, crustacean shell-

ish, tree nuts, peanuts, wheat, and soybeans. If a 

food contains any of these ingredients, they must 

appear in the list of ingredients or an extra state-

ment including the food’s common name beginning 

with “contains” must appear adjacent to the list of 

ingredients, e.g., “contains milk” for a product that 

include the milk-derived protein casein. 
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SEE ALSO: Carbohydrate and Protein Intake; Fat Intake; 

Food and Drug Administration; Government Agencies; 

Nutrition Education. 
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Food Marketing to Children

ADVERTISEMENTS PERMEATE CHILDREN’S lives 

through all forms of media. Food advertising to chil-

dren, in particular, has been the subject of great in-

terest because of the volume experienced by children, 

the types of foods advertised to children, and the vul-

nerability of many children who cannot comprehend 

the nature of advertising. Further, an association has 

been made between food marketing to children and 

childhood obesity, although a causal relationship has 

not been established. Many studies document the 

types and efects of food marketing to children, and 

the results have only fueled debate on the topic. he 

food and beverage industry has attempted to allay 

concerns by introducing mechanisms for self-regu-

lation. Internationally, many countries regulate mar-

keting to children, but the United States does not. As 

such, a major unanswered question is whether the 

food industry can responsibly self-regulate food ad-

vertisements to children, or whether governmental 

oversight and policy action is required. 

Obesity in children is now a well-known concern 

in many countries, including the United States. Re-

cent decades have seen a doubling of the prevalence 

of obesity in children and a tripling in adolescents. 

Many causes have been identiied as part of this prob-

lem, and diet is primary among them. Children are 

consuming more energy-dense and less nutrient-

dense foods, and are thus failing to meet many nu-

trition recommendations. Children and adolescents 

consume calories, added sugar, fat, and saturated 

fat in excess. Conversely, they fall short in consum-

ing whole grains, fruits, vegetables, and a variety of 

vitamins and minerals. Studies suggest children and 

adolescents are consuming a large percentage of their 

calories from snacks and sugar-sweetened beverages, 

and they are eating more and more foods away from 

the home. Many of these trends contribute to obesity 

rates in children, and there is question as to whether 

food marketing to children plays a role.

Food companies spend a large amount of money 

on advertising, especially on the numerous new food 

products introduced for children each year. Children 

and adolescents have become an important con-

sumer population for food companies because they 

have spending power in the order of billions of dol-

lars. Not only do children have money of their own to 

spend, they also inluence the spending of others in 

their household. Because of the major role children 

and adolescents play in the marketplace, the food and 

beverage industry spends an estimated $10 billion on 

youth-focused marketing each year. Overall, the food 

industry is second in advertisement spending only 

to the automobile industry in the United States. he 

majority of food industry marketing dollars has gone 

to breakfast cereals, candy and gum, soft drinks, and 

snack foods. Advertising budgets for these food cat-

egories are large because many of the thousands of 

new children’s food products introduced each decade 

fall into these categories. According to a report by the 

Institute of Medicine, from 1994–2004, 58 percent of 

all new children’s foods were candies, snacks, cook-

ies, and ice-cream products. Conversely, very few 

new fruit or vegetable products were introduced to 

the marketplace for children, and nearly all studies 

on the topic conclude that healthy food products are 

minimally advertised to children. As a result, more 

money is spent advertising energy-dense foods than 

nutrient-dense foods.

Food marketing to children comes in many forms 

because children interact with a wide variety of media, 

and for extensive periods of time. Children and youth 

spend many hours a day with media of all kinds. he 

majority of these hours are spent watching television, 
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but children and youth also spend signiicant amounts 

of time listening to the radio and using computers to 

browse the Internet. Food and beverage companies 

take advantage of this wide exposure to media to ad-

vertise their products, and they use every available 

media outlet. Most advertisements are conventional 

in nature, such as television or radio advertisements, 

billboard messaging, food packaging that is attractive 

to children, and product promotions. Other forms 

of advertisements constitute novel developments in 

marketing to children and include product placement 

in movies and video games, “advergaming” related to 

speciic food products or brands, licensing of cartoon 

and other children’s characters from movies or televi-

sion shows, internet promotions, and food-product-

based Web sites.

Children and adolescents are exposed to large 

amounts of advertising in a variety of venues. For 

instance, it is estimated that children are exposed to 

tens of thousands of television advertisements each 

year. Among these advertisements, foods are the most 

frequent products being promoted. However, the 

food industry has been reallocating marketing dollars 

toward other venues, such as the school setting and 

the Internet. Within schools, youth are exposed to a 

variety of advertisements in the form of brand names 

associated with vending machines, fast food vendors, 

and placements in school newspapers or on school 

televisions. he opportunities to advertise through 

these outlets are many, as the vast majority of middle 

and high schools in the United States maintain vend-

ing machines in their hallways. A large number of 

high schools also ofer branded fast foods, and many 

middle and high schools contract with Channel One, 

a news program for children that includes advertise-

ment time for foods and beverages. 

Some advertising to children is meant speciically 

to increase brand recognition beyond the marketing 

of a single product. A variety of techniques exist to in-

crease children’s interest in particular brands of foods 

or beverages. Many children’s breakfast cereals, for 

instance, include recognizable, brightly colored char-

acters that are designed to exhibit fun and excitement. 

hese friendly spokescharacters help increase loyalty 

toward a particular brand in children. Similarly, char-

acter licensing, in which movie characters or other 

recognizable children’s characters are included on 

food packaging or promotions, also increase aware-

ness of particular brands over others. Other strate-

gies include use of pop-culture spokespersons, such 

as athletes or actors; inclusion of toys or other prizes 

within food products; and most recently, online ac-

tivities and virtual environments in which children 

may play, all the while being exposed to brand names. 

hese strategies are increasingly used across the en-

tertainment and food industries.

he pervasive nature of food marketing, as well 

as the increasingly sophisticated methods used to 

advertise to children, might be related to children’s 

dietary preferences. Researchers have hypothesized 

that exposure to advertisements might greatly afect 

children’s attitudes toward, and interest in, particular 

foods. Concern has developed over food marketing 

to children because many studies have linked food 

marketing to food choices of children. he majority 

of studies conducted on the efects of advertising to 

children have shown that children choose advertised 

products signiicantly more often than do children 

who were not exposed to advertising. Also, advertis-

ing increases children’s attempts to inluence purchas-

ing decisions of their parents, a concept referred to 

as “pester power.” Further, the majority of foods and 

beverages advertised to children are high in sugar and 

fat, and low in nutrients. For example, the Institute of 

Medicine has concluded that the majority of televi-

sion advertisements for food and beverage products 

for children are energy dense but not nutrient dense. 

he Institute of Medicine also has concluded that ad-

vertising, at least on television, can inluence children 

and youth such that they both prefer these types of 

food products and request them more often. 

A more important question might be how advertis-

ing is related to actual dietary intake among children 

and adolescents, as well as its relationship with over-

weight in children. Intriguing data exist for the young-

est age groups, who might be most vulnerable to ad-

vertising in general. Consistent evidence supports the 

role of television advertising in inluencing the short-

term food choices and consumption patterns of chil-

dren under 11 years of age. here is also evidence to 

suggest that television advertising might afect long-

term intake of young children up to 5 years of age. his 

might be the case because young children, especially 

those under the age of 8 years, do not have the capac-

ity to distinguish between regular television and other 

programming, and the advertisements interspersed 
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within the programming. Even older children might 

not be media-savvy enough to protect themselves in 

all cases against advertisements. Further, many stud-

ies have established an association between exposure 

to food advertisements and childhood adiposity. he 

evidence for this association, however, does not estab-

lish causality.

Given the extent of food marketing to children in 

the United States, and its potential to afect the diets 

and health of children, many questions have arisen 

regarding how best to regulate advertisements to 

children. In response, the food industry developed 

its own regulatory agency, the Children’s Advertis-

ing Review Unit (CARU). he agency was founded by 

the National Advertising Review Council in 1974, is 

run by the Council of Better Business Bureaus, and 

is funded by all industries that advertise to children, 

including the food industry. CARU maintains and 

updates a list of guidelines meant to direct indus-

try advertising in a responsible manner. Using these 

guidelines, CARU conducts reviews of advertising 

to children, can accept and review complaints about 

advertisements, and will make determinations as to 

whether advertisements violate its guidelines. When 

violations do occur, CARU requests voluntary action 

from the advertiser to resolve the problem. Because 

there is a high level of commitment by industries to 

CARU guidelines, some health organizations, such 

as the Institute of Medicine, have suggested working 

with CARU in support of this form of self-regulation. 

However, some public health advocates and organi-

zations have argued that self-regulation is not sui-

cient to protect vulnerable children. Organizations 

such as the American Academy of Pediatrics and the 

American Psychological Association have called for 

stronger government regulation of food marketing to 

children. Worldwide, action has been taken on the is-

sue. Many nations currently regulate advertisement 

to children, and in some cases, advertisement to chil-

dren has been banned or severely limited. he World 

Health Organization also has weighed in on the issue, 

publishing a set of guidelines on advertising to chil-

dren through the International Obesity Task Force. 

Referred to as the “Sydney Principles,” the guidelines 

provide suggestions to reduce or entirely eliminate 

commercial promotions to children. In the United 

States, however, governmental regulation remains a 

controversial issue.

SEE ALSO: Advertising; American Academy of Pediatrics; 

Children’s Television Programming; International Obesity 

Task Force; Television. 
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Food Preferences

THE TERM PREFERENCE refers to the selection or 

choice of one item over the other. hus, food prefer-

ences mean one’s choice or selection of some foods 

but not others. In common usage, however, food pref-

erences simply refer to the foods that one likes. Food 

preferences vary across individuals, particularly be-

tween people who are from diferent cultural back-

grounds. For example, some children born in regions 

of India or Africa acquire preferences for chili peppers 

when they are young, while the typical American child 

tends to ind these foods too hot and often dislikes 

them. A combination of genetic predispositions and 

environmental factors inluence human food prefer-

ences, and for every individual, these factors might be 

diferent, thus complicating the study of human food 

preferences. Of importance to the study of human 

obesity, most humans tend to prefer foods that are 

sweet or high in fat, and these foods are often the most 

energy dense and overindulgence can result in obesity. 

his entry will give an overview of how food prefer-

ences are formed, and will review the salient factors 

that afect human food preference, both genetic and 

environmental. Where possible, direct parallels will be 

drawn between food preferences and obesity.

A widely accepted but incorrect viewpoint is that 

food preferences are innate or inborn responses to the 
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body’s need for speciic nutrients. his view stemmed 

largely from a misinterpretation of the work of pe-

diatrician Clara Davis, who performed studies in the 

early part of the 20th century where toddlers were of-

fered a variety of foods, and from these, they tended 

to choose “healthy” foods that were suitable for devel-

opment. Because Davis used such a limited variety of 

foods in her study, all of which tended to be healthy, 

these indings cannot be translated to the current food 

environment, rich with energy-dense and palatable 

convenience foods. In this environment, it is apparent 

that children do not always choose healthy foods, and 

in fact, need much guidance to learn to prefer foods 

that will result in optimal health and avoid the devel-

opment of obesity.

Researchers tend to agree that food preferences be-

gin to develop early in life and are primarily learned as 

a result of interactions a child has between food and his 

or her environment. he terminology applied to this 

process has most commonly been Pavlovian or associa-

tive conditioning. he term environment in this case can 

mean any context, social cue, or postingestive (biologi-

cal) consequence that is paired with recent ingestion of 

a food, or an eating experience. hus, food preferences 

are not innate or inborn, as suggested by Davis’s ear-

ly work, but rather are learned throughout life by any 

number of these shaping experiences. As an example, 

high-fat foods like desserts and sweets are often used as 

rewards or are the centerpieces to many holidays. Some 

have argued that the positive experiences that surround 

these foods serve to increase preferences for them. In 

contrast, vegetables are often presented as contingen-

cies to dessert foods, when parents use tactics such as 

“eat your vegetables, or you can’t have any dessert.” Re-

search from Leann Birch’s laboratory, a child psycholo-

gist from Penn State University, has determined that 

these strategies can decrease preferences for vegetables 

in the long run, possibly because the contextual cues to 

Common belief holds that a person’s food preferences are at least partially determined at birth. In truth, such food preferences can be and 

frequently are learned throughout a lifetime of eating.

 Food Preferences 299



consumption of these foods are predominantly nega-

tive for the child experiencing them.

Of additional importance to food preferences are 

postingestive consequences that can result either in 

food aversions (dislikes) or in increased preferences. 

Food aversions can result from ingesting a food that 

makes one sick or nauseous. he next time this food 

is ingested, humans will typically dislike the taste of 

it, and this is likely the organism’s protection mecha-

nism against consumption of potentially toxic food 

sources. In the same respect, positive postingestive 

consequences are often experienced from consump-

tion of sweets or sugar-containing foods. hese may 

partly be mediated by the positive postingestive con-

sequences that come with the metabolism of sugar. 

In fact, studies have demonstrated with sugar and 

with fat that humans will tend to prefer lavors that 

are matched with a higher amount of calories (such 

as sugar and fat), as opposed to conditions where few 

or no calories are given (such as artiicial sweetener 

or fat-reduced items). hese preferences for the high-

er calorie version are likely associated with positive 

postingestive consequences to eating these foods and 

may serve to guide the organism toward foods that 

contain calories, and therefore will promote growth.

While food preferences are primarily learned, 

there are some well-researched genetic predisposi-

tions across humans that can afect this learning pro-

cess. For example, humans and many other organisms 

tend to be born with a liking for sweet substances and 

a disliking of bitter and sour ones. hese are likely 

protective and serve to drive the organism to ingest 

calories (sweet) and avoid toxic and bitter substances 

(bitter and sour). In addition to these inherent taste 

preferences, humans tend to be universally neopho-

bic at birth, which is the fear of ingestion of novel 

edibles. Again, this serves to protect the organism 

from ingestion of potentially harmful food sources, 

and while most important in childhood, adults can 

exhibit neophobic reactions to food as well. Finally, 

the most well-known inherited diference in basic 

taste response is the inherited ability to taste bitter 

thiourea compounds, such as phenylthiocarbamide 

(PTC) and 6-n-propylthiouracil (PROP). Humans 

tend to either be sensitive to the taste of these com-

pounds (“tasters”) or nonsensitive (“non-tasters”). 

Researchers have demonstrated that food preferences 

can vary, depending on whether one is a taster or a 

nontaster. hese genetic predispositions interact with 

both the food environment and cultural factors to in-

luence and shape human food preferences.

SEE ALSO: Taste Reactivity.
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Food Reward

A FOOD REWARD aims to reinforce or strengthen a 

behavior through food. For example, a food reward 

is often used to reinforce a desirable behavior such 

as achievements or compliance (e.g., a pizza party for 

elementary students completing a book challenge). 

Food rewards are frequently used in shaping behav-

ior because food is a primary reinforcer. As a pri-

mary reinforcer, food is biologically preestablished 

to be rewarding. Food satisies the biological drive of 

hunger, although further investigation suggests that 

food rewards are commonly used in the absence of 

hunger. In many cases, food is eaten for its pleasur-

able reward of palatability rather than nutritional 

value. here are two components of eating behavior 

that explain how food acts as a reward: pleasure of 

eating, and biological need to eat. 

Parenting techniques commonly utilize food re-

wards. Food can be used to encourage a child to 

perform a needed task or to maintain good behav-

ior. his practice of using food as a reward is also 

referred to as instrumental feeding. Baughcum and 

colleagues conducted focus groups investigating 

maternal feeding practices inclusive of food to shape 

behavior. his study found that mothers used food 

to quiet a fussy baby or a toddler’s tantrum rather 

than using food to satisfy the child’s hunger. When 

a parent grants a food reward to a child who is act-

ing out, the food reward reinforces the bad behavior. 

300 Food Reward



his form of rewarding is not efective in maintain-

ing the desired behavior, and instead, reinforces the 

negative behavior.

Food rewards are problematic by interfering with 

an individual’s ability to regulate physiological hun-

ger over psychological food cravings. Regulating 

food consumption based on biological need versus 

the pleasure of eating can be shaped at a young age. 

Parental feeding studies have shown that food con-

trol through reward and punishment during child-

hood can inluence eating behaviors in adulthood. 

Puhl and Schwartz found that parental food control 

through reward and punishment places children at 

higher rates for binge eating and dietary restraint 

later in adulthood. his inding is consistent with 

previous research which suggests food in a reward 

system alters a person’s ability to self-regulate food 

intake based on hunger cues. 

Food preferences for rewarding foods are select-

ed primarily for taste. A food reward is commonly 

a favorite high-calorie food choice. he learned as-

sociation between appropriate behavior and an ap-

petizing snack can generate food cravings without 

appetite signals. his drive to seek out desired foods 

can lead to eating in the absence of hunger and ex-

cessive eating. 

SEE ALSO: Appetite Signals; Food Intake Patterns; Food 

Preferences; Hunger. 
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Food Stamp Nutrition  

Education Program

THE FOOD STAMP Program is a cornerstone of the U.S. 

Department of Agriculture nutrition assistance pro-

gram. he purpose of the Food Stamp Program is to end 

hunger and improve the nutrition and health of low-in-

come households. he Food Stamp Program is run at 

the state level, but is overseen by the federal government 

with current presence in all 50 states, the District of Co-

lumbia, Guam, and the U.S. Virgin Islands. Qualifying 

for the Food Stamp Program requires the household to 

meet certain eligibility standards that mainly center on 

income, looking for work, and citizenship status. 

he Food Stamp Nutrition Education Program was 

created by the Food Stamp Program to provide edu-

cation to assist households in making healthy food 

choices on a limited budget. he recommendations 

and educational initiative are based on the most re-

cent dietary advice provided by the Dietary Guide-

lines of Americans and the Food Guide Pyramid. 

Some of the more speciic goals of the Food Stamp 

Nutrition Education Program are to improve the 

self-suiciency of Food Stamp recipients, increase 

skills in food budgeting and meal planning, increase 

knowledge of proper food choices, increase physical 

activity, and promote a healthy lifestyle. State govern-

ments who choose to participate in the Food Stamp 

Nutrition Education Program can be reimbursed up 

to one-half of the costs of the initiative by the United 

States Department of Agriculture. Currently, there 

are over 19 million people in the United States on the 

Food Stamp Program; more than half are children. 

he Food Stamp Nutrition Education Program will 

Giving food as a reward for particular behavior can strengthen a 

person’s view of that food item.
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assist these individuals in making the right choices, 

within a limited budget, about food and health as they 

transition from welfare to work. 

SEE ALSO: Access to Nutritious Foods; Accessibility of 

Foods; Changing Children’s Food Habits; Expanded Food 

and Nutrition Program; Food and Drug Administration; 

Nutrition Education.
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Fruits and Vegetables

ONE OF THE most important messages of modern nu-

trition is that a diet rich in fruits and vegetables pro-

motes health while protecting against almost all dis-

eases including cancer, cardiovascular disease (CVD), 

diabetes mellitus, and several other age-related degen-

erative disorders. Speciically, the intake of 400–600 

grams per day of fruits and vegetables is beneicial. 

Every dietary plant contains numerous types of anti-

oxidants with diferent properties. Because oxidative 

stress is common in chronic degenerative disease, di-

etary antioxidants may explain the protective efect of 

fruit and vegetable consumption. Many of these an-

tioxidants cooperate in oxidative stress reduction in 

plants, so the many diferent antioxidants may also be 

needed for the proper protection of animal cells.

In addition to essential nutrients, such as protein, 

amino acids, vitamins, and minerals, plant foods also 

contain phytochemicals that have additional health 

beneits. he term “phytochemical” means any com-

pound of plant origin. Phytochemicals may play a key 

role in reducing chronic disease risk and include phe-

nolics, lavonoids, and carotenoids. Plant sterols, the 

minor lipid components of plants, may be beneicial 

due to their cholesterol-lowering efect. Polyphenols 

are substances with antioxidant activity, which give 

some lowers, fruits, and vegetables their color. Tea 

also contains polyphenols. he lavonoids are poly-

phenolic compounds that have antitumor properties 

as well as cardioprotective efects with respect to vas-

cular function and platelet reactivity. Flavonoids are 

universally present as constituents of lowering plants, 

especially of food plants. Flavanol-rich, plant-derived 

foods and beverages include wine, tea, various fruits 

and berries, and cocoa and cocoa products. 

Colored fruits are considered a trait that correlates 

with nutritional values and health beneits. For exam-

ple, red foods contain lycopene, the pigment in toma-

toes, which may be involved in maintaining prostate 

health, and has also been linked with a decreased risk 

of cardiovascular disease. Green foods, such as broc-

coli, Brussels sprouts and kale, contain glucosinolates, 

which have also been associated with a decreased risk 

of cancer. Garlic and other white-green foods in the 

onion family contain allyl sulides, which may inhibit 

cancer cell growth. Bioactive substances in green tea 

and soybeans have additional health beneits. Individ-

uals are recommended to ingest one serving of each 

of the seven color groups daily, as part of the ive to 

nine servings of fruits and vegetables per day. 

Research has shown that people who consume 

large amounts of fruits and vegetables have a lower 

incidence of CVD, stroke and tumors. CVD accounts 

for almost 50 percent of all deaths in industrialized 

nations and approximately 70 percent of CVD can be 

prevented or delayed with dietary choices and life-

style modiications. Of the tree nuts, walnuts, pecans, 

and chestnuts have the highest antioxidants. Death 

attributed to cardiovascular and coronary heart dis-

eases show strong and consistent reductions with in-

creasing nut/peanut butter consumption. Because of 

their chemical structure, plant polyphenols are able 

to scavenge free radicals and inactivate other pro-oxi-

dants involved in the etiology of many chronic dis-

eases. Many nutrients and phytochemicals in fruits 

and vegetables, including iber, potassium, and folate, 

could be independently or jointly responsible for the 

apparent reduction in CVD risk.

Currently, less than 25 percent of the American 

population meets the minimum recommendation of 

ive servings a day. he Western diet contains large 

quantities of oxidized lipids, because a large propor-

tion of the food in the diet is consumed in a fried, 
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heated, processed, or stored form. In contrast, the 

Mediterranean diet is high in fruits, vegetables, le-

gumes, and whole grains and includes ish, nuts, and 

low-fat dairy products. Its high antioxidant content 

may contribute to the prevention of CVD and pos-

sibly several forms of cancer and other diseases. 

Antioxidants may reduce the risk of atherosclerosis 

through the inhibition of oxidative damage and the 

Mediterranean diet appears efective to decrease LDL 

particle oxidizability.

It has been estimated that 80 percent of cancer in 

the United States have a nutrition/diet component 

and 30 to 40 percent of all kinds of cancer can be 

prevented with a healthy lifestyle and dietary mea-

sures. Protective elements in a cancer-preventive diet 

include selenium, folic acid, vitamin B12, vitamin D, 

chlorophyll, and antioxidants such as carotenoids 

(alpha-carotene, beta-carotene, lycopene, lutein, 

cryptoxanthin). Diets rich in antioxidants and anti-

inlammatory compounds may also lower the risk of 

developing age-related neurodegenerative diseases, 

such as Alzheimer’s or Parkinson’s diseases. Research 

suggests that the polyphenolic compounds found in 

fruits, such as blueberries, may exert their beneicial 

efects by altering stress signaling and neuronal com-

munication, thereby protecting against age-related 

deicits in cognitive and motor function. In addition, 

a healthy diet that includes ive servings a day of fruits 

and vegetables should optimize the intake of micro-

nutrients required for bone health. 

he optimal diet should emphasize fruits and veg-

etables, nuts, unsaturated oils, whole grains, and ish, 

while minimizing saturated fats (especially trans-sat-

urated fats), sodium, and red meats. Also, the overall 

calorie content should be low enough to maintain a 

healthy weight. Fruits and vegetables have low energy 

density (i.e., few kilocalories relative to volume), and 

including them as a part of a reduced-kilocalorie diet 

Most fruits and vegetables are high in both carbohydrates and natural dietary fiber. Research has shown that people who consume large 

amounts of fruits and vegetables have a lower incidence of cardiovascular disease, stroke, and tumors. 
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can be beneicial for weight management. However, 

the actions of the antioxidant nutrients alone do not 

explain the observed health beneits of diets rich in 

fruits and vegetables for chronic diseases. herefore, 

it is the additive and synergistic efects of phytochem-

icals in fruits and vegetables that are responsible for 

these potent antioxidant and anticancer activities, and 

that the beneit of a diet rich in fruits and vegetables is 

attributed to the complex mixture of phytochemicals 

present in plants.

SEE ALSO: Nutrition and Nutritionists; Nutrition Educa-

tion; Nutrition Fads.
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Functional Foods

FUNCTIONAL FOODS ARE conventional foods con-

ferring additional health beneits in addition to pro-

viding energy necessary for the body’s function. Oth-

er terms associated with these foods include designer 

foods (containing cancer or disease preventive prop-

erties), phytochemicals (pharmacologically active 

food components), pharmafoods, and nutraceuticals 

(more often dietary supplements made from plant or 

animal products). he Food and Drug Administration 

(FDA) regulates the labeling of conventional foods 

and enriched or enhanced foods for health claims or 

structure function claims by evaluating the claims of 

potential health beneits with scientiic evidence. his 

began in 1997 when the FDA ruled oatmeal could 

claim to be heart healthy.

Health claims relate food or food components to 

disease or health conditions and are limited to risk re-

duction and not cures, treatments, alleviation, or pre-

vention. An example of a health claim is low-sodium 

diets may reduce the risk of high blood pressure.

Structure function claims relate food or food com-

ponents to normal structure and function of the body 

and must be truthful and derived from nutritional 

value. An example of a structure function claim is cal-

cium builds strong bones.

Nutrition professionals recommend a variety of foods 

in adequate quantities to provide for energy require-

ments and provide essential nutrients, those vitamins, 

minerals, and amino acids not produced in the body. 

Appropriate diet options in the 2005 Dietary Guide-

lines for Americans include recommendations to main-

tain a healthy body weight and reduce risks of chronic 

diseases (cardiovascular, cancer, diabetes). Functional 

foods may reduce health risks commonly associated 

with obesity—hypertension, diabetes, hyperlipidemia, 

coronary artery disease, and some cancers. Because of 

Functional foods are essentially foods that provide an additional 

benefit to the body beyond simply supplying energy.
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the complex nature of nutrients in food and the factors 

of many components working together to promote 

health, health claims may be diicult to establish. 

Current trends in scientiic research of functional 

foods are aimed at determining the validity of com-

mon health claims and analyzing the components of 

foods for nutritional and health beneits. In general, 

for a study to be of use in substantiating health claims 

for functional foods, they should have a large enough 

sample size with a control group and suicient dura-

tion. he indings should be consistent with or sup-

ported by other research. 

When evaluating the research performed and used 

to substantiate a claim, additional factors are impor-

tant including the sponsor of the research to ensure 

the information is credible, whether the researcher 

objective is to sell a speciic product, and whether the 

information is current to keep pace with advances in 

medicine, science, and nutrition. 

Some foods have become mainstays of functional 

foods for their component properties. Fiber has been 

shown to reduce feeling of hunger by providing bulk 

with low calories and may help to decrease blood sug-

ar and cholesterol levels. Two kinds of iber—soluble 

and insoluble— have diferent functions. he soluble 

iber found in beans, oatmeal, and apple skin may 

retard nutrient absorption rates. he insoluble iber 

found in bran and whole grains increases intestinal 

transit and has beneits against colon cancer.

Live active cultures or probiotics in yogurt may 

prevent gastrointestinal infections and colon cancer, 

boost the immune system, and reduce allergies. Phy-

toestrogens—for example, soy, whole wheat, seeds, 

grains, some vegetables, and fruits—may prevent 

hormone-related cancers of the breast and prostate, 

lower cholesterol and prevent memory loss, and pos-

sess antiinlammatory and antioxidation properties. 

Cranberries in foods or in juice for preventing and 

treating urinary tract infections have been studied 

and have been in common use for some time. Other 

research indicates possible reduction in dental plaque 

as well as anticancer and antioxidant activity. Antioxi-

dants have received much press. As a group, antioxi-

dants scavenge free-radicals created by oxygen-pow-

ered metabolism; the by-product is a reactive oxygen 

species capable of damaging cells. Antioxidants in-

clude lavonoids or polyphenols, carotenoids, and 

omega-3 fatty acids.

Flavonoids or polyphenols found in tea, nuts, and 

berries may produce antiinlammatory and antialler-

genic actions. Carotenoids, a large family of vitamin 

A precursors including beta-carotene, lutein, and ly-

copene, are abundant in red and yellow fruits and veg-

etables with cancer and aging protective efects and 

ofering reduced risks of heart attacks. Omega-3 fatty 

acids are found in fatty cold-water ish; these acids may 

reduce risks of heart disease, stroke, and memory loss, 

and prevent depression.

As part of a healthy diet, functional foods are best 

served in their natural state and not processed with po-

tentially harmful additives; for example, oatmeal alone 

could be a better option than a high-fat, high-sugar gra-

nola bar. When a food carries a label with a health claim, 

read the whole label for complete nutrition information 

to make sure the food its the diet. To achieve and main-

tain a healthy weight, read food labels, self-educate with 

information available from the National Institutes of 

Health and other health organizations, consult a dieti-

tian or physician for scientiically based health claims 

regarding food, and follow an appropriate eating plan. 

SEE ALSO: American Dietetic Association; Food and Drug 

Administration; Nutrition and Nutritionists.
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Functional Magnetic  

Resonance Imaging

OVER THE PAST three decades, magnetic resonance 

imaging (MRI) has developed into several more spe-

cialized imaging modalities including functional mag-

netic resonance imaging (fMRI). his relatively new 

technology allows for simultaneous visualization of 

both structure and physiological function of the brain. 

fMRI has a variety of applications that have earned it 
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a place in clinical medicine and have established it as 

a valuable tool for research. Among its many contri-

butions, fMRI has added to the understanding of the 

brain as it relates to obesity. 

fMRI provides a high resolution and noninva-

sive report of neuron activity in the brain by detect-

ing blood oxygen levels. Regional increases in neural 

activity increase oxygen demand and subsequently 

causes localized increases in blood low. As a result, 

oxygen concentration is altered. Detection of these 

changes, also known as the blood-oxygen-level depen-

dent (BOLD) efect, is the basis of fMRI. Other related 

functional neuroimaging techniques include difusion 

MRI, which measures difusion of water molecules, 

and positron emission tomography (PET), which mea-

sures uptake of radiolabeled tracer molecules. 

Because functional neuroimaging techniques are 

able to correlate physiological function with anatomy, 

they provide researchers, neuroradiologists, neuro-

surgeons, and radiation oncologists the ability to plan 

more precise treatments that will best preserve brain 

function. hese imaging techniques are also impor-

tant in the assessment of disease states such as stroke, 

dementia, seizure disorders, and multiple sclerosis 

(all disease states that afect the morbidly obese more 

than normal-weight individuals). 

Understanding the brain’s response to excessive 

food intake is a focus of obesity research as it is likely 

the major contributing factor for developing obesity. 

For this reason, obesity research with fMRI has tar-

geted both the nonconscious (homeostatic) and con-

scious (perceptual, emotional, and cognitive) aspects 

of eating behavior. 

he role of the hypothalamus in the nonconscious 

regulation of energy homeostasis is well established. 

fMRI has shown a profound and sustained decrease in 

neural activity of two distinct regions of the hypothal-

amus after glucose ingestion. his decrease in neural 

activity was signiicantly reduced in obese individu-

als when compared to lean individuals. In addition, 

several limbic and paralimbic structures such as the 

insula, hippocampus, and orbitofrontal cortex show 

exaggerated responses to hunger in obese individuals 

compared to lean individuals. Diiculty arises when 

trying to separate hunger under homeostatic control 

from hunger related to the pleasure of eating.

Functional neuroimaging helps to identify abnor-

mal responses in various brain regions elicited by 

complex behaviors such as hunger and eating. More 

research, however, is needed to understand the rela-

tionships of these structures and their candidacy as 

neural risk factors for obesity. fMRI will continue to 

be an important imaging tool in identifying the role of 

the brain in obesity. 

SEE ALSO: Autonomic Nervous System; Computerized 

Tomography; Hypothalamus.
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Future of Medical  

Treatments for Obesity

OBESITY IS A common medical problem worldwide 

with up to 300 million people falling within the ac-

cepted deinition of obese (body mass index [BMI] 

above 30). Current estimates suggest that about a 

third of the population in the United States is obese, 

with rising obesity rates among children indicating 

that the problem will grow in coming years. Being 

overweight or obese is a risk factor for diabetes mel-

litus and cardiovascular disease and this combination 

is best termed cardiometabolic risk (CMR). While 

much interest has been focused in the past decade on 

the constellation of obesity, diabetes mellitus, choles-

terol abnormalities, hypertension, and other factors 

called the metabolic syndrome, regulatory authorti-

ties in the United States and Europe do not recognize 

metabolic syndrome as a disease entity. Metabolic 

syndrome as a collection of disorders together does 

not appear to increase disease risk any more than the 

individual components themselves. In the future, it is 
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likely that terminology such as CMR will be favored. 

Weight reduction is medically desirable as even mod-

est decreases (about 5 percent) in body weight in 

obese subjects results in a reduction in CMR. here 

is a great deal of interest in developing new therapies 

for the future because of the limited eicacy and tol-

erability of current therapies. Management of obesity 

includes behavioral, pharmacological, and surgical 

modalities which all have signiicant limitations. 

DIETARY APPROACHES TO OBESITY

Behavior modiication based on diet and exercise 

regimes is the standard initial approach to obesity 

management. U.S. government-backed dietary and 

exercise initiatives for healthy living and obesity con-

tainment over the past 20 years have focused on eat-

ing a balanced composition of foodstufs and reduc-

ing fat intake have been unsuccessful in stemming 

the rise of obesity and overweight. A huge selection 

of commercial diet and exercise programs are avail-

able, many of which advocate a high-fat, low-carbo-

hydrate approach, which is in contrast to national diet 

programs. Only recently have data become available 

comparing the utility of these approaches, and it is 

now acknowledged that future dietary recommenda-

tions may have to change. Subjects who follow low-

carbohydrate diets can experience greater weight loss 

than other groups over a period of 12 months, thus a 

diet that is relatively low in carbohydrate and high in 

protein and fat may allow greater weight loss than di-

ets containing a more traditional bias toward reduc-

tion of fat intake. Future studies will focus on whether 

such results can be applied to the initial medical treat-

ment of the obese population in general.

PHARMACOTHERAPY OF OBESITY 

Despite the high prevalence of obesity and the sizable 

health burden that accompanies obesity, few phar-

macologic options are available. he development of 

successful drug therapies for the treatment of obesity 

is often stymied by the remarkable complexity of the 

physiological mechanisms that govern body weight. 

Indeed, many of these systems are overlapping and in-

terlinked, providing a degree of redundancy, meaning 

that blockade of one system only can be overcome by 

continued activity of other systems. Feeding behavior 

is controlled by a tightly regulated network of central 

nervous system (CNS), gut, and fat cell (adipocyte) 

signaling that function to maintain energy storage and 

balance (known as energy homeostasis). his system 

has evolved to store energy in times of plenty in order 

to combat periods of relative scarcity. he continuous 

availability of plentiful sources of high-calorie food-

stufs in the developed world is a very recent occur-

rence, which constitutes a major challenge to energy 

homeostasis.

he approved medications that are available 

for weight loss include orlistat (a lipase inhibitor), 

sibutramine (a norepinephrine/serotonin reuptake 

inhibitor), phentermine, and diethylproprion (sym-

pathomimetic compounds). When all clinical trials 

of U.S.-approved antiobesity medications are consid-

ered, mean weight loss in excess of placebo of 5.7–6.3  

pounds was seen with orlistat, a 10 pound weight loss 

occurred with sibutramine, eight pounds with phen-

termine, and 6.5 pounds with diethylpropion. While 

these approved medications are associated with 

weight loss in excess of placebo during clinical trials, 

the beneits are modest. he sympathomimetic com-

pounds are associated with cardiovascular side efects 

(hypertension, increased heart rate), while orlistat is 

associated with unpleasant digestive system adverse. 

A new medical therapy for obesity that has recent-

ly completed clinical development is rimonabant, 

the irst clinically useful endocannabinoid-1 recep-

tor (CB-1) antagonist, which has been approved for 

use by the European Medicines Evaluation Agency 

in 2006 and is under consideration by the U.S. Food 

and Drug Administration. he CB-1 receptor is ex-

pressed widely throughout the body, including areas 

of the brain (hypothalamus) and on fat cells. CB-1 

receptor blockers probably function in obesity by 

stimulating fullness, decreasing hunger signals and 

desire for food, although there is also good evidence 

that they can regulate fat storage in the liver and by 

adipose tissue. 

After 12 months of therapy with rimonabant, 

mean placebo-corrected weight loss of 10 pounds 

was seen, which was accompanied by an improve-

ment in abdominal girth and a variety of secondary 

metabolic measures. To maintain weight loss, how-

ever, continued treatment appears to be necessary. 

Psychiatric events associated with rimonabant, such 

as depression and anxiety, have been highlighted 

and require further evaluation. Given the appar-

ent success of rimonabant as a treatment option for 
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obesity, many other CB-1 antagonists are in develop-

ment at this time.

More information on drugs in present use is 

needed, for example, efects of prolonged treatment 

(more than one year) and on the comparative efects 

of concurrent and sequential administration of drugs 

with nonpharmacologic antiobesity procedures. Also, 

more data are required on efects of drugs on body fat 

variables, such as the amount, distribution, and type, 

which are important factors in the development of 

obesity and determine consequences for health. Very 

few data are available on the efects of chronic treat-

ment with existing antiobesity drugs on subjective or 

objective measures of appetite in obese patients. 

NEW TREATMENT APPROACHES IN  

OBESITY MANAGEMENT

A number of pharmacotherapies are currently under 

development for the treatment of obesity and related 

medical conditions. While the mechanisms of action 

of these developmental therapies are multiple and var-

ied, they can be classiied into a number of general cat-

egories. First, drugs that block (antagonize) the sensa-

tion of hunger and feeding behavior (orexigenic) can 

decrease food intake and promote weight loss. Second, 

drugs can be used to boost signals that suppress hun-

ger and feeding behavior (anorexigenic). Finally, drugs 

can increase the body’s consumption of fat or other 

energy sources. Ideal antiobesity pharmacotherapies 

might not only suppress appetite, especially for fat, but 

also oppose its deposition by decreasing its absorption 

or increasing its metabolism. Concurrent increase of 

thermogenesis or heat production through consump-

tion of fat stores would also be advantageous. Because 

it is unlikely that a single drug would have all of these 

actions, treatments with combinations of drugs should 

be worth further investigation.

Novel agents for the treatment of obesity are le-

gion, each with their own particular mechanism of 

action. A selection of newly identiied therapeutic 

targets include oxyntomodulin, neuropeptide Y re-

ceptor antagonists, agouti-related peptide blockers, 

peptide YY, ciliary neurotrophic factor, uncoupling 

proteins, somatostatin analogs, melanocyte stimulat-

ing hormone analogs, coenzyme A carboxylase inhib-

itors, diacylglycerol acetyltransferase blockers, and 

adiponectin antagonists. he potential role of these 

programs for the future medical therapy of obesity 

will require extensive eicacy and safety assessments 

in preclinical and clinical trials. 

Many therapies that are available for the treatment 

of other conditions are currently under investigation 

for their efects on weight loss; most came to light due 

to adverse events related to weight loss or loss of ap-

petite. One beneit of studying established therapies 

is the availability of large amounts of data on safety 

and tolerability in the general population. 

he availability of new therapies for obesity in the 

future depends on the ability to meet the criteria for 

relevant weight loss and weight-loss maintenance that 

are set by regulatory bodies. Draft FDA guidance for 

assessing developmental weight-loss therapies in late-

stage clinical trials has recently been released. his 

guidance indicates that to be considered efective as a 

treatment to achieve weight loss and maintenance of 

weight loss, studies with future drugs should meet the 

following criteria:

•  A representative demographic mix of patients at 

signiicant risk due to obesity or overweight plus 

concomitant CMR factors should be included; also 

a representative sample of patients with extreme 

obesity should be included.

•  A study population of approximately 3,000 sub-

jects, of whom at least 1,500 subjects are random-

ized to placebo for one year of treatment. 

•  he primary end point of studies should include 

mean weight loss and also the proportion of sub-

jects that lost at least 5 percent of their body weight. 

hese igures should be expressed as weight loss in 

excess of placebo. 

•  CMR factors are of interest as secondary end 

points and could include blood pressure, choles-

terol, fasting glucose, and waist circumference. For 

diabetic subjects, the proportion of subjects with 

improvements in diabetic control as measured by 

reduction in concomitant diabetic medication use 

is suggested as an important outcome. 

DEVELOPMENTAL PHARMACOLOGICAL  

TREATMENTS FOR OBESITY 

Hormonal Modulation. Leptin is a hormone secreted 

by fat cells that has a variety of actions that govern 

energy homeostasis. Leptin decreases feeding behav-

ior (anorexia) and increases baseline utilization of fat 

and other energy stores, and acts to counteract con-
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tinuing food intake and storage in subjects with suf-

icient stores of fat. Human studies of administration 

of leptin in patients with obesity were, however, dis-

appointing as it appears that many obese individuals 

are to some degree resistant to leptin’s actions. 

Ghrelin is a hormone secreted by cells in the gut 

in response to fasting and has sites of action in the 

brain and elsewhere. Ghrelin reduces the secretion 

of leptin and other hormones and neurotransmitters, 

and as such, ghrelin antagonists have been studied as 

obesity therapies 

Oleoyl-estrone (O-E) is produced normally by adi-

pose and other tissues and helps to regulate fat mass 

and body weight. Like the hormone leptin, O-E levels 

are correlated with percentage body fat in humans, 

while O-E synthesis by adipose tissue is stimulated by 

leptin. Experimental animal studies indicate that O-E 

signiicantly reduces both food intake and body weight. 

he efects of synthetic O-E in these studies were most 

pronounced in obese animal models and weight loss of 

up to 20 percent was due predominantly to a reduction 

in fat tissue. his reduction may be due to a central ef-

fect by decreasing food intake and peripheral efects on 

adipose tissue and skeletal muscle mediated through 

lipoprotein lipase. In early-stage clinical trials, O-E was 

well tolerated and was associated with weight loss and 

improvements in blood glucose and cholesterol. Mid-

stage clinical trials of O-E are currently ongoing.

Stimulation of other hormones, such as growth 

hormone (GH) or blockade of others such as corti-

sol, have been suggested as potential treatments for 

obesity based on clinical scenarios of GH deiciency 

(increased fat mass) and cortisol excess (Cushing’s 

disease, associated with obesity, hypertension, and 

increased fat mass). While GH therapy is associated 

with loss of fat mass, its widespread use as an anti-

obesity therapy is limited by an increased propensity 

for diabetes. Blockade of cortisol as a mechanism 

for treating patients with obesity, hypertension, and 

other CMR factors is currently being studied in early-

stage human studies using inhibitors of the enzyme 

11-beta-hydroxysteroid dehydrogenase-1. 

Type 2 diabetes mellitus often accompanies obesity, 

and a series of approved antidiabetic drugs, particu-

larly the incretins, have come under scrutiny as poten-

tial therapies for weight loss. hese include the gluca-

gon-like peptide-1 (GLP-1) agonist, exanatide, which 

is associated with modest weight loss of the order of 

5.5–7.7 pounds during treatment periods of six–12 

months duration in patients with diabetes. Large-

scale trials in obesity per se are planned. he amylin 

analog, pramlintide, is approved for the treatment of 

diabetes mellitus, and has been shown to be associ-

ated with weight loss in patients with concomitant 

overweight/obesity. To address the complexity of the 

systems that govern energy balance and weight, com-

bination therapies of hormones such as amylin, GLP-1 

and leptin-based therapies are being investigated. he 

oral therapy for Type 2 diabetes mellitus, metformin, 

is one of the main therapeutic options in diabetic pa-

tients with insulin resistance. In multiple clinical tri-

als, metformin has been shown to reduce body weight 

to a signiicant degree. As of 2007, weight-loss studies 

were ongoing with metformin in obese patients.

Neurotransmitter Modulation. Topiramate, an an-

tiepilepsy medication, was known to be associated 

with weight loss as an occasional adverse event in the 

clinical-use setting. his led to large-scale clinical tri-

als as a weight-loss therapy for obesity, which have 

shown some maintained eicacy over 12 months of 

treatment. Current developmental eforts are focused 

on improving the delivery of the drug with a prepara-

tion that has an enhanced duration of action and a de-

creased incidence of adverse events. A combination of 

the topiramate and the sympathomimetic weight-loss 

agent phentermine is also being studied as a future 

medical therapy for obesity. Current mid-stage clini-

cal results indicate that this combination was associ-

ated with greater weight loss than placebo and than 

either topiramate or phentermine alone. 

Zonisamide is an approved antiepileptic treatment 

that acts by modulating the activity of the neurotrans-

mitters serotonin and dopamine in the brain. It was 

noted to lead to decreased appetite as a side efect of 

treatment and is being studied as a weight-loss ther-

apy. In obese adult patients, 16 weeks of treatment 

with zonisamide led to signiicant weight loss as com-

pared with placebo treatment and about half of the 

zonisamide group lost around 5-percent body weight 

during the study. Zonisamide is also being studied as 

an antiobesity therapy when given in combination with 

bupropion, with midstage clinical trials indicating that 

16 weeks of therapy with this combination was associ-

ated with signiicant weight loss in excess of placebo; 

continued treatment was associated with maintenance 

of weight loss.
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Atomoxetine, a treatment for attention deicit hy-

peractivity disorder, acts by modulating brain levels of 

the neurotransmitter, norepinephrine (noradrenaline). 

In a 12-week study of obese women, atomoxetine treat-

ment led to signiicantly greater weight loss than place-

bo. It is currently being studied in patients with weight 

gain due to medical treatment of schizophrenia. 

Bupropion is an antidepressant that modulates 

CNS levels of serotonin, dopamine, and norepine-

phrine. Bupropion is also used as a treatment to aid 

smoking cessation by reducing nicotine cravings, and 

its potential as a weight-loss therapy may be ascribed 

to parallel reduction in feeding behavior or hunger. 

When used as monotherapy, bupropion is associated 

with modest weight loss in obese individuals. A com-

bination of bupropion and naltrexone (a CNS treat-upropion and naltrexone (a CNS treat-

ment for opiate and alcohol addiction) is also being 

studied in patients with obesity. Current results sug-

gest that this combination results in greater weight 

loss than that achieved with placebo, although the 

degree of weight loss was moderate.

Lorcaserin is a stimulator of the serotonin 5-

HT2C receptor in the brain, which acts to modulate 

the sensation of hunder and alter feeding behavior. 

It was designed to overcome adverse events (car-

diac valve damage) associated with now-withdrawn 

weight-loss therapies that stimulated another sero-

tonin receptor, 5-HT2B. In midstage clinical trials, 

lorcaserin treatment in obese patients led to signii-

cantly greater weight loss compared with patients 

treated with placebo. Larger-scale trials are ongoing 

to validate these initial indings in a larger popula-

tion of obese individuals.

Histamine, which plays an important role in allergy, 

also acts as a neurotransmitter in the brain to modulate 

feeding behavior. Stimulation of histamine receptors 

(probably the H3 receptor) in the brain decreases ap-

petite. Betahistine is a prescription medication for ver-

tigo in many countries outside of the United States and 

acts to stimulate H1 and H3 histamine receptors in the 

brain. It is a well-tolerated therapy that has been used 

in more than 100 million people over the past decades. 

Initial short-term clinical trials have shown betahistine 

to reduce weight in obese subjects and in those taking 

medication for schizophrenia.

Amphetamine-like compounds such as phenter-

mine and diethylproprion have a modest efect on 

body weight, but are associated with adverse events 

such as tachycardia, nervousness, and potential in-

crease in blood pressure. Interest has focused on β-

3 adrenergic receptor subtype activation, as these 

receptors are believed to play a role in fat mobiliza-

tion and heat production in adipose tissue. Treat-

ment of obese patients with experimental β-3 ad-

renergic receptor stimulating drugs has proven to 

be relatively well tolerated, although weight loss and 

energy expenditure results have been mixed and it 

remains to be seen if valid β-3 adrenergic receptor-

based drug therapies will emerge.

Gut Absorption Inhibitors. Cetilistat inhibits gas-

trointestinal lipase, thus blocking the initial break-

down and subsequent absorption of fat from the gut. 

Early and midstage clinical studies of 12 weeks du-

ration have shown cetilistat to reduce weight signii-

cantly more than placebo in patients with obesity and 

combined obesity and diabetes mellitus. he adverse-

event proile of cetilistat in terms of unwanted gastro-

intestinal side efects may be more favorable than the 

currently available lipase inhibitor, orlistat. 

SEE ALSO: Acomplia; Estrogen Levels; Hormones; Hypo-

thalamus.
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Gallbladder Disease

THE PURPOSE OF the gallbladder is to aid in the ei-

ciency of the fat digestion system. Gallbladder disease 

occurs when this function is obstructed or slowed 

down. here are diferent types of gallbladder disease, 

the most common of which are inlammation of the 

gallbladder and gallstones. Obese people are at an in-

creased risk of contracting gallbladder disease.

As the name suggests, the gallbladder is a hol-

low sac-like organ that contains gall (bile). It is the 

size and shape of a small pear and is located un-

der the liver on the right side of the abdomen. Bile 

produced by the liver is stored and concentrated 

in the gallbladder. The gallbladder contracts after a 

person eats. When the gallbladder contracts, it re-

leases bile into the upper part of the small intestine 

in order for the bile salts to assist in fat breakdown. 

Without the gallbladder, the bile would still be able 

to travel from the liver to the intestine but with less 

efficiency. Gallbladder disease is the obstruction or 

decrease in efficiency of the flow of bile through 

the gallbladder during fat digestion. 

he two main types of gallbladder disease are cho-

lecystitis (inlammation of the gallbladder) and cho-

lelithiasis (gallstones). Gallstones are formed when 

the contents of the bile precipitate to form crystals, 

and they cause disease when they block the duct that 

leads to the intestine.

Obese people, especially women, have a higher 

chance of developing gallstones. At-risk for gallstones 

are middle-aged women, obese people who have more 

fat around their midsection than around their hips or 

thighs, people who undergo gastrointestinal surgery, 

and people on rapid weight-loss diets. Diets extreme-

ly low in fat or eating fewer meals could decrease a 

person’s amount of bile salt. Because the gallbladder’s 

function is to assist in the fat digestion system, with-

out fat, the gallbladder will contract less. With fewer 

contractions, the bile is more static, which in turn in-

creases both the chances of small stones forming and 

of those stones getting larger. Some types of diet and 

exercise may reduce the risk of developing gallstones.

Although gallstones are prominent in the devel-

oped world, only some cases require intervention. 

he majority of gallstones have no symptoms. When 

symptoms do occur, they commonly include abdomi-

nal pain on the upper right side or upper middle of 

the abdomen, especially following meals. Abdominal 

pain could be coupled with fever, nausea, vomiting, 

shaking, chills, and heartburn. Serious complications 

of gallstones requiring hospitalization can occur 

when an infection occurs behind the blocked gall-

stone. Gallstones can be detected using a blood test 

or computerized tomography (CT) scan, X-ray, or ul-

trasound of the abdomen.

It is possible to remove the gallbladder by a safe 

operation called laparoscopic cholecystectomy. his 

G



surgery has a high success rate and is easy for pa-

tients. Other possible interventions include dissolu-

tion therapy or certain low-fat diets.

SEE ALSO: Body Mass Index; Dieting: Good or Bad?; El-

evated Cholesterol; Fat Intake.
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Gastroesophageal Reflux (GERD)

GASTROESOPHAGEAL REFLUX DISEASE (GERD) 

is defined as the reflux of acid-rich stomach con-

tents into the esophagus, burning the inner layer 

of the esophagus and causing symptoms that are 

sufficient to interfere with quality of life. GERD is 

one of the most common causes for primary care 

physician visits and a leading cause of noncardiac 

chest pain. Symptoms of GERD include heartburn, 

a burning sensation felt in the chest, foul-smell-

ing breath, and cough. Other symptoms include 

wheezing, hoarseness, and recurrent respiratory 

infections. Complicated GERD may cause esopha-

gitis, permanent scarring of the esophagus, and 

even precancerous transformation of the esopha-

geal lining. 

A competent lower esophageal sphincter (LES) 

is needed to prevent GERD. he length of intra-

abdominal esophagus, the strength of the circular 

muscle ibers at the LES, and the normal emptying 

function of the stomach dictate LES strength. Acid 

production is also an important factor in the symp-

toms of GERD. 

Obesity is a strong independent risk factor for 

GERD, as 25 to 50 percent of the morbidly obese 

population will have GERD. Obesity is associated 

with GERD through several mechanisms. he in-

creased intraabdominal pressure exerted by the ab-

domen promotes relux. Fatty foods are also known 

to relax the LES, which, in combination with an in-

crease in food volume, promotes relux. 

here are several efective treatment options 

for GERD, which range from lifestyle modiica-

tion, medications, and surgical approaches. Life-

style modiications include weight loss, decreasing 

nighttime eating, decreasing meal size, and avoiding 

foods that relax the LES. Medications include those 

that decrease acid production (H2-blockers and 

protein pump inhibitors) and those that increase the 

strength of the LES and improve the emptying of the 

stomach (prokinetics). 

Surgical procedures are reserved for those whose 

symptoms are still severe despite other treatments. 

he standard surgical procedure in normal-weight 

and overweight individuals is called a Nissen fun-

doplication. However, in the morbidly obese, a gas-

tric bypass or lap band may be more efective treat-

ment. Both of these treat the underlying problem of 

elevated intra-abdominal pressure from too much 

intra-abdominal fat by allowing the patient to lose 

weight. If the morbidly obese patient has an incom-

petent LES or a hiatal hernia that are causing the re-

lux, then only a surgical approach will be efective. 

In these instances, a medical approach is contrain-

dicated. Both procedures can be performed using 

minimally invasive surgical techniques. 

SEE ALSO: Gastrointestinal Disorders.
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Gallstone symptoms include abdominal pain on the upper right side 

or upper middle of the abdomen, especially following meals. 
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Gastrointestinal Disorders

THE GASTROINTESTINAL (GI) system extends from 

the mouth to the anus and is comprised of the 

esophagus, stomach, duodenum, jejunum, ileum, 

colon, rectum, liver, pancreas, gall bladder, and bili-

ary tract. Its primary functions are absorption of 

nutrients and elimination of wastes, although the 

liver and pancreas in particular fulill many addi-

tional roles. Common symptoms of GI dysfunction 

include nausea, vomiting, changes in bowel move-

ments, pain, and changes in weight. 

GI disorders account for about 10 percent of the 

total burden of illness in the United States.According 

to the Centers for Disease Control and Prevention, 

in 2004, GI disorders accounted for 44.9 million of-

ice-based and 15.1 million emergency department 

visits. Obesity increases the chances of developing 

many diferent types of GI disorders, including gas-

troesophageal relux disease (GERD), irritable bowel 

syndrome (IBS), gall bladder disease, fatty liver dis-

ease, and GI cancers.

Because problems with many diferent organs 

within the GI system can present with similar 

symptoms, a careful history and examination is es-

sential to identify the underlying cause. he timing 

of symptoms, for example, can help determine if di-

arrhea is related to food poisoning, irritable bowel 

syndrome, medication side efects, or other prob-

lems. Other important characteristics of symptoms, 

especially pain, include any associated factors that 

make the symptom better or worse, the quality of 

the pain, whether the pain radiates to other parts 

of the body, and the severity. On examination, the 

presence or absence of fever, abdominal tenderness 

or masses, changes in the overlying skin, pelvic ex-

amination, and color and consistency of the feces 

can all be helpful. 

GI disorders can be further evaluated by laboratory 

studies. Special blood tests can evaluate the function 

of the pancreas or liver, check for proteins made by 

cancers, or for signs of infection or autoimmune dis-

ease. Stool tests for diarrhea can diagnose infections, 

bleeding, or malabsorption. 

A range of radiology studies can also be helpful. 

Probably the most important test today is computed 

tomography (CT) scanning. his special technique 

reconstructs the appearance of the internal organs, so 

that many infections, cancers, and a range of other  

problems can be identiied. CT is not perfect, 

though. Many people cannot receive the special in-

travenous contrast used for it because of an allergy 

or kidney problems. In other cases, the cause of the 

problem may not be seen at all on a CT scan because 

of its size, location, or underlying nature. In these 

instances, ultrasound, magnetic resonance imaging 

(MRI), special X-rays taken after swallowing barium, 

or directly visualizing the inside of the bowel with a 

special camera such as an endoscope may be helpful. 

Ultrasounds are especially good for looking at other 

structures in the abdomen such as the ovaries or 

bladder which can cause symptoms similar to that of 

GI problems. Barium X-rays allow radiologists to as-

sess the contraction and movement of bowel which 

may cause swallowing problems, vomiting, consti-

pation, or diarrhea.

Endoscopes are special cameras within long tubes 

that can be inserted through the mouth or anus which 

may obviate the need for surgery. Upper endoscopy 

evaluates the esophagus, stomach, and duodenum, 

while colonoscopy assesses the rectum, colon, and end 

of the small intestine. Endoscopy can be used to screen 

for cancers, take biopsies of the bowel or a mass, stop 

bleeding, or obtain additional ultrasound images of the 

liver and pancreas. 
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Several GI disorders are more common with obe-

sity. In GERD, stomach acid lows from the stomach 

back up into the esophagus, causing irritation of the 

esophagus’s delicate lining. It is often associated with 

pain or pressure in the chest. It can lead to scarring 

and narrowing of the esophagus and increases the risk 

of developing one type of esophageal cancer. People 

with higher body mass indexes have more self-report-

ed heartburn and regurgitation symptoms than their 

thinner counterparts.

IBS is a functional disorder—that is, scientists have 

been unable to identify a speciic cause for it—char-

acterized by chronic abdominal pain with diarrhea, 

constipation, or both. Obesity is associated with symp-

toms of bloating, upper abdominal pain, and diarrhea. 

People with IBS tend to have changes in GI motility, 

increased sensitivity to bloating and distension, coex-

isting psychological problems, and higher stress levels. 

Gall bladder disease is the most common gastro-

intestinal disorder in obese individuals. Both obesity 

and rapid weight loss are associated with the develop-

ment of gallstones. Gallstones form when liquid bile 

stored in the gallbladder hardens into pieces of stone-

like material. Obesity increases the cholesterol con-

tent of bile and decreases the contraction of the gall 

bladder, predisposing to cholesterol-rich gallstones. 

hese usually remain silent, but can cause right up-

per abdominal pain within 30 minutes of eating a fatty 

meal, pain between the shoulder blades or below the 

right shoulder, and nausea or vomiting. Stones that 

have become stuck in the neck of gall bladder com-

monly precipitate cholecystitis, or infection of the gall 

bladder. It produces symptoms such as right upper ab-

dominal pain, fever, nausea, and vomiting. 

Acute pancreatitis, or inlammation of the pan-

creas, is usually caused by gallstones or drink-

ing alcohol. It can cause severe pain, nausea, and 

vomiting. Symptoms are typically worsened by eat-

ing, because this stimulates the pancreas to try to 

release more enzymes to digest food entering the 
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duodenum. he inlammation can lead to pooling 

of luid around the pancreas and bowel, which in 

severe cases can lead to shock and even death. Peo-

ple who are obese are more likely to develop severe 

pancreatitis and its complications.

Cancers of the GI tract are closely associated 

with obesity, and may all present with unintention-

al weight loss. Adenocarcinoma of the esophagus, 

often related to long-standing GERD, may present 

with swallowing problems. Stomach cancer can 

present with pain or dark tarry stools, while colon 

cancer may be heralded by a change in the frequency 

or caliber of bowel movements, blood in the stool, 

or dark tarry stools. Pancreatic cancer may have no 

symptoms until it blocks the drainage of bile into the 

intestine, causing yellowing of the skin and eyes, or 

may present with abdominal pain.

Abdominal hernias occur when part of the bowel 

or fatty tissue protrudes through a weakened area of 

the abdominal wall such as around the umbilicus or at 

the site of a past surgery. he signiicance of abdominal 

hernias varies widely. Many cause no symptoms at all.

Hemorrhoids are engorged blood vessels in or 

around the anus, often caused by straining from con-

stipation or increased pressure in the pelvis, as with 

pregnancy. Hemorrhoids may be associated with pain, 

bleeding, itching, or the sensation of a lump. Avoiding 

constipation by drinking luids and eating lots of iber 

can help prevent and treat hemorrhoids.

SEE ALSO: Colon Cancer; Fatty Liver; Gall Bladder Disease; 

Gastroesophageal Relux (GERD).
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Gastroplasty

THE TERM GASTROPLASTY refers to the reshaping 

of the stomach to decrease its capacitance as a 

food reservoir. The early satiety induced by these 

restrictive procedures causes weight loss through 

decreasing caloric consumption. This is in dis-

tinction to malabsorptive operations such as the 

jejunoileal bypass and the biliopancreatic diver-

sion, which decrease the number of calories that 

are being absorbed. 

Advantages to gastroplasties compared to Roux-

en-Y gastric bypass include the decreased risk for 

vitamin and mineral deiciencies, the lack of dump-

ing syndrome, and the decreased immediate surgical 

complication rate, especially abdominal infections. 

Unfortunately, late-term problem such as poor weight 

loss and severe relux have severely limited the appli-

cation of these procedures. 

Gastroplasty was the first purely restrictive op-

eration performed for the treatment of obesity. 

Gastroplasties are typically divided into two types: 

the horizontal, and the vertical banded gastroplas-

ty. The horizontal gastroplasty was first developed 

in the 1970s as an alternative to the Roux-en-Y 

gastric bypass and the jejunoileal bypass. The hor-

izontal gastroplasty is performed by placing a set 

of staples transversely across the uppermost por-

tion of the stomach, thereby separating the stom-

ach into two parts. 

A small channel is preserved between the up-

per pouch and lower stomach to maintain an out-

low (stoma) for food to pass. he staples act as a 

seam that physically decreases the capacitance of 

the stomach. he lay term stomach stapling comes 

from this procedure. Unfortunately, late weight-loss 

failures were common, as the seam would invariably 

“pop” open, leaving the stomach in its native con-

iguration. Due to weight regain, this procedure has 

been abandoned. 

he vertical banded gastroplasty (VBG) is per-

formed by orienting the staples in a vertical fashion 

against a bougie (sizing device) placed along the 

lesser curve of the stomach. he new stomach tube 

is made approximately one to two ounces in volume 

and just a few centimeters in diameter. To prevent 

dilation of this vertical channel, a prosthetic band is 

wrapped around the channel. Various materials are 
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used such as polypropylene, Silastic®, and even an 

adjustable gastric band. 

The VBG is now rarely performed, as long-term 

studies have shown a significant percentage of 

long-term failures. Failures are either secondary to 

weight regain due to stomal dilation or severe re-

flux due to stomal stenosis (narrowing of the open-

ing). Failures often respond to conversion to the 

Roux-en-Y gastric bypass. Erosion of the band into 

the stomach is another serious complication that is 

not uncommon. Randomized trials have found this 

operation inferior to the Roux-en-Y gastric bypass, 

especially in candy eaters. This procedure is wan-

ing in popularity as only a few surgeons still per-

form this operation.

Another reason that the VBG has become in 

disfavor is the decrease in complications with the 

Roux-en-Y gastric bypass procedure. The gastric 

bypass, when performed by experienced surgical 

centers has a mortality rate of 0.2 percent and can 

be performed laparoscopically in nearly all in-

stances. Restrictive procedures have given signifi-

cant insight in the causes of obesity. From these 

operations, it has become evident that the feelings 

of fullness and hunger are much more complex 

than the size of the stomach pouch. The weight 

loss with the VBG and the adjustable gastric band 

are significantly less than the gastric bypass pos-

sibly secondary to the more profound changes in 

neurohormones such as ghrelin, PYY, and leptin in 

the later procedure.

SEE ALSO: Roux-en-y Gastric Bypass.
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Genetic Influences on  

Eating Disorders

FOR DECADES, ANOREXIA nervosa, bulimia ner-

vosa, and binge-eating disorder were considered to 

be disorders influenced primarily by family and so-

ciocultural factors. However, over the past decade, it 

has become clear that these disorders run in families, 

that the observed familiality is due primarily to ge-

netic and unique environmental factors, and specific 

areas of the genome and specific genes have been im-

plicated in etiology. Eating disorders are relevant to 

obesity insofar as they represent forms of dysregula-

tion of appetite and weight, and genetic mechanisms 

that are operative in eating disorders may be of direct 

relevance to understanding genetic factors that influ-

ence risk for obesity.

Anorexia nervosa is a serious psychiatric illness 

marked by an inability to maintain a healthy body 

weight, often dropping below 85 percent of expected 

weight. Despite increasing emaciation, individuals 

with anorexia nervosa continue to obsess about body 

weight and shape, remain dissatisfied with the per-

ceived size and shape of their bodies, and engage in 

unhealthy behaviors to perpetuate weight loss (e.g., 

purging, dieting, excessive exercise, and fasting). Bu-

limia nervosa occurs in individuals of all body weights 

and is marked by binge eating (i.e., eating an unusu-

ally large amount of food and feeling out of control) 

coupled with inappropriate compensatory behaviors 

(e.g., self-induced vomiting, laxative abuse, diuretic 

abuse, excessive exercise, and fasting). Binge-eating 

disorder, often associated with obesity, is character-

ized by recurrent episodes of binge eating and associ-

ated distress, and the absence of regular inappropri-

ate compensatory behaviors.

FAMILY STUDIES

Family studies have revealed consistent evidence for 

familial aggregation of eating disorders. Relatives of 

individuals with anorexia and bulimia nervosa are 

approximately 10 times more likely to have an eating 

disorder than relatives of unaffected individuals. Fam-

ily members of an individual with binge-eating disor-

der are more than twice as likely to have the disorder 

themselves compared to those with an overweight or 

obese relative without binge-eating disorder. Intrigu-
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ingly, anorexia and bulimia nervosa do not “breed 

true,” meaning that risk is increased in relatives for an 

array of eating disorders, not just the disorder of the 

index case. Family studies are unable to determine the 

extent to which the familial pattern is due to genetic 

or environmental factors.

TWIN STUDIES

Although adoption studies are a valuable tool for un-

packing the extent to which genes and environment 

contribute to risk for a disorder, no adoption studies of 

eating disorders exist. herefore, attempts at determin-

ing the relative contributions of genes and environment 

to eating disorders have focused exclusively on twin 

studies. Twin studies utilize the fact that monozygotic 

(identical) twins share 100 percent of their genome, 

whereas dizygotic (fraternal) twins share only 50 per-

cent. hus, if both members of monozygotic twin pairs 

are more frequently afected (i.e., concordant) than 

members of dizygotic twin pairs, then a genetic con-

tribution is suggested. Additional analyses enable more 

detailed decomposition of liability into genetic, shared 

environmental, and unique environmental inluences. 

he heritability of anorexia nervosa has been esti-

mated to be between 33 and 84 percent, and the heri-

tability of bulimia nervosa between 28 and 83 percent, 

with the remaining variance in both disorders attribut-

able to individual speciic environmental factors, and 

with negligible impact of shared environmental fac-

tors. he studies on which these estimates are based 

are primarily twin populations of European ancestry, 

and given the relative rarity of the traits under study, 

conidence intervals tend to be wide. One twin study 

has been conducted for a broad deinition of binge-eat-

ing disorder, and yielded a heritability estimate of 41 

percent. Individual environmental factors accounted 

for the remaining 59 percent of the variance. In sum-

mary, indings from twin studies have been replicated 

in several countries throughout the world—all indi-

cating a substantial contribution of genetic factors to 

eating disorders. Additional analyses on more diverse 

populations will enable a more complete understand-

ing of the role of genes and environment in risk for 

these disorders across racial and ethnic groups.

ASSOCIATION STUDIES

Further evidence supporting the role of genes in the 

pathogenesis of eating disorders has emerged from 

molecular genetics studies. Two primary approaches 

have been taken. Association studies compare cases 

that display a trait to controls that do not display 

the trait with respect to a candidate gene (or genes) 

hypothesized to inluence the disorder under study. 

Genotype frequencies are compared in the case versus 

the control groups. Association studies are best when 

there is prior knowledge of the pathophysiology of a 

disorder, which can inform the choice of candidate 

genes. Modern genetic approaches (i.e., genomewide 

association [GWAS]) do not require prior knowledge, 

as speciic candidate genes need not be selected. In 

the GWAS approach, hundreds of thousands to mil-

lions of single nucleotide polymorphisms (SNPs) are 

compared across cases and controls to identify sig-

niicant diferences across the genome. To date, there 

have been no GWAS of any eating disorder. 

In terms of eating disorders, association studies 

have focused on genes that are known to afect appe-

tite, weight regulation, and mood, with particular em-

phasis on the serotonin system. he serotonin path-

way has been studied intensively in eating disorders 

due to its involvement in a broad range of biological, 

physiological, and behavioral functions, speciically 

weight regulation and eating behavior. Many of the as-

sociation studies of eating disorders have been small 

and underpowered. Several serotonin 1D polymor-

phisms have been associated with anorexia nervosa 

or restrictive anorexia nervosa; however, only one 

SNP (rs674386) has been replicated in two adequately 

powered studies. No association has been observed in 

the rs6311 polymorphism of the serotonin 2A recep-

tor gene in anorexia nervosa. A study examining four 

SNPs in HTR1D in 276 women with anorexia ner-

vosa and 768 controls found evidence of association 

between two polymorphisms within HTR1D and the 

restricting subtype of anorexia nervosa.

Overall, for anorexia nervosa, the serotonin 1D 

gene looks promising, and is conveniently located un-

der the linkage peak for restricting anorexia nervosa. 

However, “hard” replications in adequately powered 

samples are required.

Also studied have been factors associated with 

5-HTTPLR within a sample of women with “binge-

purge syndromes.” In this sample, the S allele was not 

associated with eating disorder symptoms, including 

binge eating or vomiting frequency, body dissatis-

faction, eating attitudes, or body mass index (BMI). 
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However, the S allele was associated with borderline 

personality disorder and related symptoms indexing 

impulsivity, afective instability, and insecure attach-

ment. Intriguingly, individuals with the S allele had a 

signiicantly lower density of paroxetine binding sites, 

suggesting that they might not respond as well to tra-

ditional selective serotonin reuptake inhibitors. 

Altered dopaminergic activity has also been hy-

pothesized to be involved in many of the major symp-

toms related to eating disorders. Repulsion to food, 

food-based reward, weight loss, hyperactivity, men-

strual abnormalities (amenorrhea), distortion of body 

image, and obsessive-compulsive behavior have all 

been related to dopamine activity. 

he COMT gene encodes Catechol-O-methyl-

transferase which catabolizes brain catecholamine 

neurotransmitters such as dopamine and norepineph-

rine. No association was found between the rs4680 

polymorphism located within this gene and anorexia 

nervosa in a combined transmission disequilibrium 

test and case-control analysis. Several polymor-

phisms within the dopamine D2 receptor gene were 

tested for association with anorexia nervosa. Associa-

tion was reported with the purging type AN for the 

rs1800497 and rs6278 polymorphisms in a case-con-

trol design and the transmission disequilibrium test 

yielded preferential transmission for the rs6277 and 

the rs1799732 polymorphisms. 

he dopamine receptor D2 gene remains of in-

terest, although the indings require replication in a 

large independent sample. For catechol-O-methyl-

transferase, the existing data do not support a role for 

the rs4680 polymorphism in anorexia nervosa.

hree genes involved in neuropeptide and feed-

ing regulation have been tested in methodologically 

adequate association studies: ghrelin, hypocretin 

receptor 1, and opioid receptor delta-1. No associa-

tion was found between anorexia nervosa and the 

ghrelin or hypocretin receptor 1 genes. Despite the 

use of diferent polymorphisms, two studies report-

ed associations between the opioid receptor delta-1 

gene, anorexia nervosa, and the restrictive subtype of 

anorexia nervosa. Also genotyped were six SNPs in 

OPRD1 with three SNPs found to be associated with 

both the restricting subtype of anorexia nervosa and 

binge-purge anorexia nervosa.

he accumulated data do not support the involve-

ment of ghrelin and hypocretin receptor 1 in the eti-

ology of anorexia nervosa. he involvement of opioid 

receptor delta-1 should be replicated in an indepen-

dent sample to conirm the reported association.

Brain-derived neurotrophic factor (BDNF) plays 

an important role in the growth and maintenance of 

several neuronal systems. Physiological and animal 

models indicate that BDNF induces appetite sup-

pression and body weight reduction, and support the 

hypothesis that alterations in this system could inlu-

ence abnormalities in eating behavior predisposing to 

eating disorders. 

Two European collaboration studies have investi-

gated the association between anorexia nervosa and 

two polymorphisms located in the gene encoding 

for BDNF. he rs6265 polymorphism was associated 

with anorexia in two studies, especially the restrictive 

subtype. Again, this gene looks promising although 

replication is required.

Fewer association studies for binge-eating disor-

der exist. Initial reports of melanocortin 4 recep-

tor (MC4R) gene mutations being associated with a 

binge eating subset of obese individuals were prom-

ising, yet enthusiasm for these results were damp-

ened after several nonreplications in adequately 

powered studies. 

LINKAGE STUDIES

Another approach to molecular genetics that has been 

applied to eating disorders is linkage analysis. Link-

age studies include large samples of multiplex fami-

lies (i.e., families with more than one afected indi-

vidual). Anonymous genetic markers scattered across 

the genome are used to identify chromosomal regions 

that may contain genes inluencing the trait of inter-

est. Linkage studies help to focus the search for genes 

within the human genome. Once linkage peaks are 

identiied, speciic genes that exist under those peaks 

can be further explored using association approaches. 

heoretically, the function of those genes can then be 

determined and further study can reveal how they 

speciically inluence risk for eating disorders. 

A series of collaborative studies have yielded in-

triguing linkage results for both anorexia and bulimia 

nervosa. No linkage studies for binge-eating disorder 

have been performed. Linkage studies for anorexia 

nervosa have underscored the importance of detailed 

phenotyping. A linkage study of a heterogeneous 

sample of individuals with broadly deined eating 
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disorders yielded no statistically signiicant indings. 

However, restricting to relative pairs exhibiting the 

classic restricting anorexia nervosa yielded signii-

cant evidence for a susceptibility locus on chromo-

some 1. Additional approaches that incorporated the 

behavioral covariates of drive for thinness and obses-

sionality isolated several regions of interest on chro-

mosomes 1, 2, and 13. he chromosome 1 region con-

tained the serotonin 1D receptor (HTR1D) and the 

delta opioid receptor (OPRD1)—both plausibly re-

lated to risk for anorexia nervosa—and a subsequent 

association study found signiicant associations with 

anorexia nervosa. 

Further work enriched methodology to select and 

incorporate behavioral covariates into linkage analy-

ses. Obsessionality, age at menarche, and an anxiety 

measure displayed normal distributions and familial 

correlation and were selected for quantitative linkage 

analysis. hree variables emerged in which families 

showed highly concordant and extreme values—life-

time minimum BMI (lowest BMI attained during the 

course of illness), concern over mistakes, and food-

related obsessions. hese distributions are consis-

tent with a mixture of populations, and applied to 

covariate linkage analysis. Subsequent analyses using 

these approaches identiied a number of additional 

suggestive signals—obsessionality at 6q21, anxiety 

at 9p21.3, BMI at 4q13.1, concern over mistakes at 

11p11.2 and 17q25.1, and food-related obsessions at 

17q25.1 and 15q26.2.

One linkage study of bulimia nervosa has been 

conducted and reported signiicant linkage on chro-

mosome 10p when using a broad sample of families 

with bulimia nervosa, with a second suggestive peak 

on chromosome 14. 

From the perspective of identifying very strong 

candidate genes for eating disorders, however, these 

studies have not yet focused the genomic search 

space in a manner that has enabled the identiica-

tion of functional variants that inluence risk for 

these disorders. 

We do not yet know whether these linkage ind-

ings contain one or more genes relevant to eating 

disorders. To date, there has yet to be a comprehen-

sive ine-mapping study of these regions. Our current 

statistics of understanding must view these studies as 

preliminary knowledge awaiting both conirmation 

via replication and follow-up genotyping eforts.

SEE ALSO: Genetic Mapping of Obesity Related Genes; 

Genetic Taste Factors; Genetics.
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Genetic Mapping of  

Obesity-Related Genes

THE INCREASING PREVALENCE of obesity is a major 

public health concern. According to a World Health 

Organization (WHO) expert committee, there are 

about 1 billion overweight adults and one-third of 

a billion are labeled as clinically obese. Obesity is a 

multifactorial disease in which the environmental 

and genetic factors interact resulting in disorder of 

energy balance. 

Excess food intake and lack of physical activity are 

the major lifestyle factors causing obesity, but until 

today, the role of genetic factors is still a challenge 

to scientists concerned. It has been known since the 

last century that both familial and nonfamilial fac-

tors play a major role in the development of obesity 

and the genetic component is fundamental to this 
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medical problem. From the mid-1980s, the evidence 

for genetic basis to human obesity came from a 

number of identical twins and family studies, which 

reported that 50 to 90 percent of obesity prevalence 

is genetic and 10 to 50 percent is heritable. he ques-

tion of a major gene or potential chromosomal can-

didate gene in the development of human obesity is 

a particular challenge.

Published data have clearly demonstrated the 

complexity of genetics in obesity, which poses a great 

challenge to understanding the role of genetics asso-

ciated with this medical condition. Although there is 

substantial evidence to show that genetics plays an 

important role in the body weight, knowledge about 

the genetic role is still in its irst steps. Large numbers 

of diferent family studies has established an increase 

of obesity risk among obese families. his suggests 

the role of genetics in obesity, and at the same time 

explains the nature of polygenic obesity.

Obesity is a multifactorial disease that is likely 

afected by a multitude of genes. In rare instances, 

there are single dysfunctional genes that can result 

in a phenotype of severe obesity (eg., the ob/ob 

mouse that is deicient in the hormone leptin). But, 

most cases of obesity are likely polygenic, where 

numerous genes contribute to the resulting pheno-

type. To date, 250 genes have been found that relate 

to some form of human obesity, so the picture is 

quite complicated.

To date, about 200 medical conditions have been 

associated with single-gene mutation involving 11 

genes. his clinical condition obeys Mendelian ge-

netics and is characterized by severe phenotepics 

feature presenting early in life and associated with 

mental, developmental, and endocrine disorders. A 

large-scale linkage analysis in mice led to detection 

of disease loci and the identiication of the candidate 

gene in the majority of mutations underlying mono-

genic murine obesity. he characterization of natu-

rally occurring obese models such as the ob/ob, db/

db, fat, and tubby mice led to the discovery of reces-

sive mutations in the genes encoding leptin (lep or 

ob), leptin receptor (Lepr or bd), carboxypeptidase 

E (Cpe or fat), and tubby (Tub). Several additional 

monogenic obesity genes were discovered like sin-

gle-minded homolog 1 (Drosophila) (SIM1) identi-

ied in a girl with early-onset obesity that expressed 

in the paraventricular nucleus of the hypothalamus, 

which appears to regulate feeding. Melanocortin 4 

receptor MC4R-linked obesity is the most preva-

lent form of monogenic obesity identiied to date, 

which represents two to three percent of childhood 

and adult obesity. Recent discovery of rare func-

tional mutations in regions of proopiomelanocortin 

(POMC) encoding for alpha melanocyte stimulat-

ing hormone a-MSH provides support for the use 

of genetic screens to identify factors upstream and 

downstream of MC4R in early-onset and severe  

human obesity.

There are more than 25 medical syndromes that 

follow Mendelian inheritance associated with obe-

sity. They are considered to be syndromic obesity 

which arises from discrete genetic effect that could 

either be autosomal or X-linked disorders. These 

groups of syndromes are known with their unique 

clinical features that present with dysmorphic fea-

tures and mental retardation in addition to organ 

developmental abnormalities. The most frequent 

obesity syndromes known are Prader-Willi syn-

drome (PWS), Bardet-Biedl syndrome (BBS), and 

Alstrom syndrome in addition to other syndromes 

that are usually diagnosed in the early part of life. 

Each syndrome is characterized by chromosomal 

defect such as absence of paternal segment 15q11.2-

q12 chromosome in case of PWS and sometimes 

associated with more than one chromosomal loca-

tion as in BBS that have more than 11 different lo-

cations in six genes. Although syndromic obesity 

is presumed to be a single gene disorder, recent 

studies clearly defined the contribution of multiple 

genetic factors.

Polygenic obesity is by far the most acceptable 

genetic explanation by many scientiic laboratories 

and trials. Although the environmental factors play 

a signiicant role in the etiology of obesity, yet more 

studies are needed to identify candidate genes unlike 

monogenic obesity where many genes and chromo-

somes regions contribute to deining the common 

obese phenotype. hese genes have been linked to 

variable biological functions that are related to fat 

store in adiposities. Some have relation to food intake 

and others have to do with energy expenditure. here 

are certain genes that are linked to lipid and glucose 

metabolism and others have a role in adipose tissue 

development. To date, few candidate genes for obe-

sity have been reported by at least ive positive stud-
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ies, for example, an association between three SNPs 

of GAD2, which codes for the 65-kDa subunit of the 

glutamic acid decarboxylase enzyme, and morbid 

obesity as identiied in a French population following 

a genome-wide scan, but this was not achieved in a 

large, similar German survey.

he map reveals that putative loci afecting 

obesity-related phenotypes are found on all chro-

mosomes except Y-chromosomes. he number of 

quantitative trait loci (QTL) reported for human 

obesity derived from genome scans continues to 

grow to more than 250 QTLs from 61 genome-wide 

scans. he number of studies reporting associations 

between deoxyribonucleic acid (DNA) sequence 

variation in speciic genes and obesity phenotypes 

has also increased considerably with 426 indings 

of positive associations with 127 candidate genes. 

Among them, those showing replications in more 

than 10 studies include PPARG (30 studies), ADRB3 

(29 studies), ADRB2 (20 studies), LEPR (16 studies), 

GNB3 (14 studies), UCP3 (12 studies), ADIPOQ 

(11 studies), LEP (11 studies), UCP2 (11 studies), 

HTR2C (10 studies), NR3C1 (10 studies), and UCP1 

(10 studies). Meta-analysis of genetic association 

studies conclude that although false-positive asso-

ciations are abundant in the literature, 20 to 30 per-

cent of genetic associations are real and have mod-

est efect on risk of common diseases.

here is a long way to go for understanding the role 

of genetics in obesity, and the goal remains to identify 

the right combination of genes and mutations that 

are associated with increased risk of obesity and to 

understand the role of environmental factors to this 

medical health problem.

SEE ALSO: Adipocytes; Animal Models of Obesity; Db/Db 

Mouse; Ethnic Variations in Body Fat Storage; Genetic In-

luences on Eating Disorders; Genetic Taste Factors; Ge-

netics; Genomics; Monogenic Efects that Result in Obe-
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Genetics

OBESITY AND OVERWEIGHT have been shown to 

have a clear genetic determinant, although it is often a 

misunderstood and underestimated one in the eyes of 

both the professional and lay communities. he belief 

that obesity is simply a function of lack of self-control 

and willpower persists in spite of the evidence to the 

contrary. he genetic underpinnings of human be-

havior is often a contentious issue, with some arguing 

that human choice determines the range of behaviors 

that are increasingly being linked to genes, such as al-

coholism and addictions; overweight and obesity; and 

such things as impulsivity, angry outbursts, anxiety, 

depression, and personality traits such as optimism 

and pessimism. It has been argued that even report-

ing genetic research is irresponsible because it might 

cause obese people or alcoholics to use the indings as 

an excuse for their obesity or addictive behavior, rath-

er than adopting healthier behaviors and lifestyles. 

Exactly how genes and the environment interact to 

cause obesity and various behaviors is often misun-

derstood and to a large degree still unknown. Free 

choice and individual control are issues raised repeat-

edly in the public discussion of genes and obesity and 

genes and behavior. 

It is cited frequently in the literature that while 

one’s genes cannot be changed, one’s behaviors can. 

hese beliefs and trends, coupled with the strongly 

documented societal bias against obesity often leads 

to the simpliied conclusion that if fat people ate less 

and exercised more, the problem of obesity could be 

easily solved. Both professionals and the public use 

this information and reasoning to downplay the ge-

netic contribution to the problem and to maintain a 

focus on individual behavior and responsibility when 

it comes to addressing and solving the widespread 

and growing problem of obesity.
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THE EVIDENCE

Prior to the Human Genome Project of the early 

1990s and the subsequent genetic research that has 

connected speciic gene functions with body size and 

eating behaviors, it was known that genes played a role 

in obesity and overweight. By looking at the incidence 

of obesity in families, both those related biologically 

as well as those related through adoption, and studies 

comparing the incidence of obesity in identical twin 

pairs compared to the incidence of obesity in fraternal 

twin pairs and siblings in general, it has been demon-

strated that there is a signiicant degree of heritability 

when it comes to body size and obesity. Studies have 

shown that adopted children, for example, have body 

sizes and weights that are closer to their biological 

parents than to those of their adopted parents. While 

this has been clearly and repeatedly demonstrated, 

it continues to be maintained that obesity may run 

in families because of similarities in eating behaviors 

and habits. While it is also known that culture and 

environment as well as genes play signiicant roles in 

the development of obesity, the genetic links show 

that there may not be as much individual choice and 

control over weight loss and weight gain as is gener-

ally believed. Yet, “lifestyle” is continually cited as the 

primary contributing factor in obesity, both in the 

mainstream and the professional literature. 

Even when professional literature cites such ind-

ings as the correlation between the weight of adopted 

children with that of their biological parents, who 

often live in vastly diferent environments, cultural 

settings, geographical regions, and socioeconomic 

classes, the same literature will frequently con-

clude that obesity can best be eliminated by lifestyle 

change. 

While the genetic evidence has solidly been gath-

ered, demonstrated, and disseminated, it is often 

not integrated into the current beliefs, attitudes, and 

recommendations of both the health and the public 

health communities. In other examples, the profes-

sional literature downplays the importance of genet-

ics at the same time it cites it, again recommending 

lifestyle modiication and change. he treatment and 

prevention of obesity, and the recommendations of 

committees, experts and professionals often seem 

to not be informed by the research, but rather by 

persistent misconceptions and commonly held but 

unproven beliefs. 

ANTI-FAT BIAS AND DISCRIMINATION

Literature in the fields of health, social science, 

and psychology continually show a great societal 

tendency to stigmatize obesity and obese people, 

even among health professionals, health educa-

tors, and healthcare practitioners. Discrimination 

in employment and college acceptance persist, and 

incorrect assumptions about why children and 

adults become and stay obese continue to be made 

even by those people who are charged with pro-

viding services and help for this very population. 

The American obsession with thinness has been 

widely documented, as has the distorted body im-

age and preoccupation with weight and body size 

that exists among a significant number of normal-

size women and girls. Professionals often decry 

the unhealthy attitudes toward thinness and food 

that exists among both girls and women, who have 

been repeatedly cited as wishing they were an-

orexic or sick with life-threatening illnesses, just 

so that the elusive slenderness they so desire might 

be achieved. There has been worldwide focus on 

fashion models and actresses who lose increasing 

amounts of weight to achieve the often unrealis-

tic and underweight body size and weight goals set 

by these industries. In spite of all this, the health 

community continues to insist on the importance 

of food restriction among children, families, and 

adults to achieve lower and healthier weights. 

THE ROLE GENES PLAY IN OBESITY

One misconception about genes and obesity is that 

there is an “obesity gene,” or one gene that causes 

obesity. In fact, there are many genes that have been 

implicated in obesity, and these genes include those 

that play a role in how insulin is regulated; those that 

determine how various hormones are secreted and 

used; those that regulate how and where fat is stored; 

and those that govern how or whether fullness or sa-

tiation is felt or experienced. hese and other genes 

play important roles in eating behaviors, energy use 

and metabolism, and in the experience of hunger 

and the desire for food. When a number of genes 

contribute to a particular behavior or condition, this 

is known as having a polygenetic cause. According 

to some, having a polygenetic cause, as opposed to 

having a single genetic mutation or diference caus-

ing a disease or medical condition means that the 
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genetic factors are less meaningful or even insig-

niicant. Some view these genetic factors as merely 

having some inluence over, rather than a causative 

relationship with, obesity. Another view is that be-

cause environmental, social, and psychological fac-

tors also have roles in determining various aspects 

of food intake and energy expenditure, biology and 

genetics appear to set the parameters within which 

these behaviors and conditions occur. 

For example, during times of food shortages there 

will be a great deal less obesity than during times 

when food is available and abundant, demonstrat-

ing the environmental, behavioral, and societal fac-

tors that also govern food intake. However, during 

times of food availability and abundance, there are 

individual diferences in feelings of hunger and sa-

tiation, in the ability to metabolize food and expend 

energy, and in the way nutrients are used and stored. 

As a result, not every individual will gain weight dur-

ing a time of great food availability and abundance, 

but some will. Living continuously in times of food 

abundance, especially the abundance of processed, 

sugary, fatty, and salty foods has been called living 

in a “toxic environment,” one that sets the stage for 

unhealthy food behaviors and weight gain to occur. 

Although not everyone in a toxic environment will 

become obese, those who are predisposed to do so, 

due to the presence of genetic variations and difer-

ences, will most likely put on excess weight and have 

great diiculty taking it of. 

Additionally, it has been shown that the human 

body is built to respond and change according to en-

vironmental conditions and demands. During times 

of food shortage, human metabolism slows down, so 

as not to use up the energy it has taken in too quickly. 

Historically this has been played out during times of 

food shortages, seasonal changes in food availabil-

ity, and during time of extreme environmental con-

ditions such as famine. he ability for metabolism to 

slow down during these times would have provided 

an evolutionary advantage, enabling individuals 

with this ability to use much more slowly that which 

was in limited supply. Humans have been shown to 

react the same way to self-imposed food restriction, 

such as weight-reducing diets, and instead of losing 

weight due to limited food intake, the body adjusts 

to these limitations by slowing down metabolism 

and the need for food. As a result, the dieter, over 

time, needs less and less food as the body adjusts to 

reduced amounts and availability of food supplies.

While this does not demonstrate genetic changes 

due to dieting, it does demonstrate that over thou-

sands of years, humans adjusted to periodic food 

shortages by changes in physiological functions. 

During times of food abundance and availability, it 

was common for people to desire excessive amounts 

of food. It is believed that these urges also played 

an evolutionary role in that it prepared people for 

a time when food shortages would occur. From an 

evolutionary and genetic standpoint, humans appear 

to tend to respond to abundance by eating more in 

preparation for future food scarcity. Now that we 

live with great food availability and abundance, these 

trends and tendencies do not serve us the same way 

as they did during times when scarcity and famine 

were more common. We may get the same inter-

nal signals our ancestors got, which direct us to eat 

somewhat excessively when there is overabundance, 

but this behavior no longer serves the same purpose 

it served historically. he ability to store and trans-

port food, as well as to farm and produce it, means 

that in many societies food scarcity no longer exists. 

his human tendency may have started as a ge-

netic variation that in turn helped humankind sur-

vive during harsh conditions, enabling the species 

to not only survive but thrive. Now the tendency to 

react to excessive amount of available food by tak-

ing in more food may no longer aid in our long-term 

survival and health. his is an example of how genes 

can change and adapt to environments over a long 

time. his ability to both cope with scarcity with a 

slowdown in metabolism, and cope with abundance 

by taking in excess food no longer appears to be 

serving human health and longevity.

GENETIC DIFFERENCES

here is a great deal of individual variation as well 

when it comes to genes and genetic variants. Some 

variants are more common than others, and research-

ers are able to determine their existence in signiicant 

proportions in the population. here are also rare 

genetic diferences that cause some forms of obesity. 

More commonly, among the obese and the overweight 

are numerous genetic variants that inluence human 

behavior and physiology in a way that accumulates to 

result in the tendency to take in excess food energy 
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and to inadequately store, use, and expend it. In 2003, 

the Human Obesity Gene Map underwent its 10th up-

date, resulting in the identiication of more than 430 

genes, markers, and chromosomal regions that have 

been associated or linked with obesity in humans. 

he gene that codes for the a protein called leptin 

has been the focus of a great deal of research, initially 

in mice, to try to determine its role in the desire to eat 

and in the ability to self-regulate food intake. In mice, 

the hormone leptin was shown to dramatically control 

appetite and food regulation, and when it was clinical-

ly manipulated, the eating behaviors and subsequent 

weights of mice would either go way up or way down. 

Injections of leptin in mice showed dramatic changes 

in body weight. When studies were done into leptin 

and human physiology, these dramatic results did not 

cross over into the human population.

Much of the genetic research is done in rats or mice 

and, while sometimes promising, these indings often 

do not seem to cross over into human physiology and 

behavior. In the case of leptin, it was repeatedly dem-

onstrated to drastically inluence the food and eating 

behaviors in mice. Leptin appeared to control appe-

tite and food regulation, and when it was clinically 

manipulated, the weights of the mice subjects would 

either go way up or way down as a result of mice eat-

ing in a regulated or disinhibited way. Although the 

research on leptin failed in its attempt to translate 

into an easy and swift intervention in human obesity, 

the research continues, as scientists try to discover 

why leptin works for some obese people, but not for 

others. he research on leptin has demonstrated that 

the ability to control appetite and body size is a com-

plex process which in many ways hinges not just on 

human choice and behavior, but on genetically based 

biological processes that may regulate food intake 

and the drive to eat. 

Another gene variant was recently discovered in 

Great Britain that was related to higher body weights 

in approximately half of the population studied. his 

gene, known as the FTO gene, produces a protein 

that appears to be related to the system of appetite 

Genetic background appears to play a role in one’s body size. Studies have shown that adopted children, for example, have body sizes and 

weights that are closer to their biological parents than to those of their adopted parents.
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and satiety. Individuals who were shown to carry two 

variant FTO genes weighed more than those who had 

only one variant FTO gene; the one-only variant FTO 

gene carriers weighed more on average than did the 

general population. 

More than one gene is involved in appetite con-

trol, and another gene with this function is called 

GAD2, which appears to play a role in stimulating 

appetite and hunger. Research has shown that peo-

ple with a more active form of the GAD2 gene have a 

large quantity of gamma-amino butyric acid (GABA) 

in the hypothalamus, which appears to increase the 

drive to eat. 

In other research, a gene known as PPAR has been 

identiied and shown to control the amount and size 

of fat cells that develop in an individual. When there 

is a mutation, or variant, in the PPAR gene, the pro-

duction and size of these fat cells are increased. If the 

gene is seen as a “switch” that turns on the production 

of these cells, the variant can be viewed as the condi-

tion whereby the switch is stuck in the on position, 

and overproduction of fat cells results.

Ghrelin is a hormone that is secreted by the stom-

ach and the brain and it is believed to signal feelings 

of hunger. It goes up before meals and decreases af-

ter meals. It can be thought of as the opposite of the 

hormone leptin, which is related to the feeling of full-

ness. Some obese subjects have been shown to have 

an overabundance of ghrelin. It has also been shown 

that obese people who undergo gastric bypass surgery 

have a decreased amount of ghrelin in their stomachs, 

which is thought to result in their signiicant weight 

loss following surgery. While the surgery has not al-

tered the genetic makeup of the individual, it appears 

to play a role in altering the production of ghrelin. 

he surgery seems to alter the biologic function that 

the genetic variant might have caused. 

These are some of the significant genes that have 

been identified as having an influence in food in-

take, metabolism, and fat storage. While research-

ers are quick to point out that genes only predis-

pose individuals to obesity, and that societal and 

environmental conditions must also exist and in-

teract with genes and biology to produce the con-

ditions of overweight and obesity, they also note 

that altering body size might not be something that 

is easily done through behavior alone. Research in 

this area continues to point out new and more ef-

fective ways of intervening in the treatment and 

prevention of obesity.

SEE ALSO: Appetite Control; Appetite Signals; Ghrelin; 

Leptin; Roux-en-Y Gastric Bypass.
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Genetic Taste Factors

THE TERM “taste genetics” refers to variations in ba-

sic taste responses that can be directly associated 

with variations in the human genome. While there 

is substantial variance across humans in response 

to all the basic tastes (sweet, salty, bitter, sour, and 

umami or savory taste), the genetic ability to taste 

bitter compounds like phenylthiocarbamide (PTC) 

and 6-n-propythiouracil (PROP), which share a thi-

oruea chemical moiety (N-C=S), is the most widely 

studied. Genetic variations in the ability to taste 

these compounds were discovered in 1931 by a 

chemist named A. L. Fox. When some of the PTC 

he was synthesizing dispersed into the air, his col-

league detected a strong bitter sensation while Fox 

detected nothing. In response to this accidental 

discovery, Fox collaborated with his colleague, A. 

F. Blakeslee, to test this inding on larger groups of 

related and unrelated individuals. hey concluded 

that about 65 to 70 percent of participants ind PTC 

crystals to taste extremely bitter (“tasters”), while 

between 30 to 35 percent detect no taste from the 

crystals (“nontasters”). 

It is now known that there are large variations in 

the breakdown of tasters and nontasters, depending 

on geographic location. In general, northern Eu-

rope has a higher percentage of nontasters (about 

30 percent), while some parts of sub-Saharan Af-
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rica have the lowest (less than 2 percent). From an 

evolutionary standpoint, the ability to taste bitter 

compounds is advantageous in that it helps indi-

viduals avoid the consumption of potentially toxic 

plants. The fact that the inability to taste the bit-

terness in PROP and PTC has remained as high 

as 30 percent in some populations is of particular 

interest, particularly because it does not appear to 

have obvious genetic advantages. Presently (2007), 

numerous internet publications and news media 

reports have publicized the phenomenon of tast-

ers and nontasters, and health researchers continue 

to be intrigued as to why this variation in taste re-

mains in the human population.

Inherited variations in response to PTC and PROP 

are associated with food preferences, diet, and possi-

bly risk for chronic diseases such as obesity and can-

cer. he irst studies to report this relationship did so 

in the 1960s, from the laboratory of Roland Fischer. 

Instead of using PTC, Fischer began using PROP, a 

related compound that has less of a sulfuric odor than 

PTC. Currently, most studies use PROP, although a 

few laboratories still use PTC because it has a more 

direct relationship to the genetic sequence that con-

fers this trait. Fischer used questionnaires to deter-

mine that in general, PROP tasters have more food 

dislikes than nontasters. He also noted that tasters 

tended to be more “slender” and hypothesized that 

this was attributable to their having more food dis-

likes than nontasters. 

From the time of these early discoveries, many ad-

vances have been made in the ield of taste genetics. 

It is now evident that the ability to taste PTC and/

or PROP is associated with the perception a variety 

of other basic tastes. For example, PTC/PROP tast-

ers also perceive greater bitterness from cafeine 

and sweetness from the taste of sucrose. hese gen-

eral diferences in taste perception between tasters 

and nontasters may be a result of diferences in the 

number of taste buds (papillae) between the two 

groups. Tasters have more taste papillae, the ana-

tomical structures that hold the taste cells that are 

responsible for detecting basic tastes. Because of 

this anatomical diference, tasters perceive greater 

taste sensations from many basic tastes compared to 

nontasters. Moreover, these diferences in basic taste 

perception are also likely to afect food preferences 

between the two groups. Studies have noted that 

tasters tend to dislike foods that are bitter or hot, like 

green leafy vegetables and hot peppers. On the other 

hand, nontasters have demonstrated higher prefer-

ences for some high-fat foods. It is important to note 

that despite genetic diferences, food preferences are 

complicated behaviors, inluenced by a broad array 

of biological and environmental factors. hus, inlu-

ences due to PTC/PROP sensitivity are often masked 

by other more salient factors.

he relationship between inherited sensitivity to 

PTC/PROP and body weight is complex, and not fully 

clariied in the literature. Several studies have noted 

that PTC tasters tend to be taller and thinner, while 

nontasters tend to have a higher body mass index. 

Not all studies support this inding; therefore, further 

investigation is necessary. It is unclear why nontasters 

tend to have higher body weights in some studies, but 

increased fat preferences, and possibly intakes, is one 

potential contribution. Other studies have also asso-

ciated PROP status with risk for certain cancers (i.e., 

breast and colon) and cardiovascular disease, but this 

literature is sparse and not yet widely recognized in 

the scientiic community.

he inheritance of PTC and/or PROP tasting was 

originally thought to be transmitted to ofspring as a 

dominant Mendelian trait. his model, however, has 

been revised due to family studies in which taster of-

spring are born to nontaster parents. he major gene 

underlying this trait has been identiied as TAS2R38, 

a G-protein coupled bitter receptor located on chro-

mosome 7q. Amino acid substitutions of this protein 

lead to two haplotypes which correlate to the taster 

and nontaster phenotypes. he knowledge of the 

gene underlying the ability to taste PROP provides a 

fundamental link between phenotypic observations 

on taste sensitivity and the PTC genotype. 

In the mid-1990s, Dr. Linda Bartoshuk, a psycho-

physicist at Yale University, advanced the ield of 

PROP classiication with sophisticated scaling proce-

dures. She noted that the group of PROP tasters can 

be subdivided into a group with extremely high sensi-

tivity to PROP, “super tasters,” and a group with mod-

erate sensitivity to this compound, “medium tasters.” 

his procedure of classifying PROP status is more 

sensitive than a simple two-group (taster/nontaster) 

classiication, and thus allows researchers to study 

the relationship between taster status and diet across 

a broader range of PROP sensitivities. hese recent 
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advances in both the genetics of PTC and the ability 

to measure this trait through scaling procedures have 

the potential to clarify why this unusual taste variance 

remains in the human population today.

SEE ALSO: Food Preferences; Taste Reactivity.
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Genomics

THE TERM GENOMICS refers to the study of an or-

ganism’s entire genome. Each organism contains a 

genome that contains biological information that 

maintains the organism. Traditionally, individual 

genes have been investigated, but genomics difers 

because it encompasses the study of the entire ge-

nome. Genomics is a relatively new ield with plenty 

of room for exploration. Newer technologies have 

made genomics and systems biology (the linking of 

molecular pathways to describe overall functioning 

of the organism) not only possible but a must for sci-

entiic advancement. 

he human genome is made up of deoxyribonu-

cleic acid (DNA) composed of subunits known as 

nucleotides. here are two main parts to the human 

genome: the nuclear genome and the mitochon-

drial genome. he nuclear genome contains roughly 

35,000 genes split into 24 chromosomes. he mito-

chondrial genome consists of only 37 genes that are 

contained within the mitochondrial organelle. On 

its own, the genome is unable to release the biologi-

cal information to the cell. Coordinated activity of 

enzymes and proteins in biochemical reactions is 

necessary for genome expression. 

he initial product of genome expression is the 

transcriptome, which is maintained via a process 

known as transcription. Transcription copies indi-

vidual genes into RNA molecules. Following tran-

scription, a process known as translation produces 

the proteome (the cellular complement of proteins) 

that speciies the reactions that the cell is capable 

of. he RNA and proteins are important because, al-

though the genes must be present to make a protein, 

if the gene does not make the protein, biochemical 

reactions of the gene will not be carried out. 

One speciic area of genomics that is extremely 

pertinent to obesity research is the ield of nutri-

tional genomics. Nutritional genomics refers to the 

study of the relationships between the nutrients that 

are consumed, the health consequences of these nu-

trients, and the genome of that particular organism. 

Nutritional genomics can be subcategorized into 

two main subields: nutrigenomics and nutrigenet-

ics. Nutrigenomics refers to the study of the efect 

of the nutrients on the genome, while nutrigenetics 

refers to the study of the efect of genetic variations 

on the interactions between nutrition and health. 

Practically, nutrigenetics, is used to study the im-

pact of genetic variation on dietary requirements, 

while nutrigenomics is used to study the efect of 

diet on gene function. Nutrigenomics can be uti-

lized to determine the efects that nutrients have 

not only on the genome, but also on the transcrip-

tome and the proteome. 

he primary technology used in nutrigenomics is 

the microarray. A microarray is an assay that is used 

to determine which genes are expressed in a sample. 

hey can assess thousands of genes in a single experi-

ment; therefore, the process is often known as gene 

expression proiling. Although not quantitative, a mi-

croarray allows for determination of a qualitative “yes 

or no” in terms of expression within the genome or 

transcriptome. Proteome investigations are primar-

ily conducted via two-dimensional gel electrophore-

sis or liquid chromatography-mass spectrometry. 

hese technologies can be used with diferent in-

terventions to determine what sets of genes are ac-

tivated by the intervention. For example, one could 

examine the diferences in gene expression in human 
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adipocytes when comparing groups of various calorie 

levels, dietary macronutrient percentages, or speciic 

bioactive compounds to a placebo. Or it may be com-

bined with a nutrigenetic approach. One example of 

this type of research was conducted by Burg and col-

leagues using a mouse model. A group of mice was 

treated with a drug designed to alter lipid metabo-

lism. he goal was to determine the diference be-

tween normal individuals who do not absorb dietary 

sterols and those with sitosterolemia, a disorder in 

which dietary sterols are hyperabsorbed leading to 

hypercholesterolemia. A microarray analyzed difer-

ences in mRNA expression proiling a new gene was 

found. In fact, humans share the gene that produces 

two proteins and is responsible for removing dietary 

sterols from the tissues. In those with sitosterolemia, 

however, a mutation in this gene exists and sterols 

are therefore not properly transported. 

Because of its relative infancy as a ield, nutrige-

nomics still has many questions that are yet to be an-

swered. One of these primary questions is how data 

obtained from nutritional genomic investigations 

will translate into consumer applications. For exam-

ple, while DNA-speciic nutritional advice and drug 

therapy programs seem highly beneicial, there has 

been little research showing that these techniques 

are more beneicial and/or resource eicient than 

traditional nutritional advice or drug prescription 

methods. Another diiculty at present is the relative 

luidity of the term nutrigenomics. Experts disagree 

on whether the science is limited to studying the hu-

man genome and nutrient efects therein, or wheth-

er goals and applications are to be included as well. 

In any case, genomics is a burgeoning ield of bio-

medical science that appears to hold great potential 

helping to investigate the growing obesity problem 

and may possibly lead to individualizing nutritional 

programs to help counter the issue more efectively 

than traditional nutrition alone. 

SEE ALSO: Genetics; Microarray Analysis; Translational 

Research. 
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Gestational Diabetes

GESTATIONAL DIABETES MELLITUS is a type of dia-

betes commonly seen only during pregnancy in over-

weight/obese women. Women older than age 25 with 

a family history of diabetes are more likely to develop 

gestational diabetes. Gestational diabetes afects about 

4 percent of all pregnant women. It usually begins in 

the ifth or sixth month of pregnancy (between the 

24th and 28th weeks). Most often, GDM will disappear 

once a woman gives birth, but the chance she will go on 

to develop Type 2 diabetes later in life increase by 5–10 

percent. If the maternal blood has too much glucose, 

the pancreas of the fetus senses the high glucose lev-

els and produces more insulin in an attempt to use the 

glucose. he fetus converts the extra glucose to fat. he 

predominant pathogenic factor in gestational diabetes 

could be the inadequate insulin secretion. As many as 

90 percent of those identiied with gestational diabetes 

have a deiciency of insulin receptors (prior to preg-

nancy) and a marked increase in abdominal obesity. 

he other 10 percent have deicient insulin produc-

tion and will proceed to develop mature-onset insu-

lin-dependent diabetes. Insulin release is enhanced in 

an attempt to maintain glucose homeostasis. Maternal 

pancreatic beta cells increase by threefold for insulin 

resistance. Increased hunger due to the excess insulin 

release as a result of elevated glucose levels.

An oral glucose tolerance test (OGTT) for gestational 

diabetes is carried out between the 24th and 28th week 

of pregnancy. A fasting plasma glucose level above 126 

mg/dl (7.0 mmol/l) or a casual plasma glucose above 

200 mg/dl (11.1 mmol/l) meets the threshold for the 

diagnosis of diabetes. he American Diabetes Asso-

ciation considers the following abnormal during the 

OGTT in gestational diabetes: Fasting Blood Glucose 
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Level = 95 mg/dl (5.33 mmol/L); 1-Hour Blood Glu-

cose Level = 180 mg/dl (10 mmol/L); 2-Hour Blood 

Glucose Level = 155 mg/dl (8.6 mmol/L); and 3-Hour 

Blood Glucose Level = 140 mg/dl (7.8 mmol/L). 

Stillbirths are uncommon in diabetic pregnancies; 

congenital malformations and complications of mater-

nal hypertensive disorders account for most of the 1.5- 

to twofold higher perinatal mortality, compared with 

nondiabetic pregnancies. he perinatal mortality rate 

in diabetic pregnancies is approximately 30 to 50 per 

1,000 births. Maternal risks in diabetic pregnancies are 

greatest in the presence of retinopathy and nephropa-

thy. Diabetic retinopathy is present in 15 to 66 percent 

of women with insulin-dependent diabetes mellitus 

(IDDM) early in pregnancy, and the retinopathy fre-

quently worsens during gestation. Overt diabetic ne-

phropathy is present before pregnancy in approximate-

ly 5 to 10 percent of IDDM women, many of whom 

manifest hypertensive disorders during pregnancy. 

Nephropathy increases the prevalence of intrauterine 

growth retardation, prematurity, fetal morbidity, and 

fetal mortality. Maternal mortality during diabetic 

pregnancy is approximately 3 to 7 per 100,000, which 

is similar to the rate in nondiabetic pregnancies.

Nutrient deiciencies of chromium, magnesium, po-

tassium, zinc, manganese, and pyridoxine may increase 

the hyperglycemia in gestational diabetic women. hey 

also have imbalance of calcium and magnesium lev-

els. Fasting hyperglycemia may be associated with an 

increase in the risk of intrauterine fetal death during 

the last four to eight weeks of gestation. Gestational 

diabetes is also associated with maternal hypertension 

and preeclampsia. Obesity/overweight and other as-

sociated risk factors of insulin resistance may enhance 

the risk of Type 2 diabetes after gestational diabetes. If 

gestational diabetes goes undetected, a baby has an in-

creased risk of stillbirth or death as a newborn. Shoul-

der dystocia is a serious complication in gestational 

diabetes. Caesarean delivery is common in gestational 

diabetes. Babies born to gestational diabetes women 

are more prone to hypoglycemia, jaundice, respiratory 

distress syndrome, increased risk of obesity, glucose 

intolerance, and diabetes in late adolescence. 

A healthy diet is important for every pregnant wom-

an. Eating the right kind and amount of food is one of 

the best ways to control your blood sugar levels, and the 

more active you are, the lower your blood sugar. he 

key to prevention is careful control of blood sugar lev-

els in the mother as soon as the diagnosis of gestational 

diabetes is made. By maintaining normal blood sugar 

levels, it is less likely that a fetus will develop macro-

somia, hypoglycemia, or other chemical abnormalities. 

Nutritional management of gestational diabetes can be 

achieved with regular exercise, maintained body weight, 

and a healthy diet.

SEE ALSO: Pregnancy; Type 2 Diabetes.
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Ghrelin 

GHRELIN IS A recently discovered hormone that is 

believed to play a role in the regulation of eating and 

body weight. Ghrelin is produced in the fundus of the 

stomach and is part of a class of compounds known as 

gut peptides. Other gut peptides include peptide YY 

and glucagon-like-peptide-1 (GLP-1). Ghrelin is the 

natural ligand (substrate) for the growth hormone se-

cretagogue receptor. 

Ghrelin levels luctuate throughout the day and 

peak before a person begins to eat. After a meal is 

consumed, ghrelin levels decrease. his is part of the 

proposed mechanism for ghrelin’s role in eating in 

which ghrelin travels from the stomach to the brain. 

Once in the brain, ghrelin sends its message through 

a series of other pathways to initiate eating. hese 

include the activation of neuropeptide Y (NPY) and 

agouti-related protein (AgRP), compounds located 

within the brain that stimulate eating.

People who are underweight have elevated ghrelin 

levels (to stimulate food intake), while overweight and 

obese people have decreased ghrelin levels (to inhibit 

food intake). In one study, when ghrelin was infused 

into both animals and people, food intake increased, 
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and when ghrelin antagonists were infused, food in-

take decreased. 

Weight loss by dietary restriction increases plasma 

ghrelin levels. Paradoxically, patients who underwent 

gastric bypass surgery, which is associated with large 

amounts of weight loss, had very low ghrelin levels and 

lacked the circadian pattern associated with the ghre-

lin. his may be the result of the gastric bypass surgery 

because the part of the stomach that makes ghrelin is 

no longer fully functioning. Taken altogether, this hor-

mone may be one reason why it is diicult to maintain 

weight loss by dietary restriction. 

Ghrelin may be related to leptin and insulin, two oth-

er hormones that afect eating and body weight. Leptin 

and ghrelin oppose each other in action and circadian 

rhythm (i.e., ghrelin is high before a meal and leptin is 

low before a meal and vice versa). However, while leptin 

is not the primary regulator of ghrelin levels, leptin was 

demonstrated to decrease ghrelin levels in the blood. 

Insulin also opposes ghrelin in function, but it was 

demonstrated that insulin only suppressed ghrelin lev-

els at superphysiological levels. Given its role in eating 

and body weight, ghrelin may have signiicant potential 

as a pharmaceutical. Currently, ghrelin is being studied 

to be a pharmaceutical agent as either an agonist to in-

crease patients’ appetites (i.e., cancer patients) or as an 

antagonist to decrease patients’ appetite (i.e., obesity). 

SEE ALSO: Insulin; Leptin; Leptin Supplements.
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Glucagon Receptor

GLUCAGON RECEPTORS ARE members of the family 

of g-protein linked receptors (GPLR) that transduce 

an extracellular signal into an intracellular signal via 

ligand binding and G-protein activation. hese re-

ceptors are found throughout the body, with primary 

sites being the liver and kidney, and secondary sites 

including the heart, adipose tissue, spleen, and gastro-

intestinal tract. Following stimulation of the receptor, 

the second messenger system via adenylate cyclase 

and cyclic AMP enhance the signal. he primary hor-

mone agonist is glucagon, while a primary antagonist 

(which blocks the binding site of the receptor) is acyl-

ated aminothiophene nitril. he functions of glucagon 

and its receptors are as vital to the regulation of blood 

sugar as is insulin. herefore, glucagon receptors are 

inherently important to the obesity and diabetes epi-

demics in society today. 

he primary function of the receptor is to bind 

with glucagon to form a ligand and to carry out the 

functions of glucagon via the second messenger sys-

tem. Glucagon itself is hormone secreted by the al-

pha cells of the islets of Langerhans in the pancreas. 

he primary functions of glucagon are to stimulate 

the breakdown of liver glycogen (glycogenolysis) and 

to increase gluconeogenesis in the liver to increase 

blood levels of glucose. Other efects of glucagon in-

clude activating adipose cell lipase (which makes fatty 

acids more available to the body) and inhibiting stor-

age of triglycerides in the liver. 

Glucagon’s functions are regulated by several fac-

tors. If levels of glucagon are increased in the blood 

and antagonists remain stable; there is a great-

er chance of glucagon binding to a receptor and 

thereby imposing it functions. Glucagon levels are 

increased by increased blood amino acids (i.e., pro-

tein ingestion) as well as by exercise. he primary 

inhibitor of glucagon release is hyperglycemia, or 

high blood glucose. 

While most people are currently concerned about 

diabetes mellitus in conjunction with insulin levels, 

tumors causing excess glucagon release from the 

pancreas can be a major obstacle as well. As de-

scribed, the excess glucagon will continue to bind to 

multiple receptors, resulting in excessive hypergly-

cemia. he excess sugar that is not used will then be 

stored as fat. 

A new drug that has shown potential in the scien-

tiic research for treating Type 2 diabetes is known 

as dual-acting peptide for diabetes (DAPD). It com-

bines the promotion of insulin secretion via a com-
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pound known as glucagon-like peptide-1 with the 

efects of antagonistic action on glucagon receptors. 

It is currently being developed as a novel dual-acting 

peptide to treat Type 2 diabetes without gastrointes-

tinal side efects.

SEE ALSO: G-Protein Coupled Receptors; Hormones; Insulin.
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Glucocorticoids

GLUCOCORTICOIDS (GCS) ARE a group of steroid 

hormones that afect carbohydrate, lipid, and pro-

tein metabolism. he biological functions of GCs are 

maintenance of arterial blood pressure, alteration of 

the connective tissue response to injury, reduction in 

the number of circulating lymphocytes, inhibit corti-

cotropin secretion, functioning of the central nervous 

system, and inhibiting the process of inlammation. 

hey are powerful antiinlammatory agents.  hey 

may be administered to treat chronic inlammatory 

conditions such as arthritis, asthma, inlamed joints, 

and allergic reactions. Some examples of CG drugs 

are prednisone, prednisilone, methylprednisilone, 

dexamethasone, and hydrocortisone. he biophysi-

ological efects of GCs are discussed below.

METABOLISM

GCs stimulate glucosneogenesis (glucose produc-

tion from sources such as amino acids and lipids) in 

the liver. GCs enhance the expression of enzymes in-

volved in gluconeogenesis. hey serve as substrates 

for gluconeogenesis by mobilization of amino acids 

from extrahepatic tissues and help the inhibition 

of glucose uptake in muscle and adipose tissue. It 

stimulates fat breakdown by enhancing lipolysis in 

adipose tissue.

he secretion of GCs by the adrenal gland is reg-

ulated by the hypothalamic-pituitary-adrenal axis 

(HPA) axis via secretion of adrenocorticotropic hor-

mone (ACTH). he main plasma cortisol is protein 

bound with 4 to 5 percent free fraction. he plasma 

cortisone is in the free unbound form. he equilibri-

um of cortisol and cortisone between the plasma and 

tissues are illustrated with the dotted bidirectional 

arrows. Tissue-speciic GC metabolisms are also de-

picted. GCs are metabolized primarily in liver and 

the metabolites are excreted in the urine. Increased 

tissue concentrations of GCs in obesity are related to 

increased fat mass.

OBESITY

GCs seem to be important in the development of 

obesity, as adrenalectomy or GC receptor antagonists 

attenuate weight gain and associated metabolic ab-

normalities. he role of GCs in obesity is unclear. he 

enhanced inactivation of cortisol by 5α-reductase and 

altered reactivation of cortisone to cortisol by 11ß-

hydroxysteroid dehydrogenase type 1 (11ßHSD1) was 

reported in obese men. he changes in GC metabo-

lism may inluence corticosteroid receptor activation 

and feedback regulation of the HPA. Increased secre-

tion of GCs (e.g., in Cushing syndrome) is associated 

with obesity, and increased cortisol secretion is seen 

in subjects with idiopathic obesity, especially of cen-

tral distribution. 

Insulin resistance is viewed as an insuiciency in 

insulin action, with GCs being recognized to play a 

key role in its pathogenesis. In addition, clinical ad-

ministration of GCs to treat acute and chronic in-

lammatory diseases has been associated with meta-

bolic adverse efects such as hypertension, obesity, 

hyperlipidemia, and insulin resistance as seen in the 

metabolic syndrome. GC action is mediated by gluco-

corticoid receptors, a nuclear receptor that regulates 

physiological events through activation or repression 

of target genes involved in inlammation, gluconeo-

genesis and adipocyte diferentiation.

INFLAMMATION AND IMMUNE FUNCTION

GCs have potent antiinlammatory and immunosup-

pressive properties. GCs are widely used as drugs to 

 Glucocorticoids 331



treat inlammatory conditions such as arthritis or 

dermatitis, and as adjunction therapy for conditions 

such as autoimmune diseases.

CARDIOMETABOLIC SYNDROME

GC metabolism is also abnormal in insulin-resistant 

states and may promote including insulin resistance, 

diabetes, and hypertension. Use of GCs may en-

hance the risk of heart failure. In a large population-

based study, the use of GCs was associated with an 

increased risk for cardiovascular events (more than 

2.5 times higher than nonusers), with a clear dose-

response relationship. 

BONE HEALTH

he predominant efect of the GCs is a reduction 

in bone formation due to direct detrimental efects 

on osteoblasts, although there is also evidence that 

they increase the activity of osteoclasts. hey can 

also interfere with calcium metabolism, and ad-

versely afect the levels of sex hormones. In addi-

tion to the GC treatment, the primary disease itself 

might also predispose to bone loss through factors 

such as nutritional deiciencies (e.g., in gastroin-

testinal diseases) or the increased production of 

inlammatory cytokines, which enhance bone loss 

(e.g., in rheumatoid arthritis).

PULMONARY HEALTH

GCs are the most efective therapy available for pa-

tients with asthma. GCs bind to GC receptors in the 

cytoplasm and translocate to the nucleus, where they 

interact as dimers with GC response elements in the 

promoter region of steroid-sensitive genes to switch 

on transcription of antiinlammatory genes, (such as 

MKP-1). his involves binding of GR to coactivator 

proteins and acetylation of core histones, particularly 

histone-4, through the intrinsic histone acetyltrans-

ferase (HAT) activity of these coactivators. 

CATARACTS

Glucose level in the lens increased markedly with 

lens opacidication and decreased with recovery from 

cataract after hydrocortisone administration. GC-in-

duced cataract formation is through a step of oxida-

tion or peroxidation. he use of inhaled corticoste-

roids and the development of posterior subcapsular 

and nuclear cataracts association were reported.

COGNITIVE FUNCTION

he secretion of GCs inluences cognitive function. 

hese hormones are important in the maintenance of 

normal brain health and functions. Few studies indi-

cate that endogenous GCs are essential for maintain-

ing prefrontal cortex (PFC) cognitive function and 

suggest that HPA disruption contributes to PFC cog-

nitive deicits.

GCS DEFICIENCY 

Familial glucocorticoid deiciency (FGD) is an auto-

somal recessive syndrome of adrenal unresponsive-

ness to ACTH characterized by GC deiciency, high 

plasma ACTH levels, and a normal renin-aldoste-

rone axis. Defects of the ACTH receptor have been 

suggested as a possible cause. Insuicient produc-

tion of cortisol, often accompanied by an aldoste-

rone deiciency, is called hypoadrenocorticism or 

Addison’s disease.

SIDE EFFECTS OF GCS

Long-term use of GCs drugs may cause many adverse 

efects. hese include immunosuppression, hypergly-

cemia due to increased gluconeogenesis, insulin resis-

tance, and impaired glucose tolerance; reduced bone 

density (osteoperosis, higher fracture risk, slower 

fracture repair), increased skin fragility, easy bruising, 

weight gain due to increased visceral and truncal fat 

deposition (central obesity) and appetite stimulation, 

adrenal insuiciency, muscle breakdown (proteoly-

sis), weakness; reduced muscle mass and repair, ex-

pansion of malar fat pads and dilation of small blood 

vessels in skin, anovulation, irregularity of menstrual 

periods, growth failure, increased plasma amino ac-

ids, increased urea formation; negative nitrogen bal-

ance and excitatory efect on central nervous system. 

Dexamethasone can cause loss of appetite, weight 

loss, stomach upset, vomiting, drowsiness, headache, 

confusion, fever, joint pain, and peeling skin. 

SEE ALSO: Asthma; Osteoporosis.
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Glucokinase

GLUCOKINASE IS AN enzyme that traps glucose in 

the liver. Glucokinase is part of the hexokinase enzyme 

family and is sometimes referred to as hexokinase IV. 

his enzyme functions by attaching phosphorus to glu-

cose inside the liver and forming glucose-6-phosphate 

(G-6-P). Glucokinase difers from the other hexoki-

nases, which are found in muscle and other organs. 

Speciically, glucokinase is highly efective at convert-

ing glucose into G-6-P in the liver, while muscle hexo-

kinase can only convert a limited amount of glucose 

into G-6-P. In muscle, elevated levels of G-6-P inhibit 

hexokinase activity (referred to as negative feedback). 

While in the liver, elevated levels of G-6-P do not in-

hibit glucokinase activity. hrough the actions of 

glucokinase, the liver plays a more critical role in the 

storage of excess glucose than does the muscle. Once 

glucokinase has trapped glucose in the liver, the liver 

will decide which metabolic pathway for glucose to en-

ter. his is one reason why the liver is referred to as the 

gatekeeper of metabolism. 

G-6-P is the enzyme that opposes glucokinase. G-6-

P works by removing the attached phosphorus (from 

glucokinase) and creating free glucose. his permits 

the stored glucose in the liver to be released into the 

plasma. Glucokinase is regulated by other by-products 

of glucose metabolism such as fructose-1-phosphate 

(activates) and fructose-6-phosphate (inhibits). Gluco-

kinase regulatory protein (GKRP) also afects the en-

zymatic functioning of glucokinase enzyme. GKRP will 

inhibit glucokinase when glucose levels are low in the 

blood and activate it when glucose levels are high in the 

blood, subsequently allowing for either the release or 

removal of glucose in the body.

Glucokinase is also present in the β-cells of the pan-

creas. he β-cells are responsible for producing and 

releasing insulin, the hormone that regulates blood 

sugar levels. Glucokinase is present in the β-cells in 

order to sense the presence of glucose, then signal 

the production of insulin, and release insulin into the 

body. Glucokinase is regulated by insulin only on a 

long-term basis such that chronically high levels of 

insulin may alter glucokinase expression. 

Maturity onset of diabetes in youth (MODY) is a 

rare, genetic form of diabetes mellitus. Patients who 

sufer from MODY are primarily children who are hy-

perglycemic (high blood sugar) but have normal β-cell 

function. Several genetic mutations have been found 

to be responsible for MODY including a mutation in 

the gene that makes glucokinase. In this genetic dis-

order, there is decreased glucokinase level.

SEE ALSO: Metabolic Disorders and Childhood Obesity.
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Gout 

GOUT IS A broad term used for the problems with 

uric acid metabolism in the body. Gout is also re-

ferred to as metabolic arthritis due to similar symp-

toms. As such, gout causes severe pain in joints and 

associated tissues from the buildup of monosodium 

urate crystals that lay stagnate in the articular carti-

lage of joints. his articular cartilage tissue covers the 
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ends of bones and allows the distribution of weight 

and compression for normal body movement. It also 

provides a wear-resistant surface for joint movement 

and when inlamed is very painful. he inlammatory 

response from this buildup of urate crystals causes 

pain to the joints and swelling at the site. If not treat-

ed, the swelling can grow and increase in size until it 

bursts through the skin. Obesity is a major risk factor 

for developing gout and early diagnosis and treatment 

are essential to reduce disease morbidity. 

HISTORY

Gout is one of the oldest human ailments seen 

throughout time and obesity has played a major role 

in how it has been perceived throughout cultures. 

Some accounts identify gout irst with the Egyptians 

circa 2640 b.c.e. Later, Hippocrates in the 5th century 

b.c.e., identiied gout as separate from other joint dis-

orders and referred to it as the “unwalkable disease.” 

Nonetheless, healers have consistently associated gout 

with the consumption of rich foods and excessive al-

cohol. his led those who sufer from gout to be seen 

as decadent and corpulent, as the foods that seem to 

contribute to the disease were only available to the 

wealthy. his negative stereotype is most evident by 

seeing that gout was also referred to as the “disease 

of kings” by some historical accounts. Now, with the 

disease process better understood, these negative ste-

reotypes are no longer tolerated. 

In the United States today, gout is twice as preva-

lent in African-American males as it is in Caucasians. 

Internationally, the prevalence of gout varies widely 

from country to country. For example, in England, 

gout afects about 16 out of every 1,000 men and 

three of every 1,000 women. here is an increased 

prevalence of gout among obese individuals across 

populations. Gout can also develop as comorbidity 

of other diseases, including diabetes, hypertension, 

and obesity. 

SIGNS AND SYMPTOMS

he clinical presentation is severe and sudden pain, 

swelling, redness, warmness, and stifness to the af-

fected joint. he urate crystals inside the joint cause in-

tense pain whenever the afected area is moved and the 

inlammation of the tissues around the joint also cause 

skin to be swollen and tender to touch. Hyperuricemia, 

a high level of uric acid in the blood, is a common sign 

of gout and is considered an aspect of the metabolic 

syndrome. However, a high uric acid blood level does 

not exclusively mean a person will develop gout. 

TREATMENT 

Treatment of proven crystal-induced arthritis is di-

rected at relief of the pain and inlammation. Nar-

cotic pain relievers, nonsteroidal antiinlammatory 

drugs (NSAIDs), and steroids are standard treatment. 

Last, for extreme cases of gout, surgery may be nec-

essary to remove large areas of afected tissues and 

correct joint deformity. he best prevention measure 

for gout is a low purine diet and a reduction in alco-

hol consumption. 

SEE ALSO: Alcohol; High Protein Diets. 
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Government Agencies

ALTHOUGH GOVERNMENTAL AGENCIES at the fed-

eral, state, and local levels play an important role in 

issues related to obesity in the United States, not ev-

eryone approves of the current level of involvement. 

Some feel that governmental involvement in public 

health should be restricted to matters such as provid-

ing municipal water treatment and monitoring com-

municable diseases, and that the government should 

not be involved in diseases that have a strong volition-

al or lifestyle component, while others feel that the 

governmental role should be greatly increased, in rec-

ognition of the societal costs of obesity and because 

they do not see the purpose in drawing a distinction 

between infectious and chronic diseases, both of 

which are harmful to human health. 

Of course, opinions about the proper level of gov-

ernmental involvement are informed by difering 

conceptions of who is responsible for obesity; some 

place the blame on the obese individual as a person 
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who makes poor food or lifestyle choices, while oth-

ers point to an environment that encourages over-

consumption of unhealthy foods and discourages ex-

ercise. hese are diferences in philosophy rather than 

questions of fact, and fruitful lines of investigation 

have been instigated from both points of view. 

HISTORY

Governments have been involved in public health at 

least since the Roman Empire, where the government 

constructed aqueducts, sewer systems, and public 

baths and appointed oicials to oversee the public wa-

ter supply, drainage system, and food supply. Charity 

medical care was also ofered in both classical Greece 

and Rome, and the Roman Empire established char-

ity hospitals by the 4th century b.c.e. Unfortunately, 

these health measures were not maintained in Europe 

during the Middle Ages, during which time cities of-

ten lacked secure water supplies, drainage systems, 

and garbage collection systems. hese deiciencies in 

infrastructure are among the factors implicated in the 

epidemics of communicable diseases, which were a 

regular feature of European life during this period. 

he Renaissance brought a greater interest in pub-

lic health matters, boosted in part by increased inter-

est in collecting and analyzing data. Notable in this 

efort was John Graunt (1620–74), who produced the 

irst calculations of life expectancy and noted the as-

sociation of demographic variables with mortality. 

he irst widespread public health campaigns that 

involved individual treatment rather than creation 

of public works such as sewers, were the variolation 

campaigns that began in the late 18th century. hese 

campaigns ofered vaccination against smallpox to 

large numbers of people within a geographic area, 

and in some cases, made the vaccination mandatory 

in recognition of the public beneit of reducing the 

susceptible population. 

he development of the modern public health ap-

proach is usually dated from the mid-19th century, 

when the concentration of population in cities lack-

ing adequate housing and sanitation led to frequent 

outbreaks of disease. he sanitarian movement in Eu-

rope and the United States was founded on the belief 

that provision of basic public health facilities such as 

a municipal water supply and sewage system were a 

worthwhile investment in securing the population’s 

health, and were best provided by governments rather 

than leaving such matters to the choice of individuals. 

Public health was often organized the city level in this 

period, and the Metropolitan Board of Health, cre-

ated in New York City in 1866, was one of the earliest 

municipal public health authorities. 

Public health eforts were expanded in the late 

19th and early 20th centuries to deal with many more 

threats to public health, including quarantine of per-

sons sufering from infectious diseases, mass immu-

nization campaigns, and elimination of mosquito 

breeding grounds. 

As antibiotics and other advances in medicine 

brought most infectious diseases under control in 

the United States, chronic diseases such as cancer 

and coronary heart disease became responsible for 

a comparatively higher proportion of morbidity and 

mortality in the population, and occupied more of the 

attention of medical practitioners and public health 

oicials as well. 

The Capitol in Washington, D.C.: Some feel that government should 

not be involved in diseases that have a strong volitional component.
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Many chronic diseases are inluenced by modii-

able behaviors such as smoking, alcohol consump-

tion, diet, and physical activity, often called lifestyle 

factors, and for this reason, many public health cam-

paigns aimed at improving health through modifying 

these factors have a large educational component. For 

instance, the Food Pyramid popularized by the U.S. 

Food and Drug Administration is intended to teach 

people about the types and quantities of food which 

make up a healthy diet for an average person. In its 

current incarnation, the Food Pyramid includes infor-

mation about the beneits of physical activity as well, 

and uses information about physical activity, age, and 

gender to create personalized nutritional recommen-

dations for individuals. 

Although few would deny that health behaviors such 

as smoking and overeating extract a cost both to health 

of individuals and to society in terms of increased costs 

for healthcare and loss of productivity, some feel that 

public health campaigns aimed at modifying such risk 

behaviors is intrusive and exceeds the proper role of 

government. If adults choose to smoke, the argument 

runs, they are aware of the risks, have decided that the 

pleasure of smoking outweighs the potential harm to 

their health, and it is not the government’s place to in-

terfere with this decision. Similarly, if a person enjoys 

eating the wrong foods, some people would argue that 

it should not be the concern of the government to ex-

hort them to do otherwise.

Recent eforts to encourage healthier lifestyles have 

also included legal restrictions such as banning the sale 

of soda and junk foods within schools and increasing 

taxes on products such as tobacco and beer to discour-

age their consumption. hese measures have met with 

more controversy, particularly when proposals are 

made to extend such regulations into less clear-cut ar-

eas, for instance, to tax fast food at higher rates than 

other restaurant food. Among the reasons this type of 

legislation is less popular is because they would then 

afect adults as well as children, would involve regula-

tion of food rather than tobacco or beer, both of which 

are traditionally considered “vices” which has been so-

cially acceptable to tax at a high rate, and would re-

quire deining what constitutes fast food. For instance, 

would it include a salad purchased at McDonald’s, a 

hamburger and french fries purchased in a traditional 

restaurant? Additionally, because fast-food restaurants 

are more prevalent in poor neighborhoods and ofer 

food at lower prices than many traditional restaurants, 

this type of tax has been questioned as a tax, which 

would disproportionately penalize people who have 

fewer resources to begin with. 

Beyond the many well-known public health cam-

paigns, one of the most important functions the gov-

ernment performs in the study of obesity is the col-

lection and analysis of information about the health 

and health behaviors of the public. It is largely due to 

such governmental eforts that we have reasonable es-

timates of how many Americans smoke, how many are 

overweight or obese, and what the relationship is in the 

general population between, for instance, body mass 

index (BMI) and Type 2 diabetes. 

AMERICAN GOVERNMENTAL  

STRUCTURE AND PUBLIC HEALTH

he governance structure of the United States is com-

posed of many layers, and often the federal, state, and 

local levels of government are all involved in a single 

public health concern, such as promoting maternal 

and child health. his multiplicity of governments can 

be confusing, particularly to observers used to a more 

centralized form of public health organization, because 

each state and at least 3,000 local governments as well 

as numerous federal agencies are involved in regulat-

ing and delivering services related to public health. 

his decentralization is largely due to the fact that 

the U.S. Constitution limits the authority of the fed-

eral government to the speciic powers (none of which 

directly involve public health) and reserves all powers 

neither allocated to the federal government nor pro-

hibited to be the concern of state governments. State 

governments, in turn, often grant responsibility for 

many health functions to local governments. Although 

this complex structure of governance has advantages in 

terms of allowing local control and adaptability to lo-

cal circumstances, it has disadvantages including frag-

mentation of responsibility and unequal distribution of 

resources, so that people with the greatest needs may 

have the least access to services. 

he federal role in public health in the United 

States today principally involves leadership and ex-

pertise, provision of funding, and regulation and in-

tervention in matters concerning more than one state 

(for instance, interstate commerce). he Department 

of Health and Human Services (DHHS) is the primary 

federal agency concerned with public health; agen-
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cies within the DHHS concerned with public health 

include the United States Public Health Service, the 

Centers for Disease Control and Prevention (CDC), 

the National Institutes of Health, the Indian Health 

Service, and the Centers for Medicare and Medic-

aid Services. In addition to the programs carried out 

within these and related agencies, DHHS is a major 

funding source for state and local health agencies. 

Some public health eforts such as the Behavioral 

Risk Factor Surveillance System (BRFSS), an ongoing 

survey that collects data about individual risk factors 

and health behaviors, are conducted as a partnership 

between the federal government and the states. In the 

case of the BRFSS, the CDC provides technical exper-

tise and some of the funding, while the states do the 

actual data collection; the data are then returned to 

the CDC for processing, then returned to the states 

and (with some exceptions) made publicly available 

through the CDC Web site. 

Each of the 50 states in the United States has an 

agency responsible for health, although the organiza-

tion difers from one state to another. In some states, 

there is a heath department devoted exclusively to 

health, while in others, health is included within a de-

partment that is also responsible for other social and 

welfare programs. Functions performed by most or 

all state health agencies include collection of vital sta-

tistics, disease surveillance and control, regulation of 

health facilities, and regulation of food safety and envi-

ronmental health. Federal grants and state tax revenues 

provide most of the funding for state health functions. 

Organization of health agencies at the local level also 

takes many forms. In some states, local health agencies 

are part of the local government; in others, they are an 

agency of the state health department; and in yet oth-

ers, they are free-standing entities independent of both 

state and municipal governments. Many public health 

services are actually carried out at the local level, and 

the services provided vary widely from one area to an-

other. Local health eforts are usually funded by local 

taxes (primarily property taxes), state subsidies, and 

federal grants. 

EXAMPLES OF GOVERNMENTAL  

INVOLVEMENT IN OBESITY ISSUES

Vending Machines in Schools. Many elementary and 

secondary schools have vending machines that may 

sell sodas and other beverages, candy, and other 

types of food. Often revenues from these machines 

are used to fund school or extracurricular activi-

ties, such as music programs, class trips, or library 

purchases, and schools often enter into a contract 

with a single supplier (such as Coca-Cola) and agree 

not to sell products from other suppliers. he ris-

ing rate of obesity among children and adolescents 

has increased scrutiny of children’s dietary habits, 

and within the last 10 years or so, people have be-

gun questioning why food and beverages of little 

nutritional value should be available to students 

during schools hours. A related question also raised 

is whether students should be subjected (during 

school hours) to the advertising typically displayed 

on the vending machines and on the packaging of 

the foods and beverages sold.

According to a survey conducted by the CDC in 

2000, 43 percent of elementary schools, 89 percent 

of middle and junior high schools, and 98 percent 

of high schools in the United States had vending 

machines or snack bars within the school where 

students could purchase foods other than those 

provided through the United States Department of 

Agriculture (USDA) meal programs. As of 2005, six 

states have passed laws regulating foods and bev-

erages sold in schools outside of USDA meal pro-

grams, and 27 states have introduced legislation re-

garding this issue. Arkansas has banned elementary 

schools from allowing student access to vending 

machines selling soda and food, but most legisla-

tion has taken a more moderate approach. Typical 

regulations include limiting the types of food that 

may be sold within schools or during school hours, 

requiring healthy alternatives to be offered, limit-

ing the hours during which vending machines are 

accessible to students, and requiring information 

about nutrient and caloric composition of foods to 

be provided. 

Physical Activity. Because many surveys have dem-

onstrated that many American schoolchildren are in-

suiciently active, there have been calls for establish-

ing physical education (PE) as a mandatory activity 

within schools. However, like public health, educa-

tion in the United States is primarily the responsibil-

ity of state and local governments, because regulation 

of education is not one of the powers granted to the 

federal government in the U.S. Constitution. Due to 

the lack of a central authority for education in the 
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United States, there is no way to mandate PE in all 

U.S. schools. In addition, funding for education is 

primarily provided through local taxation, supple-

mented by state revenues and federal grants, so the 

resources available to schools difer by their location. 

Current state laws vary widely. In Arkansas and Cali-

fornia, the state mandates that PE is required in every 

grade level, and the amount of time allocated varies 

by grade level. In contrast, in Colorado only local 

school districts may impose curricular requirements. 

In Florida, there are no requirements for elementary 

and secondary schools, but two semesters of PE are 

required in high school, while in Idaho PE is required 

through the eighth grade but not in high school. 

Another way governmental agencies have tried to 

encourage increased physical activity in children is 

through programs that encourage children to walk or 

bike to school. Examples of these programs include 

the Kids Walk-to-School program of the CDC and 

the International Walk to School in the USA program 

funded by the CDC and U.S. Department of Trans-

portation. hese and similar programs take a commu-

nity-based approach which encourages parents, local 

police departments, civic associations, and business 

to create an environment in which children can safe-

ly walk to school, and educate parents and children 

about the importance of regular physical activity as 

part of a healthy lifestyle. 

Trans Fats. Most trans fats (also called trans fat-

ty acids) are created through partial hydrogenation 

of plant oils, which reduces rancidity and raises the 

melting point of the fat. Trans fats are most com-

monly found in processed foods such as margarine, 

baked goods, and prefried taco shells, and in the fat 

used in deep fryers. Consumption of trans fats has 

also been linked with increased risk of heart disease 

and has been implicated in a number of other health 

conditions, including obesity and diabetes. In the 

United States and many other countries, labels on 

processed foods are required to list the amount of 

trans fats they contain. 

However, many nutritionists recommend that con-

sumption of trans fats be limited to trace amounts. 

he National Academy of Sciences determined in 

2002 that there is no beneit to the consumption of 

trans fats, and that there is no known safe level of 

consumption of trans fats, but has not recommended 

they be eliminated entirely from the diet because they 

occur naturally in many animal foods. he World 

Health Organization recommended in 2003 that con-

sumption of trans fats constitute no more than 1 per-

cent of an individual’s total caloric intake. 

New York City began a public education campaign 

against trans fats in 2005, which included a request to 

restaurant chefs to stop using trans fats in their kitch-

ens. he voluntary efort was not successful, and in 

December 2006, the city passed legislation banning 

the use of trans fats in restaurants. New York City is 

the largest American city to ban trans fats in restau-

rants, although similar legislation has been proposed 

in Chicago and in the state of Massachusetts. Partly 

because of legal actions, some major food manufactur-

ers, including Kraft, have begun exploring alternatives 

to trans fats for their products, as have some fast-food 

chains include McDonald’s, Kentucky Fried Chicken, 

and Wendy’s. Predictably, the regulation of food con-

sumed by adults, as opposed to those consumed by 

children in schools, has generated more controversy. 

Some see such regulation as an imposition by the nan-

ny-state who is overly protective and deprives adults of 

their right to make free choices, and some restaurant 

chefs protested the interference with their right to run 

their businesses, while others point out that many reg-

ulations already apply to restaurants (such as health in-

spections) and that there is no beneit consuming trans 

fats and no need to include them in any dish. 

SEE ALSO: Eating Out in the United States; Obesity in 

Schools; Physical Activity and Obesity; Physical Activity in 

Children; Physical Activity Patterns in the Obese; Soda and 

Soft Drinks. 
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Governmental Policy and Obesity

GOVERNMENTS PERFORM MANY tasks. One of 

the tasks is to deliver services to the people they 

govern. Healthcare promotion and regulation is a 

government service that promotes the good of the 

population of the state. Policies to meet the chal-

lenge of a globally spreading epidemic of obesity 

are being developed and implements by all those 

countries experiencing an obesity epidemic in con-

trast to those countries where poverty and mal-

nourishment still prevail.

All governments perform three general functions. 

hey make laws, enforce laws, and adjudicate cases 

arising under the law. he institutions of government 

that perform these functions vary from country to 

country. In the United States, they are performed by 

the constitutionally deined three branches of govern-

ment—the legislative, the executive, and the judiciary. 

In the states, a similar division of legal labor exists, 

but in many states the executive branch may be a plu-

ral one in which the state governor shares power with 

other elected executive oicials.

Policy-making in the United States occurs within 

the separation of power system between the three 

branches of the government of the United States and 

also in the federal system that joins it into a union 

with the several states. he efect is usually a policy-

making process that is democratic without a single 

person or group in charge, but one that is also at 

times ineicient.

he politics of the policy process requires the identi-

ication of a problem. In the case of obesity, it was not-

ed by a number of health specialists, including public 

health oicials who measure demographic features of 

schoolchildren or scan them for health issues. It was 

also noted by many observers that many people in the 

adult population were gaining considerable weight. 

hese observations were interpreted as a signiicant 

health issue that was not simply private or personal but 

a public issue that needed to be addressed by govern-

ment. Consequently, the problem was pushed onto the 

agenda of the government, where in due time, it would 

be considered for some kind of solution.

Once the government identiies a problem, the 

next step on the agenda is to deine that problem. 

Otherwise the “problem” that will be “solved” may 

be something entirely diferent so that the prob-

lem does not actually get addressed. In the case of 

obesity, the problem was obvious, or so it seemed, 

until challenged. Critics claimed that despite casual 

observations that Americans had gained enormous 

amounts of weight, there really was not an obesity 

epidemic. he accusation asserted that government 

bureaucrats and health researchers were colluding 

with drug and weight-loss industries to mislabel 60 

million Americans as overweight to attract funding. 

Instead of a health problem, it was a political corrup-

tion problem, according to critics.

Despite opposition, Congress held hearings and 

other government agencies in cooperation with 

health oicials moved toward deining the causes 

of obesity. Again, the politics of the policy process 

came into play as a number of food growers, proces-

sors, and distributors were accused of being respon-

sible for the epidemic of obesity. hese include the 

manufacturers and distributors of corn syrup, the 

fast-food industry, and even vending machine com-

panies that placed “junk food” in schools for children 

to purchase. In the struggle to deine the problem of 

obesity and a solution(s) as legal policy all of these 

participants—healthcare providers, food producers, 

food distributor, advocacy groups, government agen-

cies with an interest in the development of policy, and 

others—engaged in a struggle to hammer out a policy 

that deals with the issues surrounding the problem. 

his stage of policy adoption is crucial, for without 

a success at this stage, bills in Congress die and do 

not become policy. Once adopted, the policy process 

moves to the ifth stage, which is implementation.

Agencies responsible for putting the policy into 

play develop programs for the distribution of beneits 
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(e.g., money for training those who will counsel the 

obese, or research money to study obesity), rules for 

administering educational programs, or other activi-

ties connected with meeting the challenge of obesity. 

In the case of the Department of Education, it would 

be expected to develop rules afecting school pro-

grams education against obesity. In the case of the 

Department of Agriculture, the school lunch pro-

gram would be modiied to meet health standards. 

Vending machines may be prohibited from selling 

junk food. Much of current obesity policy is at the 

implementation stage, but many developments are 

being made on evaluating the success of the newly 

implemented policies.

Signiicant amounts of money are being spent by 

government agencies on what people are eating to 

discover what is and what is not healthy. he focus on 

what is and is not healthy not only includes the foods 

people eat, but also the exercise in which people en-

gage. It has been observed by numerous state politi-

cians and educational oicials that physical education 

and nutrition classes have been abolished in a great 

many schools to put more resources into mathemat-

ics and science courses.

Policy makers and those who implement policy-af-

fecting obesity also engage in educational campaigns 

to raise public awareness of the problem of obesity and 

ways to deal with it. Bureaucrats may do such simple 

things as walk to work wearing a pedometer to stress 

the need for exercise. Because most people today live 

in a “built environment,” which is essentially urban, 

it means that people are inclined by the environment 

to be sedentary. To promote antiobesity behaviors, 

methods of developing ways to burn calories when 

going about daily activities, such as taking the stairs 

instead of the elevator, need to be accomplished. 

Another illustration of the governmental policies 

working at cross-purposes and their connection to 

obesity is to be seen in the fact that there is an almost 

direct correlation between obesity and income. he 

wealthier, the healthier, is in part due to the fact that 

carbohydrates and the calories they provide have nev-

er been cheaper in American economic history. As a 

result, it is possible for people with limited income 

to purchase large quantities of carbohydrates but not 

comparatively of vegetables such carrots. Processed 

foods are much more afordable than are foods that 

need to be prepared. he very success of American 

farm policies is also a defeat of its health policies be-

cause the cheapest foods are not those with the most 

health beneits. he politics of the farm subsidy pro-

grams are such that Twinkies cost less than a bunch 

of carrots although the latter are healthier.

he policy trends in the war against obesity is 

moving beyond simple solutions such as taking vend-

ing machines out of schools to engaging the Depart-

ment of Housing and Urban Development and the 

Department of Transportation. hese departments 

can development policies that promote changes in 

the “build environment” that make sidewalks, bicycle 

lanes, and other exercise-friendly opportunities com-

monplace in the modern urban world of America.

An important change in the policy of the feder-

al government came in 2004 when the Centers for 

Medicare and Medicaid Services changed its policy 

on obesity. Previously, it had denied the claim that 

obesity was a disease. Since then, it has deined obe-

sity as a disease. Because insurance companies tend 

to follow government polices in the way they provide 

coverage of medical services, this allowed for future 

coverage of treatments for obesity. he policy change 

was applauded by the American Obesity Association, 

which is an obesity advocacy group. Healthcare pro-

viders also supported the change.

Governmental action usually includes enlisting sci-

entiic or social science studies of some policy prob-

lem. he Food and Drug Administration requested 
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the Keystone Center to study the issue of away-from-

home foods and their connection to the obesity epi-

demic. Its report urged the adoption of corporate 

and public programs to encourage the availability of 

healthy foods in appropriate proportions rather than 

the sale of oversized portions of foods heavily laden 

with fats, sugars, and carbohydrates.

he recent movie Supersize Me (2003) starring 

John Banzhaf and Bridget Bennet, not only used 

fast food to illustrate the growth of obesity, but it 

also devoted a portion of the ilm to the failure of a 

developer to build exercise opportunities as well as 

houses. he attention to this in the ilm points to the 

dynamic nature of the policy process as one of prob-

lem development and redeinition as well as one of 

implementation and policy reimplementation.

In the American system of politics, the judiciary 

also makes public policies through its decisions in cas-

es. Most of the suits today have been focused on food 

and not on other possible causes of obesity. Obesity 

lawsuits have been iled against fast-food purveyors 

such as McDonald’s. If successful, such suits would 

establish as government policy that it is a judicial ac-

tion if food sales can be identiied as connected with 

the development of obesity.

he tactic of using lawsuits to gain policy goals is 

one that has been successfully used in America against 

tobacco and others. It will take years to see if the 

courts decide in favor of the claims of plaintifs that 

their obesity is not due to nature or to their personal 

choices, but was wrongfully caused by the sale of fatty 

foods. he obesity epidemic is not just an American 

problem it has been recognized as a major health 

problem by government in other countries such as 

Mexico, Australia, Great Britain, and Germany. In 

those countries, critics also demand changes, legisla-

tors resist spending, and interest groups struggle to 

end excess weight.

SEE ALSO: Federal Initiatives to Prevent Obesity; Govern-

mental Subsidizing of Energy Dense Foods; Healthy People 

2010. 
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Governmental Subsidizing of  

Energy Dense Foods

SUBSIDIES ARE PAYMENTS from the government to 

food producers intended to keep the price of various 

foods constant. In 2005, the U.S. government spent 

$23 billion on farm subsidies. Most of this money was 

spent on three grains: wheat, soybeans, and corn. Be-

cause the government is supporting the price of these 

goods, it tends to keep them (and products made 

from them) inexpensive. Many of the foods made 

from these products have been linked to obesity. A 

large supply of inexpensive obesity-promoting foods 

could contribute to the current obesity epidemic.

Subsidy programs were originally designed to pro-

tect farmers and ensure a steady food supply to the 
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U.S. population. hese policies also tend to decrease 

the price of wheat, corn, and soy, leading to decreased 

prices of corn syrup, hydrogenated fats, and meats pro-

duced from corn-fed animals. Corn syrup is used for 

soft drinks and other sweetened foods that have been 

linked to obesity. he meats produced from corn-fed 

animals (such as red meat) have also been linked to 

chronic diseases such as cancer and heart disease.

he controversial question is whether the less ex-

pensive price of these materials has actually changed 

consumption, and thus supports the current obesity 

epidemic. If food prices afect consumption, they are 

most likely to have a maximal efect on low-income 

populations. Research supports the theory that lim-

ited economic resources may shift dietary choices to-

ward an energy-dense, highly palatable diet that pro-

vides maximum calories per the least volume and the 

least cost. One study demonstrated that lower prices 

for vegetables and fruits were found to predict a sig-

niicantly lower gain in BMI between kindergarten and 

third grade. Lower meat prices had the opposite efect, 

although this efect was generally smaller in magnitude 

and was also insigniicant for body mass index gain over 

three years. If the subsidy programs for the above com-

modities were removed, there would likely be a small 

change in the price of energy-dense meat and foods 

with added sugar, resulting in a small change consump-

tion of these foods. Because small changes multiply 

rapidly in public health, this small change would likely 

have an efect on the health of Americans. 

his is evident in Poland where government poli-

cies have rapidly afected the public health status of the 

country. he elimination of subsidies for animal fats and 

the alteration of other agricultural programs in Poland 

increased consumption of unsaturated fats and made 

fruits and vegetables more widely available, resulting in a 

decrease in cardiovascular disease in 12 years. he sum-

mary of evidence on subsidies points to a conclusion that 

removing subsidies of energy-dense foods will have to be 

combined with programs to decrease fruit and vegetable 

prices in order to have an efect on public health. 

SEE ALSO: Economics of Obesity; Governmental Policy 

and Obesity; Policy to Prevent Obesity.
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G-Protein Coupled Receptor

G-PROTEIN COUPLED RECEPTORS (GPCRs) are a 

class of membrane receptors that transduce extracellu-

lar signal into intracellular events. Many hormones and 

neurotransmitters act on GPCRs to produce their bio-

logical efects. Upon binding its agonist, GPCRs will ac-

tivate speciic G proteins, which in turn, modulate other 

intracellular efectors such as enzymes or ion channels.

Besides sharing a common signal transduction 

mechanism via G proteins, all GPCRs share one com-

mon structural feature, possessing a transmembrane 

domain with seven helixes. he transmembrane do-

main is crucial in converting the binding energy of 

GPCR agonists into intracellular second messenger 

signaling. A particular GPCR may interact with one of 

several major classes of G-proteins, leading to a change 

in intracellular cAMP level, calcium level, potassium 

level, or the level of other second messengers.

GPCRs are important in treating obesity, because 

many medicinal compounds act on GPCRs directly or 

indirectly to exert their therapeutic efects. For example, 

sibutramine, known by the trade name Meridia, inhibits 

serotonin transporter and norepinephrine transporter, 

leading to increase of serotonin and norepinephrine 

which in turn activate G-protein coupled serotonin 

receptors and adrenergic receptors. Ephedrine acts in-

directly on adrenergic receptors by releasing norepi-

nephrine from nerve terminals. hese biological events 

ultimately serve to suppress appetite. New experimental 

anti-obesity agents are being developed to target GPCRs 

directly, including cannabinoid receptor inverse ago-

nists/blockers and serotonin 5HT2c agonists.

SEE ALSO: Cannabinoid System; Serotonergic Medica-

tions; Sibutramine (Meridia).
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Growth Hormone 

GROWTH HORMONE IS a hormone that is produced 

in the pituitary glands and has anabolic (promoting 

growth) efects on the body. Growth hormone is critical 

for normal growth and development of cells. Growth 

hormone’s primary functions include stimulating pro-

tein synthesis, increasing blood sugar, maintaining 

calcium levels, promoting muscle growth, helping fat 

utilization, and stimulating the immune system.

Growth hormone has long-term efects from pro-

moting the regulation of growth. Levels of this hormone 

are elevated in children and progressively decrease as a 

person gets older. One pathway that growth hormone 

works through uses two compounds known as insulin-

like growth factors I and II (IGF-1 and IGF-II). hese 

compounds play a role in enhancing the message of 

growth hormone in the pathway for protein synthe-

sis. When fasting blood glucose (sugar) levels are low, 

growth hormone will play a role in helping to increase 

the glucose levels, but is not responsible for the imme-

diately rise. Growth hormone can also stimulate the 

levels of a certain enzyme, 1-alpha-hydroxylase, in the 

kidney, which leads to an increase in vitamin D levels. 

his in turn will increase calcium absorption and lead 

to growth of cartilage and bone in the body.

Elevated levels of growth hormone are associated 

with two conditions: acromegaly, and pituitary gigan-

tism. Several of the clinical symptoms associated with 

acromegaly include thickening of bones (noticeable in 

ingers, toes, and the jaw), visual problems and disorders 

within the cardiovascular (high blood pressure and car-

diac myopathy), pulmonary (sleep apnea or narcolepsy), 

renal (elevated sodium retention), endocrine, and meta-

bolic (low thyroid activity, lower sex hormones, diabetes 

mellitus, high triglycerides) systems. Pituitary gland tu-

mors are the cause of acromegaly. his disease develops 

in adulthood. When a pituitary gland tumor is present 

in children, it will lead to excessive growth, known as pi-

tuitary gigantism. Treatment of these disorders involved 

removing the pituitary gland. Children who have their 

pituitary gland removed are given synthetic growth hor-

mone at normal levels. Adults who have their pituitary 

gland removed have traditionally not been given growth 

hormone. Recent research has shown that supplemen-

tation with growth hormone in adults is associated with 

increased muscle growth, decreased body fat, and an 

improved general overall feeling.

Growth hormone deiciency is a lack of growth 

hormone. In children, this condition is associated 

with decreased growth. Adults may also sufer from 

a growth hormone deiciency, although it is not com-

pletely understood what the consequences from a lack 

of growth hormone are. It is believed that it may be 

associated with problems associated with the heart, 

bone strength, and general energy. To treat growth 

hormone deiciency, patients are given injections of 

a synthetic growth hormone. Prader-Willi syndrome 

is a genetic disorder in which children eat excessively 

and are short. Growth hormone is the recommend-

ed therapy for patients with Prader-Willi syndrome. 

Some children who used growth hormone therapy to 

treat their Prader-Willi syndrome have died while on 

the therapy. his might have been related to growth 

hormone’s efect on respiratory functions. Some re-

searchers recommend testing for respiratory function 

prior to beginning growth hormone therapy.

SEE ALSO: Metabolic Disorders and Childhood Obesity; 

Prader-Willi Syndrome.
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Gustatory System

THE GUSTATORY SYSTEM utilizes taste receptors in 

the oral cavity to diferentiate various stimuli through 

several neurological pathways. he gustatory system 

is also intricately linked to many of the physiological 

responses that control gastric secretions, electrolyte 

balance and the avoidance of toxins.  

he gustatory system is comprised of anatomical 

features of the oral cavity, taste receptors, facial nerves 

and regions in the brain. he anatomical features of 

the oral cavity include the tongue, salivary glands and 

structures involved with swallowing. 

Taste receptors are found throughout the oral cav-

ity and most notably on the tongue. Taste receptors 

are harbored within small, visible protuberances or 

bumps on top of the tongue called papillae or taste 

buds. More speciically, papillae found on the ante-

rior portion of the tongue are called fungiform papil-

lae for their broad, lat structures resembling a fun-

gus, and those found on the posterior portion of the 

tongue are called circumvallate papillae, which are 

large, dome-shaped structures forming two rows of 

eight to twelve papillae across the tongue. 

he facial (VII), glossopharyngeal (IX) and vagal 

(X) cranial nerves innervate the taste receptors of the 

oral cavity. Additionally, each cranial nerve innervates 

a speciic region of the oral cavity. he facial (VII) 

nerve and its branches are responsible for innervating 

the anterior and lateral surfaces of the tongue as well 

as the roof of the oral cavity. he glossopharanygeal 

(IX) nerve and its branches innervate taste receptors 

on the anterior, lateral and posterior regions of the 

tongue. Finally, the vagus (X) nerve is responsible 

for innervating taste receptors on or in the regions 

of the larynx and epiglottis. When taste receptors are 

stimulated, the message is sent from the oral cavity 

via cranial nerves to an anatomical structure in the 

brain called the nucleus of the solitary tract (NST) lo-

cated within the medulla and a portion of the pons. 

he NST acts as a relay center in the brain, transmit-

ting sensory and motor information to and from the 

brain in response to gustatory sensations. 

he neurophysiologic role of the gustatory system 

is expansive. Some of the functions of the gustatory 

system include, distinct taste sensations, maintaining 

homeostatic and energy levels, recognizing varying 

degrees of temperature, and palpable stimuli. hese 

perceived stimuli are related to a complex milieu that 

also encompasses many visceral (autonomic nervous 

system) and motor relexes.  

here are four taste sensations, which include sweet, 

salty, sour and bitter. hese four taste sensations en-

able the body, physiologically, to control intake and 

monitor nutrient levels. Monitoring salt and sugar 

concentrations is necessary for the body to maintain 

proper electrolyte and energy levels respectively. Ad-

ditionally, bitter and sour taste sensations provide the 

body with a defense mechanism, as these sensations 

are often associated with poisons and toxins. 

Taste sensations are perceived in various locations 

on the tongue, but some taste receptors exhibit more 

speciicity than others. Taste sensations are detected 

using ion-channels, which are pore forming proteins 

that allow for the passage of ions, and G-protein cou-

pled receptors—a system that utilizes ligand recep-

tors on the cell’s membrane to activate mechanisms 

within the cell. 

he region of the brain that receives information 

from the cranial nerves innervating taste receptors 

in the oral cavity is positioned in close proximity to 

the region that controls visceral and motor relexes. 

hese relexes include chewing, swallowing and gas-

tric secretions, salivary secretions and motility. 

It has been proposed that the gustatory system is 

related to obesity through hedonic or palatability, tex-

ture or the energy content of food. However, many of 

the studies published up to this point have found little 

conclusive evidence suggesting a hedonic or texture 

related link to obesity. One fact is certain, obese in-

dividuals have a tendency to consume more energy-

dense foods than lean individuals, regardless of the 

hedonic experience or texture of the food. 

SEE ALSO: Autonomic Nervous System; G-Protein Cou-

pled Receptors; Palatability; Peripheral Nervous System; 

Taste Reactivity. 
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Habituation 

HABITUATION IS A process that has been observed in 

humans and in all other animals which results in the 

lessening of stimulus over time. An example is pain, 

which may be very sharp initially, but which becomes 

more manageable in the course of time. he same phe-

nomenon results in people apparently ignoring the 

sound of trains regularly passing outside a house or 

the powerful odors that might be found in the work-

place. Habituation is important because otherwise it 

would be diicult for people to separate the arrival 

of new stimuli in the environment, which clearly has 

an impact on security and eiciency. Changes in the 

level of a stimulus seem to be more important and 

urgent than their absolute level. his appears to be a 

learned ability.

Habituation has a particular meaning with respect 

to drug use. Drugs have a tendency to promote the 

body’s ability to tolerate their efects and, hence, re-

duce efectiveness. he use of opiates, for example, 

presents a signiicant challenge to the body, which in 

response, can change its chemical coniguration to a 

signiicant degree and this leads to problems when the 

drug is withdrawn or otherwise no longer available 

because the body has converted itself into a system 

in which the drug is a necessary presence. his is dif-

ferent from the process of addiction, which contains 

elements of psychological craving quite separate from 

the physical changes. he use of substances such as 

cafeine, amphetamines, and sedatives does not cus-

tomarily involve such a high level of ingestion that 

physical changes are produced. Other substances, in-

cluding heroin and alcohol, to a lesser extent, can be 

used in large enough doses to produce the physical 

changes and, consequently, may subsequently repre-

sent a greater physical risk to the body. However, it 

is a very complex undertaking to determine to what 

extent diferent types of drug afect diferent types of 

people and when individuals are at risk of habituation 

or of addiction. he World Health Organization has 

since 1964 used the term drug dependence to encom-

pass any condition in which an individual has a strong 

requirement or need for a drug. In the management 

of obesity through using pharmaceuticals, it has be-

come apparent that long-term reliance on drugs is 

generally inefective without the patient successfully 

negotiating a variety of changes relating to lifestyle, 

eating habits, and similar issues. 

he same or at least similar combination of fac-

tors exists with respect to habituation to tastes of 

extreme sweetness, saltiness, or other tastes associ-

ated with unhealthy food choices. Food technicians 

expend considerable eforts in creating tastes and 

food ingredients to attract consumers. It has become 

clear over recent years in particular that, at least in 

Western countries, but also other developed and de-

veloping countries, consumer tastes have changed to 
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accommodate more extremely pleasing tastes. In the 

course of time, the process of habituation ensures that 

what was once a very sweet, very salty, or otherwise 

stimulating taste becomes less extreme and, hence, 

less pleasing. Consumers therefore request additional 

quantities of the desired taste stimulant. When this 

results in the creation of extra-hot chili dishes, the 

problem is rarely severe, although desensitization of 

the taste buds because of excessive spiciness can lead 

to an intensifying vicious cycle. However, when the 

process leads to the intensifying desire for sweetness, 

in particular, this can lead to obesity as more and 

more sugary products are added to a wider range of 

products. In combination with intensive marketing of 

snack foods, of instantly available gratiication from 

fast foods, and the breakdown of the nuclear family 

as the deining inluence upon eating patterns, it has 

become ever more the case that habituation is pro-

moting obesity in large numbers of people.

One additional issue with respect to habituation 

is that of increasing disregard for public informa-

tion notices with health-related information or ex-

hortations included. Just as cigarette advertising on 

the packet has been forced to become ever more 

extreme in terms of the graphic illustrations of the 

possible outcomes of smoking, with approximately 

the same results as were once achieved by much 

milder approaches, the same will be true of food-

related health messages.

SEE ALSO: Fat Taste; Gustatory System; Sweet Taste.
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HDL Receptors

ATHEROSCLEROSIS IS A leading cause of cardiovas-

cular disease, contributing to deaths worldwide. How-

ever, high-density lipoprotein (HDL) has a protective 

efect. Indeed, atherosclerosis is inversely related to 

plasma levels of high-density lipoprotein (HDL) cho-

lesterol. 

Speciically, HDL performs an important role in 

reverse cholesterol transport by removing accumu-

lated cholesterol from extrahepatic tissues. Receptors 

enhance the lux of unesteriied or free cholesterol. 

Scavenger receptors are cell-surface transmembrane 

proteins that can bind modiied lipoproteins. Cell 

surface receptors for HDL on liver cells (hepatocytes) 

are major partners in the regulation of cholesterol 

homeostasis. he scavenger receptor class B type I 

(SR-BI) has been identiied as a functional HDL bind-

ing protein. Nonetheless, the molecular mechanism 

by which the receptor mediates selective cholesteryl 

ester uptake still needs to be explored
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SR-BI is abundantly expressed in several tissues, in-

cluding the liver, where its expression is regulated by 

various mechanisms. SR-BI mediates both the selec-

tive uptake of lipids, mainly cholesterol esters, from 

HDL to cells and the elux of cholesterol from cells to 

lipoproteins in liver and steroidogenic tissues. In ad-

dition to mediating selective lipid uptake from lipo-

proteins to cells, SR-BI can mediate the bidirectional 

movement of unesteriied cholesterol between lipo-

proteins and cells. he binding of HDL to SR-BI me-

diates cholesterol movement bi-directionally, down a 

concentration gradient, the extent of which seems to 

depend on the cholesterol concentration gradient be-

tween HDL particles and the plasma membrane. he 

constitutive expression of SR-BI alters the steady state 

level of cellular cholesterol and phospholipid. How-

ever, the efects are proportional to the level of recep-

tor on the cell surface. he level of SR-BI expression 

determines both the rate of free cholesterol lux and 

the steady state level of cellular cholesterol.

HDLs consist of a variety of particles with difer-

ent sizes, densities, and lipid and protein composi-

tions. he most abundant protein component of HDL 

is apolipoprotein A-I (apoA-I). Diferences in apoA-

I conformation in diferent-sized particles notably 

inluence apoA-I recognition by SR-BI. Indeed, the 

preferential binding of larger HDL particles to SR-BI 

promotes selective cholesteryl ester uptake from larg-

er cholesteryl ester-rich HDL over lipid-poor HDL. 

Particularly, the larger, cholesteryl ester–rich, lower 

density, spherical  -HDL particles bind more tightly 

to SR-BI than higher density HDLs, lipid-poor pre-ß-

HDL or lipid-free apoA-I. he ability of SR-BI to bind 

a wide variety of lipoprotein classes suggests that the 

conformation of apoA-I in HDL particles is important 

for the formation of a productive HDL/SR-BI interac-

tion. he relative contents of apoA-I and apoA-II in 

spherical HDL particles may also afect their interac-

tions with SR-BI.

he scavenger receptor class B type I (SR-BI) was 

the irst molecularly well-deined cell-surface HDL re-

ceptor to be described. SR-BI mediates selective HDL 

cholesterol uptake by formation of a lipoprotein/re-

ceptor complex, which requires speciic structural 

domains and conformation states of apolipoprotein 

A-I which is present in HDL particles. HDL signal-

ing requires cholesterol binding and elux and SR-BI 

serves as a cholesterol sensor on the plasma mem-

brane. Hepatic SR-BI expression can be regulated by 

a variety of dietary, hormonal, metabolic, and phar-

macological manipulations.

SEE ALSO: Cardiovascular Disease; Cholesterol; Low Den-

sity Lipoproteins.
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Head Start

LAUNCHED AS A summer project in 1965 by the Unit-

ed States Oice of Economic Opportunity, Head Start 

is federal program that was designed to help break the 

cycle of poverty by providing educational, social, and 

other services to preschool-aged children from low-in-

come families. Since 1980, the Department of Health 

and Human Services has overseen Head Start as a pro-

gram under the Administration on Children, Youth, 

and Families. Over 40 years since its creation, the basic 

tenets of Head Start have been maintained, although 

reinements and expansions have been inevitable with 

congressional reauthorizations occurring every ive 

years. For example, in 1995, Head Start services were 

extended downward to children under three via Ear-

ly Head Start, aimed at promoting healthy prenatal 

outcomes for pregnant women, enhancing the devel-

opment of very young children, and working toward 

healthier family functioning. In 2007, nearly 900,000 

three- to ive-year-old children were served, with ap-

proximately another 9,000 children under age three. 

At the core of the Head Start model since its in-

ception has been its emphasis on addressing the de-

velopment of the whole child, not only in the realms 

of social behavior and cognition, but their emotional, 

mental, and physical health, and nutritional needs as 
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well. With respect to the nutritional needs, frequent 

medical screening, immunizations, and dental servic-

es are provided, as well as hot meals and nutritional 

guidance. Unfortunately, children of low-income and 

minority status—the very demographic groups that 

are overrepresented in Head Start enrollments—are 

most likely to develop childhood obesity. For exam-

ple, two recent studies have reported alarming rates 

of overweight (above the 95th percentile for age and 

sex) for black and Hispanic preschoolers attending 

Head Start centers in Texas (17 percent) and New 

Jersey (28 percent). On the positive side, the oppor-

tunity to serve nourishing meals and establish good 

eating practices in Head Start centers represents an 

unmatched opportunity for nutrition education and 

the promotion of physical activity in at-risk children. 

To this end, the 2007 U.S. Senate reauthorization bill 

includes important language regarding childhood 

obesity prevention eforts as part of Head Start.

SEE ALSO: Department of Health and Human Services; 

Ethnic Disparities in the Prevalence of Childhood Obesity; 

School Lunch Programs.
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Healthcare Delivery

THE HEALTHCARE SYSTEM in the United States has 

traditionally focused on treatment rather than pre-

vention. Obesity is a major risk factor for many dis-

eases and as rates of obesity have increased in recent 

decades, insurance coverage has typically provided 

reimbursement for its comorbidities, but not for the 

treatment or prevention of obesity itself. Although 

the World Health Organization, National Institutes 

of Health, Food and Drug Administration, Centers 

for Disease Control and Prevention, and Social Se-

curity Administration all deine obesity as a disease, 

health insurance companies do not consider it as 

such for reimbursement purposes. here is a lack of 

understanding that obesity is a disease and a percep-

tion that treatments lack efectiveness.  Obstacles to 

healthcare delivery for obese patients include inad-

equacies in healthcare facilities and insensitivity to 

obese patients’ needs. In order to adequately provide 

healthcare to patients who are obese all patients need 

to be treated with respect, facilities should have ap-

propriate equipment and supplies available for obese 

patients, and practitioners need to be willing to talk to 

patients about weight-related goals and have a work-

ing knowledge of the available obesity treatments. 

INSURANCE COVERAGE OF OBESITY

In 2000, the total cost of obesity in the US was an es-

timated $117 billion: $61 billion for direct medical 

costs and $56 billion for indirect costs. Direct medical 

costs include hospitalization, medication, physicians’ 

services, and the services of allied health profession-

als. Indirect medical costs consist of the value of lost 

output due to morbidity and mortality. hese medical 
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costs are largely due to comorbidities associated with 

obesity, including: Type 2 diabetes mellitus, heart 

disease and stroke, gallbladder disease, osteoarthri-

tis, obstructive sleep disorder and other respiratory 

problems, and depression. Obesity may also increase 

the risk of developing some forms of cancer and is as-

sociated with complications during pregnancy. 

Type 2 diabetes is a disease in which blood sugar 

levels are above normal. High blood sugar is a ma-

jor cause of early death, heart disease, kidney dis-

ease, stroke, and blindness. Heart disease is the lead-

ing cause of death in the US and stroke is the third 

leading cause. People who are overweight are more 

likely to sufer from high blood pressure, high levels 

of triglycerides, high LDL cholesterol, and low levels 

of HDL, all of which are risk factors for heart disease 

and stroke. Being overweight may also increase a per-

son’s risk of developing cancers of the colon, esopha-

gus, and kidney, and is also linked with uterine and 

postmenopausal breast cancer in women. 

he increase in the prevalence of overweight in 

children in the United States has been associated with 

a dramatic increase in the number of children diag-

nosed with Type 2 diabetes. Sixty percent of over-

weight children already have at least one risk factor 

for heart disease. Among children overweight-asso-

ciated annual hospital costs have more than tripled 

over two decades, and as these children become obese 

adults the healthcare costs associated with obesity 

will continue to rise. he life expectancy for the aver-

age American could decline by as much as ive years 

unless eforts are made to change this trend. 

Prior to 2004 Medicare coverage stated that obe-

sity was not a disease. his wording has since been 

removed from the Medical Coverage Issues Manual, 

however the wording change did not authorize any 

new Medicare coverage for obesity treatments. Un-

der Medicare, hospital and physician services to treat 

obesity are excluded unless the treatment is for cer-

tain comorbid conditions. Surgery for the treatment 

of obesity is covered only if it is medically appropriate 

for the individual and the surgery is to correct an ill-

ness, which cased the obesity or was aggravated by it. 

In 2007 the federal government did not require states 

to reimburse for the treatment of obesity under Med-

icaid programs. 

Whether or not and to what extend insurance 

companies and Health Maintenance Organizations 

(HMO) cover obesity care varies. In 2006 Georgia, In-

diana, and Virginia were the only states that mandated 

health insurers ofer the coverage for medical treat-

ment of morbid obesity, and Maryland was the only 

state that mandated health insurers cover the treat-

ment. Historically, insurance companies have viewed 

obesity as an individual responsibility not considered 

a disease for reimbursement purposes. Many insur-

ance companies and HMO’s use “condition coverage” 

for reimbursement of obesity treatments in which 

coverage is based on the presence of other diseases. 

hey will pay for treating the comorbidities of obesity, 

but not for preventive treatments that address obesity 

directly. he American Obesity Association (AOA) is 

an advocacy group that has committed itself to ex-

panding insurance coverage for obesity treatment. 

he OPERATE project, “obese people entitled to re-

ceive appropriate treatment equitably” was developed 

to promote access to treatment by persons with mor-

bid obesity. 

Many aspects of managing weight are considered 

discretionary and not reimbursed by insurers. How-

ever, there are some insurance providers that are 

starting to develop wellness programs to help enroll-

ees live healthier lifestyles. For example, Blue Cross 

Blue Shield of North Carolina ofers eligible members 

a program at no additional charge in which enrollees 

are given enhanced insurance beneits including doc-

tor’s visits to assess and monitor their weight, visits 

with a dietician for nutrition counseling, and weight 

loss medications for long-term weight management 

with prior authorization. Another example of a com-

prehensive approach to obesity prevention is Kaiser 

Permanent’s “Healthy eating, active living” program.  

Eligibility for some of these programs, however, does 

require the diagnosis of obesity and a comorbid con-

dition. 

HEALTHCARE FACILITIES 

here are challenges in treating obese patients result-

ing from both the patient and the healthcare facility. 

Patients who are obese may delay seeking medical 

care, and they also may be less likely to receive certain 

preventive services such as Pap smears, breast exami-

nations, and pelvic examinations. Obese patients may 

be self-conscious about their weight, not want to go 

for an appointment because of weight gain or fail-

ure to lose weight since their last visit, fear negative 
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comments from the physician or medical staf, or not 

want to go back because of past disrespectful treat-

ment from physicians or medical staf. 

he healthcare facility should demonstrate sensi-

tivity to an obese patient’s needs. Care needs to be 

taken to assure that facilities are adequate to safely 

and comfortably accommodate obese patients. here 

should be appropriate medical equipment to accu-

rately assess and treat obese patients. he intake pro-

cess should include the patient’s Body Mass Index 

(BMI) and severity classiication which requires the 

availability of appropriate equipment such as scales 

that weigh to at least 500 pounds, spring loaded tape 

measures for waist circumference, a stadiometer for 

accurate height measurements, and large-size blood 

pressure cufs. Due to the lack of suicient equip-

ment, patients’ frequently have to self-report their 

height and weight measurements. hese measure-

ments should be conducted in the privacy of an exam 

room, and XXL or larger size gowns should be avail-

able size for a patient’s comfort and modesty. Addi-

tional equipment needed to provide safe healthcare 

includes adequately sized stretchers and wheelchairs 

for the transport of patients, and hospital beds and 

exam tables. 

HEALTHCARE PRACTITIONERS

Healthcare practitioners are very important to quality 

healthcare delivery for obese patients. However, there 

is evidence of uncertainty among healthcare practi-

tioners when it comes to their role in the prevention 

and treatment of obesity. Among reasons cited by pri-

mary care practitioners for not treating overweight 

and obesity is the lack of authoritative information to 

guide treatment: medical school curricula have avoid-

ed the topic of obesity and physicians have generally 

lacked speciic skills in the diagnosis and treatment 

of obesity and the efective utilization of multidisci-

plinary teams. 

Improving the healthcare system to better address 

the needs of obese patients also requires a change in 

attitude and belief about obesity by some healthcare 

professionals. he healthcare ield is not free of the so-

cial bias and discrimination obese patients often face. 

Using the Implicit Associations Test (IAT), a method 

used to examine automatic associations a person has 

toward a social group, researchers have illustrated 

that there are unconscious negative attitudes toward 

obesity even among health professionals that specii-

cally treat and research obesity.  hese beliefs involve 

the perception that a patient’s obesity is mainly due to 

lack of willpower. Negative attitudes and false beliefs 

can lead to impaired clinical judgment by health pro-

fessionals, disrespectful treatment of obese patients, 

and reluctance by health professionals to treat pa-

tients who are obese. he physician who is successful 

in treating obesity has a belief in the potential of pa-

tients to change, and also has a working knowledge of 

behavioral therapy, an understanding of the physiol-

ogy of obesity, and the pharmacological and surgical 

treatment options available. 

Quality healthcare delivery to obese patients also 

includes access to treatments for obesity. Treatment 

for obesity may include a combination of diet, exer-

cise, behavior modiication, and sometimes weight-

loss drugs and in cases of extreme obesity surgery 

may be recommended. Psychologists, nutritionists, 

and physicians can all provide dietary and behavioral 

therapy, which focuses on changing eating habits and 

physical activity. Intentional weight loss, as little as 5 

to 10 percent of the patient’s initial body weight, can 

reduce health risks and improve symptoms of obe-

sity-related conditions. 

Losing weight and increasing physical activity 

can lower an individual’s risk for developing Type 2 

diabetes and help control blood sugar levels.  It can 

improve blood pressure, triglyceride, and cholesterol 

levels and lower the risk for developing heart disease 

or having a stroke. .

Drug therapy is recommended as a treatment op-

tion for persons with a BMI greater than or equal 

to 30 with no obesity-related conditions, or a BMI 

greater than or equal to 27 with two or more obesity-

related conditions. Drug treatment may be used for 

weight loss and weight maintenance. Most available 

weight-loss medications approved by the Food and 

Drug Administration (FDA) are appetite-suppressant 

medications which make the patient feel less hun-

gry by increasing one or more brain chemicals that 

afect mood and appetite: Phetermine and Meridia 

(sibutramine) are the most commonly prescribed 

appetite-suppressants. Xenical (orlistat) is another 

FDA-approved obesity treatment drug and it works 

by reducing the body’s ability to absorb dietary fat by 

about one third. Weight-loss medications on average 

lead to a weight loss of 5 to 22 pounds more than a 
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person would lose with non-drug obesity treatments 

and weight loss with some medications improves 

blood pressure, blood cholesterol, triglycerides, and 

insulin resistance. Weight-loss medications may also 

help individuals keep of weight they have lost. 

Surgery is recommended as a treatment option for 

persons that have a BMI greater than or equal to 40, 

or a BMI between 35 and 39.9 with serious medical 

conditions. Bariatric surgery is used to modify the 

stomach and or intestines to reduce the amount of 

food that can be eaten, and it can cure and improve 

many of the comorbidities associated with obesity. In 

response to the prevalence of obesity hospitals are in-

creasing the availability of these surgical procedures. 

According to the American Society for Bariatric Sur-

gery, the number of procedures increased from ap-

proximately 16,000 in the early 1990s to more than 

103,000 in 2003. Most patients lose weight quickly 

and continue to lost for 18 to 24 months after; pa-

tients can have a total weight loss of 60 to 80 percent 

of their excess weight.

SEE ALSO: Cost of Medical Obesity Treatments; Health 

Coverage of Gastric Surgeries
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Health Coverage of  

Gastric Surgeries

GASTRIC BYPASS (BARIATRIC) surgery is one treat-

ment option for individuals with morbid (clinically 

severe) obesity. he number of bariatric surgeries 

performed in the United States each year has ris-

en steadily from just under 13,000 in 1998 to over 

177,000 in 2006, and demand for the procedure con-

tinues to increase. he availability of health coverage 

for gastric bypass, however, is highly variable and de-

pendent upon a number of factors including insur-

ance company criteria, employer beneit plans, type 

of gastric bypass procedure, and state laws governing 

insurance coverage. In fact, as the number of bariatric 

procedures has increased over the past few years, it 

has become increasingly challenging for individuals 

to obtain insurance coverage or approval for the sur-

gery. Insurers cite escalating costs, surgery risks, in-

experienced surgeons, and unknown long-term out-

comes as reasons to exclude, deny, or limit coverage 

for gastric bypass procedures. 

Generally accepted criteria for coverage of gastric 

bypass procedures are derived from the National In-

stitutes of Health (NIH) consensus statement on gas-

trointestinal surgery for severe obesity published in 

1991. Gastric bypass surgery can be considered as a 

treatment option for individuals who have a body 

mass index (BMI) of at least 40, or for individuals with 

a BMI of at least 35 who also have a serious obesity-re-

lated condition such as cardiovascular disease or dia-

betes. BMI is calculated by dividing a person’s weight 

in kilograms by his or her height in meters squared 

[(kg)/height (m2)]. he criteria represent the mini-

mum starting point, however, for gastric bypass sur-

gery as insurance companies and employers may put 

in place more restrictive criteria for obtaining surgery. 

(Gastric bypass providers may also apply more strin-

gent criteria, but those will not be covered here.) 

Insurance coverage for gastric bypass procedures 

is not guaranteed; in fact, it is highly variable depend-

ing upon a number of factors. Employers can choose 

whether to ofer gastric bypass coverage as part of 

the beneits package. Employers who are self-insured, 

that is, they assume the costs of coverage, often elect 

not to ofer coverage for bariatric surgery because of 

the initial cost for the procedure. In addition, cost sav-

ings from bariatric surgery, such as reduced need for 

medications and greater employee productivity may 

not be realized until two to three years or more af-

ter surgery. Some employers choose to ofer bariatric 

surgery coverage but at an extra cost to employees. 

Insurance companies vary widely in coverage of gas-

tric bypass. Some insurers provide coverage with very 

few out-of-pocket costs for the insured; others limit, 

or cap, the amount of reimbursement paid for the pro-

cedures and related costs, while still other insurance 
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companies exclude coverage for gastric bypass alto-

gether. Very few states require insurance companies 

to speciically cover the cost of gastric bypass surgery; 

rather, the requirements are to provide coverage for 

medically necessary treatments or procedures. his 

requirement leaves room for interpretation about 

what constitutes as medical necessity, and individu-

als may be denied approval for bariatric surgery on 

the grounds that the procedure does not constitute a 

medical necessity, despite satisfying the general cri-

teria set forth by the NIH. Denials can be appealed; 

however, this is a time-consuming process and there is 

no guarantee that a denial can be overturned.

In addition, insurance companies have increasing-

ly added more complex and diicult-to-satisfy crite-

ria for obtaining surgery approval. hese criteria of-

ten include, for example, detailed documentation of 

physician supervised medical weight-loss programs 

of varied durations (from six to 18 months to even 

longer) within a recent time period (generally the last 

two to ive years). he criteria are often quite diicult 

to satisfy because although many individuals with 

morbid obesity have tried multiple dieting strate-

gies over their lifetimes, commercially marketed diet 

plans such as Weight Watchers and NutriSystem® do 

not satisfy insurance company requirements. Few in-

dividuals can provide documented evidence of hav-

ing participated in a physician-supervised weight-

loss program and will need to do so before approval 

can be considered. 

In a strategy to reduce risk, insurance companies 

also tend to limit gastric bypass coverage to facili-

ties that have achieved a Center of Excellence (COE) 

designation from special accrediting organizations 

such as the Surgical Review Corporation (SRC) or 

the American College of Surgeons (ACS). Facilities 

with a COE designation have met certain criteria for 

safety and other short- and long-term outcomes of 

gastric bypass. Research has demonstrated that out-

comes difer between facilities depending upon sur-

geon experience, type of procedure, and number of 

procedures performed per year, among other factors. 

Some insurance companies have established their 

own application process for bariatric surgeons and 

centers and will not provide reimbursement unless 

additional criteria are met. 

Finally, some patients decide to pay for bariatric 

surgery because they either have no insurance cover-

age at all or have not been able to obtain an approval 

for the surgery despite having coverage. Financing 

plans for gastric bypass surgery have become increas-

ingly common over the past few years. 

SEE ALSO: American Society for Bariatric Surgery; Cost 

of Medical Obesity Treatments; Future of Medical Treat-

ments for Obesity; Lap Band; Roux-en-Y Gastric Bypass. 
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Health Disparities— 

NIH Strategic Plan

ALTHOUGH MORE AMERICANS overall are enjoying 

better health and living longer than ever before, ra-

cial and ethnic minorities, the medically underserved, 

and urban and rural poor populations in the United 

States continue to experience a disproportionate 

burden of mortality and disease due to higher rates 

of cancer, cardiovascular disease, diabetes, asthma, 

obesity, stroke, and infant mortality. his inequality 

in health outcomes results from complex interactions 

between biological, environmental, sociocultural, 

political, and behavioral factors. he National Insti-

tutes of Health (NIH) implemented the NIH Strate-

gic Research Plan and Budget to Reduce and Ulti-

mately Eliminate Health Disparities to address these 

disparities via a comprehensive program focused on 
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research, research infrastructure, and public infor-

mation and community outreach. To complement the 

overarching plan, each institute within the NIH was 

required to develop a strategic plan addressing health 

disparities within its individual area of expertise. he 

plans are aligned with other national health dispari-

ties initiatives and continue to evolve based on public 

comment, funding, and public health needs, among 

other factors.

HISTORY AND BACKGROUND—REDUCING AND 

ULTIMATELY ELIMINATING HEALTH DISPARITIES

Because the NIH is part of the Department of Health 

and Human Services (HHS), the trans-NIH Work-

ing Group on Health Disparities sought to align its 

objectives with other existing HHS national health 

disparities initiatives when it began the Program of 

Action to Address Health Disparities in 1999. The 

resulting NIH strategic plan is based on elements 

from both Healthy People 2010 (released in 2000) 

and the HHS Initiative to Eliminate Racial and Eth-

nic Disparities in Health. Healthy People 2010 (a 

set of national health objectives updated every 10 

years) includes the elimination of health disparities 

as one of its primary goals. The 1998 HHS Initia-

tive to Eliminate Racial and Ethnic Disparities in 

Health identified infant mortality, immunizations, 

cancer screening and management, cardiovascular 

disease and stroke, diabetes, and human immuno-

deficiency virus (HIV)/acquired immunodeficiency 

syndrome (AIDS) as the health disparities of great-

est concern. 

hese disparities were chosen in part based on data 

from a 1985 report issued by the HHS Task Force on 

Black and Minority Health. he task force conducted 

a comprehensive study on health outcomes inequali-

ties experienced by African Americans, Hispanics, 

Asian/Paciic Islanders, and Native Americans and 

found that six causes of death combined accounted 

for more than 80 percent of excess mortality in mi-

nority groups. he report recommended that the NIH 

become more engaged in determining the underlying 

causes of health disparities and to reduce and ulti-

mately eliminate them. 

Congress also directed the NIH to take action on 

health disparities. he Minority Health and Health 

Disparities Research and Education Act of 2000 (Pub-

lic Law 106-525) established the NIH National Cen-

ter on Minority Health and Health Disparities (NC-

MHD) to collaborate with all NIH institutes, centers, 

and program oices. he NCMHD provides leader-

ship, coordination, support, and progress assessment 

for all NIH-sponsored research and activities related 

to eliminating health disparities. 

GOALS AND OBJECTIVES OF THE NIH  

STRATEGIC PLAN 

he objectives of the strategic plan are grouped into 

three major areas: research, research infrastruc-

ture, and public information/community outreach. 

hrough research, the NIH intends to improve di-

agnosis, treatment, and prevention of diseases and 

disabilities contributing to health disparities. 

Examples include the Multi-Ethnic Study of Ath-

erosclerosis (detection of heart disease before ap-

pearance of clinical symptoms in African Ameri-

cans, Hispanic Americans, Asian Americans, and 

Caucasians), the Strong Heart Study (American 

Indians), and the African Americans Diabetes Mel-

litus Study (AADM). In addition, the NIH Strategic 

Plan for Obesity Research, developed in partner-

ship by the National Institute of Diabetes and Di-

gestive and Kidney Diseases (NIDDK) and the Na-

tional Heart, Lung, and Blood Institute (NHLBI), 

focuses on research that will reduce obesity and re-

lated health conditions that are also associate with 

health disparities.

he research infrastructure objective encompass-

es NIH plans to increase participation by health dis-

parity populations in clinical trials, increase fund-

ing and research opportunities for individuals from 

these populations, and increase health disparity 

population representation in peer review. In addi-

tion, the NIH intends to enhance the ability of insti-

tutions across the country to conduct health dispar-

ities research by providing funding for construction, 

renovation, equipment, and other resources. Exam-

ples of programs within the research infrastructure 

objective include Community-Based Participatory 

Research awards (partnering scientists and com-

munities in health disparities research), Research 

Supplements for Underrepresented Minorities 

(RSUM), and Biomedical Research Infrastructure 

Networks (BRIN).

Public information and community outreach is the 

third and complementary objective. he NIH dissem-
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inates research information to healthcare providers 

serving populations experiencing health disparities, 

incorporates science-based information into medi-

cal curricula and continuing education materials, and 

provides information in publicly accessible databases 

and other Internet resources. 

In addition, the strategic plan calls for ongoing dia-

logue with members of health disparity populations 

and the development of targeted public health educa-

tion programs. Education campaigns include the HIV 

Communications Campaign (HIV treatment aware-

ness for African Americans and Hispanic Americans) 

and Real Men about Depression (depression aware-

ness in Native American, Hispanic, Asian, and Afri-

can-American populations).

he irst draft of the NIH Strategic Research Plan 

and Budget to Reduce and Ultimately Eliminate Health 

Disparities was made available for review in 2000 and 

has undergone a series of revisions, reviews, and up-

dates. 

he plan is continually evolving to incorporate new 

data on additional groups afected by health outcomes 

inequalities while contextualizing these disparities 

within the biological, environmental, sociocultural, 

political, and behavioral factors contributing to them.

SEE ALSO: Healthy People 2010; National Heart, Lung, and 

Blood Institute; National Institutes of Health; NIDDK; Of-

ice of Minority Health.

BIBLIOGRAPHY. Centers for Disease Control, Report of 

the Secretary’s Task Force on Black and Minority Health 

(MMWR, 1986); National Institutes of Health, “Fact Sheet 

Health Disparities,” www.nih.gov (cited April 2005); Na-

tional Institutes of Health, “Strategic Research Plan and 

Budget to Reduce and Ultimately Eliminate Health Dis-

parities Volume I,” www.ncmhd.nih.gov (cited April 2005); 

National Institutes of Health, Obesity Research Task Force, 

Strategic Plan for NIH Obesity Research (National Insti-

tutes of Health, 2004); U.S. Department of Health and Hu-

man Services, Healthy People 2010: Understanding and 

Improving Health, 2nd ed. (U.S. Government Printing Of-

ice, 2000).

Dawn M. Miller, M.A., C.I.P. 

Cleveland Center for Bariatric Surgery at St. 

Vincent Charity Hospital

Healthy Eating Index

THERE ARE MANY ways that researchers measure 

people’s diets to better understand the obesity epi-

demic and prevent it the trend from increasing. Two 

common methods include statistical analysis and 

scoring an individual’s diet. Scoring an individual’s 

diet is based on preset criteria and looks at food in-

take quality. 

he Healthy Eating Index (HEI) was originally cre-

ated in 1995, and recently in 2005, a new HEI was cre-

ated to complement the release of the 2005 Dietary 

Guidelines for Americans. he HEI is a measure of an 

individual’s overall diet quality. he U.S. Department 

of Agriculture (USDA) Center for Nutrition Policy 

and Promotion developed the HEI to assess how well 

American diets comply with the 2000 Dietary Guide-

lines for Americans and the Food Guide Pyramid. 

here are 10 dietary components that the HEI mea-

sures to obtain a score out of 100 points. he score 

breakdown consists of “good,” “fair,” and “poor.” Any 

score greater than 80 is considered “good,” a score be-

tween 51 and 80 is considered “fair,” and any score be-

low 51 is considered “poor.” 

In general, the HEI-2005 is a standardized tool that 

can be used to monitor nutrition, conduct research 

studies, and educate consumers. Components 1 to 5 

assess how well an individual follows the food guide 

pyramid. Components 1 to 5 will give a score of 10 

points for each of the ive food groups included in an 

individual’s diet, for a maximum of 50 points. Compo-

nent 6 assesses total fat consumption. If fat consumed 

is less than or equal to 30 percent of total calories, 10 

points are awarded. 

Component 7 assesses saturated fat. If saturated 

fat is 10 percent or less of total calories, 10 points are 

awarded. Component 8 assesses the intake of cho-

lesterol. If an individual ingests less than or equal to 

300 milligrams of cholesterol, 10 points are awarded. 

Component 9 takes a look at sodium intake. If an in-

dividual’s diet contains 2,400 milligrams of sodium or 

less, 10 points are awarded. Component 10 looks at 

variety in a diet. If at least half of a serving of eight or 

more items from diferent food groups are eaten dur-

ing the day, 10 points are awarded. 

he USDA will sometimes use the HEI on na-

tional food consumption surveys, such as the Na-

tional Health and Nutritional Examination Survey 
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(NHANES) and Continuing Survey of Food Intakes 

by Individuals (CSFII). he HEI is used for individu-

als 2 years of age and older. Some of the past HEI 

indings are that most Americans need to improve 

their diets, speciically within the fruit and dairy 

groups. It also determined that; the HEI improves 

with education, HEI is only modestly afected by in-

come, and women tend to have higher scores than 

men. Reports from 1999–2000 give a mean HEI 

score for the U.S. population of 63.8. Ten percent of 

the population had what was considered a good diet, 

and 16 percent had a poor diet. he most current 

information for a summary comes from 1999–2000, 

which suggests that American diets have slightly im-

proved from 1989 to 1999–2000. In 1989, the HEI 

score for all people 2 years old and over was 61.5, 

compared with 63.8 in 1996 and 1999–2000.  

SEE ALSO: Food Guide Pyramid.

BIBLIOGRAPHY. X. Guo, “Healthy Eating Index and Obesi-
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Healthy People 2010

PUBLISHED IN 2000, Healthy People 2010 is a set 

of 10-year health objectives for the United States de-

veloped by the U.S. Department of Health and Hu-

man Services (HHS). he statement marks the third 

time HHS has outlined a comprehensive, nationwide 

health-promotion agenda since its irst attempt in 

1979. It has two overarching goals: to increase qual-

ity and years of healthy life, and to eliminate health 

disparities. he plan is divided into 28 focus ar-

eas containing 467 speciic objectives. he objec-

tives set out measurable goals for improvements in 

health status, risk reduction, public and professional 

awareness of prevention, delivery of health services, 

protective measures, surveillance, and evaluation to 

be achieved by 2010. hree of the objectives directly 

address obesity: increase the proportion of adults 

who are at a healthy weight; reduce the proportion 

of adults who are obese; and reduce the proportion 

of adolescents who are overweight or obese. Other 

objectives address obesity-related issues such as 

physical itness and nutrition. Many government 

initiatives ailiated with Healthy People 2010 are 

charged with achieving the goals or evaluating prog-

ress toward the objectives. Despite these govern-

mental programs and other prevention eforts, data 

published in the Healthy People Midcourse Review 

indicate that all three obesity-speciic objectives 

have moved away from their target values. 

he initiatives most closely related to Healthy 

People 2010 are DATA 2010, HealthierUS, Steps to 

a HealthierUS, the Guide to Clinical Preventive Ser-

vices, and the Guide to Community Preventive Ser-

vices. DATA 2010, developed by the National Center 

for Health Statistics, is an interactive database that 

compiles data for all Healthy People 2010 objectives. 

HealthierUS is a health-promotion program that 

shares common goals with Healthy People 2010; it 

is based on four pillars: “physical itness,” “nutrition,” 

“prevention,” and “make healthy choices.” he Steps 

to a HealthierUS program funds community-based 

projects that embody the HealthierUS goals. he 

STEPS program uses information from DATA 2010 

and progress toward Healthy People 2010 objectives 

to assess the eicacy of its programs. Finally, the 

Guide to Clinical Preventive Services and the Guide 

to Community Preventive Services both attempt to 

The Healthy Eating Index is a standardized tool used to measure how 

closely a person conforms to eating recommendations.
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provide and disseminate a systematic review of public 

health information. 

Data from the National Health and Nutrition Ex-

amination Survey (NHANES) have been used to estab-

lish a baseline for and assess the progress of all three 

obesity-speciic Healthy People 2010 objectives. In 

the Healthy People 2010 Midcourse Review, all three 

objectives showed signiicant movement away from 

their targets. From 1988–94 to 1999–2002, the pro-

portion of adults aged 20 years and over at a healthy 

weight (objective 19-1), deined as a body mass index 

(BMI) between 18.5 and 25, decreased from 42 to 33 

percent. During the same period, the proportion of 

adults who were obese, deined as a BMI greater than 

30 (objective 19-2), increased from 23 to 30 percent. 

And the proportion of children who were overweight 

(BMI greater than 25) or obese (objective 19-3) in-

creased from 11 to 16 percent, away from the goal of 

5 percent. 

SEE ALSO: Body Mass Index; Centers for Disease Control; 

Food and Drug Administration; Health Disparities—NIH 

Strategic Plan; Prevalence of Childhood Obesity in the 

United States; Prevalence of Obesity in U.S. Women.
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High-Carbohydrate Diets

DIETS OF HIGH carbohydrate intake generally con-

sists of 50 to 60 percent of total daily energy intake 

in carbohydrates, less than 30 percent fat, and less 

than 20 percent protein. Some common high-carbo-

hydrate diets include the National Cholesterol Edu-

cation Program (NCEP) Step I and Step II Diet with 

energy intake restriction; the Dietary Approaches to 

Stop Hypertension (DASH) diet, which is based on 

the U.S. Department of Agriculture Food Guide Pyra-

mid; and some commercial programs such as Weight 

Watchers. he National Weight Loss Registry is one of 

the best places to go to ind information on long-term 

successful weight-loss maintenance strategies. Over 

5,000 people are registered because they have lost 

over 30 pounds and maintained for over a year. Re-

cent results of the large prospective study reveal that 

the majority of people who are keeping it of are on 

high-carbohydrate, low-fat diets. herefore, despite 

the Atkins craze of recent years, high-carbohydrate, 

low fat, and high-iber diets are proven to be efective 

in terms of successful weight loss and maintenance, 

as well as improvements in cholesterol, thereby po-

tentially reducing the risk of many major chronic ill-

nesses, such as diabetes and certain types of cancer. 

he general consensus for weight-loss recommen-

dations would promote diets that are high in iber, 

while some may say that these diets should also have a 

low glycemic index. he glycemic index, a concept in-

troduced by D. J. Jenkins to classify foods containing 

carbohydrates, represents the blood glucose response 

(incremental area under the curve) to a food portion 

containing 50 grams of available carbohydrate com-

pared with the response to an equivalent amount of 

either glucose or white bread.

A recent debate has arisen regarding the use of gly-

cemic index/load for the control of diabetes, blood 

Healthy People 2010 is a national health-promoting agenda with the 

goal of improving the general health of Americans.
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lipids, and weight control. In a review of clinical trials 

that compared the efects of high- and low-GI foods or 

diets on appetite, food intake, energy expenditure, and 

body weight, 15 out of 31 short-term studies found 

that low-GI foods were associated with greater sati-

ety. On the contrary, reduced satiety or no diferences 

were seen in 16 other studies. Further, reduced ad libi-

tum food intake was associated with low-GI foods in 

seven studies, with opposite results in eight other stud-

ies. Whether reduced food intake translated to weight 

loss was explored in 20 studies of less than sux months 

in duration. However, 14 studies found no diference, 

whereas four studies showed weight loss achieved 

with a low-GI diet versus two studies on a high-GI 

diet. As reported by the comprehensive review, the 

average weight loss was 3.3 pounds on a low-GI diet 

and 3.5 pounds on a high-GI diet. With similar results, 

the evidence that low-GI diets are superior to high-GI 

diets with regards to weight loss is skim. Nonetheless, 

because each study varies slightly by design and ex-

ecution, there have yet been long-term studies of low-

GI versus high-GI diets where ad libitum intake and 

luctuations in body weight are permitted.

High-carbohydrate diets have previously been 

criticized because unprocessed sugars cause hyperin-

sulinemia, which further leads to insulin resistance, 

obesity, and cardiovascular disease. Particularly, 

postprandial hyperglycemia has been found to in-

crease the risk of cardiovascular disease and diabetes. 

However, if the unprocessed sugars are replaced with 

whole grains, then there would be many health ben-

eits. High-iber and low-glycemic index (GI) diets are 

associated with increased satiety, lower postprandial 

glycemic response, and lower insulin levels. A review 

of epidemiological studies looked at dietary glycemic 

load, whole grains, and systemic inlammation in pa-

tients with diabetes. Despite the current controversy 

surrounding the glycemic index, there is some evi-

dence that suggest diets low in glycemic index/load 

or high in whole-grain products have been associ-

ated with decreased concentrations of inlammatory 

markers and increased adiponectin levels among dia-

betic patients. Such efects may be explained by the 

reduction in hyperglycemia-induced overproduction 

of oxidative stress and by the amelioration in insulin 

resistance, adiposity, dyslipidemia, and hypertension. 

herefore, diets high in whole grains may have a pro-

tective efect against systemic inlammation in dia-

betic patients and may therefore be recommended to 

diabetic patients for the prevention of cardiovascular 

complications.

High-iber diets may increase satiety to control 

hunger and aid in the adherence to low-calorie diets, 

especially because they are lower in energy density 

than high-fat diets, as humans respond mostly to vol-

ume of food eaten rather than calories. Additionally, 

diets that are high in iber may ensure a favorable se-

rum lipid proile. High-carbohydrate diets may reduce 

the risk of diabetes in adults who are prediabetic. It 

was emphasized, however, that the best action a pre-

diabetic patient could take is to reduce her/his body 

weight, no matter what type of diet she/he would go 

on, to reduce future health risks. Moreover, in a re-

view by Lara-Castro and Garvey, it was suggested that 

dietary iber, rather than dietary GI per se, may be in-

volved in the efects of carbohydrates on insulin sen-

sitivity. herefore, high-iber, high-carbohydrate diets 

comprised of foods with low caloric density may be 

used for efective weight reduction and to ameliorate 

insulin resistance. 

In addition to its beneicial efects on insulin, high-

carbohydrate, low-fat diets also appear to have a favor-

able impact on levels of cholesterol. Studies done with the 

NCEP Step I and II diets have been shown to reduce cir-

culating low-density lipoprotein (LDL) cholesterol levels 

by 12 and 16 percent, respectively. Speciically, evidence 

points to the beta-glucan in oats as a major player in 

the improvement of cholesterol levels, especially in 

individuals with mild hypercholesterolemia. Over-

Dieters using a high-carbohydrate diet have reported significant 

weight loss that has been maintained for more than one year.
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weight normotensive subjects with mild to moderate 

hypercholesterolemia on the American Heart Associa-

tion (AHA) Step II diet were divided into two groups: 

One group ate whole-wheat bread, whereas the second 

group ate bread formulated with 6 grams of beta-glu-

can, a type of soluble iber derived from oats. After only 

one week, the high-density lipoprotein (HDL) choles-

terol of the group receiving oat bran bread increased by 

27.8 percent, whereas there was no change in the group 

receiving whole-wheat bread. Both groups decreased 

their LDL cholesterol, but the beta-glucan–fortiied 

diet was signiicantly more efective. Additionally, the 

group on the beta-glucan–fortiied diet decreased fast-

ing plasma glucose, lost more weight, enjoyed a higher 

reduction of total cholesterol/HDL cholesterol ratio, 

and LDL cholesterol/HDL cholesterol ratio. herefore, 

the inclusion of oats in a low-fat, high-carbohydrate, 

and high-iber diet may improve cholesterol. 

Besides the beneicial efect of iber on cholesterol 

levels, there are inconsistent data regarding the asso-

ciation of high-carbohydrate diets in general with an 

increase in triglyceride levels, which may be due to 

high levels of postprandial glucose and insulin caused 

by the relatively high amount of carbohydrates. High 

triglycerides are usually associated with lower HDL 

and small LDL particles that are more susceptible to 

oxidation, which makes up an atherogenic metabolic 

proile. However, these negative efects may be attenu-

ated if monounsaturated fats are replaced with carbo-

hydrates, or if these diets are high in iber and have a 

low glycemic index, although there is still controversy 

surrounding the glycemic index. However, conlict-

ing evidence comes from a study that analyzed data 

from the Women’s Health Initiative, one of the largest 

and longest prospective studies addressing the most 

common causes of death. In the study, it was found 

that over a mean of 8.1 years, a dietary intervention 

that reduced total fat intake and increased intakes of 

vegetables, fruits, and grains did not signiicantly re-

duce the risk of coronary heart disease (CHD), stroke, 

or cardiovascular disease (CVD) in postmenopausal 

women and achieved only modest efects on CVD 

risk factors, suggesting that more focused diet and 

lifestyle interventions may be needed to improve risk 

factors and reduce CVD risk. 

While a high-carbohydrate diet has been shown to 

have beneicial efects on health, some athletes are in-

terested in its ergogenic properties. As glycogen is the 

primary fuel source utilized during moderate-intensity 

exercise, many endurance athletes consume high-car-

bohydrate diets to enhance training and performance. 

A study that looks at the eicacy of carbohydrate 

supplementation and chronic high-carbohydrate diets 

suggests that a large chronic intake of carbohydrates 

may be necessary for optimal adaptations to training. 

Another study that looked at the macronutrients nec-

essary for optimal endurance performance reairmed 

that a relatively high daily carbohydrate intake of 

above 6 kilograms per day and carbohydrate ingestion 

of 30–60 grams per hour during exercise appears to 

delay the onset of fatigue. 

However, the mechanisms of this efect are gov-

erned in part by attenuation of efort perception, 

rather than solely as a consequence of delaying an im-

pending energy crisis. Besides its efects on delaying 

time to fatigue, carbohydrate loading and ingestion 

also impart some neuroprotection from fatigue during 

prolonged exercise, as well as high-intensity, intermit-

tent exercise. Furthermore, carbohydrate and protein 

intake in the postexercise period aid in protein synthe-

sis and restoration of muscle glycogen stores. Hence, 

high-carbohydrate diets may be recommended for en-

durance athletes and other athletes who participate in 

exercises of moderate to strenuous intensity.

SEE ALSO: Exercise; High-protein diets. 
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High-Density Lipoproteins

HIGH-DENSITY LIPOPROTEINS (HDLS) are often re-

ferred to as the “good” cholesterol. HDL is cholesterol 

packaged in a coat of protein and phospholipid. HDL 

carries approximately one-third of blood cholesterol. 

HDL protects arteries by harvesting cholesterol from 

the arterial walls and the blood. It brings the scav-

enged low density lipoproteins (LDLs) back to the 

liver where it is converted to bile and excreted. HDL 

counteracts the accumulation and growth of plaque 

from Low Density Lipoproteins (LDL), also known as 

the “bad or lousy cholesterol. A higher HDL level is 

equated with the body operating at optimal capacity. 

Low levels of HDL may be linked to a higher risk of 

coronary heart disease (CHD). Opposite trends are 

seen between LDL and risk for cardiovascular prob-

lems, including coronary heart disease.

Dietary change appears to inluence cholesterol 

levels. Monounsaturated fats and polyunsaturated fats 

are healthier alternatives to saturated fats and trans-

fats. Monounsaturated fats include olive oil, canola 

oil, avocadoes, and most nuts. Polyunsaturated fats 

include the oils of seeds and grains including salower 

oil, corn oil, sunlower oil, walnut oil, and soybean. In 

determining cholesterol levels, the type of fats includ-

ed in the diet are critical. Saturated and trans fats tend 

to raise LDL cholesterol levels, while at the same time, 

these fats do not show beneicial efects on HDL lev-

els.  In contrast, fatty ish provides a source of omega-3 

fatty acids which may help to raise HDL. Examples of 

good sources of omega-3 fatty acids include mackerel, 

herring, sardines, anchovies, and salmon.

It is desirable for HDL to be 60 milligrams of cho-

lesterol per deciliter of blood (mg/dl) or higher. HDL 

less than 40 mg/dl is considered to be low and raises 

the risk of CHD.

Lifestyle factors appear to have the most signiicant 

inluence on HDL levels. Obesity, smoking, and inac-

tivity may lower HDL. Genetics may play a role in de-

termining total cholesterol levels as well. Further, the 

presence of type 2 Diabetes Mellitus also tends to be 

related to lower levels of HDL cholesterol (although 

factors such as the existence of obesity and related con-

ditions may confound this relationship). Exercise and 

weight loss key lifestyle factors that can contribute to 

more favorable blood cholesterol levels (higher HDL, 

and lower LDL). Furthermore, quitting smoking may 

raise HDL and decrease the tendency of the blood to 

form clots. here is no medication speciically designed 

to raise HDL. Some medications designed to lower LDL 

may raise HDL. Lifestyle changes appear to exhibit the 

most signiicant positive impact on raising HDL. 

SEE ALSO: Atherosclerosis; Blood Lipids; HDL Receptors; 

LDL Receptors; Low Density Lipoproteins. 
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High-Protein Diets

MANY PEOPLE, FROM exercise enthusiasts to people 

who want to lose weight, have used high-protein diets. 

Some of the popular weight-loss diets with a central 

theme around high protein intake include the ZONE 

diet, Protein Power diet, CSIRO diet, and Sugar Busters. 

he theory behind these diets emphasizes the increased 

satiating efect of protein, with only modest reductions 

in carbohydrate intake, as opposed to the Atkins diet, 

which allows for only a small amount of carbohydrates. 

In general, these diets consist of approximately 30 per-

cent protein as a percentage of energy, 40 percent car-

bohydrates, and 30 percent fat. Importantly, these diets 

need to contain protein of high biologic value, or high in 

essential amino acids, to preserve lean body mass. More-

over, these diets must contain an adequate amount of 

essential fatty acids, and vitamin/mineral supplements 

to prevent the development of a malnourished state.

here are many health beneits to a high-protein diet. 

In general, doubling the amount of protein as a percent-

age of energy occurs by reducing the amount of fat and 

carbohydrate energy with only a 10 to 15 percent increase 

in the actual amount of protein. Moreover, high-protein 

diets are associated with better fat loss and relatively less 

lean mass lost. A study that used a diet similar to that of 

CSIRO, protein intakes of greater than 1.05 g/kg of ac-

tual, rather than desirable, body weight were associated 

with 1.3–2.6 pound better retention of lean body mass. 
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herefore, a high-protein diet may ameliorate the loss of 

lean body mass accompanied by weight loss. 

Many studies have examined the efects of protein 

on satiety. Typically, studies use a crossover design and 

presented subjects with one of several preloads of difer-

ent protein content. Subjective satiety ratings were mea-

sured repeatedly for several hours after consumption. 

In a review of 14 studies, 11 found that the protein pre-

load signiicantly increased subjective ratings of satiety. 

herefore, protein is thought to be the most satiating of 

the macronutrients, although this does not mean that the 

other macronutrients should not be consumed in a diet 

weight loss, because glucose is essential for brain func-

tion, and fat plays a role in signaling meal termination. 

In the same review, of the 15 studies that measured 

absolute weight loss, seven studies found a signii-

cantly greater weight loss with a higher protein diet. 

Five out of these seven studies had durations of great-

er than six months as opposed to the studies with null 

indings. On the whole, diets high in protein may en-

hance weight loss compared to diets with lower pro-

tein in the short term. 

A possible reason for the success of high-protein 

diets may be due to their greater thermic efect. he 

thermic efect of a food is the increase in energy ex-

penditure above baseline following consumption, or 

the energy required for digestion, absorption, and dis-

posal of ingested nutrients. Generally, the typical ther-

mic efect of protein is 20 to 35 percent of energy con-

sumed and for carbohydrate, between 5 to 15 percent. 

It is hypothesized that one main reason for the difer-

ential thermic efects of food may be due to the lack of 

storage capacity for protein. hus, there is a need for 

its immediate metabolic processing. Additionally, oth-

er reasons include the high ATP cost of peptide bond 

synthesis, the high cost of urea production, and the 

gluconeogenesis involved in the synthesis of protein. 

High-protein diets have been associated with an 

improvement in blood lipid levels. In a study con-

ducted by Gardner et al., higher protein diets led 

to improvements in weight loss, triglyceride levels, 

and high-density lipoprotein (HDL) cholesterol lev-

els, with increased satiety. Another study found that 

when protein, as a percent of energy, is doubled from 

15 to 30 percent, weight loss is increased at 12 months 

by about 6.5 pounds compared with a high carbohy-

drate diets, with beneits on triglyceride levels. High-

protein diets have been shown to beneit triglyceride 

levels and sometimes HDL cholesterol levels as well. 

People with elevated triglyceride levels gain speciic 

The high-protein diet was popularized most recently by the Atkins Diet. While many people have reported losing weight on such programs, there 

are potential health risks involved with such a diet over longer periods of time.
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beneits, at least at three months into the weight-loss 

study, such as greater weight, fat, and central fat loss. 

Because of these improvements in triglycerides, pa-

tients with metabolic syndrome, especially elevated 

triglycerides and high blood glucose, may beneit 

more from carbohydrate restriction. Hence, the ef-

fects of high intakes of proteins may aid in the im-

provement of levels of blood lipids such as triglycer-

ides, HDL cholesterol, low-density lipoprotein (LDL) 

cholesterol, and total cholesterol.

In addition to improvements in blood lipids, high-

protein diets have also been associated with improve-

ments in blood pressure. Epidemiological studies have 

linked high-protein diets with lower blood pressure and 

decreased risk of cardiovascular disease. OmniHeart 

was a study that compared the efects of three diets on 

blood pressure, cholesterol levels, and heart disease 

risk. he diets used in the study were variations of the 

Dietary Approaches to Stop Hypertension (DASH) diet, 

which emphasizes low sodium intake. One diet was the 

control, with high amount of carbohydrates. Another 

diet partially replaced carbohydrates with protein with 

about half from plant sources, whereas another diet 

partially replaced carbohydrates with unsaturated fat, 

predominately in the form of monounsaturated fat. It 

was found that in the setting of a healthy diet, the diet 

with more protein intake showed better improvements 

on blood pressure, lipids, and estimated risk of cardio-

vascular disease compared to the other diets. 

On the other hand, several studies have found that 

the levels of triglycerides, HDL cholesterol, blood 

pressure, and measures of insulin resistance were not 

signiicantly diferent or were more favorable for very-

low-carbohydrate groups. Furthermore, other studies 

have expressed concerns about the adverse efects of 

blood lipid levels and risk of cardiovascular disease.

Not just for people aiming to lose weight, many ex-

ercise enthusiasts have long been supporters of high-

protein diets. Athletes such as bodybuilders may con-

sume as much as 3 grams of protein per kilogram body 

weight. In the late 1970s, branched chain amino acids 

(BCAAs) were suggested to be the third fuel for skele-

tal muscle after carbohydrate and fat. Moreover, it was 

thought that carbohydrate ingestion during exercise 

can prevent the increase in BCAA oxidation. However, 

later studies that used exercise and treatment designs 

and diferent forms of administration of BCAAs have 

found no efects on performance, anticatabolic efects 

during and after exercise, or that BCAA supplements 

may accelerate muscle repair after exercise. According 

to a review by Gleeson, activities of enzymes in BCAA 

oxidation are too low to allow a major contribution 

to energy expenditure during exercise. In fact, excess 

protein intake of greater than 3g/kg body mass per 

day, as achieved by protein supplements, may cause 

kidney damage, increased blood lipoprotein levels, 

which are associated with an increased risk of athero-

sclerosis, and dehydration. Increased protein intake 

leads to an increase in nitrogen excretion in the urine, 

which results in increased urinary volume and dehy-

dration. herefore, athletes consuming a high-protein 

diet must increase their luid intake to prevent dehy-

dration. Last, in addition to the health risks of a diet 

with daily protein intake above 3g/kg body mass, there 

are normal food alternatives that are not as harmful to 

the wallet as protein supplements.

Even though there are beneits to a high-protein 

diet, there are health risks as well. Common com-

plaints include constipation, headaches, muscle 

cramps, and halitosis. Dietary protein is known to 

modulate renal hemodynamics by increasing glomer-

ular iltration rate and renal blood low. High intakes 

of protein increase the urinary excretion of calcium 

through the decrease in renal absorption, possibly 

resulting in negative calcium balance and metabolic 

bone disease. herefore, the calciuretic efect of pro-

tein may lead to an increased risk of fractures. More-

over, the association of animal protein consumption 

with hyperuricosuria, hypercalcuria, and a reduction 

in urinary pH are all risk factors for stone formation. 

Long-term high protein intake may accelerate re-

nal function decline in individuals with mild renal 

insuiciency. One study found that women with im-

paired renal function have a greater decline in re-

nal function with a greater protein intake, whereas 

those with normal renal function had no such de-

cline. herefore, individuals with kidney problems 

may want to steer away from consuming large in-

takes of protein.

In addition to the efects of protein on kidneys, 

a study found that there was a 30 to 40 percent in-

crease of rectosigmoid cancers in the quintile with 

the highest intake of red meat. However, the Euro-

pean Prospective Investigation into Cancer and Nu-

trition study found that this was only true for pro-

cessed meats. On a similar note, a study by Clifton 
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claims that eating more than 28 grams of iber per 

day removes the efect of meat altogether. In general, 

animal sources of protein are characteristically high 

in saturated fat. herefore, wiser and leaner choices 

would include lean red meat, low-fat dairy, chicken, 

ish, as well as plant sources of protein such as soy, 

nuts, and whole grains. 

SEE ALSO: Atkins Diet; High Carbohydrate Diet. 
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Hispanic Americans 

HISPANICS COMPRISE THE largest minority ethnic 

group in the United States and their proportion is ex-

pected to double by the year 2050, becoming nearly 

25 percent of the population. herefore, attention to 

obesity in this population group is crucial to assure 

the health of all Americans. 

WHO ARE HISPANIC AMERICANS?

Sometimes a distinction is made between the terms 

Latino and Hispanic, because the irst term includes 

people from Latin America who are not of Hispanic 

origin. However, Hispanic is the broader term used 

in the U.S. Census and most research. herefore, for 

simplicity’s sake, the term Hispanic Americans is used 

to denote both Hispanics and Latinos/Latinas who 

reside in the United States. 

he U.S. Hispanic population is quite hetero-

geneous, with great diversity in country of origin, 

culture, history, and race, as well as immigrant ex-

perience, duration of residence, and socioeconomic 

status. Over 60 percent (25 million) are of Mexican 

origin; 15 million are of Cuban and Puerto Rican ori-

gins, as well as Central and South America, the Do-

minican Republic, and Spain. Many Hispanic Ameri-

cans are of mixed ancestry that includes Spaniards 

and other Europeans (including Italians, Russians, 

French, Germans, Dutch, Irish, and Scandinavians), 

It can be difficult to draw firm conclusions about Hispanic-American 

health due to the diversity of the population.
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Africans, Amerindians, and East Asians. Nearly half 

of those who identiied themselves as “Hispanic” on 

the federal 2000 Census also identiied themselves as 

“white,” and the remainder were of other races.

Hispanics may be irst-generation immigrants 

(born outside the United States), second genera-

tion, or third generation and beyond. Some His-

panic communities in the Southwest trace their ori-

gins as far back as the 15th through 17th centuries. 

Patterns of social incorporation and acculturation 

among diferent generations of Hispanic Americans 

are related to the acquisition through time of beliefs 

and behaviors more in tune with recipient societies, 

which may afect their obesity trajectories. he on-

going process of incorporation and acculturation, 

along with other variations among Hispanic Ameri-

cans, makes it diicult to compare and generalize 

about obesity in this population, although there are 

discernable trends. 

OBESITY RATES IN HISPANIC AMERICANS

Most Census and research data relate to Mexican 

Americans, whose obesity and overweight prevalence 

has been increasing steadily for three decades and is 

estimated to be 34 percent and 73 percent, respec-

tively. Approximately the same percentage of women 

and men are overweight (72 percent and 74 percent, 

respectively), but many more women are obese than 

are men (40 percent versus 30 percent) and twice as 

many women as men are severely obese. 

As is the case with immigrants in general, newly 

arrived Hispanic immigrants generally have had 

lower obesity rates than the overall U.S. population. 

However, over time, much of this advantage disap-

pears; as years go by, Hispanic immigrants and those 

of subsequent generations tend to have increased 

rates of obesity and obesity-related diseases that 

surpass those of non-Hispanic Caucasians. Here, 

too, disparities have been found within this popula-

tion—longer residence in the United States is as-

sociated with increased overweight among Puerto 

Rican and Cuban Americans, but not among Mexi-

can Americans. 

Although obesity is a risk factor for many chronic 

diseases for both genders, Hispanic women may be 

of particular interest because of the impact of obe-

sity on maternal, child, and adolescent weight and 

well-being. Hispanic children are twice as likely to be 

overweight as non-Hispanic Caucasian children, with 

rates among 2- to 5-year-olds as high as 35 percent, 

while 30 percent of Hispanic adolescents are obese.

FACTORS INFLUENCING OBESITY IN HISPANIC 

AMERICANS

It is thought that culture, acculturation, and chang-

ing socioeconomic status (SES) interact to inluence 

obesity trajectories over time. Hispanics Americans 

face many unique interrelated life stressors includ-

ing lack of social support, language and cultural bar-

riers, employment issues, caregiver status, conlict-

ing sex-role expectations, and discrimination. 

Among certain Hispanic cultures, overweight and 

obesity may be more tolerated and even preferred 

than among whites. Excess weight may be equated 

with health in children and curves may be equated 

with desirability in women. As a result, some His-

panics may be less preoccupied with weight control, 

less likely to consider themselves as overweight, and 

thus less motivated to control their weight. Howev-

er, data are contradictory and may be evolving with 

time as the mainstream ideal of thinness becomes 

more widespread. 

Acculturation and socioeconomic status may in-

luence Hispanics’ diet and physical activity by af-

fecting the availability, accessibility, and appeal of 

healthy food and physical exercise opportunities in 

their environment. Although acculturation has gen-

erally been associated with obesity, presumably via 

obesigenic health behaviors such as high caloric in-

take and sedentary behavior, at this point in time, the 

data are not clear or consistent. For example, accul-

turation has been found to have opposite efects on 

healthy diet and amount of physical activity; some 

studies show a strong acculturation efect, while 

others show little or none; and low income may be a 

proxy for other factors such as accessibility. 

Nevertheless, it should be noted that Mexican and 

many other Hispanic cuisines traditionally depend on 

plant foods—and emphasize fruits, vegetables, whole 

grains, and legumes—and with a few exceptions are 

not rich in the desserts and added fats that typify the 

American diet. hese diferences may be protective—

if they are maintained. With increased acculturation, 

however, the relatively healthy Hispanic immigrant 

diet appears to deteriorate. Poor urban neighborhoods 

tend to favor convenience-type bodegas and fast-food 
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restaurants that sell energy-dense, high-fat, and high-

sugar foods. Other related factors found to afect food 

access are a lack of familiarity with the community, 

language barriers, and lack of transportation to food 

markets where fresh or familiar foods are sold. 

Studies on physical activity indicate that Hispanic 

women have the highest rate of inactivity—40 per-

cent compared with Hispanic men (33 percent) and 

Americans overall (24 percent). However, these stud-

ies measure only leisure time physical activity and 

may underestimate total physical activity, especially 

in people with physically demanding occupations, 

such as blue-collar Hispanics who may be more ac-

tive when nonleisure time is considered. Indeed, His-

panic women report more housework, dependent 

care giving, dancing, and work activity than non-

Hispanic women. In contrast to the case with diet, 

acculturation (according to language acculturation, 

but not length of residence) appears to improve the 

level of physical activity in both men and women. 

Hispanics have named many barriers to physical ac-

tivity including gender roles, language diiculties, 

peer pressure, lack of transportation, lack of facili-

ties or programs, personal or neighborhood safety 

concerns, and cost. People living in low-income and 

high-minority neighborhoods have reduced access to 

physical activity facilities. 

Finally, acculturation and socioeconomic status 

inluences access to healthcare, especially preventive 

care, which in turn can inluence health behaviors 

related to obesity through lower use of healthcare 

services, lower quality and less intensive healthcare, 

and lower likelihood of dietary counseling than U.S.-

born whites. 

Current thinking focuses on developing culturally 

speciic interventions and encouraging immigrants to 

maintain the healthy aspects of their cultural tradi-

tions while adopting healthy aspects of Western life. 

Further research may additionally shed light on pos-

sible strategies to facilitate retention of other protec-

tive factors such as strong family and cultural ties and 

other social behaviors while promoting English-lan-

guage skills, education, upward mobility, access to 

healthy food and physical activity opportunities, and 

greater ability to navigate the U.S. healthcare system. 

SEE ALSO: Body Fat Distribution in Hispanic Americans; 

Central America and Caribbean; Dominican Americans; 

Immigration and Obesity; Mexican Americans; Puerto Ri-

can Americans. 
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Histamines

HISTAMINES ARE BIOGENIC amine compounds that 

play roles in local immune responses and regulation of 

physiological function in the gastrointestinal system. 

Histamines are neurotransmitters. here is evidencehere is evidence 

that histamines are factors afecting body-weight reg-

ulation and these compounds are known as mediators 

with critical role in homeostatic regulatory processes 

(e.g., control of food intake and maintenance of body 

weight). Histamine H3-receptor antagonists have 

been suggested as new drugs in control of obesity.

It has been shown that central infusion of hista-

mine diminishes the accumulation of fat, upregulates 

uncoupling protein, decreases leptin, and increases 

the insulin sensitivity in a leptin-resistant animal 

model of obesity. It is believed that weight gain as-

sociated with the use of typical and atypical antipsy-

chotic drugs is related to H1 receptor blockade. 

Histamine receptors have been used as obesity 

drug targets, and “antihistamines” are common medi-

cations. Drugs targeting histamine receptors include 

classic antihistamines (such as diphenhydramine) 

targeting histamine H1 receptors and used in aller-

gic reactions and histamine H2 receptor antagonists 

(such as cimetidine, ranitidine, and famotidine), 

which block histamine H2 receptors and are used in 

gastric ulcers. he next generation of antihistamine 

drugs has been suggested to block histamine H3 re-

ceptor. Histamine H3 receptor is a G protein–cou-
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pled receptor. his receptor has a role in regulation of 

neurotransmission in the brain and can control some 

cognitive and homeostatic functions. his receptor 

has been proposed as a drug target for treatment of 

attention-deicit hyperactivity disorder, dementias, 

schizophrenia, obesity, and sleep disorders. 

he preclinical studies have conirmed histamine 

H3 receptor antagonists to be efective in controlling 

obesity, but no clinical trial has been conducted to 

evaluate it. he biology of histamine H3 receptor is 

very complex and further understanding of this drug 

target will lead to designation of new drugs for obe-

sity. Despite this fact, many selective H3 receptor an-

tagonists have been produced, but they have not been 

used in any clinical trials.

SEE ALSO: C-Reactive Protein; Cytokines; Interleukins. 

BIBLIOGRAPHY. T. A. Esbenshade, G. B. Fox, and M. D. 

Cowart, “Histamine H3 Receptor Antagonists: Preclini-

cal Promise for Treating Obesity and Cognitive Disorders,” 

Molecular Interventions (v.6, 2006); M. E. Parsons and C. 

R. Ganellin, “Histamine and Its Receptors,” British Journal 

of Pharmacology (v.147, 2006); R. Yoshimoto, et al., “hera-. Yoshimoto, et al., “hera-, “hera-“hera-

peutic Potential of Histamine H3 Receptor Agonist for the 

Treatment of Obesity and Diabetes Mellitus,” Proceedings 

of the National Academy of Sciences of the United States of 

America (v.103/37, 2006).

Iman Tavassoly 

Mazandaran University of Medical Sciences 

Omid Tavassoly 

Tarbiat Modares University 

Mohammad Soltany Rezaee Rad

Mazandaran University of Medical Sciences

Hormone Disorders

HORMONES PLAY A crucial role in the etiology and 

consequences of obesity. Insulin, glucocorticoids, 

glucagon, androgens, thyroid hormones, and growth 

hormone afect the energy homeostasis in the body, 

and in some cases, impairment in their normal func-

tions and activities can cause obesity. Several neu-

roendocrine diseases are believed to have a possible 

association with the development of obesity. Because 

hormones play such a crucial role in obesity, accurate 

measurement of these proteins with hormone assays 

is essential in obesity treatment. Hormone assays can 

help establish possible endocrine pathogenesis of 

obesity, and can reveal hormonal impairment due to 

obesity itself.

he hormones function in diferent ways as mod-

ulators of energy balance in human body. For ex-

ample, insulin can afect the volume of fat cells by 

reducing food intake; glucocorticoids and glucagon 

can control fat storage through their efects on en-

ergy intakes; and androgens, thyroid, and growth 

hormones modulate the fat storage in the body via 

their efects on energy expenditure. All these show 

that in evaluation of a patient with obesity, hormone 

disturbances must be evaluated by hormone assays.

In such an evaluation, some disorders such as hy-

pothalamic obesity, Cushing’s syndrome, hypothy-

roidism, and polycystic ovary syndrome should be 

considered. In other words, in pathogenesis of obe-

sity, hormonal factors should be noted and therapeu-

tic strategies must include treatment of endocrine 

disorders as well. For example, studies suggest that 

growth hormone therapy can decrease the amount 

of stored body fat.

he rare syndrome of hypothalamic obesity is due 

to damage to some regions in human hypothalamus or 

the amygdala. In these parts of the brain, some regions 

process the information related to metabolic status of 

the body. Obesity is a presentation of damage to these 

regions caused by impairment in hypothalamus hor-

monal activity.

Obesity is an important clinical presentation in 

Cushing’s syndrome too and in hypothyroidism, the 

decreased metabolic activity can lead to obesity and 

fat storage in the body.

In polycystic ovary syndrome (PCOS), obesity is 

a clinical feature in more than 50 percent of the pa-

tients. Some other neuroendocrine diseases related 

to obesity are hypogonadism, growth hormone dei-

ciency, and pseudohypoparathyroidism. 

All the described disorders are due to distur-

bances in hormone production and activities and the 

evaluation of endocrine system by hormone assays is 

crucial in inding the pathogenesis of obesity in any 

patient. Obesity itself can cause endocrine disorders 

such as insulin resistance with hyperinsulinemia. In 

this disorder, disturbance of glucose removal due to 
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obesity and elevated insulin resistance cause hyper-

insulinemia. In a patient with obesity, hormone as-

says can reveal the harmful efects of obesity on the 

hormonal activities as well.

SEE ALSO: Cortisol; Cushing Syndrome; Glucocorticoids; 

Growth Hormone; Hormone Sensitive Lipase; Hormones; 

Insulin; Insulin-Like Growth Factors; Menopause; Pitu-

itary Gland. 
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Hormones

HORMONE COMES FROM the Greek word hormao, 

which means “a substance which starts, urges on, ini-

tiates, irritates, stimulates or excites.” It was in 1656 

that homas Wharton gave the irst thorough account 

of the glands of the human body. It was only in 1905, 

however, that the word hormone, on the suggestion 

of Sir William Bate Hardy, was irst used by Ernest 

Henry Starling, in one of his Croonian lectures, to 

name the internal secretions. his established the ba-

sis for the subsequent development of the discipline 

of endocrinology.

Virtually all multicellular organisms (plants and 

animals) produce hormones. Generally, they are 

described as chemical messengers that control me-

tabolism, growth, development, and even repro-

duction. Through these chemical messengers, the 

cells are able to communicate and interact, main-

taining a steady state which we call homeostasis. 

In this entry, we are going to concentrate on the 

hormones secreted by the human body, their func-

tions and regulation.

In principle, hormones function gradually. More 

often than not, their efects are not immediate. hey 

also do not act directly on behavior; rather, they 

change its probability and intensity. hey are inlu-

enced by factors that are both endogenous (to do 

with development and maturation) and exogenous 

(to do with the environment). Hormones often have 

multiple target sites and are produced in pulsatile 
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secretions; others follow a circadian rhythm regu-

lated by other hormones or exogenous triggers. In 

action, they are target speciic; they can only afect 

cells with receptor sites for a particular hormone. 

Last, the efects of hormones are interactive and 

long term, because they inluence the buildup and 

breakdown of carbohydrates, lipids, and proteins, 

together with other metabolic changes.

here are three kinds of chemical signaling:

•  Autocrine—the cells signal themselves through a 

chemical that synthesizes and then responds. Au-

tocrine signaling can occur

  -solely within the cytoplasm of the cell, or

  -by a secreted chemical interaction with receptors 

of the same cell.

•  Paracrine—chemical signals can difuse into an 

area and interact with receptors on nearby cells. 

Examples are

  -the release of cytokines which cause an inlamma-

tory response in the area, 

  -the release of neurotransmitters at synapses in the 

nervous system.

•  Endocrine—the chemicals can be secreted into the 

blood and carried by blood and tissue luids to the 

cells upon which they act.

here are ive known chemical classiications of 

hormones found in the human body. he irst group is 

amine-derived hormones. Amine-derived hormones 

originate from the amino acids tyrosine (e.g., dopa-

mine) and tryptophan (e.g., melatonin). he second 

is peptide hormones. Peptide hormones are made up 

of chains of amino acids (e.g., hormones of the stom-

ach). he third is steroid hormones. Steroid hormones 

are derived from cholesterol (e.g., the androgens). he 

fourth is sterol hormones; they are derived from vi-

tamin D (e.g., calciferol, calcitriol). he ifth group 

contains lipid and phospholipid hormones. Lipid hor-

mones (e.g., prostaglandin) are derived from linoleic 

acid; phospholipid hormones are derived from arachi-

donic acid (e.g., leukotrienes).

In terms of cellular action, protein and amine hor-

mones bind to the extracellular portion of a receptor 

site; it releases a second messenger within the cell; and 

its efects are relatively fast (seconds to minutes). In 

contrast, steroid hormones pass through cells; they 

bind to receptor genes within cells (receptor-gene 

complexes), which in turn bind to deoxyribonucleic 

acid (DNA). he action of the DNA may interact with 

other factors, which determine the cell’s receptivity to 

the hormone.

he human body has a hormone system (endocrine 

system) for detecting and evaluating hormone levels. It 

has four known feedback mechanisms:

1.  Autocrine feedback—hormones inhibit endocrine 

cell release

2.  Target cell feedback—target cells produce efects 

which are detected by endocrine cells

3.  Brain regulation—the hypothalamus drives endo-

crine cells and is sensitive to the efects produced 

by cells

4.  Brain/pituitary regulation—the hypothalamus and 

pituitary drive endocrine glands and are sensitive 

to the efects produced by target cells

In contrast to the neural communication of the 

body, hormonal communication is broadcast, while 

neural is channel speciic. It is slower than neural 

communication, with a graded action, as opposed 

to the all-or-nothing principle of neural communi-

cation. here are, however, several similarities be-

tween them—glands and cells both produce prod-

ucts as a result of stimulation; both systems rely on 

binding mechanisms; and both utilize second mes-

senger systems.

SEE ALSO: Adipocytes; Hormone Assays.
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Hormone Sensitive Lipase

HORMONE SENSITIVE LIPASE (HSL) is the ma-

jor enzyme that regulates the release of stored fatty 

acids from the fat tissue, a process known as lipoly-

sis. his enzyme is important because it plays a role 

in providing energy to tissues and organs when food 

intake is low. HSL works by cleaving of the three  
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fatty acids that are attached to a triglyceride molecule. 

Once these fatty acids are cleaved, they can then be 

attached to albumin (a protein in the blood) and travel 

to tissues and organs that need fatty acids for energy. 

Several diferent hormones regulate HSL; insulin in-

hibits HSL while glucagon, ACTH, epinephrine, and 

norepinephrine activate HSL. Traditionally, HSL was 

believed to be the only enzyme that could cleave tri-

glycerides. However, several experiments were per-

formed in mice that removed the gene that made HSL. 

Even though there was no more HSL activity in these 

mice, they were still able to cleave the fatty acids of 

triglycerides. As a result, other hormones such as adi-

pose triglyceride lipase have been identiied to play a 

role in lipolysis.

HSL has been found in organs other than fat cells. 

It is present in skeletal muscle and in the heart where 

it functions to cleave the stored fatty acids that are 

subsequently used for energy within these organs. It 

is also present in the beta cells of the pancreas, ad-

renal glands, testes, ovaries, placenta, and mammary 

glands. In these organs, HSL is hypothesized to regu-

late cholesterol and steroid metabolism.

Changes in HSL activity may play a role in the de-

velopment of heart disease, diabetes, and obesity. Mice 

that are deicient in HSL have decreased amount of 

lipolysis and a favorable lipid proile with low triglyc-

erides and LDL cholesterol and elevated HDL choles-

terol. However, humans who have decreased levels of 

HSL are more likely to be overweight or obese. Some 

people who have lower HSL levels could be the result 

of an alteration in their genetic code, known as a poly-

morphism. People with the polymorphism for this 

gene may be at an increased risk of developing obesity. 

Altered HSL activity may also play a role in the devel-

opment of Type 2 diabetes mellitus (T2DM). Patients 

who are insulin resistant (also known as prediabetic) 

have decreased lipolysis in response to HSL. his sub-

sequently afects fatty acid levels in the blood and fat 

storage in tissues. hese perturbations in fatty acid 

metabolism can lead to the development of T2DM.

SEE ALSO: Hormones.
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Human QTLs

HUMAN QUANTITATIVE TRAIT loci (QTL) are piec-

es of deoxyribonucleic acid (DNA) closely linked 

to genes that underlie a particular phenotypic trait. 

Many important human traits (such as blood pressure 

and body mass index) are of a quantitative nature. It 

is well established that obesity is under strong genetic 

control. Body size is an archetypal quantitative trait 

with variation due to the segregation of many gene 

loci. Knowing details of QTLs helps us understand 

the genetics of that trait and identify speciic genes 

associated with that trait. One of the major approach-

es to detecting obesity genes are whole-genome scans 

which have been extensively performed, resulting in 

identiication of many human QTLs. As of October 

2005, the number of human obesity QTLs is reported 

to be 253 of obesity-related phenotypes and contin-

ues to grow. he obesity gene map shows putative loci 

on all chromosomes except Y. 

he genomic localization of human QTL involves a 

linkage concept using family-based sampling designs. 

Localization of human QTLs requires large samples 

to be rendered successful. he identiication of the 

genes underlying QTLs, however, remains diicult 

and thus several approaches are used such as genetic 

and genomic methods that help discover genes that 

are involved in health conditions such as obesity. One 

linkage strategy for detection of human QTL involves 

the use of genetics studies of family members such 

as the use of sib pairs. Sib pairs with one member 

sampled from each extreme decile are called ED sib 

pairs and are used to denote their trait values. If both 
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members of sib pairs are from the same extreme de-

cile, they are called EC sib pairs. 

Several studies performing quantitative linkage 

analysis studies have found associations between 

obesity and various genes. Studies suggest that the 

beta-3 adrenergic receptor is a strong candidate gene 

for obesity. Other studies using pedigree-based anal-

ysis demonstrated a QTL on chromosome 3 (3q27), 

which is strongly linked to the trait of the metabolic 

syndrome, comprised of conditions such as insulin 

resistance and obesity. Other studies have suggested 

that one or more genes afecting obesity are located in 

chromosome region 20q13 and chromosome region 

10p12. Other genomic regions (e.g., 1p36, 1p31–p21, 

2p21, 11q23–24) have been replicated across difer-

ent studies.

SEE ALSO: Genetic Mapping of Obesity Related Genes; 

Genetics.
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Humoral Factors and Satiety

THERE ARE A number of cerebral and gastrointesti-

nal humoral (hormone) factors which regulate sati-

ety. hese hormones often work together and signal 

to each other to produce satiation, deined as a feel-

ing of fullness. Studies which examine satiety utilize 

rodent models, associational data, and human trials. 

Rodent and human studies often examine the efects 

of intravenous infusion of these satiety factors, while 

correlative data often examines diferences in circu-

lating levels of satiety hormones in lean versus obese 

subjects. he following is a review of the most well-

established humoral factors involved in satiety.

Alpha melanocortin stimulating hormone (α-

MSH): Strong evidence indicates that this neuropep-

tide is involved in feeding behavior and energy ex-

penditure. α-MSH and drugs able to mimic its action 

(such as MTII) are able to reduce adiposity and food 

intake in rodent models. Moreover, humans with mu-

tations which lead to aberrant α-MSH production are 

obese, suggesting that this peptide is critical in body 

weight regulation.

Amylin: After food intake, amylin is secreted in 

tandem with insulin from the beta cells of the pan-

creas. Studies demonstrate that levels of amylin are 

increased in obese individuals.

Apolipoprotein A-IV: his hormone is synthesized 

and released in the small intestine; stimulus for re-

lease is fat ingestion. Animal data indicates ApoA-IV 

infusion reduces food intake. 

Bombesin/bombesin-related peptides (ie-gastrin-

releasing peptide, neuromedin B, neuromedin C):

hese peptides are released from the gut in response 

to food intake. Bombesin injection has been shown to 

decrease food intake in lean, but not obese subjects. 

Similar results were observed for gastrin-releasing 

peptide. 

CCK: CCK is a hormone found in the duodenum 

and jejunum of the small intestine, as well as sever-

al diferent sections of the brain. In the gut, CCK is 

responsible for gallbladder contraction, secretion of 

pancreatic enzymes, and inhibition gastric emptying. 

Dietary fat and protein in the small intestine stimu-

late CCK release, and levels of this hormone increase 

10-30 minutes after meal initiation, and taper of after 

3-5 hours. Numerous studies have examined the ef-

fect of CCK administration on satiety. When admin-

istered alone, CCK has been shown to decrease meal 

size and duration; however a compensatory increase 

in meal frequency also occurs. When CCK is admin-

istered with other hormones such as ghrelin, leptin, 

or insulin, the results are more positive. For example, 

CCK is able to blunt ghrelin’s appetite-stimulating ef-

fects. Additionally, CCK has been suggested to work 

synergistically with the hormones leptin and insulin. 

Associational data indicates that fasting CCK levels 

are increased in obese women, and decreased in an-

orexia nervosa, however this data is still preliminary. 

Potential therapeutic targets utilizing the ability of 

CCK to act as a satiety factor are underway.

Cocaine and Amphetamine Regulated Transcript 

(CART): CART is a neuropeptide involved in satiety. 

Evidence suggests that CART modulates the activity 

of other metabolic hormones such as neuropeptide Y 
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and leptin. Furthermore, administration of CART has 

been demonstrated to transiently inhibit normal and 

starvation-induced feeding. 

Enterostatin: Enterostatin is a bi-product of pan-

creatic enzyme cleavage, which occurs after a fat-con-

taining meal. Administration via infusion decreases 

food intake.

Glucagon-like peptide 1 (GLP 1): GLP1 is secreted 

5-30 minutes after meal initiation. Like many other 

humoral factors, it is released based on the caloric 

content of the meal. GLP1 suppresses the gastric acid 

and pancreatic juice secretion that usually occurs af-

ter meal initiation. Additionally, this hormone reduc-

es gastric emptying time. Levels of GLP1 are reduced 

in obese subjects, and increase after weight loss. Ad-

ditionally, intravenous injection of GLP1 in humans 

has been demonstrated to decrease energy intake 

and promote weight loss. here is currently a GLP1 

agonist (an agonist is able to mimic the action of the 

endogenous hormone) available commercially (exen-

din-4) which can be used to increase levels of GLP1 

and promote its weight-reducing efects. However, its 

current intended use is for promoting glycemic con-

trol.

Oxyntomodulin (OXM): OXM is released from the 

stomach in proportion to the energy content of the 

meal. Particularly, the fatty acids in the meal stimu-

late OVM’s release. Blood levels of this hormone in-

crease after 30 minutes of meal initiation, and remain 

elevated for several hours after a meal. OXM inhibits 

gastric emptying and gastric acid secretion, which 

leads to stomach distention and satiation. OXM ad-

ministration is also able to inhibit feeding, as well 

as suppress fasting levels of the appetite-stimulating 

hormone ghrelin. 

Peptide YY (PYY): PYY release is stimulated by 

food intake, and its release is dependent upon the 

caloric content and composition (ie-fat, protein, car-

bohydrate) of the meal. PYY administration inhibits 

pancreatic and gastric secretion, gallbladder contrac-

tion, and gastric emptying. Consequently, it is sug-

gested to act as a satiety signal that terminates feeding 

and stimulates digestion and absorption. Human data 

indicates that PYY administration can suppress appe-

tite and food intake in both obese and lean subjects. 

Pancreatic polypeptide (PP): PP is a hormone pre-

dominantly produced in islet cells of the pancreas. Re-

lease of PP is stimulated by food intake (based on the 

caloric load of meal), hypoglycemia (low blood sugar) 

and exercise. Other hormones can afect PP release; 

for example, ghrelin (appetite-stimulating), motilin 

(stimulates gastric motility), and secretin (controls 

gastric acid secretion) stimulate PP release, while so-

matostatin inhibits its release (somatostatin inhibits 

the release of a number of peptides involved in diges-

tion). PP infusion has been shown to reduce food in-

take in normal-weight individuals. Research indicates 

that obese individuals may have suppressed PP levels, 

however this data has is still preliminary. 

Serotonin: Serotonin is a neurotransmitter that 

also acts as a short-term satiety factor. Serotonin 

and/or serotonin precursors (tryptophan, an amino 

acid) have been demonstrated to reduce food intake 

in rodent models. Additionally, administration of a 

serotonin agonist was able to block the appetite-stim-

ulating efects of another hormone, neuropeptide Y. 

A potential downstream target for serotonin is the 

anorexigenic peptide α-MSH, which reduces feeding. 

Human studies have demonstrated that fasting and/

or “dieting” decreases levels of both serotonin and the 

serotonin precursor tryptophan. Additionally, obese 

individuals are found to possess low tryptophan lev-

els; weight loss does not increase these levels. here 

are a number of drugs currently available/in progress 

which act to capitalize on the efects of serotonin on 

satiety. hese include: Dexfenluramine, Fluoxetine, 

Sertraline, Paroxetine, Femoxitine, DOI, MK212, 

mCPP, TFMPP, RU-24969, CP-93129, CP-94253, Ro 

60-0175, Org 12962, VERT-3323, BTV-933, YM348, 

Lorcaserin, Sibutramine. 

Urocortins/Corticotropin-releasing factor (CRF):

Urocortins work together with CRF receptors to con-

tribute to satiation. CRF2, found in the gut and brain, 

works with urocortins 2 and 3 to promote satiety. In-

jection of these speciic urocortins suppresses feeding 

in several rodent models; their purported mechanism 

of action is similar to that of other appetite suppres-

sants. 

SEE ALSO: Agouti and Agouti-Related Protein; CART Pep-

tides; Dexatrim; Ghrelin; Hypothalamus; Insulin; Leptin; 

Melanocortins; Neuropeptides; Neurotransmitters; POMC 

Proopiomelanocortin; Tryptophan.
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Hunger

HUNGER HAS MULTIPLE deinitions; the ones most 

pertinent to obesity are the physiological deinition 

and hunger within the social context. Physiological 

hunger is characterized by a sensation of individual 

discomfort. 

he range of hunger experienced may be as mild as 

a lack of satiety or so severe that one may experience 

a reduction in energy so limiting that one’s ability to 

perform activities is impaired. he most commonly 

experienced symptom is stomach pains. In more 

severe instances, particularly in cases where repeat 

instances occur, hunger may result in physiological 

changes brought about by insuicient nutrient intake 

and lead to anthropomorphic changes, such as de-

creased body mass indices.

Although the symptoms of physiological hunger 

may be experienced in response to the anticipation of a 

desirable meal or the approach of a time during which 

food is routinely consumed, it is universally experi-

enced 10–12 hours after the last ingestion of food when 

the stomach is empty and the liver is no longer able to 

maintain blood glucose levels by its glycogen stores. 

In this situation, gluconeogesis signals the hypo-

thalamus, the brain’s hunger center, to stimulate the re-

lease of the hormone ghrelin into the stomach, which 

increases the desire to eat and results in the sensation 

of hunger.

Within its social context, hunger is a lack of food 

due to limited economic or resource availability. his 

lack causes individuals to skip meals or eat less than 

desired. Over time, these conditions can result in 

malnutrition, poor nutrition, or overconsumption of 

calories for various reasons, for example, due to the 

consumption of less expensive, less nutrient-dense 

food sources or overconsumption on multiple occa-

sions due to the fear associated with hunger experi-

ences on other occasions.

According to the Food Research and Action Center 

(FRAC), a leading organization in the hunger advo-

cacy and related policy development arena, “Hunger 

and food insecurity have been growing [in the United 

States]. Nearly 35 million people—including 13 mil-

lion children—in the United States were hungry or 

living on the edge of hunger in 2002 (the most recent 

year for which data were available). Since 1999, food 

insecurity has increased three years in a row, in to-

tal by 3.9 million individuals—2.8 million adults and 

more than one million children. Overall, 11.1 percent 

of U.S. households (12.1 million households) experi-

enced food insecurity or hunger in 2002, and black 

(22 percent) and Hispanic (21.7 percent) households 

sufered from food insecurity or hunger at double the 

national average.” 

FOOD INSECURITY

National statistics suggested that U.S. food insecurity 

rates dropped somewhat in 2005, yet, more than 35 

million people resided in households considered food 

insecure. Each year the most recent U.S. hunger data 

and related statistics are made available in the follow-

ing reports: FRAC, State of the States; America’s Sec-

ond Harvest, Hunger in America; U.S. Conference of 

Mayors’ Annual Hunger and Homelessness Survey; 

and, reports from the U.S. Department of Agriculture 

(USDA) regarding Household Food Security in the 

United States.

In developing countries, it is not uncommon for 

hunger to be experienced by individuals to a level 

where they experience severe malnutrition, multiple 

clinical symptoms associated with undernutrition or 

malnutrition, and/or starvation. 

Although severe malnutrition and starvation are 

less frequently associated with hunger in the Unit-

ed States, milder forms of chronic malnutrition are 

common. Lower rates of more extreme hunger in 
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the United States are credited to established federal 

nutrition programs, for example, the federal Food 

Stamp Program, that help to provide a safety net for 

many low-income families. In addition to the physi-

cal issues associated with the milder forms of chronic 

malnutrition in the United States, overweight and 

obesity, are common among those experiencing hun-

ger in the United States. Overweight and obesity 

seem counterintuitive in terms of their association 

with hunger; however, some experts suggest that it is 

caused by excessive caloric initiating from a variety 

of factors, that is, individuals overeating when food is 

available due to fear of impending hunger, the lower 

cost of high caloric, less nutrient-dense foods, and 

similar factors. 

Whether malnutrition or overnutrition results, 

even mild forms of hunger have detrimental effects 

on physical health, psychological welfare, learning, 

development, productivity, and personal well being. 

For example, these may include stunted or abnormal 

growth, poor mental health, poor academic produc-

tivity and performance among children, and reduced 

concentration and ability to sleep.

Within its social context, two terms are closely 

identified with hunger: food insufficiency and food 

insecurity. In 1990, Anderson defined food security 

as “access by all people at all times to enough food 

for an active healthy life [and] includes, last a mini-

mum, the ready availability of nutritionally adequate 

and safe foods, and an assured ability to acquire ac-

ceptable foods in socially acceptable ways, e.g., with-

out resorting to emergency food supplies, scaveng-

ing, stealing, or other coping strategies.” When this 

phenomenon does not hold true for individuals or 

households, they are considered to be food insecure. 

Food sufficiency is similar in definition to food secu-

rity; however, it fails to account for constructs, such 

as the nutritional value of the food or how it was 

Physiologically, hunger is a sensation of discomfort, generally in the form of stomach pains. While the presence of food can activate such a 

response, in general, the body becomes hungry 10 to 12 hours after the last ingestion of food.
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obtained. hus, those who are considered to sufer 

from food insuiciency are likely to have minimal or 

no access to food of any kind. 

When hunger is deined within the social context, 

it is measurable at the household, community, nation-

al, and global levels. At the household level, hunger 

is typically evaluated in terms of food insecurity, and 

households are further classiied according to the se-

verity of their circumstances, for example, low food 

security and very low food security or food insecurity 

with or without hunger. 

here are many measures used to assess house-

hold food insecurity and hunger in the United States, 

but by far the most commonly cited is the U.S. Food 

Security Survey Module. Two terms currently used 

to describe food security when this measure is em-

ployed are high food security, that is, households 

that did not answer “yes” to any of the food insecu-

rity questions; and marginal food security, in cases 

when families answered “yes” to one or two of the 

food security questions, meaning they have had 

some diiculties securing ample food. Originally, 

these families would have still been considered to be 

food secure. 

he terms currently used to deine food insecure 

households are low food security, previously classi-

ied as food insecurity without hunger, and very low 

food security, which was originally referred to as 

food insecurity with hunger. hose who are catego-

rized as having low food security indicate they have 

had to make changes in the quality or the quantity of 

their food, while those deined as experiencing very 

low food security are those who have struggled with 

having enough food for the household, and reside in 

households where adults and/or children have fre-

quently experienced hunger and have frequently en-

gaged in behaviors such as cutting back on the food 

they eat or skipping meals. 

Community assessment of hunger and associated 

factors is done in a variety of ways, for example, sur-

vey assessment, needs or asset mapping, and so forth. 

Tools available for community assessment are avail-

able in the USDA Community Food Security Assess-

ment Toolkit. In the United States, community-level 

data are collected and published by the Second Har-

vest National Food Bank Network Agency Survey and 

from the Task Force on Hunger and Homelessness of 

the U.S. Conference of Mayors.

SEE ALSO: Food Insecurity and Obesity; Sensory-Speciic 

Satiety.
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Hydrodensitometry

HYDRODENSITOMETRY IS A method for determin-

ing percentage body fat. he Archimedes’ principle 

is applied by comparing the mass of a subject in air 

and underwater. It usually involves the use of a spe-

cially constructed tank in which the subject is seat-

ed on a suspended chair or placed on a cot attached 

to a weighing device. Once the body volume (V) of 

the subject has been determined, body density can 

be calculated using the mass in air (Ma, kg) and the 

weight while submerged (Ws, kg) with allowances be-

ing made for residual gas in the lungs (Vr) and GI gas 

(100 mL) and the density of water (Dw) at the tem-

perature of submersion. Density is calculated using 

the following equation:

Db=Ma/{[Wa-Ws/Dw]-Vr+0.1}V

he value body density is of little use. Instead, it is 

used to determine percentage body fat. Entering body 

density into either Brozek or Siri’s equations does 

this. hese equations are based on the principle that 

the average densities of fat mass and lean mass are 
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0.90 g cm–3 and 1.01 g cm–3, respectively. Brozek’s 

equation states that

% body fat = (4.57/Db–4.142) X 100

and Siri’s equation states that

% body fat = (4.95/Db–4.5) X 100.

he equation developed by Brozek for the conver-

sion of body density to percentage body fat was based 

on the chemical composition of a reference male. It is 

based on a young, nonathletic adult male.

While hydrodensitometry is considered a reli-

able technique for determining percentage body fat, 

there are some problems to consider with the mea-

sure. he procedure is not for everyone, because the 

subject must be submerged; therefore, conidence 

in water is important. In addition, most tanks are 

raised above ground level, which makes it diicult 

for morbidly obese, pregnant, elderly, and disabled 

subjects to access them. 

he measurement is also sensitive to residual air in 

the lungs and gut; thus, total expiration is necessary. 

Most measuring devices are sensitive to movement 

and temperature. Often, multiple measurements are 

taken. he volume of gas in the intestine is usually in-

cluded in the calculation as being 100 milliliters, but 

this volume may need to be increased for large adults 

and decreased for children. Measurements are most 

reliable if taken during the fasting state. Dehydration 

and hyperhydration also cause changes in the body 

density calculation.

he calculations are based upon the principle that 

the body consists of two homogeneous components. 

here are several limitations of this model, however; 

the main limitation is individual variation in the com-

ponents of bone and muscle components. Athletes 

tend to have denser bones and muscles, while the el-

derly have lesser bone density especially those with 

osteoporosis. Furthermore, preadolescents have dif-

ferent bone mineral content than adults.

SEE ALSO: Bod Pod and Pea Pod.
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Hypertension

IN THE PAST decade, the prevalence of obesity has 

dramatically increased. It should be no surprise that 

the prevalence of hypertension has also increased 

given the well-recognized association between obe-

sity and hypertension. Approximately 30 percent of 

the population is hypertensive (deined as a blood 

pressure [BP] >140/90 mmHg or using hypertensive 

therapy). Unfortunately, the nature of the relationship 

between obesity and hypertension is not entirely clear. 

herefore, an understanding the development and 

pathophysiology of obesity hypertension is important 

for the treatment and prevention of this disorder.

NOT ALL OBESE INDIVIDUALS ARE  

HYPERTENSIVE BY CLINICAL STANDARDS

Weight gain is almost invariably associated with an 

increased BP. However, there is substantial variability 

in the BP response to weight gain among individuals 

and not all will become hypertensive, at least by the 

standard of 140/90 mmHg. In addition, weight loss 

is associated with a reduction in BP in many nor-

motensive obese individuals. herefore, BP is higher 

in obese humans than would be achieved at a lower 

level of adiposity. It is important to emphasize that 

any elevation in BP above optimal levels (i.e., below 

120/80 mmHg) will increase an individual’s risk of 

developing cardiovascular diseases. In turn, reduc-

tions in BP from above optimal levels should confer 

a health beneit.

MECHANISMS LINKING OBESITY WITH  

HYPERTENSION

Obesity-related hypertension is similar to other 

forms of hypertension in terms of abnormal kidney 

function due to increased tubular sodium reabsorp-
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tion, which causes sodium retention and expansion 

of extracellular and blood volumes. he increase in 

sodium reabsorption results in a rightward shift in 

the renal pressure-natriuresis relation and BP eleva-

tion. hus, higher levels of BP are required maintain 

sodium and luid homeostasis in obese individuals. 

he results of animal and human studies suggest that 

activation of the SNS, sympathetic nervous system, 

and renin-angiotensin system play an important role 

in the development of obesity hypertension. 

CONSEQUENCES OF OBESITY HYPERTENSION

Target organ damage is a common consequence of 

obesity hypertension. For example, cardiac dysfunc-

tion and left ventricular hypertrophy are common in 

obese individuals. In addition, obesity and hyperten-

sion worsen the degree of left ventricular hypertro-

phy in a synergistic manner, which translates into a 

greater risk of congestive heart failure. here is also 

evidence that obesity is associated with peripheral 

and coronary endothelial dysfunction. he increas-

ing prevalence of chronic renal disease has also been 

linked to obesity. his is not surprising as two of the 

most common causes of renal failure, hypertension 

and diabetes, are closely associated with obesity. In 

fact, even mild to moderate forms of obesity are as-

sociated with renal disease and weight loss is associ-

ated with improvements in renal function. 

TREATMENT OF OBESITY HYPERTENSION

Weight loss is considered the most efective non-

pharmacological therapy for lowering BP in obese 

hypertensives; however, future long-term studies 

are required to fully understand the impact on long-

term weight loss on BP. Regular physical activity and 

sodium restriction are also efective in lowering BP 

and should be included as part of the comprehensive 

treatment of hypertension. 

here are currently no speciic recommendations 

for the pharmacological treatment of obesity hyper-

tension. However, therapy should be based on etiolo-

gy of the disorder. As such, pharmacological blockade 

of the sympathetic nervous system and the renin-an-

giotensin-aldosterone system are logical choices for 

intervention. Unfortunately, there is little direct clini-

cal evidence to justify their speciic use in this pa-

tient population. As emphasized in the Seventh Joint 

National Committee on Prevention, however, good 

clinical judgment is paramount in the selection of hy-

pertension therapy. 

PREVENTION OF OBESITY HYPERTENSION

here is no sign that the rising prevalence of obesity 

seen over the past two decades is dwindling. he aver-

age weight gain of the population in the United States 

is estimated to be about two pounds per year. Weight 

gain is almost invariably associated with an increase in 

BP. hus, prevention of weight gain should be a pri-

mary therapeutic target for reducing the problem of 

hypertension. 

CONCLUSIONS

here is a continued problem of weight gain and obesity 

in the United States and most industrialized countries 

with no clear dwindling of this trend in sight. Because 

obesity is a major cause of essential hypertension, ris-

ing BP and its associated comorbidities will continue to 

impart their health and economic consequences. he 

prevention of weight gain and its metabolic and cardio-

vascular sequelae should be a focus of future eforts to 

combat the growing epidemic of obesity hypertension.

SEE ALSO: American Medical Association; American Obe-

sity Association; Autonomic Nervous System.

BIBLIOGRAPHY. A.V. Chobanian, et al., “he Seventh Report 

of the Joint National Committee on Prevention, Detection, 

Hypertension, or high blood pressure, is one of the most common 

medical problems linked to obesity.

 Hypertension 375



Evaluation, and Treatment of High Blood Pressure: he 

JNC 7 Report,” Journal of the American Medical Association 

(v.289/19, 2003); K.P. Davy and J.E. Hall, “Obesity and Hy-

pertension: Two Epidemics or One?” American Journal of 

Physiology. Regulatory, Integrative and Comparative Physi-

ology (v.286, 2004); I. Hajjar and T.A. Kotchen, “Trends in 

Prevalence, Awareness, Treatment, and Control of Hyper-

tension in the United States, 1988–2000,” Journal of the 

American Medical Association (v.290/2, 2003); J.O. Hill, et 

al., “Obesity and the Environment: Where Do We Go from 

Here?” Science (v.299/5608, 2003); V.J. Stevens, et al., “Long-

Term Weight Loss and Changes in Blood Pressure: Results 

of the Trials of Hypertension Prevention, Phase II,” Annals 

of Internal Medicine (v.134/1, 2001).

Madlyn Frisard, Ph.D. 

Kevin P. Davy, Ph.D.

Virginia Tech University

Hypertension in African  

Americans

HYPERTENSION (HTN) IS high blood pressure (BP). 

African Americans (AAs) have the highest preva-

lence of HTN in the world. HTN is seen in 41 percent 

of adult AAs compared with 27 percent of Cauca-

sians. It occurs at an earlier age, is more severe, and 

has more complications than in Caucasians. Obesity 

increases the BP in these patients, and weight loss 

signiicantly decreases their BP. he prevalence of 

obesity is 28 percent in AA men, 50 percent in AA 

women, 27 percent in Caucasian men, and 30 per-

cent in Caucasian women.

Systolic blood pressure (SBP) is the pressure in ar-

teries while the heart is beating; diastolic blood pres-

sure (DBP) is the pressure while the heart is resting be-

tween beats. It is measured in millimeters of mercury 

(mmHg). HTN is deined as SBP above 140 and/or DBP 

above 90 (above 140/90 mmHg). No one knows what 

causes elevated BP in 95 percent of the patients with 

HTN. It is one of the biggest mysteries in medicine. 

Hypertension is probably caused by many mutations 

(abnormalities) in several genes. In addition, environ-

mental factors, such as diet and exercise, afect BP. 

HTN is a major reason why heart disease mortality 

is 50 percent higher, stroke is twice as common, and 

hypertensive kidney disease is four times as common 

in AAs. Scientists do not know why HTN in AAs is dif-

ferent from HTN in Caucasians. here are some gene 

mutations seen in hypertensive AAs that could explain 

part of this diference. Salt raises BP and causes luid 

retention. he BP in AAs is more sensitive to salt in the 

diet than in Caucasians. he kidneys of many hyperten-

sive AAs do not excrete salt in the urine as eiciently as 

the kidneys of many Caucasians. he reason for this is 

unclear. Furthermore, obesity is thought to exacerbate 

the efects of salt sensitivity in all populations. In 2000, 

there was no signiicant diference between the preva-

lence of overweight (body mass index [BMI] >25 kg/

m2) or obesity (BMI above 30) in AA and Caucasian 

men. But AA women had a much higher prevalence of 

overweight (77.3 vs. 57 percent) and obesity (49.7 vs. 

30.1 percent) than Caucasian women. here is some 

evidence that the arteries in many AA hypertensives 

are more sensitive to hormones and other chemicals in 

the body that cause constriction of the arteries and less 

sensitive to those that cause dilation of arteries. 

Social factors contribute signiicantly to the preva-

lence of HTN in AAs. One in four AAs lives in pov-

erty, compared with one in 12 Caucasian Americans. 

Poverty is a strong risk factor for HTN in many popu-

lations. Poverty is associated with poor nutrition, obe-

sity, increased alcohol and tobacco use, and increased 

stress, all of which increase the risk of developing 

HTN. he diet of poor persons is often low in fruits, 

vegetables, and milk, which are rich in potassium and 

calcium. Diets high in potassium and calcium low-

er BP. Moderation of alcohol intake also lowers BP. 

Long-standing social stress may also be a signiicant 

factor in the development of HTN. 

he HTN in AAs can almost always be brought 

under good control. hat is, 140/90 mmHg, except if 

diabetes or kidney disease is present; then the goal 

BP is 130/80. Lifestyle modiications can signiicantly 

lower BP, including weight reduction, a diet rich in 

fruits and vegetables, reducing salt intake, exercising 

at least 30 minutes most days of the week, and limiting 

alcohol consumption to two drinks for men and one 

drink for women per day. If lifestyle modiications are 

not enough, medications can almost always bring the 

blood pressure down to goal with few side efects.

SEE ALSO: Hypertension; Hypertension in Asian Ameri-

cans; Hypertension in Hispanic Americans
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Hypertension in Animal Models

OBESITY AND HYPERTENSION are closely related in 

humans. In most cross-sectional studies, body mass 

index (BMI) and systolic blood pressure are highly 

correlated. In fact, BMI is more closely correlated 

with blood pressure than any factor other than age 

and family history.

In animal models, the relationship between obe-

sity and hypertension is not as clear. Species that 

become spontaneously obese, such as pigs, do not 

show increases in blood pressure with increasing 

weight. Genetically obese mice and rats do not 

have elevations in blood pressure except in asso-

ciation with renal disease. Part of this may be be-

cause leptin increases blood pressure by activating 

the sympathetic nervous system. In genetic models 

of obesity, the capacity to make leptin or respond 

to it is usually lost, in contrast to obese humans 

who have high levels of leptin and are capable of 

responding to the hormone. 

Dietary obesity in animals is often associated with 

increased blood pressure. Feeding dogs two pounds 

of lard in addition to their regular diet induces hyper-

tension as well as weight gain. Diets high in sucrose 

or fructose elevate blood pressure in rats and mice, 

which is sometimes associated with moderate weight 

gain. For dietary obese models, it is not clear that the 

weight gain causes the hypertension. Instead, the in-

creased intake of saturated fat and sugars may raise 

blood pressure along with body weight. A similar co-

nundrum arises in human studies, where it is diicult 

to separate the inluence of obesigenic diets from the 

efects of obesity itself.

Another approach to experimental models of obese 

hypertension is to induce hypertension and obesity in-

dependently, because increased body weight by itself 

is not suicient to evoke hypertension in species other 

than humans and possibly nonhuman primates. A ge-

netic model that arose spontaneously is the spontane-

ously hypertensive obese (SHROB) or Koletsky rat in 

which an obesity-causing mutation arose spontane-

ously in a colony of spontaneously hypertensive rats 

(SHR). he combination of obesity and hypertension 

leads to severe organ damage and an early death from 

renal failure. Genetically hypertensive animals are usu-

ally resistant to dietary obesity, so data on the synergy 

between dietary obesity and genetic or experimental 

hypertension are limited. he induction of experimen-

tal hypertension by renal surgery or mineralocorticoid 

excess causes weight loss in animals, limiting the avail-

ability of models. hus, the leading models of obese 

hypertension are the lard-fed dogs as a model of hy-

pertension induced by dietary obesity and the SHROB 

model of genetic hypertension and obesity.

SEE ALSO: Hypertension; Hypertension in African Ameri-

cans; Hypertension in Children; Hypertension in Hispanic 

Americans; Hypertension Pharmacotherapy.
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Hypertension in Asian  

Americans

HYPERTENSION (HTN) IN Asian Americans is espe-

cially important, because they are the fastest grow-

ing racial population in the United States in terms of 

percentage. Asian Americans are deined as “any of 

the original peoples of the Far East, Southeast Asia, 

or Indian subcontinent.” From 1990 to 2000, the 
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population of Asian Americans increased by 48 per-

cent (overall U.S. rate was 13 percent). In 2003, Asian 

Americans made up 5 percent of the U.S. popula-

tion. Between 2003 and 2050, the population of Asian 

Americans will increase by 213 percent (overall U.S. 

rate 49 percent). hat will be 33.4 million, 8 percent of 

the U.S. population. Central obesity is an important 

risk factor for coronary heart disease in South Asians. 

Obesity increases the blood pressure (BP) in Asian 

Americans, and weight loss decreases their BP. Hy-

pertension occurs at lower levels of obesity in South 

Asians than in Western populations.

HTN is one of the strongest risk factors for cor-

onary heart disease and stroke, two of the leading 

causes of death in all U.S. populations. Higher salt in-

take is associated with higher BP in China. In China, 

salt intake is higher than in the West. Stroke is more 

common in Asian Americans than in Caucasians. 

Higher salt intake is one of the most important risk 

factors for their higher stroke mortality rate than seen 

in the West. HTN is a greater risk factor for stroke in 

Asian Americans than in Caucasians, with diastolic 

BP (DBP) being particularly implicated.

he prevalence of HTN (BP above 140/90 or tak-

ing HTN medication) varies among the Asian Ameri-

can populations. A study of Chinese living in San 

Francisco found a prevalence of HTN of 69 percent. 

Another study of Asian Americans in northern Cali-

fornia found the prevalence of HTN to be 22 percent 

in Chinese, 26.9 percent in Filipinos, 21.7 percent in 

Japanese, and 18.6 percent in “other Asians.” Among 

Koreans in Maryland, 32 percent had HTN. In com-

parison, in 2004, the prevalence of HTN in the United 

States was 29.3 percent. A study found that Filipino 

men and women had higher BPs than other Asian 

American groups.

In San Francisco in 2005, of the Chinese Ameri-

cans with HTN, 41 percent were taking antihyperten-

sive medication, and only 6 percent of them had their 

HTN under control (BP below 140/90). In Maryland 

in 2001, of the Korean Americans (aged 60–89) with 

HTN, 33.6 percent were taking antihypertensive med-

ication, and 7.5 percent were under control. In 2004, 

the overall U.S. treatment rate for hypertensives was 

53.7 percent, and control rate was 33.1 percent. 

here are little data comparing the response to an-

tihypertensive medications of Asian Americans and 

Caucasians. One study found that Chinese were more 

responsive to one BP medication than Caucasians. 

Another study found that the response of persons 

from the Indian subcontinent to HTN medications 

was similar to that of Caucasians. 

hese data demonstrate the need for more educa-

tion of Asian Americans regarding the importance of 

HTN and its control. It also shows the need for more 

efective treatment of HTN by the physicians caring 

for this population. 

SEE ALSO: Hypertension.
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Hypertension in Children

HYPERTENSION, OR ABNORMALLY high blood pres-

sure, is a serious medical problem in children. Children 

who are overweight are at increased risk for hyperten-

sion. Hypertension must be treated to avoid permanent 

health problems. Weight reduction, physical activity, 
While the Asian-American population is diverse, hypertension is, in 

general, an increasing problem across the ethnic group.
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and dietary changes are often used as irst-line treat-

ments that can be supplemented with antihypertensive 

pharmacological agents as needed.

Hypertension can be classiied as primary (also 

known as essential) or secondary. Essential hyper-

tension is a diagnosis of exclusion (i.e., there is no 

clear underlying medical cause) that is associated 

with several risk factors, including obesity. Second-

ary hypertension is the direct result of another con-

dition, most often renal, endocrine, or cardiovascular 

disease. he subcategories of pediatric hypertension 

include prehypertension, stage 1 hypertension, and 

stage 2 hypertension; the percentile cutof of blood 

pressure for each category is based on the child’s sex, 

age, and height. he prevalence of pediatric hyper-

tension is approximately 1 to 5 percent. On average, 

blood pressure appears to be rising; from approxi-

mately 1990 to 2000, blood pressure in children in-

creased 1.4 mmHg in systolic measurement and 3.3 

mmHg in diastolic measurement. 

In children under age 10, the majority of cases of hy-

pertension are secondary to an underlying condition 

such as renal parenchymal disease or renal vascular 

disease. Other causes include endocrine abnormalities, 

coarctation of the aorta, and the use of certain medica-

tions. In adolescents, most cases of hypertension are 

primary, rather than secondary. Risk factors in adoles-

cents for primary hypertension include family history 

of cardiovascular disease and high body mass index.

Hypertension often presents with no visible symp-

toms. If present, symptoms can be vague and may in-

clude irritability, headaches, and sleeping diiculties. 

he American Heart Association recommends that all 

children aged 3 and older have yearly blood pressure 

measurements. For a proper diagnosis, it is important 

that the child avoid intake of stimulant (such as cafeine) 

before the measurement. When the measurement is 

taken, the child should be calm, with a steady pulse in 

the normal range. A blood pressure cuf of appropriate 

size must be used to obtain an accurate measurement. 

If hypertension is suspected, the measurement should 

be repeated twice during that visit, and on at least one 

other visit for conirmation.

Childhood hypertension contributes to early de-

velopment of cardiovascular disease. Long-term 

complications from hypertension include stroke, 

heart failure, renal failure, and retinopathy. Main-

taining a healthy weight, eating a low-fat and low-so-

dium diet, and engaging in regular physical activity 

may help to prevent pediatric hypertension. he irst 

line of treatment for primary hypertension is lifestyle 

change, which can include weight reduction, dietary 

modiication, and physical activity. Antihypertensive 

medications are suggested for patients who do not re-

spond to lifestyle changes, have evidence of end-or-

gan damage, or have stage 2 hypertension. here are 

a variety of medications approved for use in children, 

including thiazide diuretics, angiotensin-convert-

ing enzyme (ACE) inhibitors, beta-blockers, calcium 

channel blockers, and angiotensin-receptor blockers. 

Secondary hypertension may resolve simultaneously 

if the disease causing it is treated. 

SEE ALSO: Child Obesity Programs; Hypertension.
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Hypertension in Hispanic  

Americans

HYPERTENSION (HTN) IS high blood pressure (BP), 

above 140/90mmHg. Hispanics are the largest and 

fastest growing ethnic minority in the United States, 

increasing from 14.5 million in 1980 to 37.4 million in 

2002. Hispanic is not a racial term, but it refers to a 

diverse ethnic group, comprised of people from difer-

ent cultures and ancestries. he two major subgroups 

of U.S. Hispanics are those from Mexico and Latin 

America, living mainly in southwest states, and those 

from the Caribbean, living mainly in Florida and the 

northeastern states. Most available data involve Mexi-

can Americans, the largest group. HTN is seen in 25.1 

percent of Mexican Americans, 27.4 percent of Cau-

casians, and 40.5 percent of African Americans. Obe-

sity increases the BP in these patients, and weight loss 

signiicantly decreases their BP. he prevalence of obe-

sity in Mexican Americans is 29 percent in men and 

40 percent in women. In Caucasians, it is 27 percent in 

men and 30 percent in women.

In 2000, 16 percent of Caucasians and 19 percent of 

Mexican Americans in San Antonio, Texas, had HTN. 

A study in Mexico City found that 19 percent of Mexi-

cans there had HTN. In a study in San Antonio, Mexi-

can Americans had higher all-cause, cardiovascular, 

and coronary heart disease mortality than Caucasians. 

HTN is a major risk factor for cardiovascular disease.

here are little data on the prevalence of HTN in 

Caribbean Hispanics. A study in northern Manhat-

tan found that the prevalence of HTN was 58 percent 

in Caribbean Hispanics compared with 43 percent in 

Caucasians. hey were 62 percent Puerto Rican, 12 

percent Cuban, and 12 percent from other Caribbean 

islands and South America. 

he causes of the diferences in prevalence of HTN 

between Hispanics and Caucasians is unknown. Most 

of the diferences are due to socioeconomic factors, 

and the importance of genetic factors is unknown.

In 2002, 49.8 percent of Mexican Americans who 

had HTN were aware of it. Of those with HTN, 34.9 

percent were being treated for HTN, and only 17.3 per-

cent had their BP under control (below 140/90). 

he BPs of Hispanic Americans with HTN can be 

brought under control with a combination of lifestyle 

changes and medication. Decreasing salt intake, re-

striction of alcohol, losing weight if overweight, and 

regular exercise can signiicantly lower BP. BP medi-

cations are efective in Hispanic Americans with 

HTN. Some barriers to treatment have been identi-

ied, including language problems, poverty, and lack 

of access to primary care physicians. Many Hispanic 

men seek a machismo image in which admission of an 

illness and a need for treatment is a sign of weakness 

and is discouraged. Also, many Hispanic families have 

a strong sense of fatalism, feeling that “It is God’s will 

and no treatment will make much diference.” Initia-

tives must be designed to reduce these barriers and 

increase education about the importance of HTN in 

our Hispanic communities. 

SEE ALSO: Hypertension.
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Hypertension Pharmacotherapy 

OBESITY IS STRONGLY associated with hyperten-

sion. American Heart Association guidelines call 

for prompt antihypertensive treatment in patients 

with blood pressures over 140/90, regardless of body 

weight. Weight-loss programs are not a substitute 

for pharmacotherapy of hypertension. Following 

success in weight loss and maintenance, blood pres-

sure medications may be tapered or discontinued 

with close monitoring.
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Diuretics, especially thiazides, are the most com-

monly recommended irst-line therapy for hyperten-

sion. Reasons for favoring thiazides include proven 

reductions in mortality and cardiovascular events, 

low cost, and the ability of diuretics to be given with 

almost any other agent as part of combination ther-

apy. For obese patients, diuretics may be favorable 

because expanded plasma and body water compart-

ments are common in the obese and may contribute 

to weight-related elevations in blood pressure. hia-

zides are not efective against obesity-related ede-

ma, but can act synergistically with other diuretics 

to reduce excess luid accumulation. Unfortunately, 

diuretics also have unfavorable metabolic efects 

such as elevating glucose and lipids. Diuretic use 

is associated with an increased risk of diabetes. For 

this reason, the dose of thiazide may be kept low (25 

mg or less) and a second potassium-sparing diuretic 

may be added to maintain electrolyte balance.

Beta-blockers are also commonly recommended 

by expert panels on similar grounds to the diuretics. 

Beta-blockers are usually indicated after a myocardi-

al infarction, because they reduce mortality. Unfor-

tunately, beta-blockers have unfavorable efects on 

glucose and lipid metabolism and may favor weight 

gain through slight reductions in metabolic rate and 

lipolysis in adipocytes. In addition, beta-blockers can 

exacerbate asthma. For these reasons, beta-blockers 

are less commonly used in obese patients.

Angiotensin converting enzyme (ACE) inhibi-

tors and angiotensin receptor blockers are increas-

ingly favored as irst-line treatment for hyperten-

sion, commonly in combination with a low dose of 

thiazide. In contrast to diuretics and beta-blockers, 

these agents have favorable efects on metabolic 

proile. Patients receiving ACE inhibitors and an-

giotensin receptor blockers are at reduced risk of 

developing diabetes. Furthermore, they reduce the 

risk of diabetic and hypertensive kidney disease. 

hese agents may be particularly appropriate for 

use in obese hypertensives.

Calcium channel blockers are possibly the most 

efective agents for lowering blood pressure, and are 

widely used as antihypertensives. he metabolic pro-

iles of these agents are mainly neutral, with neither 

negative nor favorable efects. Unfortunately, edema 

is a signiicant side efect to which obese patients 

may be particularly susceptible. 

SEE ALSO: Hypertension; Hypertension in Animal Models; 

Hypertension in Asian Americans; Hypertension in Chil-

dren; Hypertension in Hispanic Americans.
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Hypothalamus

THE HYPOTHALAMUS IS at the base of the brain, 

above the pituitary gland. he hypothalamus governs 

higher autonomic control, including mechanisms 

that maintain constancy of the internal environment. 

Included are controls of food intake and energy ex-

penditure, making the hypothalamus important for 

regulating body weight and adiposity.

he hypothalamus is part of the diencephalon. It 

lies beneath the thalamus and borders the third cere-

bral ventricle. he hypothalamus is divided into nucle-

ar areas distinguishable by cell appearance and neuro-

peptide and neurotransmitter contents. Hypothalamic 

nuclei and other brain areas communicate via com-

plex neural circuits. here are also neural connections 

between the hypothalamus and the posterior lobe of 

the pituitary gland, and vascular connections with 

the anterior lobe of the pituitary gland. hus, distinct 

populations of hypothalamic neurons are positioned 

to inluence neural activity in other brain regions, as 

well as the release of pituitary hormones, and govern 

body temperature, “appetitive” processes such as food 

and water intake and sexual behavior, defensive reac-

tions, and various endocrine and activity rhythms.

he hypothalamus receives nutrient, neural, and 

hormonal inputs indexing whole-body energy sta-

tus, integrates these signals, and coordinates cen-

tral nervous system and peripheral mechanisms 

that defend energy balance. In a simpliied model, 

for example, the arcuate nucleus is a main receiver 
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of energy signals. he arcuate nucleus contains two 

neuron types with receptors for both leptin and in-

sulin, hormones that indicate, respectively, fat mass 

and levels of blood glucose. One neural population 

makes proopiomelanocortin (POMC), precursor 

of alpha-melanocyte-stimulating hormone, which 

stimulates melanocortin-3 and -4 receptors, result-

ing in decreased food intake and increased energy 

expenditure. Food deprivation or underweight de-

creases, and overconsumption or overweight in-

creases POMC. Other arcuate neurons make neu-

ropeptide Y (NPY) and the melanocortin-3 and -4 

receptor inhibitor agouti-related protein (AgRP), 

which increase food intake and decrease energy 

expenditure. Food deprivation and underweight in-

crease NPY and AgRP, and overconsumption and 

overweight decrease them.

he NPY/AgRP and POMC neurons project to 

the paraventricular nucleus (PVN), lateral hypo-

thalamic area (LH), and other hypothalamic nuclei 

with receptors for these neuropeptides. PVN is im-

portant in anorexigenic/catabolic signaling, where-

as the LH is involved in orexigenic/anabolic signal-

ing. he PVN contains multiple neuronal subtypes 

that make oxytocin, corticotrophin-releasing hor-

mone, or other neuropeptides that lead to reduced 

food intake or increased energy expenditure. he 

LH contains neurons that produce either orexins 

or melanin concentrating hormone, which increase 

feeding. PVN and LH projections to the pituitary 

gland and other brain sites mediate these efects on 

energy balance.

SEE ALSO: Agouti and Agouti Related Protein; Appetite 
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Hypothyroidism

THYROID HORMONE, MADE in the thyroid gland 

located in the neck, is an important regulator of the 

body’s metabolism. Hypothyroidism refers to a lack 

of thyroid hormone, usually from underproduction. 

It can result in myriad symptoms, including weight 

gain or obesity, loss of muscle mass, cold intolerance, 

constipation, changes in menstruation, depression or 

slowed thinking, fatigue, congestive heart failure, dry 

skin, and more. Hypothyroidism is more common in 

women and in the elderly. Estimates of the prevalence 

of hypothyroidism vary throughout the world, but it 

may afect as much as 10 percent of older women in 

the United States. 

Normally, the production of thyroid hormone is 

very tightly regulated by complex feedback loops. 

he pituitary gland regulates thyroid gland hormone 

production by altering levels of thyroid-stimulating 

hormone (TSH) in response to stress and levels of 

thyroid hormone in the blood. In turn, the thyroid 

gland uses iodine to make two diferent forms of thy-

roid hormone—T4, a storage form, and T3, the active 

one—which is released into the bloodstream. An in-

crease in TSH should make the thyroid gland produce 

and release more of the hormone. However, in most 

cases of hypothyroidism, the thyroid gland is unable 

to respond. In developing countries, this is often a 

result of iodine deiciency; in the developed world, 

destruction of the gland by autoimmune disease, 

radiation, trauma, or iniltrative processes is more 

commonly the culprit. With any of these causes, the 

TSH level will continue to climb unless thyroid hor-

mone is replaced. 

Less commonly, hypothyroidism can be caused by 

pituitary problems and underproduction of TSH. In 

these cases, the thyroid gland is normal but simply 

has not received the signal to make hormone. he 

TSH may be normal or even low in the face of low T4 

and T3 blood levels. 

On examination, people with untreated hypothy-

roidism may appear normal or have coarsened facial 

features, dry hair and skin, rashes, swelling of the 

feet, and obesity. he thyroid gland may also be en-

larged, resulting in a goiter. he most sensitive test 

for diagnosing hypothyroidism, except in cases of pi-

tuitary disease, is measurement of TSH. Low levels 

of free T4 conirm the diagnosis. Hypothyroidism, 
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whether from thyroid or pituitary disease, is readily 

treated by replacement of thyroid hormone in pill 

form.

SEE ALSO: hyroid Medications.
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Immigration and Obesity 

IMMIGRANTS COMPRISE A large and growing por-

tion of the U.S. population. he term immigrants usu-

ally refers to irst-generation immigrants or people 

who were born outside the United States. However, 

there are also second-generation immigrants (those 

born in the United States with at least one foreign-

born parent) and third-generation immigrants (born 

in the United States of one or more second-genera-

tion immigrant parents). 

Historically, many immigrants have been born in 

countries where the prevalence of obesity is lower 

than it is in the United States. hus, upon arrival in 

the United States, the majority of immigrants have 

had a lower body weight than native-born Americans. 

However, with time, immigrants and their subsequent 

generations of children have tended to have increased 

rates of obesity that meet and even surpass those of 

their native-born counterparts. 

Although this entry focuses on U.S. immigrants, 

developed countries all over the world, including 

Canada, Britain, Austria, Germany, Sweden, Austra-

lia, and Israel, have experienced a similar pattern of 

healthy-weight immigrants growing overweight and 

obese at a rate beyond that of the native born. In ad-

dition, developing countries have been undergoing 

a massive internal migration of people moving from 

the poor rural areas to urban areas with similar re-

sults. Because the immigrant population is the fast-

est-growing population segment in the United States 

and other developed countries, and is signiicant in 

developing countries as well, addressing the issue of 

obesity in immigrants is of increasing consequence 

worldwide.

WHO ARE IMMIGRANTS? 

According to the U.S. Census Bureau, in 2003, the 

U.S. population consisted of 33.5 million foreign 

born, representing 11.7 percent of the population. (In 

comparison, according to the United Nations, there 

were a total of 91 million immigrants in high-income 

developed countries, and 51 million in low- and mid-

dle-income countries in 2005.) 

U.S. immigrants are a heterogeneous population. 

he largest group (53.3 percent) were born in Latin 

America (comprised of Central America, the Carib-

bean, and South America). he second largest group 

(25 percent) were born in Asia. he remainder hail 

from Europe and other regions of the world. Mexico 

has been the top-sending country in contemporary 

times, and has been the wellspring for approximately 

one-third of all immigrants arriving in the United 

States each year since 2000. Historically, most im-

migrants have settled in large metropolitan areas and 

in California and New York. However, the immigrant 

population is becoming more dispersed, with small 

towns and suburbs and states such as Texas, Florida, 
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New Jersey, Illinois, Massachusetts, and North Caro-

lina absorbing an increasing share. 

Most of the existing U.S. data on obesity represent 

immigrants of Hispanic origin because they comprise 

the largest and fastest-growing proportion of immi-

grants in the United States. However, data on Asian 

Americans are increasing. 

OBESITY RATES IN IMMIGRANTS

here is considerable variation in overweight and 

obesity rates among immigrant groups according to 

country of origin, race, length of time in the United 

States, generation, age, and gender. For example, over 

73 percent of Mexican-American adults are over-

weight and 37 percent of Mexican Americans are 

obese. On the other hand, the percentage of Asian 

Americans classiied as obese is very low, with East 

Asian (Chinese, Japanese, Korean) and Southeast 

Asian female immigrants having the lowest rates of 

obesity or overweight: only 9 percent of Vietnamese 

or Chinese women are overweight, but 25 percent 

of Asian Indian women are overweight. Vietnamese 

men have a low prevalence of overweight (17 percent) 

compared with Japanese (42 percent). 

However, weight is not always an accurate relec-

tion of body fat composition or distribution, both of 

which inluence obesity-related risk of disease. his 

is important in relation to Asian immigrants because 

they tend to have a higher percentage of body fat 

per body weight, and for Asian and Hispanic immi-

grants because they tend toward upper-body obesity. 

Indeed, at comparable body weights to Caucasians, 

Asians have higher rates of obesity-related diseases; 

they are twice as likely as Caucasians to have Type 2 

diabetes despite their lower rates of overweight and 

obesity. herefore, the known obesity rates of Asians 

may not be meaningful. he World Health Organi-

zation has suggested diferent criteria for measuring 

overweight and obesity in Asians. However, research 

to date has not been conclusive in suggesting diferent 

criteria for Asians. 

Very little is known about obesity among black im-

migrants, who may include people from a variety of 

African, Caribbean, and South American cultures, 

but are often not distinguished from American-born 

blacks known as African Americans. he overall obe-

sity rate for non-Hispanic blacks is thought to be ap-

proximately 30 percent for men and 50 percent for 

women. here is some evidence that black immigrants 

tend to follow the immigrant pattern of lower rates of 

obesity upon arrival and increasing rates with dura-

tion of residence.

OBESITY IN CHILDREN AND  

ADOLESCENT IMMIGRANTS

Obesity and overweight have been increasing among 

people of all ages, races, and ethnicities; however, 

the rate of increase among immigrant children in the 

United States is particularly alarming. Overweight 

children are at higher risk for Type 2 diabetes and 

other conditions that raise their risk for cardiovascu-

lar disease, and are more likely to become overweight 

as adults. Hispanic children are twice as likely to be 

overweight as non-Hispanic Caucasian children, with 

the rate among 2- to 5-year-olds as high as 35 percent. 
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On the other hand, Chinese, Vietnamese, Hmong, and 

Paciic Islander immigrants have the fastest-growing 

rate of overweight and obese children. Adolescents 

fare just as badly; according to a national survey, 30 

percent of Hispanic adolescents are obese, compared 

to 21 percent of Asian Americans and 24 percent of 

Caucasian non-Hispanic adolescents. Among this age 

group, variations also occur; for example, the obesity 

rates among Chinese adolescents is 15 percent and 19 

percent among Filipinos.

FACTORS AFFECTING IMMIGRANT OBESITY

As is the case with the overall population, many fac-

tors have been associated with overweight and obe-

sity in immigrants. hese include age, sex, marital 

status, socioeconomic status (education, income, 

employment status), health behaviors (diet, physical 

activity), and access to healthcare. For immigrants, 

the latter three are the most salient and are inter-

twined with each other and with acculturation.

Acculturation—changes in immigrants’ behav-

iors, beliefs, habits, and values toward the host 

society’s cultural norms—generally increases over 

time and with each subsequent generation. It has 

become associated with obesity rates in immi-

grants, because the prevalence of overweight and 

obesity also increases the longer immigrants live in 

the United States. 

he overall obesity rate for immigrants who have 

been living in the United States less than one year 

averages about 8 percent. his rate rises slowly for 

the irst 10 years after immigration, but by 15 years, 

it jumps to 19 percent, except in foreign-born Blacks. 

Other data demonstrate a remarkable fourfold in-

crease in the risk of obesity in longer-term immi-

grants (15 years or more) compared with immigrants 

of 5 years or less. he pattern intensiies with each 

generation, with a striking increase in overweight 

between irst- and second-generation immigrants. 

For example, Asian-American and Hispanic adoles-

cents born in the United States (second generation) 

are more than twice as likely to be obese than are 

irst-generation adolescent immigrants.

Acculturation implies that immigrants are choos-

ing to trade their active lifestyles and traditional 

foods—which are generally low in fat and sugar and 

high in whole foods such as grains, fruits, and veg-

etables—for a sedentary lifestyle and high-fat, high-

sugar, calorie-dense foods. However, one must also 

consider the impact of changing living conditions 

inherent in immigration, and interactions with so-

cioeconomic status (SES). 

SES may exert its inluence on health behaviors 

related to obesity in many ways. SES may create 

unique conditions relating to access issues, as a large 

proportion of immigrants are of low SES. Nearly half 

of immigrants live in central cities and most of the 

remaining live in metropolitan areas, which tend to 

have a high proportion of people living in poverty. 

his has implications for both eating and activity 

patterns because many immigrants may lack access 

to healthy foods and places to be physically active. 

Researchers have found that acculturation gener-

ally worsens immigrant diets. Healthy foods such 

as fresh vegetables are more diicult to ind in poor 

urban neighborhoods, compared with aluent areas. 

People living in low-income neighborhoods gener-

ally have poor access to stores that sell healthy foods 

such as fresh vegetables and easy access to fast-food 

restaurants, and the cheaper, more accessible foods 

tend to be energy-dense, high-fat, and high-sugar 

goods. Other factors afecting immigrants’ diet in-

clude lack of familiar foods in their new country; lack 

of familiarity with the community; language barri-

ers; memories of hunger, deprivation, and malnutri-

tion before migration; high-caloric foods equated 

with status; and traditional plant-based diet equated 

with poverty.

Acculturation appears to have a rather mixed 

efect on physical activity. In one study, Hispanic 

women who were less acculturated had a 58-per-

cent rate of inactivity compared with 28 percent for 

those who were more acculturated, and other stud-

ies show that Asian females become more active 

with acculturation. Yet, the physical environment 

in the United States, which depends on cars for 

transportation, does not encourage the walking and 

bicycling that is common in immigrants’ countries 

of origin. For example, rural immigrants routinely 

walked to an open market every day in their birth-

place, but in the United States, they make weekly 

trips to a supermarket. In addition, people living in 

low-income and high-minority neighborhoods have 

reduced access to physical activity facilities due 

to lack of transportation, lack of facilities or pro-

grams, personal or neighborhood safety concerns, 

 Immigration and Obesity 387



and cost. Rural minority women are more likely to 

be completely sedentary than their urban counter-

parts, and this may be due to a lack of access to exer-

cise programs and facilities. 

Immigrants face more barriers to quality healthcare 

and are less likely to receive preventive care than are 

native-born Americans, making obesity prevention 

even more urgent. Although acculturation appears to 

play a strong role in obesity, there is controversy over 

the way acculturation is deined, the methods used 

to measure it, and the interplay between accultura-

tion and SES. Interventions will need to be cultur-

ally speciic if they are to be efective and encourage 

immigrants to maintain the healthy aspects of their 

cultural traditions while adopting healthy aspects of 

Western life. 

SEE ALSO: Ethnic Disparities among Obesity in Women; 

Hispanic Americans; Obesity and Socioeconomic Status; 

World Patterns.
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Implications of Gestational  

Development

CONCEPTION IS THE result of intricate biology, but 

the intricacies of biology do not end at that point as 

the growth and development of the fetus continues 

within the woman’s body for nine months. As the fe-

tus is not a parasite, these required nutrients come 

directly from the mother’s nutrient intake; therefore, 

proper gestational development of the fetus is directly 

dependent upon the intrauterine environment that is 

provided by the mother, and risk of heart disease, dia-

betes, hypertension, and other health problems dur-

ing adulthood have roots linked to maternal nutrition 

during pregnancy. 

When maternal intake is unable to facilitate its 

own survival, thus falling below optimal levels, fetal 

growth and development are compromised more than 

maternal health. In general, nutrients will irst be uti-

lized by the maternal biology to facilitate her health 

and physiological changes and then for the placental 

development and inally to the fetus. To adequately 

provide the developing fetus with its nutritional re-

quirements, changes occur in the maternal body 

composition and functions in a very speciic sequence 

as the successful completion of each change depends 

on the one before it. Critical periods, which are pre-

programmed time periods during development when 

speciic cells, organs, and tissues are formed and in-

tegrated and functions established can be drastically 

inluenced by the nutritional status of the mother. For 

optimal growth during these times, it is essential that 

certain nutrients be available in speciic amounts. 

hese critical periods are one-way routes; any errors 

or lack of development during these periods are ir-

reversible and so cannot be corrected. 

Both deicits and excesses in nutritional status dur-

ing the critical periods can lead to lifelong defects in 

organ and tissue structure and function. Deicits and 

adverse prenatal environmental conditions induce 

adaptive changes that are permanent, promoting sur-

vival in the short term, but increasing vulnerability to 

later environmental stimuli, leading to obesity. Data 

have shown that maternal undernutrition during 

pregnancy leads to intrauterine growth restriction in 

the ofspring, who then plays catch-up after weaning 

and develops metabolic abnormalities later in life in-

cluding obesity, hyperinsulinemia, and hypertension. 

he purpose of developing the ability to store fat 

was biologically and historically one of adaptation. 

During times of food shortage, it would be adaptive to 

be able to store fat for times when food was unavail-

able. However, in the present day and environment 

where food shortage is rare, this adaptive feature has 

turned maladaptive. Many animal models have been 

widely used as a model to decipher how intrauterine 
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restriction afects obesity and one such study con-

cluded that growth-restricted rat pups demonstrated 

signiicant hypoglycemia and hypotriglyceridemia at 

birth and due to their catch-up growth period, they 

developed adulthood obesity with evidence of hyper-

glycemia and insulin resistance. However, if the catch-

up period was delayed, those animals resulted in nor-

mal adult body weight, hyperglycemia, and postnatal 

insulin insuiciency. Protein restriction during gesta-

tion results in growth retardation which persists even 

if a normal diet is introduced after birth but if normal 

diet is introduced during the period of lactation, the 

pup regains weight, although the accelerated body 

weight gain continues and leads to obesity. his in-

formation can be a useful tool as it points to the lacta-

tion period during which interventional means can be 

implemented to gain proper weight. 

Epidemiological studies have further shown that 

fetuses exposed to famine during pregnancy became 

adults with higher rates of intraabdominal adiposity 

than those exposed to undernutrition later in preg-

nancy. Furthermore, the catch-up period, if followed 

right after this deiciency, produced an increased like-

lihood of developing insulin resistance and central 

obesity. his is of escalated concern as intraabdomi-

nal obesity is linked to an increased risk of cardio-

vascular disease and Type 2 diabetes. Both the type 

of dietary restriction during pregnancy as well as the 

period during which malnutrition occurred are criti-

cal for programming adult obesity. 

Gestational diabetes afects women who previ-

ously did not have diabetes but rather develop it 

during pregnancy and its prevalence is steadily in-

creasing along with obesity. It is the second leading 

complication of pregnancy. Although controversial, 

the cause of this speciic diabetes is considered to 

be a form of noninsulin-dependent diabetes, known 

as Type 2 diabetes. During pregnancy, maternal me-

tabolism adjusts to provide nutrition to both the 

fetus and the mother by the increased production 

of hormones such as human chorionic somatomam-

motropin (HCS), bound to a free maternal serum 

cortisol, estrogen, and progesterone which all help 

to increase production and secretion of insulin as 

well as enhance insulin sensitivity. 

Fetal glucose levels are directly proportional to 

maternal glucose concentrations, but insulin is not 

because it does not cross the placenta. Since blood 

glucose crosses the placenta but insulin does not, the 

fetus’s pancreas must compensate by producing more 

insulin to prevent metabolic abnormality. he fetal 

liver responds to rising insulin levels by increasing 

glucose production and uptake and the conversion of 

glucose into triglycerides. he mechanism by which 

fetal insulin secretion afects growth is anabolic accre-

tion of fat, muscle, and bone and may program meta-

bolic adaptations, which may increase the likelihood 

that issues such as diabetes and obesity will develop 

later in life. Maternal hyperglycemia leads to excess 

fetal insulin, itself a growth hormone for the fetus and 

so ofspring of mothers with gestational diabetes have 

higher birth weights. 

For the irst nine months of development, the fetus 

undergoes incredible growth and this is solely inlu-

enced by the environment the mother provides the 

fetus via the intrauterine environment. 

SEE ALSO: Infant Weight Gain and Childhood Overweight; 

Low Birth Weight.
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Implications of Restriction of 

Foods on Child Feeding Habits

AS MORE CHILDREN are becoming overweight 

at school age and even preschool age, researchers 

have focused their attention on the feeding strat-

egies of parents as one possible factor afecting 

weight problems in children. One theory holds that 

parents, by restricting their children’s access to un-

healthy foods, impair the children’s ability to regu-

late their own intake, leading paradoxically to over-

weight children. Indeed, for some children, parental 

restriction seems to be associated with disordered 

self-regulation and even increased weight. However,  
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this inding is inconsistent and varies depending on 

age, gender, and ethnicity. 

Left to their own devices, infants and young chil-

dren are able to follow internal cues of hunger and 

satiety in order to regulate their intake appropriately 

as young as 6 weeks of age. As they become older, 

external factors in the environment can inluence or 

even replace this internal feedback mechanism. hese 

factors may include the availability and accessibility 

of foods, modeling of dietary patterns by parents or 

others in their vicinity, and conditioning, either inten-

tional or accidental, by caretakers. 

he tendency for parents to try to inluence the 

amount that infants eat is one explanation for the 

well-known fact that breastfeeding infants are less 

likely to become overweight; if parents cannot see 

how much milk an infant takes, they are less likely to 

push the infant to take a little more. A recent study 

demonstrated that this tendency explains some, but 

not all, of the protective efect of breastfeeding.

In some settings, a parent’s tendency to control 

what a child eats clearly afects both the kinds of food 

a child prefers and the amount of calories a child con-

sumes. Increased pressure to eat fruits and vegetables, 

for example, may make these foods less desirable and 

decrease intake, while restriction of sweets may make 

them seem more desirable and increase intake in the 

long term. Repeated exhortations to “clean your plate” 

or limiting access to food when a child is hungry can 

teach a child to ignore his or her own internal signals 

and instead eat food based on availability. In today’s 

environment of cheap, easily available, energy-dense 

food, such behavior can easily lead to overweight.

he connection between restriction of food by 

parents and increased energy intake in children, and 

in some cases between increased energy intake and 

overweight, has been shown for mothers and daugh-

ters in several settings. Of note, the majority of these 

mother and daughter pairs are middle class and white. 

he indings have not held true for boys nor have they 

held true for other ethnic or racial groups. Some large 

studies of mixed ethnic populations have also not 

found any association.

Complicating this picture is the question of causa-

tion. While it may be true that a controlling parental 

style can lead to an overweight child, it is also certainly 

true that a parent’s concern about a child who is over-

weight (or underweight, for that matter) can lead to a 

controlling style. Because these relationships can in-

luence each other, separating out which is the initial 

cause can often be diicult.

It is not surprising that children may lose their 

ability to regulate their food intake based on internal 

hunger cues as they age. Most adults are poor regu-

lators of food intake based on hunger cues alone as 

well. Indeed, in most cultures, food serves a social 

function much greater than simply that of providing 

sustenance. he importance of culture in mediating 

behaviors surrounding food may explain at least in 

part the wide variation in efects of food restriction 

based on gender and ethnicity.

he complicated relationship between restriction, 

food preferences, and energy intake creates some dif-

iculty in terms of treating the overweight child. While 

it is important that a child learns to adjust his or her 

own intake, there is no available evidence that teach-

ing these skills alone will lead to weight reduction or 

even weight maintenance in an overweight child. Many 

current nutrition experts advocate the “division of re-

sponsibility” in feeding—that is, the parents decide 

what kinds of food are available and the child decides 

how much of each food he or she wants to eat. his ap-

proach is predicated on the notion that the parent will 

provide healthy foods from which the child may choose. 

Again, evidence is lacking regarding the efectiveness of 

this approach. Nor does it address the question of the 

“unhealthy” foods that are widely available outside the 

home—if they are not available, will that be perceived 

as restriction by a child, and if so, will that create even 

more desire for the unavailable food? Further research 

is needed to sort out these issues as well as the overall 

impact of parental feeding restriction over time.

SEE ALSO: Accessibility of Foods; Changing Children’s 

Food Habits; Dietary Restraint; Energy Density; Food In-

take Patterns; Food Preferences; Food Reward.
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Impotence

OBESITY CAN ADVERSELY afect sexual function and 

reproductive success, in both men and women. A 

study of women with an abnormal female sexual func-

tion index (FSFI) compared to women with a normal 

FSFI when matched for age and menopausal status 

found that obesity adversely afected sexual function. 

All women were free of diseases known to alter sex-

ual function. Body mass index (BMI) correlated with 

sexual function but not waist-to-hip ratio. Pain dur-

ing intercourse and desire did not correlate to BMI, 

but arousal, lubrication, orgasm, and satisfaction did 

correlate. FSFI was lower in overweight women and 

cholesterol and triglycerides were higher. hus, being 

overweight can afect female sexual function and this 

is generally correlated with an increased BMI.

Erectile dysfunction (ED) is self-reported by one in 

ive older males. It is especially common in Hispanic 

males and African-American males and those with a 

history of diabetes, obesity, smoking, and hyperten-

sion. Not all men seek treatment, but if they did, the 

cost is high for treatment pharmacologically.

Studies suggest that higher LDL cholesterol and 

triglyceride levels, regardless of the presence of met-

abolic syndrome, are associated with lower testos-

terone levels. BMI is also inversely correlated with 

testosterone levels across men. When the data were 

examined as a whole, diabetes, fasting glucose great-

er than 110 mg/dl, BMI greater than 30 kg/m, and 

triglycerides of 150 mg/dl or greater correlated with 

lower testosterone. hese men are likely to have el-

evated estrogen-to-testosterone ratios as well.

A study of men 40 years and older who completed 

the International Index of Erectile Function revealed 

that 40- to 60-year-old men’s central obesity did not 

correlate with ED. In men older than 60 years, ED 

correlated with waist–hip index, waist–thigh index, 

sagittal abdominal diameter, sagittal abdominal di-

ameter–height index, and maximal abdominal cir-

cumference. herefore, central obesity, also known 

as the “apple shaped” body type, is a signiicant factor 

in ED for men over 60 years old.

Looking at the topic from the other side, ED is a 

predictor of metabolic syndrome. Using data from 

the Massachusetts Male Aging Study, a popula-

tion sampled 1987–89, 1995–97, and 2002–04, and 

metabolic syndrome as deined by the Adult Treat-

ment Panel Guidelines III, ED predicted metabolic 

syndrome in men with a BMI of 25 or lower. he 

clinical signiicance is that the presence of this chief 

complaint should lead to investigations regarding 

early signs, symptoms, and physiological changes 

suggestive of obesity, metabolic syndrome, cardio-

vascular disease, and diabetes so often seen with 

this condition. 

Another cause of ED is Peyronie’s disease (PD). 

In 206 male patients with diabetes, 20 percent had 

PD. he risk factors for PD include age, obesity, and 

smoking. Diabetes should be added to the list of 

known risk factors. he pathogenesis is likely due to 

plaque deposition in the blood vessels of the penis. 

Such plaque is most commonly seen in the obese or 

men at risk for diabetes, central obesity, and meta-

bolic syndrome.

Obesity afects sexual function in both women and 

men. In women, it is correlated with an increased 

BMI. In men, ED is correlated with decreased testos-

terone, serum lipid and glucose values, increased cen-

tral obesity with increased age, metabolic syndrome, 

and Peyronie’s disease. he efect of obesity on declin-

ing sexual function occurs by several pathways.

SEE ALSO: Body Mass Index; Central Obesity; Estrogen 

Levels; Hormones. 
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Impulsivity

IMPULSIVITY IS A psychological condition that man-

ifests itself in destructive behavior that is repeated 

uncontrollably. Binge-eating disorder is a recent 

clinical inding related to impulsive behavior that 

has shown increasing prevalence as the incidence 

of obesity has continued to rise. Treatments include 

selective serotonin reuptake inhibitors and cogni-

tive behavioral therapy.

Impulsive behavior occurs quickly and sponta-

neously with impaired inhibition of an act that is 

harmful to the individual or to others. his impul-

sive act is performed repetitively, with little thought 

involved. he behavior begins with impulsivity 

(arousal or tension) that precedes the committing 

act. he compulsive drive releases this tension dur-

ing the act itself. his experience perpetuates itself 

as a short-term gain of gratiication followed by a 

larger, long-term negative consequence. hese be-

haviors can interfere with personal relationships, 

family ties, and career performance.

he disorder has been classiied under a spectrum 

of impulse control disorders (ICDs) since the early 

1990s, which in itself is a large component of obses-

sive-compulsive spectrum disorders (OCSD). his 

category of OCSD is distinct from obsessive-com-

pulsive disorder (OCD), which manifests itself as an 

anxiety disorder, whereas OCSD (at least initially) 

ensues as a pleasurable experience.

Binge-eating disorder is similar to bulimia nervo-

sa in that a binge generally occurs in a short amount 

of time, occurs discreetly away from others, and 

the food consumed has a far higher caloric content 

than a typical meal. hose with either disorder eat 

when they are not physically hungry and generally 

consume food until they are overly satiated. he 

main diference is that those with bulimia nervosa 

will attempt to forcefully remove the ingested food 

from their bodies by vomiting, laxatives, or intense 

physical exercise, and those with binge-eating dis-

order will not.

Binge-eating disorder has gained recent notoriety 

due to the obesity epidemic and is subsequently be-

ing more frequently evaluated by mental healthcare 

providers. Obesity is not necessarily a feature of this 

disorder; however, the obese population may have the 

highest prevalence of binge-eating disorder with rates 

found to be as high as 30 percent in weight-loss clinics 

compared to 2 to 3 percent in the general population.

While tests do not test for impulsivity alone, they 

can determine basic identifying characteristics that 

may suggest issues problematic for the patient. he 

SCOFF (SCOFF is a mnemonic for the key word 

in the ive questions: Sick, Control, One, Fat, and 

Food) questionnaire and the Eating Disorder Screen 

for Primary Care (ESP) are two short surveys that 

can screen those in need of further evaluation. he 

gold-standard assessment is the Eating Attitudes 

Test (EAT), which has 90 percent accuracy in deter-

mining eating behaviors and attitudes.

Pharmacological treatments vary considerably in 

diferent ICDs. Selective serotonin reuptake inhibi-

tors (SSRIs), primarily luoxetine and luvoxamine, 

are generally used across the board with varying ef-

fectiveness in most ICDs. Mood stabilizers, primar-

ily lithium and carbamazepine, are often also used 

in disorders such as pathological gambling, inter-

mittent explosive disorder, and compulsive-impul-

sive shopping. Other drugs commonly used in ICDs 

include opioid antagonists, such as naltrexone.

Another suggested genetic physiological compo-

nent between obesity and impulsivity is a melano-

cortin-4 receptor gene mutation. It was found that 

of the population study (24 patients), all of the car-

riers of the gene had episodes of binge eating. Less 

than 15 percent did not have the mutation, but still 

had binge eating.

Nonpharmacological treatment for impulsive be-

havior includes cognitive behavior therapy (CBT). 

his focuses on three main components: determin-

ing the initial behavior trigger, changing the behav-

ior, and evaluating consequences. he patient can 

determine the causes by writing down events as 

they transpire and the surrounding circumstances, 

which is essential for behavior modiication. Exam-

ples of behavior modiication for the obese can be 

as simple as limiting locations of eating to drinking 

water  between each bite. Finally, to reinforce the 

remodeled behavior, positive rewards (other than 

food) are utilized. 

Combining CBT with a medication can increase 

the success rate of the treatment. Serotonin reup-

take inhibitors are the most commonly prescribed 

drugs and the most efective pharmacotherapy for 

impulsive behavior. However, when this drug is 
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stopped, the condition will relapse without other 

treatments, so a multidisciplinary approach will be 

most efective.

SEE ALSO: Neurotransmitters; Obsessive-Compulsive Dis-

order; Psychiatric Medicine and Obesity.
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Inaccessibility of Exercise 

IT IS WIDELY accepted that widespread physical in-

activity plays a role in the current high prevalence 

of excess weight. Physical activity, or exercise, may 

both prevent and reverse obesity. In addition, even 

when little or no weight loss occurs, regular physi-

cal activity can mitigate many of the detrimental 

health conditions associated with obesity. Unfortu-

nately, most people do not get enough exercise even 

when they understand its beneits and would like 

to be more active. Studies have found that inacces-

sibility of exercise programs and places to exercise 

is a major barrier for many people. Exercise may be 

inaccessible for many reasons including lack of con-

venience, awareness, afordability, and appropriate-

ness for age, culture, or ability.

National and international organizations such as 

the Centers for Disease Control and Prevention and 

the World Health Organization recognize the issue 

of exercise accessibility because improving access 

has the potential to inluence entire populations, 

not just individuals. Public health is undergoing a 

paradigm shift toward approaches that promote 

physical activity by addressing structural and design 

factors in the environment, as well as personal and 

social factors. Along these lines, places to exercise 

include not just athletic facilities, health clubs, and 

sports ields. Current thinking encompasses a myr-

iad of ordinary public places—parks, streets, trails, 

schools, waterfronts, and even indoor staircases—as 

places where people can be physically active regard-

less of income or ability. It also broadens the scope 

of exercise beyond push-ups and tennis to include 

such everyday activities as walking and bike riding 

for transportation as well as recreation, gardening, 

playing catch, and taking the stairs instead of the el-

evator. Such activities can be integrated into daily 

life more easily and less expensively than trips to the 

gym. Evidence is building that improving the actual 

and perceived availability, awareness, and appeal of 

public spaces would enable many more people to en-

gage in “active living.” 

Some segments of the population such as chil-

dren, minorities, immigrants, people of low socio-

economic status, seniors, and people with activity 

limitations such as mobility disabilities and visual 

impairments are at particular risk for obesity as 

well as insuicient access to exercise. herefore, 

increasing the accessibility of places to be physi-

cally active would beneit everyone, especially those 

who are currently at a disadvantage. For example, 

schoolchildren would beneit from more and bet-

ter sidewalks, shorter distances to schools, and less 

traicked streets, enabling a greater number to walk 

or bike to school. Communities with low incomes 

and ethnic disparities would beneit from free or 

low-cost exercise and recreation facilities including 

trails and parks, especially if culturally appropriate 

activities were featured. 
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As research continues to ine-tune knowledge 

about the role and characteristics of accessibility, ef-

forts are already under way to act on the knowledge 

that already exists. Such eforts encompass a range of 

actions, from simply posting reminder signs to em-

ployees to take the stairs, to fundamental changes in 

policies and practices that govern the places where 

people can be more active. Some communities are 

implementing existing policies such as enforcing the 

mandated amount of physical activity required in 

school by hiring or training more staf and provid-

ing safe attractive school yards. Some are improving 

existing policies such as incorporating more bicycle 

lanes of a design that is more parent/child/senior 

friendly. Still others are enacting new policies such as 

guaranteed funding for parks or legislation giving tax 

breaks to employers who provide workplace itness 

programs and facilities. hese and other eforts, it is 

hoped, will combine to create activity-friendly com-

munities that provide for more accessible exercise 

and thus increased physical activity.

SEE ALSO: Safety of Urban Environments.
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Income Level

INCOME LEVEL IS a term generally derived from 

personal income, or assessed via income proxies, to 

provide demographic information about individuals 

and/or groups. High, medium, and low income lev-

els relect varied levels of aluence and educational 

attainment, and therefore are contributing factors to 

socioeconomic status. Lower income levels have been 

found to be associated with increases in obesity and 

comorbidities such as diabetes, hypertension, and 

high serum cholesterol.

In the least complex accounting terms, income from 

which income level is derived is all money earned dur-

ing a speciied period of time. he Bureau of Economic 

Analysis deines sources of personal income as wages, 

salaries, employee compensations, and supplements 

fewer contributions for government social insurance, 

adjusted proprietors’ income, rental income, interest 

and dividend income, and government social beneits. 

However, the U.S. Census Bureau measures money 

income, deined as earnings before taxes that do not 

include the value of noncash government social ben-

eits such as food stamps, Medicare, Medicaid, public 

housing, and employer-provided fringe beneits, and 

uses money income to calculate per capita, real me-

dian income and household incomes. Nonregular in-

come, from bartering to illegal activities, is not dein-

able for the purposes of data collection and statistics, 

even though it may contribute to income levels.

Researchers working with various groups some-

times choose to assess “resources” as income, and thus 

choose to include government beneits, for example, 

social security income, food stamp beneits, and so 

forth, in income determinations. Median and house-

hold incomes that take into account annual changes in 

the consumer price index are available to discern the 

general economic well being as well as the number of 

people in varied income levels per region.

he minimum income level below which a person 

is oicially considered to be lacking in adequate sub-
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sistence and to be living in poverty is annually cal-

culated and published in the Federal Register by the 

Department of Health and Human Services. his cal-

culated value is referred to as the poverty level, pov-

erty threshold, or poverty line and is used for qualify-

ing individuals within families with an income deicit 

for various government social beneits. he U.S. Cen-

sus Bureau publishes the absolute poverty threshold 

and other income levels, for example, 125 percent 

poverty level, by sex, age, and race by state, county, 

and so forth. It is important to note that these calcu-

lations do not vary geographically and are therefore 

insensitive to cost-of-living diferentials.

To compare households’ incomes to the federal 

poverty threshold, family unit size and annual income 

must be discerned. Researchers should take note that 

in lower income households, family unit size varies 

radically and its discernment can be a diicult due 

to the inherent complexity of deining “household 

member” in populations with a high prevalence of 

extremely varied intergenerational households and 

shared living arrangements, for example, residence 

in group housing situations or shelters. Furthermore, 

self-reported income igures can be diicult to col-

lect and/or discern due to inherent complications, 

for example, weekly variations in income, the embar-

rassment some individuals experience in revealing 

their income, and so forth. 

Because income level can be diicult to collect, 

various other proxies have been used in its stead. 

hese include variables such as education, educa-

tional degree type, job type and industry, dwell-

ing size, landholdings/landlessness, ownership of 

various resources such as cars or refrigerators, or 

in developing countries, possession of livestock or 

plumbing, and so forth. Because income levels are 

used for qualifying individuals within families with 

an income deicit for various government social 

beneits, participation in such programs is a popu-

lar income level proxy. For example, incomes at or 

below 130 percent of the poverty level qualify in-

dividuals/households for participation in the Food 

Stamp Program or for free-meal eligibility in Child 

Nutrition Programs; incomes at or below 185 per-

cent of the poverty level qualify individuals/house-

holds for participation in Women, Infants, and Chil-

dren (WIC) or for reduced-priced meal eligibility in 

Child Nutrition Programs.

Alternatively, resources are often used as income-

level proxies. hus, the term limited-resource audi-

ences is often used synonymously to describe low-

income communities. Limited-resource audiences 

have been deined as “those whose income and oth-

er combined available assets, such as savings, credit 

availability, and real and personal property (e.g., real 

estate, furnishings, vehicles, etc.), are suiciently 

low that, if other requirements unrelated to their as-

sets are not taken into account (e.g., residency and/

or citizenship) they and/or their family members 

would be eligible for one or more public assistance 

programs, such as the Food Stamp Program, the 

Special Supplemental Program for Women, Infants, 

and Children (WIC), Head Start, and Child Nutri-

tion Programs. Individuals and/or families whose 

income and/or assets are slightly above this quali-

fying level may still be considered to be limited-re-

source individuals if their assets remain scarce and 

they continue to reside in an area where limited-re-

source individuals are prevalent.”

Regardless of the income level assessed, this so-

cioeconomic variable has been repeatedly identiied 

as a signiicant variable in relation to overweight and 

obesity, both in terms of obesity’s epidemiology as 

well as many pertinent related variables, that is, the 

foods individuals and group eat and the leisure time 

physical activities in which they engage. 

SEE ALSO: Food Stamp Nutrition Education Program; 

Head Start.
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Increased Reliance on  

Automobiles

THERE ARE MULTIPLE, interrelated reasons for the 

obesity epidemic. One causal factor is believed to be 

the increase of dependence upon the car for mobility. 

With ever-increasing rates of vehicle ownership, ex-

panding cities, and expanding waistlines, healthcare 

researchers and urban planners are extensively exam-

ining the link between the physical and social environ-

ments and obesity. 

here is great debate about the true scope of the 

role of automobiles in causing America’s weight gain. 

Some claim that people living in disadvantaged ur-

ban areas (which have the lowest rate of vehicle own-

ership) have the highest risk of obesity; others claim 

that lifestyles attached to suburban sprawl are key 

factors. hese claims are not necessarily in conlict 

with each other; they are merely diferent viewpoints 

within the obesity discourse. Regardless of demo-

graphics and geographies, the automobile impacts 

lifestyle choices, which in turn afects daily decisions 

and options for mobility. 

To understand how the automobile became an agent 

of obesity, one must know a little about how cities and 

society have changed in the past several decades. Be-

fore World War II, most Americans did not live in ur-

ban areas. hose who did were concentrated primarily 

in city centers. In general, these centers were traversed 

by foot, bicycle, and bus to access commercial needs 

and employment opportunity. Because of economics 

as well as the point in history, vehicle ownership was 

low as America emerged from the Great Depression. 

he onset of World War II created an economic boom. 

Many women went to work for the irst time to ill the 

employment gap left by men serving in the military. As 

GIs returned from the war, the savings, incomes, and 

inancial incentives to purchase new suburban single-

family homes created major population shifts. Fami-

lies left the city centers and countryside to populate 

the new communities. hese changes encouraged and 

required the purchase of a family car, the construction 

of the highway system, and reduced the need for pub-

lic transportation among the emerging middle class. 

Many suburban communities did not provide bus lines 

that linked directly to the employment centers. his 

forced workers to become car dependent and reduced 

the exercise associated self-propelled forms of mobil-

ity. At the same time, lifestyle changes also increased 

the demand for vehicle ownership. For example, as 

women increasingly entered the workforce, house-

holds required an additional vehicle for commuting to 

work. With the increase in disposable income, travel 

for shopping and recreation also increased, and din-

ing out became a form of entertainment. All the while, 

bedroom suburban communities continued to grow.

Since the 1960s, the number of people per house-

hold has decreased, while the number of cars per 

household has increased. he number of American 

drivers has also increased along with the length of ve-

hicle trip and number of miles driven per year. Over-

all, Americans spend more personal time driving, and 

they travel farther each year. Likewise, American work 

hours and commuting time are increasing. In 2005, 
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the U.S. Census Bureau reported that Americans 

spent more than 100 hours commuting to work each 

year. While 76 percent of to/from work trips were by 

driving, only 15 percent of car travel was commuting 

to and from work. Automobiles cannot be blamed as 

the only, or even primary, cause of obesity; however, 

the reliance can easily translate to decreased physical 

activity, less time for physical activity, and increase of 

carryout meal consumption. 

he automobile reliance is a choice for many, 

whereas it is a requirement for others. Factors that 

impede other mobility options as well as encourage 

obesity include physical environment design issues 

(such as sidewalks, bicycle lanes, and play spaces), 

area safety, access to fast-food drive-through lanes, 

and lifestyle choices that demand more time spent 

driving because of distance between home, work, 

retail, and so forth. Even in suburban communities 

where physical distance is not a major factor, Ameri-

cans still largely rely on the automobile to travel for 

ease, comfort, and time saving. Today’s schoolchil-

dren are more likely to be driven to school by parents 

rather than walk or ride bicycles. Without enough 

physical playtime, this decrease in activity is also 

causing a rise in childhood obesity. 

While researchers continue to examine the factors 

surrounding car ownership and obesity, it is safe to 

make certain logical assumptions. Automobile own-

ership or access decreases the physical activity associ-

ated with walking and bicycling as travel modalities. 

Although many individuals will replace this lost ac-

tivity with other forms of exercise, many others will 

not by choice or lack of time. Even as cities continue 

to expand outward, more communities are being de-

signed to promote healthy lifestyles by reducing the 

need to depend upon an automobile for all trips.

SEE ALSO: Eating Out in the United States; Exercise; Fast 

Food; Income Level; Safety of Urban Environments.
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Increasing Portion Sizes

OVER THE LAST 30 years, portion sizes of many food 

items available in restaurants, fast-food establish-

ments, and supermarkets in the United States have 

increased. his increase has paralleled the rise in the 

rate of obesity over the same time. Increased intake of 

calories from larger portions may be one cause of the 

obesity epidemic.

At its most basic level, obesity is caused by an en-

ergy imbalance. When energy intake (the number of 

calories ingested as food) exceeds energy expended 

(the number of calories used during exercise or other 

metabolic processes), the excess energy will be stored 

as fat. Large portion sizes can increase energy intake 

directly because they contain more calories, but also 

indirectly because they encourage people to eat more. 

When individuals monitor their food intake, many fo-

cus on the content of the food (i.e., how much of the 

food comes from protein, carbohydrates, or fat), but 

fewer pay attention to the portion size. 

Although they may not be aware of it at the time, 

people given larger portion sizes generally increase 

their caloric intake. In both laboratory and real set-

tings, adults given varying portion sizes of food will 

consume more calories when given the larger portion 

and will not adjust their intake at the following meal. 

his efect is seen regardless of age, gender, or current 

body weight. 

Evidence for the increase in portion sizes comes 

from many locations. Portion sizes from restaurants 

and food manufacturers have been found to be al-

most uniformly higher than recommended Food and 

Drug Administration (FDA) and United States De-

partment of Agriculture (USDA) standards, some-

times by as much as seven times. his increase in 

availability of larger portions began in the 1970s and 

accelerated in the 1980s. Consumer survey data also 

shows increasing portion sizes for items such as soft 

drinks, beer, wine, and cereal. Companies have in-

creased product to the point where the smallest size 

currently available is often larger than the only size 

ofered 30 years ago.

Several approaches may be helpful in slowing or re-

versing these trends. Individuals may be taught how 

to estimate appropriate portion sizes themselves, or 

be taught to pay closer attention to internal cues of 

satiety. Governments or businesses may make serving 
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size information more available, or discount or reward 

reasonable portion sizes. Another approach might be 

to encourage intake of large portions of foods such as 

fruits and vegetables. Because of high water content, 

these foods have lower energy density (the number 

of calories per given weight of food) and may create 

feelings of fullness while decreasing the total energy 

intake during a meal.

SEE ALSO: Accessibility of Foods; Dietary Restraint; Eco-

nomics of Food; Energy Density; Food Intake Patterns.
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Indirect Calorimetry 

INDIRECT CALORIMETRY IS a method used to deter-

mine how many calories a person is using during dif-

ferent physical conditions. his is a useful technique 

because the amount of calories a person uses will vary 

from one person to the next based upon physical char-

acteristics such as body weight and percent body fat. 

Indirect calorimetry works by measuring the amount 

of oxygen a person consumes and carbon dioxide the 

person produces. Additionally, the nitrogen content 

in the urine is calculated to determine the total num-

ber of calories utilized. Indirect calorimetry difers 

from direct calorimetry, which measures the amount 

of heat released from the body. Scientists convert 

information about the heat that is released from the 

body to calories based upon several principles from 

physics. Direct calorimetry is diicult to measure; it is 

both expensive and laborious and thus indirect calo-

rimetry is the preferred method to measure how many 

calories are used by certain activities. Other measure-

ments to assess the caloric needs of an individual are 

based upon equations that estimate an individual’s 

age, height, weight, and gender. hese assumptions 

are less accurate than indirect calorimetry.

For research purposes, indirect calorimetry can 

be used to measure how many calories are used 

during sleeping, resting, response to exercise, or a 

24-hour period. hese diferent terms apply to dif-

ferent types of calories utilized. Sleeping indirect 

calorimetry measurements can estimate how many 

calories are utilized while a person is sleeping. Rest-

ing (sometimes referred to as basal, fasting, or post-

absorptive) indirect calorimetry measurements can 

estimate that amount of calories used by the body 

to maintain all essential life processes (i.e., breath-

ing and heart rate). Response to exercise indirect 

calorimetry measurements can estimate the amount 

of calories utilized during physical activity (i.e., run-

ning or swimming). Finally, the 24-hour indirect 

calorimetry measurements can estimate the total 

amount of calories a person uses during the course 

of a day (all activities).

Indirect calorimetry collects breath samples to 

determine the oxygen consumption and carbon di-

oxide production. he breath samples may be col-

lected through several diferent methods including 

a facemask for calories used during exercise, a large 

plastic hood for calories used during resting condi-

tions, and a human respiratory chamber (sometimes 

called a metabolic chamber) to measure sleeping or 

24-hour energy expenditure. Each of these methods 

has its advantages and disadvantages. he use of 

a facemask will most accurately assess how many 

calories a person is using during exercise. However, 

a person must wear this mask while performing his 

or her exercise and needs to be near an analyzer to 

determine oxygen and carbon dioxide levels. his 

can limit the testing to riding a stationary bike or 

running on a treadmill, and cannot be used for hik-

ing or swimming. 

Additionally, some people ind the mask uncom-

fortable. he large hood for measuring calories dur-

ing resting conditions is much more comfortable 

than the mask used during exercise, but this test is 

limited to a person lying in bed. herefore, it cannot 

be used in many experimental settings. A human re-

spiratory chamber is an efective way to measure the 

total amount of calories utilized over a certain time 

period, usually 24 hours. hese chambers are sealed 

of from the outside environment and a person re-
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mains inside for an entire test period. he chamber 

is normally equipped with all of the items a person 

needs for a 24-hour period including a bed, toilet 

and sink, exercise equipment, telephone, and televi-

sion. Patients are normally instructed to follow cer-

tain protocols while inside a chamber. hey spend a 

certain amount exercising, resting, eating, and doing 

light activities (i.e., reading or watching television). 

Analyzers in the chamber measure the amount of 

oxygen and carbon dioxide in the room. his test 

relects more free living than the other methods de-

scribed and may better calculate the total number of 

calories used over the course of a day. hese cham-

bers are very expensive and laborious to maintain 

and can be found only in research institutions.

Indirect calorimetry may also be used in a clini-

cal setting to assess the caloric needs of patients in 

hospitals. Diferent disease states will alter a pa-

tient’s caloric requirements and it is important to 

accurately assess their requirement from a normal 

recovery. For example, a burn victim would need 

to increase the amount of calories he or she con-

sumes. However, it might be diicult for the clini-

cian to determine the exact amount of calories the 

patient needs because of the severity of the burn. 

Bedside indirect calorimetry machines are utilized 

in hospitals to accurately determine the caloric re-

quirements of an individual. 

SEE ALSO: Caloric Restriction; Metabolic Rate.
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Infant Growth Rate

GROWTH IN INFANCY follows a pattern which is in-

luenced by multiple factors including genetic such as 

mid-parental height, low birth weight, calorie intake, 

and psychosocial factors such as availability of food. 

Infants’ energy and successful development is depen-

dent on good nutrition in the irst year of life. Infancy 

is a period marked by rapid physical growth and brain 

development. he energy required to support these 

processes is extraordinary. Undernutrition in infancy 

can lead to later cognitive delays. Infancy is divided 

into several stages, with physical growth, developmen-

tal achievements, nutrition needs, and feeding patterns 

varying signiicantly in each. he most rapid changes 

occur in early infancy, between birth and 6 months of 

age. In middle infancy, from 6–9 months, and late in-

fancy, from 9–12 months, growth slows but is still rapid. 

Healthy full-term infants who are fed on demand usual-

ly consume the amount they need to grow well. Feeding 

infants is much more than simply ofering food when 

they are hungry, and it serves purposes far beyond sup-

porting their physical growth. Feeding provides oppor-

tunities for emotional bonding between the parent and 

infant. When feeding their infant, parents strengthen 

their sense of what it means to be a parent.

PHYSICAL GROWTH

Infants lose approximately 6 percent of their body 

weight after birth because of luid loss and some 

breakdown of tissue. hey regain their birth weight 

by 10–14 days after birth. Typically, infants double 

their birth weight by 4–6 months and triple it by one 

year. On average, infants gain 5–7 ounces per week, 

or 26–30 grams per day in the irst 4–6 months and 

3–5 ounces per week, or 17–18 grams per day. In-

fants gain 3–4 ounces per week and 12–13 grams per 

day and from 9–12 months 2–3 ounces per week or 

9 grams per day. Infants usually increase their length 

by 50 percent in the irst year, but the rate of increase 

slows down during the second half of the year. From 

birth to 6 months, infants gain approximately an inch 

a month, and from 6–12 months of age, they gain 

about 1/2 inch each month.

Growth rates of breastfed and formula-fed infants 

difer. Breast-fed infants grow more rapidly in the irst 

2–3 months but less rapidly from 3–12 months of age. 

Infants who are genetically determined to be tall but 
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who are born short may experience catch-up growth 

during the irst 3–6 months. here has been some sug-

gestion in the literature that rapid periods of catch-up 

growth may not be a good thing, as during these times, 

infants may be more likely to add fat, as opposed to 

muscle.  Rapid early growth rate has been associated 

with increased risk of obesity in adulthood. However, 

infants who are genetically determined to be short but 

who are long at birth tend to maintain the same rate 

of growth for several months and then experience a 

lag-down ingrowth. To meet growth demands, infants 

require a high intake of calories as well as adequate in-

take of fat, protein, vitamins, and minerals. From birth 

to 6 months of age, infants require about 108 kcal/kg 

of body weight per day. By 12 months, this need de-

creases to 100 kcal/kg of body weight per day. hirty 

percent of calories should be obtained from fat to meet 

the demands of growth and development. Vitamin and 

mineral needs are usually met if the full-term infant is 

breastfed by a well-nourished mother or receives cor-

rectly prepared infant formula.

NUTRITION

he World Health Organization supports breastfeed-

ing infant as the best feeding method for achieving 

optimal growth. Feeding is crucial for developing a 

healthy relationship between parents and infants. At 

4–6 months old, infants are developmentally ready to 

eat supplemental foods. As infants grow, their abil-

ity to digest a greater volume and variety of foods in-

creases. By 6 months old, an infant’s digestive system 

has matured enough to allow the absorption of more 

complex foods. 

For infants who are not breastfed, formula is recom-

mended for the irst year and then all infants should be 

on whole milk until two years because of the need of 

extra fat for brain growth. Juice should not be given to 

infants before 6 months old. Juice should be given in a 

cup and limited to 4–6 oz a day. Infants over 6 months 

should receive or drink luoridated water; or for those 

who drink bottled water, a brand in which luoride is 

added at a concentration of approximately 0.8 to 1.0 

mg/L (ppm) is recommended. Infants 6 months and 

older who receive breast milk or infant formula pre-

pared with water that is severely deicient in luoride 

(less than 0.3 ppm) require luoride supplementation. 

Introduce a cup for drinking at 6 months and wean 

infants from the bottle by 12–14months.

CONCLUSION 

Assessing growth alone is not enough to adequately 

evaluate an individual’s health status. Growth refer-

ences are among the most commonly used and most 

valuable tools for assessing the general well-being of in-

dividuals, groups of children, and the communities in 

which they live, and for tracking progress in reaching a 

range of health. he value of growth references resides 

in the fact that numerous physiological processes must 

proceed normally and many needs must be met in fe-

tal life and childhood if growth is to proceed normally. 

Normal physical development is a necessary aim of any 

strategy that includes aspects of well being. he marked 

vulnerability of the health of infants and young children 

also makes assessments of child growth a “sentinel” in-

dicator in evaluations of the health and socioeconomic 

development of communities in which they live.

Children who are not meeting physical or develop-

mental milestones should be screened early so that the 

appropriate interventions are initiated. he Centers for 

Disease and Prevention growth charts are important in 

evaluation of infants in relation to patterns of growth. 
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A variety of factors can influence the rate of growth of an infant, 

including genetics, caloric intake, and availability of food.



Infants who cross two lines in any direction for weight, 

height, or head circumference should have a complete 

assessment including nutritional intake, psychosocial, 

and behavior including sleep history and temperament. 

Calculating weight to height ratios is imperative in all 

children, not just those who are at the extreme ends of 

the growth chart. Problems with energy balance should 

be suspected in any child with a weight-to-age ratio be-

low the 3rd percentile, and above the 97th percentile on 

standardized growth charts. 

SEE ALSO: Infant Weight Gain and Childhood Overweight.
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Infant Weight Gain and  

Childhood Overweight 

IN LIGHT OF the increasing prevalence of overweight 

children and a lack of efective interventions, it 

has become necessary to consider early prevention 

strategies. Understanding the implications of infant 

weight gain on childhood overweight (and the de-

velopment of later disease as well) is one area stud-

ied for its applicability to early prevention and mak-

ing evidence-based public health recommendations 

surrounding infant feeding practices. 

To understand the relationship of weight gain in 

infancy and overweight in childhood, normal devel-

opmental growth patterns must irst be considered. 

Peak growth rates vary for diferent organ systems. 

Neural tissue, including the brain, primarily grows 

during the prenatal period and extends to early child-

hood, while linear bone growth is fastest in child-

hood. he peak growth rate for reproductive organs 

is during puberty. Adiposity increases rapidly dur-

ing the irst year of life, declines during early child-

hood, and increases again at puberty. Interruption 

of normal growth during any stage of infancy and 

childhood may adversely afect organ system devel-

opment, especially the organ system that is expected 

to grow rapidly when an interruption occurs. 

Researchers have noticed that there are predict-

able patterns for infant growth over time. Nearly half 

of all infants will grow along the same centile (i.e., 

percentile, which indicates the baby’s weight relative 

to all other babies of the same age and gender) as 

their weight at birth. hese infants will follow their 

genetic growth trajectory and their adult height will 

be most closely associated with the height of their 

parents. About 25 percent of infants will grow faster 

than the average child, so that if they start out at the 

10th percentile, they might reach the 50th percentile 

by 12 months to 2 years of age (also known as up-

ward centile crossing or accelerated growth). Many 

infants exhibiting accelerated growth were born 

small for gestational age (SGA); thus, some research-

ers have referred to this phenomenon as “catch-up 

growth.” he remaining 25 percent of infants, often 

those with increased adiposity at birth, will grow 

slower than the average child. his is referred to as 

downward centile crossing or decelerated growth. 
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Multiple studies have demonstrated that rapid 

weight gain in the irst few years of life is positive-

ly related to childhood and adulthood obesity. he 

risk of childhood and adult obesity was found to in-

crease two- to threefold in these infants. In fact, it 

is now well established that the trajectory and pace 

of growth from conception through adolescence is 

associated with the development of obesity and re-

lated chronic illnesses in later in life. his evidence 

has given rise to the theory of developmental plas-

ticity, which posits that during critical periods (e.g., 

in utero) the environment afects gene expression. 

Accordingly, a developmental model for human 

disease suggests that undernutrition in a develop-

ing fetus has lifelong consequences to the individ-

ual by altering hormones, metabolic processes, and 

the functional capacity of various organ systems. In 

support of this hypothesis, using a cohort of 8,760 

people born 1934–44 in Helsinki, Finland, David 

J. P. Barker found that lower birth weight, thinness 

at 2 years of age, and overweight at 11 years (indi-

cated by upward centile crossing between ages of 

2 and 11) were all associated with increased risk of 

coronary events and insulin resistance in adulthood. 

hese data, drawn from a series of studies, suggest 

that rapid weight gain after the age of 2, rather than 

during infancy (as noted above) is associated with 

obesity-related outcomes later in life. Reconciling 

the contradictory evidence is diicult when meth-

ods of analysis and the deinitions of predictors and 

outcomes vary widely. 

Because many of the children who exhibit upward 

centile crossing were born SGA, it is important to 

note that rapid weight gain in infancy may ofer sur-

vival advantage to the child. Larger infants are less 

likely to sufer morbidity and mortality in infancy 

and childhood, particularly in a nutrient-poor envi-

ronment. SGA is a marker of less-than-optimal fetal 

nutrition. he commonly observed growth accelera-

tion among these children represents developmental 

plasticity, which is explained by the “thrifty pheno-

type hypothesis.” his hypothesis suggests that the 

fetal nutritional environment is critical for metabol-

ic “programming.” he programming may allow the 

newborn infant to diferentially utilize nutrients that 

were not available in utero to improve the develop-

ment of the nervous system, particularly the brain. 

Indeed, there is a growing body of evidence showing 

that accelerated growth for infants born SGA, while 

maintaining normal growth velocity for infants born 

appropriate for gestational age (AGA), results in 

optimal neurodevelopmental outcomes when com-

pared to SGA newborns who fail to exhibit acceler-

ated growth, and AGA newborns who exhibit decel-

erated growth. 

he mechanisms for fetal programming of child-

hood weight gain have not been elucidated. Investi-

gators have focused on endocrinological variations 

in SGA infants to help understand the genetics and 

biochemistry involved in fetal programming. SGA 

infants undergoing catch-up growth have been found 

to have increased insulin resistance and hyperinsu-

linemia, but it is not clear whether it is the catch-

up growth or being born SGA that is responsible 

for this association. In a nutrient-starved fetal en-

vironment, insulin resistance and hyperinsulinemia 

in utero may be advantageous to supply glucose to 

the fetal brain. However, persistence of this efect 

in childhood and adulthood may be detrimental to 

later health, particularly in a nutritionally rich post-

natal environment. 

In summary, infant weight gain appears to be as-

sociated to the development of obesity and related 

diseases later in life. While the importance of accel-

erated weight gain during the early postnatal period 

remains unclear, there is consistent evidence that 

accelerated growth after 2 years of age is related to 

later obesity and adverse health outcomes. Further 

research is warranted to clarify the efect of rapid 

weight gain during the early postnatal period. 

SEE ALSO: Barker Hypothesis; Infant Growth Rate; In Ute-

ro Programming; Intrauterine Growth Restriction; Low 

Birth Weight.
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Inflammation

OBESE ORGANISMS HAVE higher levels of inlam-

mation-associated messengers. As researchers investi-

gated where these signals originated and their relation 

to increasing body weight, they discovered that the ac-

cumulation of excess fat tissue leads to the recruitment 

of immune cells into the tissue. hese cells manufac-

ture and recruit molecules, which perpetuates more 

inlammation. he ongoing nature of the inlamma-

tion and its role in instigating diabetes, heart disease, 

and other chronic obesity-associated illness are well 

known, but the stimulus for continued inlammation is 

under some debate. 

Inlammation is our body’s response to infection, 

foreign substances, or injury. he white blood cells in 

the blood stream release chemicals and set up respons-

es to deal with disruptions to the body. Fat tissue is an 

organ just as the heart or the skin are organs and, as 

such, has to maintain a balanced environment to oper-

ate optimally. As more fat tissue accumulates, the or-

gan starts to malfunction, acting injured. Fat cells make 

chemicals of inlammation just as white blood cells do, 

recruiting more cells and manufacturing more sub-

stances characteristic of an inlammatory response.

Inlammation in obesity difers from other injuries, 

although because it is a foreign invader, substance 

or infection is not present to be cleared. In fact, usu-

ally more fat is being stored as the person continues 

to overeat, leading to an increased inlammatory re-

sponse. Consequently, chemicals that were meant to 

repair a short-lived disturbance in the system are con-

tinually released and ultimately lead to more disease. 

hese chemicals are produced by the fat cells and lead 

to the proliferation of inlammatory substances made 

by cells recruited into the fat tissue.

he hormone leptin is the classic example of a pro-

inlammatory substance made by the fat cells that in-

creases proportionately with the increase in fat tissue. 

Moreover, it stands at the crossroads linking appetite 

regulation in the brain (via the hypothalamus), the ner-

vous system, and the endocrine system (hormonal mes-

saging system that becomes deregulated in obesity). 

Research in the 1980s looking at fat tissue led to the hy-

pothesis that an unknown signaling mechanism linked 

energy expenditure and food intake. Over the follow-

ing two decades, an interconnected regulatory system 

involving the hypothalamus—a master gland linking 

the nervous system to the endocrine system through 

the pituitary gland—the fat cell, and food intake were 

pieced together. Researchers found many important 

players that were central to the inlammatory process 

through this research including leptin, macrophages 

(cells that recruit more immune cells, plus engulf and 

digest cell debris, defending the organism as part of the 

immune system), cytokines (cell messengers which are 

particularly important in the immune response), and 

chemokines (small cytokines which send messages to 

cells nearby). 

While leptin’s primary function appears to be the 

regulation of appetite and metabolism acting centrally 

on the hypothalamus, it acts peripherally to increase 

inlammation. Leptin stimulates the diferentiation of 

precursor blood cells, helping to determine their fate. 

One such blood cell involved in the immune system is 

the macrophage. As the fat tissue increases, more leptin 

is produced and more macrophages are recruited to 

invade the fat tissue. hese macrophages then make 

highly proinlammatory cytokines such as interleukin-

6 (IL-6) and tumor necrosis factor alpha (TNF-alpha). 

Leptin also inluences T-cells, a group of white blood 

cells called lymphocytes that are central to cell-medi-

ated immunity. Leptin changes the proile of cytokines 

that T-cells produce and prevents programmed cell 

death (a complex process called apoptosis that is partly 

meant to clear dead, dying, or incorrectly programmed 

cells from the system). Leptin also afects the endothe-

lium (the cell-lining of all blood vessels), increasing the 

amount of adhesive molecules. For example, platelet 

activating factor-1 (PAF-1) activates platelets and con-

sequently the clotting cascade—linking leptin to the 

initiation of cardiovascular disease by increasing the 

propensity to form blood clots in the coronary arter-

ies. Leptin’s proinlammatory nature is underscored by 

research demonstrating that leptin-deicient animals 

have reduced inlammation. 

While fat cells manufacture leptin, which then acts 

locally and centrally, the toll-like receptors (TLRs) are 

positioned within the adipocytes and send signals in 

response to increasing fatty acids, leading to increased 

inlammation. TLRs are primitive cell receptors that 

trigger the immune system in response to a number 

of activators. Nutrient excess has been implicated as 

one of these activators through an intersection of met-

abolic and pathogenic pathways and the proliferation 

of common inlammatory molecules. TLR activity acts 
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to stile the message of a receptor that alters gene ex-

pression called liver X receptor (LXR). his receptor’s 

messenger is to decrease inlammation. he result is 

increased inlammatory mediators. here are numer-

ous other downstream efects of this interaction in-

cluding the enhanced formation of cholesterol plaques 

in coronary arteries. Truly, TLR activity represents 

another intersection of the immune and metabolic 

systems that is in part responsible for the inlamma-

tory cascade activated by nutrient excess.

Chronic inlammation, as described above, results 

from the interplay of nutrient excess and the over-

production of molecules whose purpose is to keep 

an organism’s system in balance. Leptin, meant to de-

crease appetite, gets overproduced and its dual func-

tion peripherally in generating inlammatory media-

tors and altering immunity causes untoward efects. 

TLRs, implicated in infectious disease to handle in-

fectious insults to the body, responds to nutrient ex-

cess by trying to combat a perceived diseased state in 

the face of fatty acid excess. he downstream efect 

of these metabolic alterations is numerous diseases 

that are increasing at alarming rates in the face of our 

increasingly obese population—cancer, asthma, sleep 

apnea, osteoarthritis, nerve degeneration, gall blad-

der disease, fatty liver disease, atherosclerosis (the 

hardening of arteries due to cholesterol plaque), hy-

pertension, and stroke, to name a few. Finally, insulin 

resistance results from inlammation, and is one of 

the irst metabolic conditions associated with nutrient 

excess and obesity. While the exact nature of insulin 

resistance generation is somewhat complex, the over-

arching idea is simple. Proinlammatory cytokines in 

addition to excess fatty acids intersect with the insulin 

signaling pathway through the disruption of insulin 

receptors insulin-receptor signal 1 and 2 (IRS-1 and 

IRS-2, respectively). hus inlammation has been di-

rectly linked with the initiation of disease. 

he stimulus for the ongoing inlammation is not 

entirely known, but among competing hypotheses is 

that as the fat tissue expands, it outgrows its blood 

supply leading to cell death in the periphery. he dead 

tissue then acts as the injured stimulus for the inlam-

matory response. In addition, as noted above, leptin 

inhibits apoptosis (the clearance of dead and dying 

cells through a noninlammatory, noninjurious pro-

cess), again instigating a more inlammatory pathway 

to clear dead tissue debris. 

Obesity is, indeed, an inlammatory state, resulting 

from fat tissue’s proliferation of inlammatory mol-

ecules, the recruitment of more cells, which manufac-

ture more substances, which perpetuate inlammation 

and result in many obesity-associated diseases. he 

commencement of chronic inlammation occurs by an 

as yet not fully elucidated mechanism. What is known, 

however, is that where inlammation usually heals the 

sick, in the case of obesity, it is making people sicker.

SEE ALSO: Obesity and the Immune System.
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Inherited Taste Preferences

THE TERM INHERITED implies that certain prefer-

ences for the basic tastes, sweet, salty, sour, bitter, and 

umami, have a component that is genetic or innate. 

While both the environment, and biology inluence 

preferences for both foods, and the basic tastes, there 

are some preferences which are thought to be primar-

ily innate. For example, all humans, and many mam-

mals, exhibit an inherent liking of sweet taste from 

birth, and when presented with a sweet tasting solu-

tion, infants will increase their heart rate and show 

facial signs of pleasure. In contrast, humans tend to 

universally reject bitter and sour tastes at birth.  his 

rejection of bitter and sour is thought to be a protec-

tive evolutionary advantage, since many poisonous 

substances have bitter and/or sour tastes. 

One genetically inluenced taste preference that has 

been well studied is the inherited ability to taste bit-

ter thiourea compounds, such as 6-n-propylthiouracil 

(PROP), and phenylthiocarbamide (PTC). hese com-

pounds are both extremely bitter to 70 percent of U.S. 

adults and children (tasters), but are tasteless to the re-
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mainder of the population (non-tasters). his bimodal 

distribution of taste response is extremely rare, and 

therefore, has been of interest to scientists since it’s dis-

covery by a chemist name Arthur Fox in 1931. he dis-

tribution of tasters and non-taters varies widely around 

the world, such that some regions in Sub-saharan Africa 

have virtually no non-tasters, while India and the U.S. 

have some of the highest prevalences of non-tasters. 

he hypothesis that has been suggested, and supported 

by several studies, is that tasters and non-tasters have 

diferent food preferences. Tasters tend to dislike foods 

that are too bitter or hot (eg., black cofee, broccoli, hot 

peppers), while interestingly, non-tasters tend to have 

higher fat preferences and risks for obesity.

Several studies have been completed on the “heri-

tability” of food preferences.  Heritability is a term 

that means the amount of a particular trait or behav-

ior that can be explained by genes. For example, heri-

tability studies on obesity suggest that anywhere from 

25-70 percent of obesity can be explained by heritable 

inluences, or genes. Heritability studies are typical-

ly done using monozygotic (identical) and dizygotic 

(fraternal) twins, where one assumes that the mono-

zygotic twins share 100 percent of their genetic ma-

terial, while dizygotic twins share about 50 percent. 

Behaviors that are more similar in monozygotic twins 

would have a higher heritable component that behav-

iors that are more similar in dizygotic twins. Herita-

bility studies on human food preferences suggest that 

for most speciic food preferences, the contribution 

made by genes is low. However, some research has 

suggested that preferences for food groups, like high 

protein foods, fruits, and vegetables, may show higher 

heritability, at least in children.  

Interestingly, a recent study (2007) in the Ameri-

can Journal of Clinical Nutrition found that liking 

for sweets and use of sweetened foods might have a 

signiicant heritable component. hese studies are 

intriguing, as they suggest that some dietary inclina-

tions might be genetically motivated. 

SEE ALSO: Childhood Obesity as a Risk Factor for Adult 

Overweight; Genetic Taste Factors.
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Insulin 

INSULIN IS A hormone that is made in the beta cells 

of the pancreas and plays a critical role in the use of 

glucose (sugar) in the body. In the pancreas, insulin is 

made in an inactive form known as proinsulin. Once 

proinsulin is released, a portion of the compound 

known as c-peptide is cleaved of and the active form 

of insulin becomes available for the body to use. Insu-

lin levels rise after a person eats and are low when a 

person has been fasting.

Insulin has many functions in the body. he prima-

ry function is to help bring sugar from the blood into 

muscle and fat tissue, two principal users of glucose. 

Insulin works by binding to a receptor on the outside 

of a cell and subsequently initiating a series of reac-

tions inside the cell. he inal step of these reactions 

is to activate glucose transporters, which are proteins 

that bring sugar inside the cell. Once inside the cell, 

the sugar can either be used to create energy by a pro-

cess known as glycolysis or stored by a process known 

as glycogenesis. Insulin also promotes fatty acid syn-

thesis, which is known as de novo synthesis. Insulin’s 

role in this pathway is to activate enzymes that favor 

the creation of fatty acids. Additionally with fatty ac-

ids, insulin may also promote the storage of excess 

fatty acids as triglycerides. Insulin also regulates pro-

tein metabolism by increasing the uptake of amino 

acids, the building blocks of dietary protein, and by 

increasing protein synthesis. All of these metabolic 

pathways are classiied as anabolic pathways because 

they promote growth in the body and thus insulin is 

classiied an anabolic hormone. 

Insulin also activates the enzyme lipoprotein lipase 

and inhibits the enzyme hormone sensitive lipase, 

which work to cleave and store fat in the body, re-

spectively. More recently, it has been discovered that 

insulin may regulate gene expression. Some of the 
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genes whose expression increases in the presence of 

insulin include SREBP 1-C, GLUT 1, GLUT 2, GLUT 

3, GLUT 4, hexokinase II, glucokinase, glucose-3-

phosphate dehydrogenase, and pyruvate kinase. 

Some of the genes whose expression is decreased in 

the presence of insulin are glucose-6-phosphotase, 

fructose-1, 6-bisphophotase, and PEP carboxykinase. 

hese proteins that are regulated by insulin all play 

a role in glucose metabolism. Insulin has also been 

demonstrated to increase food intake. his is because 

insulin’s main role is to bring glucose into the cells. If 

glucose levels are low but insulin levels are high, then 

insulin will send a signal to the brain to begin eating. 

Once a person eats, his or her blood glucose will rise 

and subsequently the extra insulin will be used.

Glucagon is a catabolic hormone whose actions 

oppose insulin. To assess which metabolic pathways 

are currently occurring in the body, researchers ex-

amine the insulin-to-glucagon ratio. A low insulin-

to-glucagon ratio means that there is more glucagon 

than insulin and thus catabolic pathways are favored. 

Conversely, a high insulin-to-glucagon ratio means 

that there is more insulin than glucagon and ana-

bolic pathways. Other hormones that oppose insulin 

include epinephrine, norepinephrine, and ACTH. 

During stressful situations, insulin levels are de-

creased and these other hormones become elevated. 

his allows for our body to favor a catabolic response 

and provide a large amount of energy during a short 

period of time.

Insulin sensitivity is a measure of how well a per-

son’s body utilizes insulin. People who utilize insulin 

well are known as insulin sensitive, while people who 

do not use insulin well are known as insulin resistant. 

It is also possible to measure the insulin sensitivity 

of a speciic organ such as the liver (hepatic insulin 

sensitivity) or the muscle (peripheral insulin sensitiv-

ity). here are several diferent ways to assess insulin 

sensitivity with some being very easy to measure and 

thus more favorable for clinical use, while others are 

more labor intensive and subsequently are favored in 

research settings. Two of the more common ways to 

assess insulin sensitivity in a clinical environment are 

using the homeostasis model of assessment (HOMA) 

and fasting and two-hour insulin levels. HOMA is a 

clinical term that measures fasting glucose and in-

sulin levels and through a conversion a value is ob-

tained. Elevated HOMA may be a sign of insulin re-

sistance, but may also be a sign of sugar intolerance 

if insulin levels are normal but glucose levels are el-

406 Insulin

Insulin is most commonly thought of in regard to diabetes (and shots). In nondiabetic individuals, insulin is produced in the pancreas, and is 

used to transport sugar from the bloodstream to muscle and fat tissue.



evated. Some clinicians may assess insulin sensitivity 

by measuring a patient’s insulin levels at fasting and 

two hours after they consume a standard amount of 

sugar. hree common ways that insulin sensitivity 

is assessed in a research environment is by an oral 

glucose tolerance test, intravenous glucose tolerance 

test, or a hyperinsulinemic-euglycemic clamp. hese 

tests are much more accurate than HOMA or fast-

ing measurements. hey can also be used to measure 

regional insulin sensitivity.

here are several conditions associated with ab-

normal insulin metabolism. Diabetes mellitus is the 

major disorder in which the body is deicient or re-

sistant to the actions of insulin. Patients who sufer 

with type 1 diabetes are deicient in insulin. heir 

beta cells do not produce any insulin and levels of 

this hormone are not detected in the blood. his was 

formerly known as child-onset diabetes. Patients 

with Type 2 diabetes actually have very high levels 

of this hormone in their plasma, but the insulin does 

not function properly and thus glucose does not en-

ter cells for normal metabolism. his was formerly 

known as adult-onset diabetes. However, along with 

the rise of the obesity epidemic in children, there has 

been a rise in Type 2 diabetes in children. Ninety 

percent of new cases of diabetes in children are for 

Type 2 diabetes. Patients with untreated DM (both 

type 1 and type 2) are often said to be metabolically 

starving because they are unable to use sugar in their 

cells despite elevated sugar levels in the blood. Insu-

lin resistance is a prediabetic condition in which the 

body is beginning to become resistant to the actions 

of insulin. Some people may be insulin resistant for 

10 to 20 years before Type 2 diabetes develops. Risk 

factors for insulin resistance include a family history 

of diabetes, being overweight, age (older individu-

als), and lack of exercise. Polycystic ovary syndrome 

(PCOS) is also a disorder related to impaired insu-

lin metabolism. Women who sufer from PCOS have 

altered testosterone and estrogen levels and subse-

quently will become insulin resistant.

here are several medications that people can take 

to improve their insulin sensitivity. hese include 

sulphonylureas which act to increase insulin release 

from the pancreatic beta cells. Biguanide (also known 

as metformin) mechanism of action is not completely 

understood, but it has been demonstrated to improve 

insulin sensitivity. Another class of medications is the 

thiazolidinediones (TZDs). TZDs work by activating 

peroxisome proliferator-activated receptors (PPAR). 

his in turn leads to the activation of certain genes 

that enhance a person’s insulin sensitivity. Chromium 

is a mineral that has been suggested to be related to 

insulin function. Chromium may be consumed in 

supplement form as chromium picolinate or chromi-

um GTF. Chromium has been hypothesized to play a 

role in insulin secretion or insulin receptor function. 

In summary, insulin is a critical hormone for glu-

cose utilization as well as many other anabolic meta-

bolic pathways.

SEE ALSO: Estrogen Levels; Metabolic Disorders and Child-

hood Obesity; Polycystic Ovary Disease; Type 2 Diabetes.
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Insulin-Like Growth Factors

INSULIN-LIKE GROWTH FACTORS (IGFs) are mul-

tifunctional hormones that regulate cellular pro-

liferation, diferentiation, and metabolism. hese 

proteins resemble insulin in structure and function; 

hence, the metabolic actions of IGFs mimic those 

of insulin. IGFs are transported in the circulation 

bound to insulin-like growth factor-binding pro-

teins (IGFBPs), which regulate the bioavailability 

and function of IGFs.

here are at least two distinct IGFs—IGF-I and 

IGF-II, the former being the major form produced 

in many adult tissues and the latter being the major 

form produced in the fetus. he liver is the predomi-

nant source of IGFs as well as the predominant site 
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of IGFs degradation. here are six types of IGFBPs. 

he most important of these chemicals in clinical 

practice are IGF-I and IGFBP-3. he major portion 

of IGF-I (75 percent) is bound to IGFBP-3, while 

20 percent is bound to other high-ainity IGFBPs 

(mainly IGFBP-1 and IGFBP-2), and 5 percent is 

free-loating in the circulation.

IGF-I is a potent mitogen (stimulus for cell growth) 

and a strong stimulus for cell diferentiation (func-

tional maturation). It has a particularly profound ef-

fect on bone and cartilage, stimulating osteoblasts 

(bone cells) replication, and collagen and bone matrix 

synthesis. IGF-I is the mediator for growth hormone 

(GH) action, and its level in the circulation is regu-

lated by GH, which is one of the pituitary hormones.

Nutritional status and growth situations inluence 

IGF-I levels. When ample supplies of diverse nutri-

ents are available, the high serum amino acid lev-

els stimulate GH and insulin secretion and the high 

serum glucose levels stimulate insulin secretion. 

he high levels of GH and insulin stimulate IGF-I 

production, and these conditions are appropriate 

for growth. If the diet is high in calories but low in 

amino acids, this will result in high insulin but low 

GH and IGF-I levels. Insulin also stimulates IGF-I 

production, and per se, GH cannot stimulate IGF-I 

production in the absence of insulin. Starvation, on 

the other hand, efectively inhibits IGF-I secretion, 

even when GH levels are high.

here is evidence suggesting a potential role for 

IGF-I in the development of obesity. Obesity is asso-

ciated with growth hormone undersecretion; there-

fore, it may be expected that total IGF-I concentra-

tions would be lower in obese subjects compared 

with nonobese subjects. Obesity is also associated 

with hyperinsulinemia (elevated insulin levels), 

which may increase IGF-I. Insulin also regulates 

IGFBP-1 and IGFBP-2 levels through inhibition of 

their hepatic (liver) synthesis. Finally, it has been re-

cently suggested that IGFBP-2, the principal binding 

protein for IGF-I in preadipocytes (fat cell precur-

sors), may play a role in the development of obesity. 

SEE ALSO: Growth Hormone; Insulin.
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Interleukins

THE REGULATION OF vital physiological processes, 

for example, replenishment of mature blood cells 

from bone marrow stem cells, termed hematopoiesis, 

and the activation of defense mechanisms against 

pathological microbes and injury has been shown to 

depend on the production and action of a variety of 

biologically active proteins, collectively known as cy-

tokines. Central among cytokines is a class of media-

tors, largely involved in the regulation of immune, in-

lammatory, and hematopoietic functions, called the 

interleukins. hey are produced mainly by leukocytes 

and act locally on other leukocytes in surrounding tis-

sues. Each interleukin, of which there are now 29 des-

ignated ones, has a spectrum of biological activities 

via speciic cell surface receptors. he 29 known in-

terleukins can be clustered into three groups: noxious 

(the “bad,” eight members), comprising IL-1, IL-2, IL-

6, IL-7, IL-8, IL-15, IL-17, and IL-18; protective (the 

“good,” ive members), comprising IL-4, IL-10, IL-11, 

IL-12, and IL-13; and “aloof,” comprising IL-5, IL-9, 

IL-14, IL-16, and IL-19 through IL-29 (15 members).

Obesity is known to give rise to a number of in-

lammatory conditions in the body that are known to 

cause other disease conditions such as Type 2 diabe-

tes, hypertension, arthritis, and so forth. In obesity, 

there is a marked rise in the amount of adipose tissue 

in the body. Historically, it was believed that adipose 

tissue consisted only of adipocytes or fat cells that 

were the sole sites of synthesis and storage of lipid. 

However, it has now been established that the adipo-

cyte cells also contain a large number of other cells 

such as the ibroblasts, mast cells, macrophages, leu-

kocytes, and other cells involved with inlammation. 

A marked increase of various cytokines such as tumor 

necrosis factor-α (TNF-α), interleukin (IL)-6, IL-8, 
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and so forth, are seen among the obese individuals. 

he ive interleukins that have an increased produc-

tion in obesity are briely mentioned below:

1. IL-1β: Along with TNF-α, IL-1β is considered 

a proinlammatory (causing inlammation) cytokine. 

he release of IL-1β is 50 percent higher in tissues of 

obese individuals. Both TNF-α and IL1-β modulate 

the release of other cytokines such as IL-6 and IL-8 in 

the adipocytes.

2. IL-6: his cytokine has been known to play a key 

role in the development of coronary heart disease. It 

is associated with the stimulation and release of some 

specialized proteins in the liver called the acute phase 

proteins. hese proteins increase production of other 

markers of inlammation such as the C-reactive pro-

tein (CRP) by 10- to 100-folds. Enormous amounts of 

IL-6 are released by the human fat cells which then 

pass into the bloodstream and reach the liver. Higher 

amounts of circulating IL-6 in the blood stream and 

the liver are associated with insulin resistance, a cause 

of Type 2 diabetes. However, IL-6 is not associated 

with insulin action; it only stimulates the formation 

of anti-insulin factors.

3. IL-8: It is an interleukin that belongs to an ever-

expanding family of proteins that exert chemoattrac-

tant activity to leukocytes and ibroblasts. his family 

of proteins is termed the chemokines. IL-8 is produced 

by monocytes, neutrophils, and NK cells and is che-

moattractant for neutrophils, basophils, and T-cells. 

IL-8 activates neutrophils in the adipose tissue. El-

evated levels are associated with increased risk of 

coronary artery disease and types I and II diabetes.

4. IL-10: his interleukin inhibits cytokine produc-

tion, promotes B cell proliferation and antibody pro-

duction, and suppresses cellular immunity and mast 

cell growth. he serum levels of IL-10 are enhanced in 

obesity primarily from the nonfat cells of the mono-

cytes and it functions as a feedback inhibitor, that is, it 

prevents the secretion of the inlammatory cytokines. 

his is the only good cytokine secreted in obesity.

5. IL-18: Increased levels are associated with in-

creased risks of both diabetes and cardiovascular 

disease. his cytokine is released more by the nonfat 

cells of the adipose tissue.

he visceral as well as the subcutaneous fat depots 

of the body produce interleukins and other inlamma-

tory cytokines. However, it has been seen that elevat-

ed visceral fat accumulation is a risk factor for cardio-

vascular diseases, hypertension, and Type 2 diabetes 

mellitus than accumulation of fat in the subcutaneous 

regions of the hips and legs. he reason is unclear, but 

the most likely cause is that of the portal circulation. 

It results in a greater delivery of cytokines, free fatty 

acids, and other substances from the liver from the 

visceral adipose tissue depots compared to the sub-

cutaneous depots.

SEE ALSO: Adipocytes; Inlammation.
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International Obesity Task Force

THE INTERNATIONAL OBESITY Task Force (IOTF) is 

the advocacy arm of the International Association for 

the Study of Obesity (IASO), an umbrella organization 

for national obesity associations whose aim is to pro-

mote understanding of obesity and related diseases 

through scientiic research, and development poli-

cies for their prevention and management. he IOTF 

also serves as a global network of experts on obesity 

and health and as an incubator of research and ideas 

related to obesity prevention and management. he 

mission of the IOTF is to alert the governments and 

general populations throughout the world of the im-

pending health crisis produced by increasing rates of 

obesity, and to persuade governments to take action 

immediately to counter this threat. he IOTF works 

with the World Health Organization (WHO) and oth-

er nongovernmental organizations and stakeholders, 

including partners in the Global Prevention Alliance, 

toward this goal. 

he IOTF has declared obesity to be “the millen-

nium disease” in recognition of the fact that it was 

irst introduced into the international classiication 
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of diseases over 50 years ago, and is reaching epi-

demic proportions in early years of the 21st centu-

ry. As stated on the IOTF Web site, over 300 mil-

lion people around the world are obese (deined as 

a body mass index [BMI] over 30) and their num-

bers are rising; because serious health consequences 

are associated with obesity, this situation demands 

recognition and immediate action by governments 

throughout the world. 

Childhood obesity is a particular focus of the IOTF. 

A working group consisting of eight scientists from 

Australia, the United Kingdom, the United States, and 

the Netherlands is consulting on guidelines to reduce 

food marketing to children (under age 18), currently 

known as “he Sydney Principles.” hese guidelines, 

in draft form as of May 2007, are based on the fol-

lowing principles: the right of children to adequate, 

safe, and nutritious food; the particular vulnerability 

of children to commercial exploitation, and respon-

sibility of parents, governments, civil society, and the 

private sector to protect them; the necessity of statu-

tory regulations (rather than merely industry self-reg-

ulation) to reduce marketing aimed at children and 

the deleterious efects this has on their diets; a broad 

deinition of commercial promotions, including con-

ventional advertising and media, product placement, 

sponsorships, and internet-based promotions; assur-

ance that schools and child care settings remain free 

of commercial promotions; regulation of cross-bor-

der media such as satellite and cable television and 

the internet; and the need for enforcement and evalu-

ation of the efectiveness of regulation. 

A number of informational and promotional ma-

terials are available from the IOTF Web site. Press 

releases and other media information are presented, 

including links to current news and research re-

ports, and reports from international conferences. 

Separate Web pages are provided for cancer, car-

diovascular diseases, and diabetes, which include a 

summary of current knowledge of the relationship 

between obesity and the disease in question, statisti-

cal tables, and links to further information and to 

other organizations working in each ield. A large 

general links section of the Web site includes links to 

many other Web sites, including academic organiza-

tions, campaigns (such as the BBC Education Health 

Site “Fighting Fat, Fighting Fit”), online journals, rel-

evant articles, governmental sites, pharmaceutical 

companies, professional societies, conferences, and 

online articles and studies.

he IOTF has compiled a number of statistical 

reports that are available through the organization’s 

Web site. hese include Global Obesity Prevalence in 

Adults (which includes the percent obese and over-

weight by gender by country), a map of global obesity 

prevalence for men and women, Childhood Over-

weight (by country, arranged by WHO region, for boys 

and girls), Childhood and Adolescent Overweight and 

Obesity (for European boys and girls, in age categories 

7–11 and 14–17 years), Adult Overweight and Obesity 

in the European Union (EU25) (by country, males and 

females separately), and Trends in Obesity Prevalence 

(maps for males and females, and adults and children, 

showing rates of obesity in Europe and globally). 

SEE ALSO: Child Obesity Programs; Government Agen-

cies; Governmental Policy and Obesity; Nutrition Educa-

tion; Prevention; Type 2 Diabetes.
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Intestinal Microflora  

Concentrations

MICROINTESTINAL FLORA IS the group of micro-

organisms that live in the digestive tract of the hu-

man body. his microbiota has a mutualistic and 

symbiotic relationship with the gut and is involved 

in many functions such as fermenting unused energy 

substrates, preventing harmful pathogen growth, and 

vitamin and hormone production. Both the fermen-

tation and hormone production roles can contribute 

to body weight regulation. Certain hormones aid in 

fat deposition, and microintestinal lora digests sub-
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strates that the human body is normally unable to, 

which means that more energy can be extracted from 

certain foods. Evidence in both mice and humans 

support that varying microbiota compositions lead to 

diferences in caloric extraction from food. his may, 

in turn, contribute to diferential body weights. 

Genetics play a large role in determining an indi-

vidual’s body weight. However, the human genome 

is not the only genome of interest. he normal 

healthy adult has around 1023 gut microbes, about 

10 times the total number of cells in the body, all of 

which bring their own genetic makeup into the mix. 

here are between 300 and 1,000 diferent species in 

the gut (30 to 40 species account for 99 percent of 

all gut microbes). 

It was shown that obese humans have a higher 

proportion of a certain strain of bacteria than lean 

individuals. And when those obese individuals lost 

weight, their lora proportions shifted to resemble 

that of the lean individuals. In addition, mice with 

microbiota had almost 42 percent more total body 

fat when compared with mice lacking microbiota, 

even though they had consumed 29 percent less in 

their diets. Also, mice born lacking microbiota with 

an introduction of microbiota 8–10 weeks after birth 

showed a 57-percent increase in their total body fat. 

Similarly, when microbiota of obese mice was trans-

ferred to lean microbe-free recipient mice, they be-

gan extracting more calories from their food and had 

a modest fat gain. 

It is not clear, however, if these small changes in 

caloric extraction will always result in signiicant 

and meaningful diferences in body weight. Also, 

the question still remains on how gut lora is regu-

lated. Why is it that obese humans, who already have 

a great deal of stored energy, still have a microlora 

environment shifted to be even more eicient at cal-

orie uptake? Future exploration may lead to a better 

understanding of how to manipulate the microbiotic 

environment of the human intestinal tract to help 

treat or prevent obesity. 

SEE ALSO: Fiber and Obesity; Functional Foods. 
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Intrauterine Growth Restriction

CURRENTLY, OVER 200 million children are consid-

ered to be undernourished; many of them irst expe-

rience nutrient deprivation in utero and were born 

small compared to healthy children. Maternal diet, 

along with a host of other physical and environmental 

factors, is the primary source of energy that promotes 

fetal growth. Energy restriction of the mother, and 

ultimately the fetus, results in impaired fetal growth, 

manifested in intrauterine growth retardation, or re-

striction (IUGR). Two classiications of IUGR are cur-

rently used by healthcare professionals: symmetric is 

deined as less than the 10th percentile for birth weight 

and asymmetric deined as less than the 10th percentile 

for birth weight and normal head but small abdominal 

and muscle development. It is estimated that between 

17 and 27.6 million babies born each year experience 

IUGR, the vast majority of whom are born in less de-

veloped or developing countries. For example, Asia, 

speciically India, has the highest prevalence of IUGR 

followed by Latin America and Africa. Still, regardless 

of the geographic location, causes of IUGR are univer-

sal and generally associated with inadequate delivery 

of nutrients to the fetus, caused by either inadequate 

intake by the mother or poor placental circulation.

Inadequate maternal caloric intake immediately 

before and during pregnancy is the primary fac-

tor predisposing a fetus to IGUR. However, in de-

veloped countries, the causes of IUGR are cigarette 

smoking, low weight gain during pregnancy, and low 

prepregnancy body mass index (BMI). In developing 

countries, the primary causes of IUGR include low 

weight gain during pregnancy and low BMI prior to 

pregnancy. Regardless of the level of development, a 

less prevalent dietary risk factor for IUGR extends to 
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micronutrient deiciencies, such as low foliate, zinc, 

and magnesium, lending support to aid programs 

that promote the intake of foods rich in protein and 

micronutrients. 

Among children born with IUGR, a percentage are 

born small for gestational age (SGA), deined as a birth 

weight for gestational age less than the 10th percen-

tile of a healthy population, such as the United States. 

While maternal age, smoking, altitude, and maternal 

height are all factors that contribute to babies being 

born SGA, the main cause of SGA births is maternal 

undernutrition, especially in developing countries. 

he timing of maternal undernutrition has impor-

tant implications for future risk of chronic diseases 

in ofspring. he relationship between when a child 

is exposed to IUGR and later disease risk varies by 

particular disease. Again, maternal undernutrition 

resulting in IUGR and babies born SGA occur pri-

marily in the second and third trimester of pregnancy. 

Undernutrition throughout pregnancy and prior to 

pregnancy also increases the likelihood of IUGR oc-

curring, a phenotype that is now believed to be a risk 

factor for chronic diseases in adulthood.

Maternal nutrition is essential for normal and 

proper growth of the fetus and placenta. It is clear that 

undernutrition results in reduced fetal and placental 

growth and that fetal growth retardation that is often 

permanent. Perhaps more importantly, and central to 

this entry, is that maternal diet during pregnancy not 

only has immediate efects on fetal growth, size, and 

development, but also that energy and/or protein de-

privation in utero increases the risk for many chronic 

diseases in adulthood, such as Type 2 diabetes, hyper-

tension, and other forms of cardiovascular disease.

SEE ALSO: Low Birth Weight; Pregnancy.
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In Utero Programming

LARGE EPIDEMIOLOGICAL STUDIES have report-

ed an association between being born SGA, or small 

for gestational age with a birth weight less than 2,500 

grams, and chronic disease during adulthood, a con-

cept known as “fetal programming.” Of particular inter-

est has been the association between maternal caloric 

restriction (MCR) and cardiovascular disease (CVD), 

hypertension, and Type 2 diabetes. One of the most 

noted studies is that of the Dutch famine in which a co-

hort of men born before, during, and after the famine 

in Holland of 1945 were studied for body weight in rela-

tion to exposure to famine during gestation. Men who 

had been exposed to the famine during late gestation 

and early infancy were more likely to be underweight 

as adults compared to men who were exposed to the 

famine during the irst two trimesters of gestation, sug-

gesting that early, prenatal exposure to undernutrition 

is related to weight gain later in adulthood.

In one cohort of over 15,000 men and women born 

in the Hertfordshire region of England, men and 
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women with lower birth weight were more likely to 

sufer from CVD than men and women with normal 

birth weight. Barker et al reported that a correlation 

between birth weight and CVD mortality in a cohort 

of 1,586 men born between 1907 and 1924. It has 

also been reported that for every 1,000g increase in 

birth weight, the rate ratio for mortality from cardio-

vascular disease decreased by one-third, even when 

adjusted for adult sociodemographic characteristics. 

Finally, results of a retrospective study of US nurses 

found that those who were born small were more like-

ly to sufer from CVD compared to those with normal 

birth weight.

Mechanisms to explain these observations are 

lacking, but several potential hypotheses exists, such 

as abnormal fat distribution. Several studies have re-

ported that persons with low birth weight are fatter 

and tend to deposit fat centrally during adulthood. 

Results from the Dutch famine study suggest that 

men who had been exposed to the famine during late 

gestation and early infancy were more likely to be un-

derweight as adults compared to men who were ex-

posed to the famine during the irst two trimesters of 

gestation. his would imply that early, prenatal expo-

sure to undernutrition is related to weight gain later 

in adulthood. However, a high body mass index (BMI) 

is not the most important body phenotype to increase 

disease risk, how body fat is distributed, whether cen-

trally or peripherally, is often reported to be a major 

risk factor for chronic disease.

In terms of fat distribution, some have reported 

that waist-to-hip ratio (WHR) was negatively asso-

ciated with birth weight, but it should be stressed 

that WHR is an indirect and inaccurate assessment 

of central adiposity. Low birth weight girls are more 

likely to deposit fat in the upper body, estimated using 

skinfold measurements. Women with short stature, 

an indication of previous undernutrition, are more 

likely to be obese and had higher WHR than women 

of normal stature. A study of 229 male twin pairs re-

ports that low birth weight is associated with greater 

abdominal fat and less lean body mass, independent 

of maternal and genetic inluences. Similarly, birth 

weight is negatively correlated with central adiposity, 

a known risk factor for diabetes, in American chil-

dren, and birth weight is associated with higher lean 

tissue mass, but not higher adipose tissue mass. he 

fact that lean, but not adipose, tissue is directly asso-

ciated with birth weight suggests that persons born 

with low birth weight either develop less lean tissue 

or deposit more adipose tissue during growth. 

Recently, it has been suggested that a potential fac-

tor that unites many of the observations relating low 

birth weight and chronic diseases is an abnormality 

in the developing of the hypothalamic-pituitary axis 

(HPA). Central to this work is an abnormal stress 

response, measured by circulating cortisol, a stress 

hormone released in acute bursts in times of stress, 

given that cortisol is associated with central adipos-

ity and increased risk of chronic diseases. 

Evidence from well-designed clinical studies of 

adults who were born SGA suggests that program-

ming of the HPA may occur inutero. For example, 

persons born SGA have increased basal cortisol val-

ues and increased cortisol released during cortisol 

stimulation tests. In addition, increased cortisol is 

released in response to stress; this is evident even 

in childhood. While cortisol is increased in persons 

born SGA, others have not universally reported this 

observation. Still, previous studies have shown that 

there is a relationship between birth weight and 

cortisol and cortisol and insulin resistance. First, in 

older adults who were born SGA, the results of an 

oral glucose tolerance test showed that of the 370 

participants, 66 had impaired glucose tolerance and 

27 were diabetic. Additionally, it was also found that 

they had increased plasma fasting cortisol levels that 

were associated with increased glucose levels, insulin 

resistance and decreased HDL. Finally, it was report-

ed that as the birth weight of the subjects increased, 

cortisol levels decreased. 

In terms of a potential mechanism explaining the 

association between MCR and programming of the 

HPA-axis, it has been hypothesized that in utero 

stress may program the control of cortisol secretion. 

In one study, a stress challenge using dexametha-

sone (designed to induce cortisol secretion) followed 

by administration of adrenocorticotropic hormone 

(ACTH), a test designed to stimulates secretion of 

glucocorticoids such as cortisol. As birth weight de-

creased, plasma cortisol increased, suggesting a hy-

persensitivity to ACTH in lower birth weight adults. 

hus, fetal exposure to stress may alter stress re-

sponses and inluence the daily secretion of cortisol, 

a powerful hormone that can alter not only fat oxida-

tion, but body fat distribution as well. 
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While human clinical studies provide signiicant 

physiological evidence of fetal programming of key 

tissues and metabolic processes that promote chronic 

diseases, there are only so many protocols that can 

be conducted ethically in humans. Such limitations 

are overcome through the use of well-controlled ani-

mal studies. hus, studies conducted in animals have 

provided a wealth of information that illustrate the 

efect of low protein intake during pregnancy on the 

physiology and health of the ofspring. For example, 

rats exposed to maternal protein restriction during 

gestation had signiicantly reduced the lifespan and 

both male and female ofspring. Explanations for the 

reduced lifespan include gestational exposure to oxi-

dative stress and poor development of key tissues. 

In terms of development, it was reported that the 

ofspring of rats fed an 8 percent protein diet, compared 

to 20 percent protein, had reduced pancreatic cell mass 

at birth and a lower insulin secretion in adulthood. It 

was also found that the ofspring from protein-restrict-

ed mothers had signiicantly greater islet cell apoptosis 

from birth through adulthood. Others have reported 

that protein-restriction in utero results in poor growth 

of hepatic cells such that the DNA synthesis of cultured 

hepatocytes was 30 percent less than that from control 

ofspring. It was also reported that the LP hepatocytes 

produced less IGF-1 and more IFBGP-3 compared to 

the control hepatocytes, suggesting a more complex re-

sponse to LP other than abnormal tissue development. 

he fact that maternal energy restriction, in general, 

and protein-restriction, in particular, inluences the 

powerful IGF axis has generated substantial research 

on the cellular and molecular changes that result from 

gestational exposure to such restriction.

hese cellular efects appear to persist into adult-

hood and alter the physiology of animals exposed to 

protein-restriction in utero. he efect of protein-re-

striction appears to continue following pregnancy as 

ofspring of either protein-restricted or control moth-

ers had a lower insulin to glucose ratio when breast-

fed from a mother protein-restricted during lactation. 

However the efect appeared to be more profound for 

female, but not male, ofspring. hus, it was conclud-

ed that the timing of protein restriction is important 

for long-term developmental changes, but also that 

these efects appear to be gender-speciic.

As far as speciic mechanisms linking maternal 

protein-deiciency to risk for chronic diseases in the 

ofspring, several studies have reported that changes 

in pancreatic development, enzyme function, or cel-

lular morphology are altered following protein re-

striction in utero. When fed less than 30 percent of 

the protein as control mothers, ofspring of protein-

restricted mothers had decreased glucokinase levels. 

Speciically, both prenatal and postnatal exposure to 

maternal protein-restriction appeared to increase 

the ainity of glucokinase to glucose, an observa-

tion that was not reversed when the ofspring were 

fed a normal protein diet until adulthood. Desai et 

al found that following exposure to protein-restric-

tion during either gestation or lactation, the activity 

of both glucokinase and phosphoenolpyruvate car-

boxykinase decreased in the pups exposed to ges-

tational protein-restriction only. More important is 

the fact that insulin and glucagon levels were simi-

lar in control and restricted groups, but the mRNA 

levels of both enzymes paralleled their activity, sug-

gesting an inluence on gene expression as well as 

enzyme activity.

Most chronic metabolic diseases are related to 

abnormal or insuicient glucose metabolism and/

or hypertension, diseases that stem from abnormal 

functioning of key tissues, such as endocrine or renal 

development. In terms of endocrine development, 

several animal studies have reported a clear asso-

ciation between insuicient maternal protein intake 

and abnormal development of endocrine tissues. 

he developing pancreas is sensitive to amino acid 

availability and requires a speciic concentration of 

essential amino acids to propagate normal beta cell 

multiplication. Maternal protein restriction has been 

reported to promote not only a decreased islet cell 

proliferation, pancreatic insulin concentration, and 

reduced islet vascularity. Moreover, ofspring of pro-

tein-restricted mothers also had increased apoptosis 

and decreased IGF-1 following birth and persisting 

even when fed a normal protein diet. he metabolic 

outcome of this proile was a 50 percent reduction in 

insulin secretion compared to control pups. Perhaps 

most striking from the research on maternal diet and 

pancreas development, is that most of the observa-

tions found in the irst generation of ofspring, per-

sisted into subsequent generations, even when pro-

tein was restored to the diet. hus, pups born small 

and with abnormal pancreas development gave birth 

to pups that were growth-retarded insulin-resistant. 
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For humans, these studies support epidemiologi-

cal and clinical studies in humans that suggest that 

growth retardation in utero predisposes a person to 

insulin resistance in adulthood. Insulin resistance 

is commonly associated with LBW in adults and 

young adults, and is a known precursor for type 2 

Diabetes Mellitus. LBW has been associated with 

elevated plasma glucose and insulin levels, even 

when controlling for sex, BMI, and maternal BMI. 

Yajnik et al reported that 4-year old children in In-

dia with LBW had higher plasma glucose and in-

sulin concentrations following an oral glucose load 

(8.1 mmol vs. 7.4mmol, p=0.01), independent of 

their current body weight. Initial studies suggested 

the mechanism behind the relationship between 

birth weight and glucose intolerance/Type 2 dia-

betes was based on abnormal fetal endocrine pan-

creatic development. However, recent research has 

targeted peripheral insulin resistance as a key fac-

tor in etiology of diabetes. 

Recently, novel research into the epigenetic ef-

fects of MCR is providing some evidence that fetal 

experience may result in long-term regulation of key 

metabolic enzymes through DNA modiications. In 

terms of uterine environment, reduced uterine blood 

low, a factor that would retard fetal growth through 

nutrient and oxygen restriction, decreased methyla-

tion of the renal p53 promoter, afected mRNA lev-

els of key apoptosis-related proteins, and increased 

renal apoptosis, factors that promote hypertension 

in adulthood. In addition, the expression of genes 

associated with hypertension and Type 2 diabetes 

increased in the pups and, more interestingly, the 

methylation of these same genes decreased. 

here is an abundance of evidence, from both hu-

man and animal studies, that support the concept of 

fetal programming. Additional research on epigen-

etic relationships and work with human studies are 

warranted to develop more precise mechanism to 

explain why caloric restriction in utero, or even dur-

ing childhood, may predispose a person to chronic 

diseases in adulthood.

SEE ALSO: Pregnancy; Tubby Candidate Gene.
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Jenny Craig

JENNY CRAIG, INC. is a corporation based in Carls-

bad, California, which operates a chain of weight-loss 

centers in the United States and several other coun-

tries. It was founded in Australia in 1983 by Jenny 

Craig (née Genevieve Guidroz) and her husband 

Sidney Craig. At the time of founding the company, 

Jenny Craig had no training or expertise in nutrition 

or medicine, but based the Jenny Craig system on Jen-

ny’s successful personal weight loss, coupled with her 

husband’s experience as National Director of Opera-

tions for Body Contour, Inc., a chain of itness salons. 

Jenny Craig, Inc. was one of the irst commercially 

successful weight-loss programs, and today is one of 

the largest: there are Jenny Craig Centers in the Unit-

ed States, Canada, Puerto Rico, Guam, Australia, and 

New Zealand. Jenny Craig, Inc. was sold to Nestlé for 

approximately $600 million in 2006. 

he Jenny Craig program emphasizes a balanced 

approach to diet and exercise supported by individual 

counseling; counselors are trained within the Jenny 

Craig program and do not necessarily have formal 

medical or nutritional training. A number of diferent 

programs are ofered, which are based either out of a 

local Jenny Craig Center or are based out of the indi-

vidual’s home. Both types of program involve purchase 

of packaged Jenny Craig foods based on an individual 

menu plan designed for a weight loss of one to two 

pounds, or 1 percent of body weight, per week. Center-

based programs include weekly individual counseling 

sessions, weight take at each consultation, online mes-

sage boards, and a live chat site for peer support. he 

home-based program (known as the Jenny Craig Direct 

At-Home Program) includes weekly phone counsel-

ing, home-delivered support materials, and home-de-

livered Jenny Craig foods. Several pricing options are 

available. In April 2007 the Jenny Craig Web site listed 

six types of plans, with variation in pricing within each 

based on geographic region and other factors. 

he Jenny Craig program has been praised for its 

comprehensive nature, as it incorporates diet and ex-

ercise, and provides individual counseling and coach-

ing intended to teach the dieter new cooking and eat-

ing habits. On the other hand, the program initially 

requires purchase of Jenny Craig packaged food, which 

is relatively expensive but is intended to remove the 

guesswork from portion size and food choice while 

the individual is learning new dietary habits. Dieters 

are gradually encouraged to eat more ordinary food as 

they near their target weight, although some believe 

the use of packaged foods (in single-portion sizes) 

only delays the day when the individual must learn to 

choose appropriate foods and portion sizes. In addi-

tion, use of the prepackaged foods are so central to 

the Jenny Craig concept that some participants have 

referred to Jenny Craig as a food marketing program 

supplemented by counseling. 



ing and lifestyle habits, making incremental chang-

es, and inding social support during the learning 

process. he Web site also contains much useful 

information for anyone trying to lower or maintain 

their weight, including recipes, shopping tips, in-

formation about nutrition and exercise, and general 

information such as advice about maintaining bal-

ance in one’s life. However, the commercial nature of 

the program is also obvious. Individual Jenny Craig 

Centers are franchises and information for prospec-

tive investors, including the amount of investment 

capital required and anticipated returns are avail-

able from the Jenny Craig Web site. 

he program has achieved high name recognition 

due largely to the number of individual Jenny Craig 

Centers (there were approximately 660 as of 2007), 

television and print advertising of individual success 

stories (ironically often followed by the disclaimer “re-

sults not typical”), blogs of successful individual dieters, 

and use of celebrity spokeswomen including Monica 

Lewinsky, Kirstie Alley, and Valerie Bertinelli. 

As of 2002, Womble and colleagues found no peer-

reviewed studies of the eicacy or safety of Jenny 

Craig programs for weight loss or health improve-

ment, and a PubMed search conducted in 2007 also 

revealed no articles examining the success of the pro-

gram or comparing it to other weight-loss and main-

tenance strategies. 

SEE ALSO: Advertising; Nutrition and Nutritionists; Wom-

en and Dieting. 
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The Jenny Craig program emphasizes a balanced approach to diet and 

exercise supported by individual counseling.

A 2005 Forbes magazine article found Jenny Craig 

to be the most expensive of 10 systems of dieting, in-

cluding NutriSystem, Weight Watchers, Sugar Bust-

ers!, the Atkins Diet, Slim Fast, and the Zone Diet. 

hey estimated the total price of one week’s worth of 

Jenny Craig meals to be $137.65, or 152.8 percent of 

the amount the average single American spends on 

food in one week. 

he Jenny Craig program is based on sound 

weight-loss principles including learning new eat-
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Kidney Failure

THE KIDNEYS ARE complex organs that perform many 

functions, including maintenance of luid and acid–base 

balance, removal of waste products, stimulation of red 

blood cell production, and regulation of calcium stores. 

Failure of the kidney can afect one or all of these func-

tions, and may occur suddenly or gradually. Physicians 

commonly use creatinine, a blood test, to estimate the 

kidney’s function. he glomerular iltration rate (GFR) 

relects how much luid one glomeruli (the smallest 

functioning unit in the kidney) can ilter per minute.

Sudden or acute kidney failure can be caused by 

poor blood low to the kidney as with dehydration or 

heart failure, very high blood pressure, toxins, inlam-

mation, or kidney stones, to name a few possibilities. 

Patients can present with confusion, reduced appe-

tite, vomiting, leg swelling, or reduced urine output. 

Acute kidney failure is managed by treating the un-

derlying cause and allowing the kidneys to heal them-

selves. If needed, physicians can remove excess luid 

or waste products directly from the blood by using 

hemodialysis for a short period. 

Chronic kidney failure, on the other hand, is a 

gradual and largely silent disease caused most often by 

uncontrolled diabetes and hypertension. One in nine 

adults in the United States has chronic kidney disease 

(CKD). Racial and ethnic minorities and people with 

obesity and associated conditions like hypertension, 

diabetes, and hypercholesterolemia are at higher risk 

for kidney failure.

Simple tests like creatinine and urine protein can 

identify people with early stages of CKD. Early inter-

vention with medications to treat hypertension, such 

as angiotensin converting enzyme (ACE) inhibitors or 

angiotensin receptor blockers (ARBs), and lower blood 

sugar can slow or even halt disease progression. 

People with advanced CKD commonly develop 

poor appetite, loss of sleep, lack of energy, poor con-

centration, muscle cramps at night, and swollen feet. 

CKD itself can cause high blood pressure and increase 

cholesterol deposition in arteries, thereby predispos-

ing to heart attack and stroke. 

People with CKD should avoid taking over-the-

counter pain medications, and take new medications 

only after proper consultation with a physician. Because 

damaged kidneys cannot process high levels of potas-

sium, sodium, or protein, a modiied diet is recom-

mended. In addition to monitoring the GFR, physicians 

also monitor calcium, vitamin D, and red blood cell 

levels. Treatment with vitamin D to prevent osteoporo-

sis or erythropoietin to treat anemia may be necessary. 

In end-stage CKD, patients may require hemodialysis, 

peritoneal dialysis, or kidney transplant to survive.

SEE ALSO: Hypertension; Hypertension in African Ameri-

cans; Hypertension in Asian Americans; Hypertension 

Pharmacotherapy; Type 2 Diabetes.
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Kidney Stones

KIDNEY STONES ARE formed by a complex process of 

crystal formation and deposition within the kidney, 

ureter, or bladder. People with kidney stones most 

often present because of severe pain or blood in the 

urine. About 5 percent of women and 12 percent of 

men will have at least one episode of kidney stones 

by the age of 70. Kidney stones are more prevalent in 

obese patients, particularly men and those who have 

abdominal obesity (higher waist circumferences). he 

mechanism linking obesity to a greater prevalence of 

kidney stones is not yet known.”

here are three types of stones: calcium, struvite, 

and cystine. he most common type is calcium with 

oxalate or phosphate. hese can be caused by high 

calcium levels in the blood, genetic factors, intesti-

nal bypass surgery, or diets rich in oxalate. Struvite 

stones are caused by chronic urinary tract infections 

with certain bacteria. Uric acid stones tend to develop 

in people with high blood levels from gout or chemo-

therapy, or people eating high-protein diets causing 

acidic urine. Cystine stones occur rarely in associa-

tion with hereditary disorders.

In some people, kidney stones pass through the uri-

nary tract without causing symptoms. However, stones 

can also cause obstruction of the kidney or ureter. his 

causes severe episodic pain that usually begins in the 

back and moves to the groin and is associated with nau-

sea, vomiting, and blood in the urine. Physicians can di-

agnose kidney stones based on urine tests, X-rays, com-

puterized tomography (CT) scans, or ultrasounds. 

Most kidney stones eventually pass on their own 

with two to three quarts of luid intake a day. Treatment 

with a calcium channel blocker, a type of blood pres-

sure medicine that relaxes smooth muscle like that in 

the ureter, may speed up the process. Stones that need 

to be removed urgently are very large or fail to pass on 

their own may require additional intervention, such as 

uretroscopy or extracorporeal shock wave lithotripsy. 

Kidney stones frequently recur but can be pre-

vented. he single most important lifestyle change is 

to drink up to a gallon of water a day. People with cal-

cium stones should restrict foods rich in oxalate such 

as beets, chocolate, cofee, cola, nuts, rhubarb, spinach, 

strawberries, tea, and wheat bran. Reduction of dietary 

salt and animal protein also helps. As a rule, restricting 

calcium is not recommended because calcium in nor-

mal amounts combines with oxalate in the gastrointes-

tinal tract and prevents its absorption. When calcium 

is low, oxalate is absorbed, which leads to more stone 

formation. Less commonly, speciic medications can 

correct the underlying problem resulting in stones. 

SEE ALSO: Calcium and Dairy Products; Kidney Failure.
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Acute kidney failure is managed by treating the underlying cause and 

allowing the kidneys to heal themselves.
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Laparoscopy

MINIMALLY INVASIVE SURGERY has truly revolu-

tionized how abdominal procedures are performed. 

Minimally invasive surgery in the abdomen is per-

formed using a laparoscope. Laparoscopy is derived 

from two Greek words, laparos = “abdomen” and 

skopein = “to look or see.” Laparoscopy involves the 

principle of minimal access in which operations in 

the abdomen are performed through small incisions 

compared to larger incisions needed in traditional 

“open” surgical procedures.

The benefits of minimally invasive surgery in-

clude less pain, improved cosmetic results, and 

quicker return to baseline functionality. Other 

benefits include lower wound-related complication 

rates such as infections and hernias. The morbidly 

obese patient arguably benefits from laparoscopic 

surgery to an even greater degree than the nor-

mal-weight patient. he elements in laparoscopic 

surgery are the laparoscope, a telescopic lens system 

that is connected to a video camera and attached to 

a lighted iber-optic cable system. Laparoscopes are 

currently available in several sizes from 2 millimeters 

in diameter to 10 millimeters. he abdomen is usu-

ally insulated with carbon dioxide gas to create a 

working space. Carbon dioxide is almost always cho-

sen because it does not support combustion and it is 

inexpensive, easily available, and rapidly absorbed.

Any operative procedure performed in the mor-

bidly obese patient is inherently more risky than in 

normal-weight individuals. Speciic to abdominal 

surgery, not only are there technical challenges to op-

erating on the obese individual due to the thickness 

of the abdominal wall and amount of visceral adipos-

ity, but also obese individuals are prone to a number 

of severe physiologic derangements that substantially 

increases their perioperative risk. 

The obese patient suffers from a decreased car-

diac reserve. Systemic hypertension, so common 

in the obese patient, can result in left-sided ven-

tricular hypertrophy, cardiomyopathies, and val-

vular dysfunction. Obesity is strongly associated 

with the metabolic syndrome, which promotes 

arteriosclerosis and coronary artery disease. Ar-

rhythmias are also more common in the morbidly 

obese and may be further aggravated by obstruc-

tive sleep apnea.

In the obese, respiratory physiology is altered. Oxy-

gen consumption and carbon dioxide production is 

increased and the chest wall compliance is reduced. 

his, in turn, decreases pulmonary functional residual 

capacity (FRC) and result in the premature airway clo-

sure and subsequent ventilation/perfusion mismatch 

in the lungs. Chronic intraabdominal hypertension 

secondary to visceral obesity also may lead to de-

creased FRC. Severe sleep apnea occurs frequently in 

the morbidly obese patient and can be associated with 



a number of complications including arrhythmias, hy-

poxia, pulmonary hypertension, right-sided heart fail-

ure, and cor pulmonale (a failure of the right ventricle 

of the heart). Gastric physiology is also altered; obese 

patients are more likely to have large gastric volumes, 

lower gastric pH, and delayed gastric emptying, which 

increases their risk for gastric aspiration during sur-

gery. Gastroesophageal relux is very common in the 

morbidly obese and can induce asthma.

he elevated body mass in the morbidly obese pa-

tient undergoing laparoscopic surgery increases the 

possibility of developing deep venous thrombosis 

(DVT) due to the high intraabdominal pressure that 

impairs the return of blood from the legs to the heart. 

Obesity may also promote the risks for DVT forma-

tion directly as a chronic inlammatory condition and 

indirectly through decreasing mobility.

he premise that laparoscopic surgery is better 

tolerated than open surgery in the obese relies on the 

fact that there is less operative trauma with laparos-

copy and that the extent of pulmonary depression is 

related to the magnitude of operative trauma. his 

has been demonstrated in randomized trials com-

paring the impairment of pulmonary function after 

laparoscopic gastric bypass (GBP) and open GBP 

were a lower rate of segmental atelectasis and a high-

er forced expiratory volume in one second (FEV1) 

favor the laparoscopic approach. 

Beneits of laparoscopy over conventional open 

surgery also includes a decrease in blood loss, short-

er hospitalization time, less postoperative pain, and 

a minimized systemic inlammatory response. Many 

studies have demonstrated a more rapid resumption 

of daily activities and earlier return to work than open 

procedures. Improvements in quality of life can often 

be demonstrated months after surgery relative to those 

patients undergoing traditional open procedures. Oth-

er advantages of the laparoscopic technique include a 

decrease in the incidence of abdominal wall hernias 

and of wound infection because there is no large inci-

sion made there are also improved cosmetic results. 

he main disadvantage of laparoscopy in the obese 

is that skills needed to perform these procedures safe-

ly is much higher than in the nonobese patient. hus, 

complication rates may be higher when inexperienced 

surgeons are performing the procedures.

SEE ALSO: Gastric Bypass; Lap Band.
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Lap Band

THE LAPAROSCOPIC ADJUSTABLE gastric band 

(LAGB) is a device that can be used to cause signii-

cant weight loss in morbidly obese individuals. Gas-

tric banding was irst introduced in 1985 in Europe. 

Later modiications were introduced in Europe in 

1993. he device received U.S. Federal Drug Admin-

istration (FDA) approval in June 2001. 

he last decade has seen explosive growth in lap 

band procedures worldwide. Most of the growth 

is attributed to the development, maturation, and 

application of laparoscopic surgical techniques to 

the ield of bariatric surgery. In the laparoscopic 

approach, approximately ive small incisions (1 cm 

or less) are made in the abdominal wall instead of 

one big incision. his results in signiicantly less 

pain with fewer wound complications such as infec-

tion and hernias. he other advantages of the lapa-

roscopic approach include faster recovery, shorter 

hospital stay, and less perioperative morbidity.

Numerous outcome-based studies have now clear-

ly shown this operation to be safe and efective for 

long-term control of obesity along with resolving as-

sociated life-threatening conditions such as diabetes, 

high blood pressure, and sleep apnea. 

he lap band might be considered by any patient 

who is morbidly obese and has tried and failed to lose 

weight with diet and exercise programs. he proce-

dure is currently restricted to obese individuals who 
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have a body mass index (BMI) of at least 35 with medi-

cal problems relegated to obesity or any patient with a 

BMI of over 40.

he lap band is a silicone elastomer ring designed 

to be placed around the upper part of the stomach. 

he inlatable balloon on the inner surface of the band 

can be illed with saline. his balloon is connected by 

tubing to an access port that is placed beneath the 

skin during surgery. he surgeon can adjust the lap 

band by adding or subtracting saline inside the inner 

balloon through the access port. 

he placement of the band creates a small pouch at 

the top of the stomach which holds approximately 30 

milliliters volume. his pouch ills with food quickly 

sending this message to the brain. his sensation of 

fullness helps the person to eat smaller portions and 

lose weight over time. If the band is too loose, then 

the weight loss will be inadequate. Adding more saline 

can reduce the size of the stomach to further restrict 

the amount of food that can move through it. If the 

band is too tight, the patient may experience diiculty 

swallowing or relux symptoms, and removal of some 

saline to loosen the band will reduce the amount of 

restriction. Correct adjustment of the band is essen-

tial for long-term success for weight loss. hese ad-

justments are done in the oice. A typical patient may 

require ive to six adjustments during the course of 

the irst three years. he irst adjustment is not made 

until four to six weeks after the surgery.

here are many advantages of lap band surgery 

over other weight-loss surgeries. his surgery is very 

simple, it does not involve cutting or stapling of the 

stomach, which makes it reversible as the stomach 

returns to normal if the band is removed. It has a low 

mortality (1 in 2,000) with a short hospital stay and a 

quick recovery. he adjustment of the band does not 

require additional surgery. he procedure is purely 

restrictive with no malabsorption; therefore, there is 

less risk of developing vitamin or mineral deiciency.

Weight loss after lap band surgery is much slower 

compared to gastric bypass surgery. Sixty percent of ev-

ery 100 pounds that the patient is overweight is expected 

to be lost after a three- to ive-year period. he gastric 

bypass patient can expect 70 percent excess weight loss 

at the 18-month interval. Additionally, a majority of the 

associated comorbid conditions—particularly diabetes, 

blood pressure, high cholesterol, sleep apnea, fatty liver, 

and incontinence—are cured after the surgery.

Like any other procedure, lap band also has specif-

ic risks associated with it. Being a foreign body, there 

is always a risk of infection, which may require its 

removal. Sometimes the band may slip from its po-

sition or may erode into the stomach, requiring ad-

ditional surgery. Malfunction of the port or leakage 

from the tube or the balloon has also been reported 

requiring the replacement of the device. However, 

with modiications in the device, these complica-

tions have been reduced to a minimum. Today, the 

lap band is considered the safest and least invasive of 

all weight-loss surgeries.

SEE ALSO: Bariatric Surgery in Children; Bariatric Surgery 

in Women; Multidisciplinary Bariatric Programs; Roux-

en-Y Gastric Bypass.
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L.A. Weight Loss

L.A. WEIGHT LOSS is a commercial, nonmedical 

weight-loss program founded in 1987. he program 

promotes lifestyle change through intensive indi-

vidual counseling and use of their packaged foods to 

supplement ordinary food consumed as part of an in-

dividualized diet plan. L.A. Weight Loss claims to be 

the fastest growing center-based weight-loss program 

in the world and has over 900 locations in the United 

States, Canada, Puerto Rico, Mexico, Australia, and 

Costa Rica. Individual L.A. Weight Loss centers are 

franchises and information about investing in a fran-

chise, or working in one of the centers, is available 

through the program’s franchise Web site. 
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Promotional materials for L.A. Weight Loss empha-

size that their clients lose weight more quickly than 

participants in similar programs, and Womble and 

colleagues report that losses of two to three pounds 

per week during the initial phase of the program are 

advertised. Because this is more rapid weight loss 

than is commonly recommended, L.A. Weight Loss 

screens potential clients for contraindicated medical 

conditions, and clients with preexisting conditions 

must obtain approval from their primary care physi-

cian before enrollment. he program also has a medi-

cal director, currently (2007) Boyd D. Lyles, Jr., M.D. 

Intensive individual counseling is provided (at least 

three times per week during the initial phase). Coun-

selors may be nurses, nutritionists, or other profes-

sionals, but most often are laypeople trained by L.A. 

Weight Loss. According to Womble and colleagues, 

participants are assigned a meal plan that provides 

1,100–1,900 calories per day, devised by the staf di-

etitian with consideration to their age, sex, weight, 

and medical conditions. hey are also counseled 

about serving and portion sizes and are told speciic 

foods to eat or avoid; it is also recommended that they 

consume two soy-based supplement bars called L.A. 

Lites with each meal. Once reaching their goal weight, 

participants enter a stabilization phase in which they 

are encouraged to eat a greater variety of foods, and 

caloric levels are adjusted for weight maintenance. 

Very little speciic information about L.A. Weight 

Loss Centers is available from the program Web site. 

he main features in April 2007 were before and after 

pictures of actress and comedian Whoopie Goldberg 

with the endorsement “I lost 40 lbs in 23 weeks!” ac-

companied by the statement, “As people vary, so does 

their weight loss. You may lose more or less than 

Whoopie,” a search engine to locate a center by ZIP 

code, and an 800 number to call for information. he 

franchise Web site ofers more information about 

the inancial success of the company, and invest-

ment and employment opportunities. According to 

Womble and colleagues, as of 2002, no scientiic data 

were available evaluating the success or safety of L.A. 

Weight Loss programs. 

he company has been accused of false advertis-

ing and high-pressure sales tactics, and legal judg-

ments have been issued against it in several juris-

dictions. In New York State, Attorney General Eliot 

Spitzer reached a settlement with the company in 

2002 which required L.A. Weight Loss Centers to 

pay a $100,000 ine plus $10,000 to cover the cost 

of the investigation, post a performance bond, re-

vise its contracts to disclose full costs of the program 

and make explicit the right of customers to cancel, 

and to make restitution to New York State custom-

ers who were refused refunds to which they were 

entitled. Among the charges were that L.A. Weight 

Loss Centers advertised that its program could be 

purchased “for only $7 per week,” while the true cost 

was typically three to four times this amount and, in 

addition, the program could not be purchased on a 

weekly basis but required the annual fee to be paid in 

advance. he company also required participants to 

purchase a supply of L.A. Lites nutrition bars, which 

were originally described as optional. 

In a similar judgment in Washington State in 2006, 

L.A. Weight Loss and NWM (a franchise which uses 

L.A. Weight Loss products) were ordered by the state 

Attorney General’s oice to provide $100,000 in re-

funds to customers who were misled or pressured into 

buying energy bars and other nutritional supplements, 

and to pay $90,000 for attorney’s fees and future mon-

itoring. his was the second judgment against L.A. 

Weight Loss in Washington State; the irst, in 2005, 

required the company to pay $75,000 in legal costs and 

issue refunds to over 1,500 customers. 

SEE ALSO: Atkins Diet; Jenny Craig; Medifast; NutriSystem; 

Slimfast; South Beach Diet; Weight Watchers; he Zone.
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LDL Receptors

THE DISCOVERY OF the LDL receptor over 30 years 

ago has helped to elucidate the complex mechanisms 

underlying cholesterol homeostasis in the body. he 

LDL receptor is a protein whose primary function is 

to transport cholesterol into cells. Low-density lipo-

protein (LDL) is a protein that carries cholesterol and 

is often referred to as the bad or lousy cholesterol. he 

LDL receptor removes both LDL particles and inter-

mediate-density lipoproteins (IDL) particles from the 

blood through a process known as receptor-mediated 

endocytosis. he LDL receptor will interact with an 

LDL particle at the cell surface. his is a favorable lo-

cation for this interaction because the pH is neutral in 

this area. Once the LDL particle binds to the receptor, 

an LDL particle-receptor complex is formed and then 

the complex is brought into the cell by endocytosis. 

Once the LDL particle-receptor complex enters the 

cell it is released as an endosomes, an organelle with-

in the cell. Within the endosome, there is a decrease 

in the pH (it is more acidic than the outside of the 

cell) and this change in acidity results in the receptor 

releasing the LDL particle from the LDL particle-re-

ceptor complex. he LDL particle will then be further 

broken down for the cell to use the cholesterol. here 

are two diferent fates for the LDL receptor after it 

releases the LDL particle. he receptor may either 

be destroyed or recycled back to the cell surface to 

be used again to bring in more LDL cholesterol. his 

process occurs primarily in the liver, the major organ 

for the removal of cholesterol from the body.

he levels of free cholesterol within the cell can 

regulate the synthesis of the LDL receptor. When 

there are low levels of cholesterol in the cell, there is 

an increase in the transcription of gene that makes 

the LDL receptor. One factor that regulates the LDL 

receptor is known as sterol-responsive element bind-

ing protein-2 (SREBP-2). Statins are a class of medica-

tions that are widely utilized to lower total and LDL 

cholesterol. One way in which they work is to increase 

the synthesis of the LDL receptor. his will allow for 

the removal of excess cholesterol from the body. Con-

versely, when cholesterol levels are high in the cell, 

the cell decreases the synthesis of the LDL receptor. 

It has been discovered that some people may have 

inherited mutations for the gene that makes the LDL 

receptor. his would result in a condition known as 

familial hypercholesterolemia (FH) or high cholester-

ol. Patients who sufer from FH have elevated levels of 

LDL cholesterol, sometimes reaching nearly 700 mg/

dl (normal values of LDL cholesterol should be < 130 

mg/dl). Patients may be homozygous or heterozygous 

for the defect in the LDL receptor. Patients who are 

homozygous will have much greater LDL levels and 

often die in childhood. his mutation is less common 

than patients who are heterozygous. Patients who are 

heterozygous for the LDL receptor mutation are at an 

increased risk of developing heart disease in adult-

hood. hese patients are the ones who typically re-

ceive cholesterol-lowering medication. 

SEE ALSO: Elevated Cholesterol; HDL Receptors.
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Leptin 

LEPTIN IS A hormone that is produced in fat cells 

and functions to regulate body weight and eating. It 

was the irst hormone discovered within fat cells and 

is part of the class of hormones now known as adi-

pokines (hormones produced in the fat). Other hor-

mones made in fat cells include adiponectin and re-

sistin. In the mid-1950s, a mouse was discovered at 

Jackson Laboratories that ate a large amount of food 

and performed very little physical activity and became 

very obese. he gene required for the mouse to be-

come obese was known as the ob gene. Mice that had 

two ob genes were the only mice to become obese and 

subsequently these animals were named the ob/ob 
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mice. Leptin was discovered in the mid-1990s as the 

hormone that was responsible for the obesity observed 

in the ob/ob mouse. he word leptin comes from the 

Greek word lepthos, which means thin. 

Leptin was originally hypothesized to regulate how 

much food a person eats and how much physical ac-

tivity he or she performs. he ob/ob mouse was very 

obese and had no leptin in its body. Once these leptin-

deicient mice were given an infusion of leptin, they 

stopped eating and lost their extra body weight. It was 

later determined that when a normal mouse (not the 

ob/ob mouse) had a large amount of adipose tissue (fat 

cells), then it would have high levels of leptin. When 

leptin levels are high, the animals’ appetite would de-

crease (they would eat less food), and the amount of 

physical activity they use would increase (they would 

move more in their cages). Alternatively, when leptin 

levels are low (in a thin animal), the animals’ appetite 

would increase (they would eat more food) and the 

amount of physical activity they use would decrease 

(they would move less in their cages). 

Leptin is believed to travel from fat cells to the brain. 

A leptin receptor is located on the brain which helps 

move leptin across the blood–brain barrier. Once in 

the brain, leptin is able to regulate if a person is hun-

gry or if he or she satiated. Leptin works in the hypo-

thalamus region of the brain and afects neuropeptide 

Y pathway, agouti related protein (AGRP) pathway, 

and the pro-opiomelanocortin (POMC) pathway as 

well as other pathways. Originally, leptin was believed 

to only be produced in fat cells, but small amounts of 

leptin are produced in other tissues as well such as the 

stomach, intestines, and the brain. 

Once leptin was discovered in 1994, it was hypoth-

esized that people who were overweight or obese 

must have had very low levels of this hormone and 

that is why people who are overweight or obese eat so 

much. Many biotechnology and pharmaceutical com-

panies were interested in making a synthetic leptin 

as a treatment to control body weight. However, the 

opposite hypothesis was observed. People who were 

obese or overweight had more leptin than people who 

were thin. It was then proposed that overweight and 

obese people might be leptin resistant, that is their 

tissues were no longer responsive to the actions of 

leptin. Another proposed hypothesis was that leptin 

primarily works when people do not eat. When a per-

son does not eat a suicient amount of food, they may 

enter a starvation-like state. During these starvation 

conditions, the leptin begins to work and tells the 

body that it needs to eat.

Leptin deiciencies in humans, like the ones ob-

served in the ob/ob mice, are very rare. here have 

been a few documented medical cases of members 

from the same family displaying similar symptoms 

that the ob/ob mice displayed. he children with 

the deiciency would eat large portions of food and 

do very little exercise. hey were extremely obese. 

Treating these leptin-deicient patients with synthetic 

leptin alleviated all of their symptoms. hese patients 

would have a reduction in body weight and normal-

ization in the amount of food they ate and the amount 

of physical activity in which they engaged. 

Additional studies were performed on the relatives of 

the children who were leptin deicient. hese relatives 

were heterozygous for the leptin gene (i.e., missing some 

of the genetic information to make leptin). hey had a 

lower amount of leptin levels compared to individuals 

with similar amount of body weight and body fat. When 

these individuals were given synthetic leptin as a treat-

ment, they also had a reduction in the amount of food 

they ate, increase in physical activity, a decrease in body 

weight and decrease in body fat percentage. Overweight 

and obese subjects who were given very large doses of 

leptin had very little to modest efect in regard to chang-

es in eating, physical activity, body weight, and body fat.

In addition to eating and physical activity, leptin has 

the ability to afect and/or regulate many other systems 

in the body. Leptin-deicient mice are often sterile. his 

is because leptin deiciencies may afect the synthesis 

of the sex hormones (i.e., testosterone and estrogen). 

When the leptin-deicient mice were given the syn-

thetic leptin, the infertility disappeared. Leptin plays 

an essential role in the growth of neurons in the brain. 

AMP-activated protein kinase (AMPK) is an es-

sential molecule that is often said to be a master 

switch of metabolism. When it is turned on, the use 

of fatty acids in the body is increased and when it is 

shut of, fatty acid utilization decreases. Leptin plays 

a role in turning of AMPK. Leptin also plays a role 

in regulating glucose (sugar) and insulin metabolism 

in the body. Animals that were insulin resistant (pre-

diabetic) and given leptin infusions had a normaliza-

tion of their blood glucose and became more insulin 

sensitive. It is believed to afect glucose and insulin 

metabolism through its efects on the liver.
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Since its initial discovery in the mid-1990s, leptin has 

proven to be a very interesting hormone to study. It is 

clear that it plays a role in regulating how much food a 

person may eat and how much energy they will use. Ad-

ditionally, leptin can inluence many other systems in 

the body and its function continues to be elucidated.

SEE ALSO: Adiponectin; Leptin Supplements; Ob/Ob 

Mouse.
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Leptin Supplements

OBESITY IS A major public health problem, and the 

pharmaceutical industry has recently rushed to ind 

a scientiic breakthrough in a cost-efective treatment 

for individuals who are already obese. For many obese 

individuals trying to lose weight, exercise and sound 

nutrition are not enough or are exceedingly diicult. 

A pharmaceutical approach, thus, is increasingly being 

sought as an adjunctive therapy to lifestyle changes.

DISCOVERY OF THE LEPTIN PROTEIN AND THE 

PROMISE OF LEPTIN REPLACEMENT

he leptin protein was discovered in the 1970s in difer-

ent strains of mice that either had decreased produc-

tion of, or a decreased response to, leptin. Researchers 

took a group of obese mice and noticed a mutation 

common among the mice that resulted in the inability 

to generate a protein called leptin. Further, subsequent 

studies in mice showed that when recombinant leptin 

was injected into these obese mice, there was a marked 

decrease in food intake and the mice lost weight. 

his discovery sparked frenzy among the pharma-

ceutical industry. here was now a race to formulate a 

leptin pill that could ultimately reduce America’s bur-

geoning public health problem. here was a problem, 

however. Some experiments in humans showed that af-

ter six months of giving leptin replacement, many of the 

subjects began to gain weight again. he roadblock was 

intensiied by the fact that not all obese individuals, in 

fact only a small minority, were deicient in leptin. In ad-

dition, it appeared that obese humans were partially re-

sistant to leptin, not just deicient in production to leptin. 

So, giving leptin as a supplement did not have much of an 

efect. In short, leptin was only part of the puzzle.

he advances made with leptin research have ad-

vanced current approaches. Current advances are 

focused on a more comprehensive approach. For ex-

ample, Rimonabant, an experimental drug that has dif-

ferent biological actions than leptin, is being currently 

tested not only for the treatment of obesity but also for 

smoking, high cholesterol, and high blood pressure. 

he discovery of leptin was one impetus that increased 

the search for other medications that could either de-

crease appetite, increase energy expenditure, or a com-

bination of both. he initial discovery of leptin came 

at the right time, just as public health professionals 

were really beginning to warn of the dangers of the 

increasing rates of obesity. herefore, the research in-

volving leptin had a unprecedented audience. While 

much of the research involving leptin did not hold the 

promise of its beginning, leptin research has paved 

the way for current advances.

SEE ALSO: Leptin; Rimonabant.
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Liking vs. Wanting

EATING FOOD IS normally regarded as a rewarding 

and satisfying experience. “Liking” and “wanting” 

are emerging constructs in a conceptual approach to 

food reward where separable processes of afect and 

motivation can be viewed as a major inluence on en-
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ergy intake. Liking and wanting achieve importance 

in light of the recognition of the contrast between ho-

meostatic (regulation of appetite signals) and hedon-

ic (of or relating to pleasure) processes that control 

eating. In our obesigenic environment there are good 

reasons for believing that nonhomeostatic processes 

linked with hedonics are responsible for overeating. 

herefore, liking and wanting form part of the non-

homeostatic approach to the control of food intake.

Many people would assume that liking and wanting 

are identical phenomena, both of which signify a pos-

itive attraction to food. he logical view is that liking 

and wanting co-vary in a natural two-way sequence. 

In behavioural terms we assume that a change in lik-

ing will lead to proportional adjustments in want-

ing and, likewise, diferences in wanting will predict 

changes in liking. 

herefore, some researchers suggest that a clear 

behavioural distinction might not be possible. How-

ever, there are strong grounds for recognising that lik-

ing and wanting can be clearly dissociated and have 

distinct identities. his means that they have much 

greater resolving potential for understanding the role 

of hedonics on eating and therefore on overconsump-

tion. hus, the issue of liking vs. wanting is concerned 

with the functional signiicance of these two distin-

guishable processes, operating within the non-ho-

meostatic (hedonic) domain, for overconsumption 

and weight regulation in humans.

Liking and wanting appear to have separate and 

disproportionate roles in promoting overconsump-

tion. In terms of liking, some individuals at risk of 

weight gain may experience an exaggerated hedonic 

response to palatable foods, so that foods are en-

joyed more and therefore eaten in greater amounts 

for longer periods of time. Conversely, susceptible 

individuals may have a diminished ability to experi-

ence pleasure from food and therefore consumption 

of palatable food is driven up to satisfy an optimum 

level of stimulation. Processes of wanting may also 

bring about vulnerability to weight gain through in-

creased reactivity towards cues signalling the avail-

ability of food (sometimes referred to as incentive 

salience). Moreover, a reduced ability to resist the 

motivation to eat when satiated may promote non-

homeostatic overconsumption.

A widely held notion is that wanting rather than 

liking may be the crucial process in maintaining an 

obese state. For example, research on chronic drug 

abusers indicate that repeated drug taking behaviour 

and strong motivation to obtain a “ix” can occur in 

the absence of any pleasant sensations during inges-

tion. Moreover, food liking is often a rather stable 

characteristic within an individual and appears rela-

tively uninluenced by increasing weight status. he 

implication is that liking may be important in estab-

lishing the motivational properties of food, but once 

these are retained it is the upregulation of wanting 

in an obesigenic environment—insensitivity to ho-

moeostatic signals but overreactivity to external 

cues that promotes overconsumption by inluencing 

what and possibly how much is eaten from moment 

to moment.

Finally, it should be noted that under normal cir-

cumstances, liking and wanting are assumed to co-

vary, and in humans, few studies have been conducted 

to demonstrate that these processes can be diferenti-

ated. A convincing argument for the existence of two 

separate processes is that they can be inluenced by 

distinct neural pathways in the brain.

SEE ASO: Addictive Behavior; Appetite Signals; Dopamine; 

Food Reward; Opioid Palatability; Taste Reactivity.
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Lipoprotein Lipase 

LIPOPROTEIN LIPASE (LPL) is the enzyme respon-

sible for the hydrolysis (breakdown) of triacylglyc-

erols (TAG, or dietary fat) from lipoprotein carry-

ing molecules into nonesteriied free fatty acids and 

2-monoacyglycerol for incorporation into tissues 

such as adipose, heart, and skeletal muscle. LPL 

plays an important role in lipid metabolism and 
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dysregulation of this enzyme has been implicated in 

pathologies associated with obesity, including car-

diovascular disease.

Within adipose tissue, skeletal muscle, and heart, 

LPL is located on the capillary endothelium and is 

attached to the cell surface by heparin sulfate pro-

teoglycan chains. LPL catalyzes the rate-limiting 

step in the breakdown of TAG from lipoproteins 

(proteins which transport lipids around the body) so 

that free fatty acids can be taken up by other target 

tissues. Two examples of lipoproteins that transport 

TAGs are chylomicrons and very low density lipo-

proteins (VLDLs). Dietary TAG are incorporated 

into chylomicrons and secreted by the intestine, 

while endogenous TAG is incorporated into VLDL 

and secreted by the liver. Upon secretion, the lipo-

proteins migrate to the skeletal muscle, adipose tis-

sue, or the heart. 

Apolipoprotein C2, which is present on the lipo-

protein particles, serves as a cofactor for the TAG 

hydrolysis action of LPL. his reaction is necessary 

for cellular utilization of TAG as the lipoprotein mol-

ecules are normally too large to cross the capillary 

endothelium. Once inside the cell, the fatty acids and 

monoacylglycerol chains are either re-esteriied (put 

back together) as TAGs for storage, or they are bro-

ken down further for energy needs.

Dysregulation of LPL in humans is associated with 

increased risk for coronary heart disease. Reduced ac-

tivity of LPL is associated with hypertriglyceridemia, 

which is a risk factor for heart disease. Conversely, en-

hanced activity of LPL results in the increased release 

of remnant lipoproteins in circulation, which are sub-

ject for uptake by inlammatory macrophages, which 

may increase risk for atherosclerosis. In addition, LPL 

is expressed in macrophages from atherosclerotic 

lesions. Macrophage LPL activity is proposed to be 

proatherogenic, promoting uptake of lipids into the 

macrophages, which become incorporated into ath-

erosclerotic lesions and subsequently increase the 

size of these lesions. 

SEE ALSO: Atherosclerosis; Inlammation.
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Liquid Diets

LIQUID DIETS ARE diets that are almost exclusively 

used for medical purposes. hey are diets that restrict 

intake to just liquids such as tea or juices.

Before and after medical tests, surgery, births, and 

in other situations, liquid diet can be very beneicial. 

In general, physicians do not recommend a liquid diet 

unless the patient is to be subject to procedures such 

as a colonoscopy or sigmoidoscopy. 

A clear-liquid diet before surgery or tests can serve 

many functions. It aids in lushing the bowels. It also 

decreases the strain on the digestive system. It also 

supplies some nutrients. Physicians will usually sup-

ply patients with a fact sheet before beginning a liq-

uid diet. he fact sheet will describe in detail how to 

proceed, what can be drunk, and the length of time to 

follow the diet.

Liquid diets are frequently used as a part of therapy 

following weight-loss (bariatric) surgery. his type of 

surgery uses a lap band or a gastric bypass to change 

the nutrition absorption of the patient. After the sur-

gery, the patient will normally be given just liquids. 

On the irst day, a liquid diet limits the intake to sips 

of clear liquids. he clear liquids are liquids such as 

apple juice, orange juice, water, lat diet sodas, sugar-

free jello, broth, or other similar liquids. he next day, 

the patient normally moves to semiliquids. 

Bariatric patients may be put on a liquid diet for 

as long as 10 days following the procedure. In very 

extreme cases, obesity may be treated with an all-

liquid diet. Although successful at irst, a liquid diet 

as treatment for obesity must be constantly moni-

tored by a physician to prevent negative side efects 

from developing.

For long-term loss of excessive weight, liquid diets 

are not a very good option. A major reason is that it 

does not teach the obese person the actions and deci-

sions that must be developed into habitual behaviors 

that are necessary for healthy eating. Obese individuals 
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typically perform better on diets that can more easily 

be incorporated into “real life” situations.  Because 

consumption of all liquid diets, such as SlimFast or 

Optimum shakes, without intake of healthful meals 

as prescribed with these diets, do not train patients 

to eat regularly, they are not likely to be successful for 

the long-term.

Small weight losses are possible for short peri-

ods through the use of a clear liquid diet. Even more 

short-term losses are possible with the use of juices. 

However, a juice fast will lack proteins and iber. he 

result is that some gains are made that may be quickly 

lost with the return of eating. 

Protein shakes can also be a part of a liquid diet. 

hese may help to eliminate weight in the short term. 

However, unless other tactics are employed such as 

more rest, more exercise, and a radical modiication 

of a solid-food diet so that it is oriented toward mod-

erate portion of vegetables, fruits, lean meats, and 

small portion of carbohydrates, the individual will 

rapidly regain weigh lost in the short term.

Experience suggests that the best that can be achieved 

for use of liquid diets is the loss of a few pounds. Sev-

eral of these may be simply the weight of the passing of 

feces that is not replaced with new solid food.

Popular culture has promoted the idea that lu-

ids can cleanse the body’s systems of impurities. 

Claiming that the liver in particular can be purged 

of impurities encourages some to attempt liquid 

diets. Generally speaking, the elimination of most 

processed foods from a diet is beneicial. However, 

extreme use of a liquid diet will exclude nutrients 

including essential vitamins and minerals. hese are 

required for good health.

Extreme dieting with a liquid diet runs the risk 

of negative health consequences. It opens the indi-

vidual to reduced resistance to disease in the quest 

of a weight loss that is small compared to the possible 

negative consequences. A better strategy to employ 

is to use a liquid diet as a meal replacement. Regular 

meals in dietetically sound proportions can be bal-

anced with a “meal” of liquids. However, the liquid 

meal replacement diet will fail it the solid meals are 

not regulated with good portion control.

SEE ALSO: Diet Myths; Dietary Restraint; Dieting: Good 

or Bad?
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Loneliness

FREQUENT, INTENSE, AND enduring loneliness can 

have far-reaching health implications. Many of its 

sequelae may complicate health conditions of obese 

patients through physiological, emotional, social, and 

behavioral means. Unlike related states of anxiety and 

depression, typically viewed as pathological, loneli-

ness occurs within the normal and even healthy range 

of functioning, across the life span. Loneliness has 

been identiied in children, adolescents, and adults. 

Males and females across every race and culture ex-

perience loneliness at similar rates, although some in-

teresting variations have been identiied, for example, 

coping strategies may vary. 

Approximately 80 percent of survey respondents in-

dicated being lonely occasionally, 15 percent much of 

the time, and 5 percent reported never feeling lonely. 

hese rates corroborate the ubiquitous nature of lone-

liness and support the notion that it can be typical of 

the human condition. However, individuals who re-

port being lonely much of the time may represent an 

unhealthy subgroup. A general deinition is necessary, 

before further discussing pathological loneliness.

A deinition of loneliness includes afective and 

cognitive aspects of the experience; feelings (e.g., 

emptiness, sadness), situations (e.g., being alone), and 

cognitions (e.g., I’m all alone). Here, loneliness will be 

deined as a negative subjective state associated with 

the perception that one’s interpersonal relationships 

are inferior in number and/or quality desired for ade-

quate social connection or belonging. his deinition 

highlights the interplay of emotional and cognitive 

aspects of loneliness. 

he cognitive aspect (i.e., discrepancy between de-

sired and perceived relationships) helps distinguish it 

from other negative emotional states, such as depres-

sion. It is also important to note that the objective (or 

actual) number or quality of social relationships is not 

included in its deinition. his emphasizes the phe-

nomenological aspects of loneliness and diferentiates 

it from solitude or simply being alone, in fact, time 

alone is not correlated with loneliness. It is the accept-

ability of the social network rather than the objective 

quality/quantity that determines the afective state. 

Although present throughout the life span, loneli-

ness may be more prevalent at diferent developmen-

tal stages. Some studies indicate adolescents report 

the highest rates, while others indicate young adults 

with commensurate rates. Increased focus on peer 

relationships and social status may raise both the ex-

pectations and value of social belongingness, creating 

higher rates of loneliness when these needs are not 

met. Cross-sectional studies found elderly commu-

nity members report less loneliness, even though so-

cial network size may decrease in aging populations. 

A cognitive explanation for this resilience may be 

changes in expectations, cultivating some evolution 

of preparedness or acceptability. Another hypothesis 

proposes that the quality of relationships at this age is 

most critical, bufering against decreased quantity. 

here may be a tendency to underestimate loneli-

ness in males when using measures with high face va-

lidity (i.e., instruments including the word “lonely”), as 

males may be less likely to endorse such items. Over-

all consistent gender diferences have not been found; 

males and females are similar in terms of perceived 

social connectedness. However, mixed results have 

at times been discovered, indicating small variations 

may be present at diferent ages. Few gender difer-

ences have been observed in children and adults, but 
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some studies indicate adolescent males may report 

more loneliness than females. Other studies indicate 

no diferences; therefore, future studies are necessary 

before concluding adolescent males are the loneliest 

demographic. 

he 20-item University of California, Los Angeles 

(UCLA) Loneliness Scale is the most common loneli-

ness measure. A self-report questionnaire is well suit-

ed for measuring this construct. Some analyses sup-

port multiple dimensions of loneliness, but this scale 

is generally used to represent a single factor, trait 

loneliness, which is the frequent experience of lone-

liness. Trait measurement enables scientists to attri-

bute characteristic thoughts, behaviors, and emotions 

to lonely “types,” those experiencing loneliness across 

time and situation.

Lonely individuals’ (i.e., those high in trait loneli-

ness) number of friends and the amount of time spent 

in social situations may not distinguish them from 

their non-lonely counterparts. However, they may dif-

fer in other important ways. As already noted, lonely 

individuals are more likely to experience depressive 

symptoms. here is abundant data indicating that 

depression results in work absenteeism, decreased 

productivity, increased healthcare costs, is related to 

poorer prognoses of many conditions, and possibly 

plays a causal role in the development of certain dis-

eases, such as coronary heart disease. Data indicate 

that loneliness is not only predictive of depressive 

symptoms, but also of many of the same deleterious 

health efects even when holding depressive symp-

toms constant. Impaired cardiovascular and immune 

function, higher rates of substance use (mixed results 

with alcohol), sleep ineiciency, anxiety, suicide, over-

utilzation of healthcare services, and fewer self-care 

behaviors may result from chronic loneliness. 

Even though loneliness does not predict blood 

pressure diferences, the mechanisms by which 

lonely and nonlonely achieve blood pressure may 

difer in crucial ways. Evidence suggests that high 

trait loneliness is indicative of higher total peripher-

al resistance and lower cardiac output. his inding 

may elucidate mechanisms of cardiovascular strain, 

which result in long-term health problems. here 

is further evidence that loneliness is predictive of 

blood pressure increases, as individuals’ age. here-

fore, high trait loneliness may warrant further study 

and clinical consideration.

he number of mechanisms responsible for the 

efects of loneliness is unknown. Unfortunately, 

regardless of whether the mechanisms are biologi-

cal, social, behavioral, psychological, or a combi-

nation, there is a clear circularity of loneliness and 

its maladaptive sequelae. Loneliness may precede 

depressive symptoms, depressive social withdrawal 

behaviors lead to more social isolation and fewer 

opportunities to develop social skills, which in turn 

hinders social networking. his pattern of with-

drawal increases isolation, which may lead to nega-

tive cognitive cycles. 

Loneliness is also associated with negative thoughts 

about the self and others. he circularity of cognitions 

may maintain or exacerbate loneliness. As the lonely 

person cycles through the behavioral loop of with-

drawal and isolation, it is reasonable to assume nega-

tive evaluations of the self and the future become more 

common as social failures accumulate. In fact, these 

evaluations, along with greater distrust and suspicion 

have been frequently observed in lonely individuals. 

his decreases the sense of group belonging, and social 

opportunities are more likely to be viewed as threat-

ening and are therefore avoided. Lonely individuals 

become more distrustful and feel more threatened by 

socialization. Distrust and perception of threat further 

inhibits initiation of social activities, preventing oppor-

tunities for social skill development. Unfortunately this 

cycle may result in more threatened, anxious, isolated, 

and skill deicient lonely persons. 

Loneliness has been associated with obesity. Recent 

research indicates that overweight children are more 

likely to become both the victims and perpetrators of 

“bullying” behavior. Unfortunately, both victims and 

perpetrators are likely to struggle with social rejec-

tion, which studies indicate lead to decreased will 

power. Successful diabetes management and caloric 

restriction, skills needed by many obese patients, may 

thereby become less likely. 

Unlike obese females, obese males may experience 

loneliness at the same rates as normal-weight males; 

however, loneliness will still impact obese men’s health 

diferently. Studies indicate that when a nonrestrict-

ing person becomes lonely, he/she may eat less, while 

a restricting person (e.g., person on weight-loss plan) 

will overeat. herefore obese men’s weight loss may 

be impeded by loneliness even if it occurs at “normal” 

frequencies. In addition, it is clear that obese males 
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and females as children and adults face negative bias 

and discrimination, providing social, vocational, edu-

cational, and economic challenges. 

Although both loneliness and obesity are predic-

tive of a number of future negative outcomes, re-

search has not determined the precise relationship 

obesity and loneliness in combination produce. One 

inding does suggest that depression is more likely 

when loneliness is attributed to physical appearance. 

In general it can be said loneliness and obesity in-

crease the chance of negative medical outcomes, but 

to what extent there is overlap, additive, or synergis-

tic efects remains unclear.

Loneliness poses a signiicant barrier to the treat-

ment of obesity. It is one of the most common over-

eating triggers (antecedents), is associated with 

overeating for those attempting to restrict calories, 

and produces passive coping strategies. Most weight-

loss treatments include both caloric restriction and 

active coping strategies. herefore, loneliness may 

interfere with successful weight loss and mainte-

nance. Given the paucity of research on loneliness 

and speciically its role in the development, mainte-

nance, and treatment of obesity, further inding and 

research is clearly warranted.

SEE ALSO: Self-Esteem and Obese Women.
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Low Birth Weight

NEWBORNS WHO WEIGH less than 5 pounds, 8 ounc-

es, are classiied as being of low-birth weight (LBW). 

(A related category, small for gestational age [SGA], 

is sex speciic and includes children who are less than 

the 10th percentile for birth weight and gestational 

age.) LBW, a marker for fetal underdevelopment, has 

been linked to a variety of causes, for example, ma-

ternal tobacco and alcohol use, maternal age, poor 

maternal nutrition, lower socioeconomic status, and 

so forth. Moreover, LBW newborns face signiicant 

health risks as adults, the most signiicant of these 

risks include comorbidities associated with adult obe-

sity. Numerous studies, ranging from animal-based 

models to diverse population-based cohort studies 

that encompass decades, have addressed the health 

impacts of LBW throughout the life cycle. 

Recent research has associated LBW-related obe-

sity with several causes. Animal-based studies have 

highlighted the role of maternal nutritional and hor-

monal levels on predisposing factors such as tumor 

necrosis factor-α upon appetite levels and metabolic 

eiciency among ofspring. Investigators have also ex-

amined the impact of caregiver practice among LBW 

infants. Healthcare professionals, signiicant others, 

and caregivers may overfeed LBW (or SGA) children 

to help him or her to achieve a normal developmental 

trajectory. Accelerated postnatal development, exist-

ing research suggests, increases subsequent risk for 

central obesity, dyslipidemia, Type 2 diabetes, insulin 
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resistance, cardiovascular disease, sympathetic nerve 

dysfunction, and sensorineural hearing loss, indings 

consistent across diverse populations in the Ameri-

cas, Europe, Asia, and Australasia. he association 

of LBW and obesity raises important disease preven-

tion issues for healthcare professionals. Assumptions 

about the beneits of developmental catch-up for 

LBW infants may require reconsideration in light of 

potential health outcomes in adulthood. 

SEE ALSO: Infant Weight Gain and Childhood Overweight; 

Pregnancy.
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Low-Calorie Diets

A LOW-CALORIE DIET can be one of the simplest 

weight-loss strategies for a patient to follow by con-

suming less food without having complicated dietary 

restrictions. A successful low calorie diet can contrib-

ute to weight loss and health beneits, and decreases 

long-term health risks. he efectiveness of the low-

calorie diet depends ultimately on the willingness of 

the patient to achieve weight loss. 

As far back as 500 b.c.e., the Spartan culture uti-

lized low-calorie diets to instill discipline and health. 

In order to maintain their lean athletic builds, the 

Spartans exhibited self-control and became immune 

to hunger cravings by eating less during times of re-

striction. Similarly, the Okinawans, a population in Ja-

pan known to be one of the longest-living populations 

on Earth, maintain the philosophy, “Hara Hachi Bu,” 

which means “eat until the body feels 80 percent full.”

Current popular diet trends tend to focus on re-

stricting a certain food group such as carbohydrates, 

protein, or fats. Because the perfect balance of these 

macronutrients has yet to be established, it is diicult 

for dieters to ascertain which food group restriction 

may be the most beneicial. herefore, limiting overall 

calories may be the simplest way to lose weight. In ad-

dition to reducing the number of calories, the quality 

of food consumed will contribute to optimal weight 

loss. his means that alcohol, high-sugar beverages, 

and other high calorie sweets should be eliminated 

because of their low nutritional value.

Before beginning a reduced calorie diet, a patient 

should seek the advice of a physician to take into con-

sideration individual health precautions. A doctor 

can advise the dieter on how many calories he or she 

should limit in his or her personalized diet plan. Ap-

proximate caloric demands can be calculated for each 

individual on the basis of age, sex, and ideal weight. 

434 Low-Calorie Diets



To maintain a set weight, approximately 22 kilocalo-

ries per kilogram of body weight a day is necessary. 

Most low-calorie diets range between a low-end of 

1,000 calories/day to approximately 1,500 calories/

day. Anything less than 800 calories is considered a 

very low calorie diet (VLCD). 

To further optimize and sustain weight loss on the 

low calorie diet, a patient should participate in an 

exercise regimen. An efective strategy would be to 

establish realistic goals for each patient. Next, a meal 

guideline should be established, with calories counted 

for all foods to be consumed. A food journal can be 

used to track the actual intake of the individual and 

used to assess progress.

By restricting calories, an individual has the abil-

ity to lose body mass. his body weight will be lost 

as lean muscle mass and body fat. Another beneit of 

this dieting method is decreased plasma insulin levels, 

improved glucose metabolism, and decreased blood 

lipid levels. Lower levels of total cholesterol, low-

density lipoprotein, high-density lipoprotein, and tri-

glycerides are found as body weight decreases. If the 

weight loss is maintained as a lifestyle by consuming 

fewer calories, the risks of heart disease, diabetes, and 

possibly cancer also decrease.

Positive reinforcement from friends/family can 

contribute to a dieter’s success. A healthcare provider 

can also assist in providing the necessary motivation 

and monitoring. Psychologically, the patient may have 

to alter attitudes and feelings in regard to eating by 

self-restraint when food is available, positive thinking 

when the diet may be diicult, and ways to relax when 

stressful situations may cause a dieter to stray.

Often, dieters’ expectations of weight loss are un-

realistic, and dieters may be discouraged in the short 

term by the slow, gradual efects in physical appear-

ance and body satisfaction. Because the amount of 

weight loss is dependent on multiple variables con-

sisting of exercise, body type, genetic predisposi-

tion, number of fat cells, basal rate metabolism, hor-

mones, and others, diets will have diferent efects 

on diferent people.

Another major problem lies in the physiological 

and psychological mechanisms with the feeling of sa-

tiety. If the body is consuming a smaller amount of 

calories, hunger may override the desire to eat less. 

Additionally, metabolism slows to compensate for the 

loss of caloric intake as a bodily defense mechanism. 

he daily calorie counts may also prove to be too te-

dious to follow. Patients may not realize that it takes 

time for the stomach to send a message to the brain 

that it is full, and tend to overeat. Although reducing 

calories is the best way to lose weight, it is often chal-

lenging due to the factors mentioned above. 

SEE ALSO: High-Carbohydrate Diets; High Protein Diets; 

Low-Fat Diets; Prevention; Variety of Foods and Obesity; 

Very Low-Calorie Diet.
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In addition to reducing the number of calories, the quality of food 

consumed will contribute to optimal weight loss.
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Low-Density Lipoprotein

LOW-DENSITY LIPOPROTEIN (LDL) is cholesterol pack-

aged in a protein and phospholipid coat. Cholesterol is 

insoluble, so it must be encased in this coat to facilitate 

transport in the blood. LDL is the major cholesterol 

carrier in the blood. It circulates throughout the body 

and is available to all cells. 

Cholesterol is a waxy substance found in the cell 

membranes of all animal tissues. It is actually a ste-

roid and not a fat. Cholesterol aids in the production 

of bile in the liver as well as being a component in 

the production of hormones including estrogen and 

testosterone. he body is designed to make adequate 

cholesterol, called endogenously produced cholester-

ol. However, additional cholesterol may come from 

dietary sources, including eggs, milk, cheese, butter, 

meat, ish, and poultry. Cholesterol is not found in 

plants, so high-fat vegetables and fruits like avocado 

and nuts do not have cholesterol.

As LDL circulates in the blood, it may adhere to 

arterial walls which feed the heart and brain. It forms 

plaque and may result in a blockage in the artery which 

may lead to atherosclerosis. A blockage in coronary 

arteries may result in a heart attack while a blockage 

in the carotid may result in a stroke. 

Diets high in saturated fat, trans-fat, and choles-

terol increase LDL. Saturated fats are primarily from 

animal sources of foods. Coconut oil, palm oil, and 

palm kernel oil are also saturated fats. Trans-fats are 

fats that have been hardened through hydrogenation, 

a process in which hydrogen atoms are forced onto 

the chains of carbon that make up fatty acids. hey in-

clude stick margarine, shortening, commercial frying 

oil, and high-fat baked goods. Not all dietary choles-

terol becomes blood cholesterol. It is the amount of 

total fat intake, especially saturated fats and trans-fat 

which may inluence cholesterol levels.

Overweight and obese individuals tend to have in-

creased LDL. Lifestyle and genetic factors are the prima-

ry contributors to elevated LDL. Lifestyle factors include 

smoking, overeating, and inadequate physical activity. 

Blood cholesterol may rise after the age of 20. Gender 

may play a role as menopause in women decreases es-

trogen production which aids in keeping LDL low.

It is recommended that total blood cholesterol be 

less then 200 milligrams per deciliter (mg/dl). LDL 

should be lower than 130mg/dl. An LDL lower than 

100mg/dl is recommended if coronary heart disease 

(CHD) has been diagnosed. here are no symptoms 

presented with high cholesterol; therefore, a fasting 

blood test of serum cholesterol to determine the total 

lipid proile will provide information on HDL, LDL, 

and triglycerides.

Treatment for high LDL usually begins with life-

style changes by increasing activity, making dietary 

changes, and losing excess weight. A drug classiied 

as a statin may be prescribed by a physician to low-

er LDL. A statin works by blocking an enzyme used 

in cholesterol production. Lifestyle adjustments in 

conjunction with statins may lower LDL if lifestyle 

changes alone do not work or if there is a family his-

tory of high cholesterol.

SEE ALSO: Atherosclerosis; Blood Lipids; Coronary Heart 

Disease in Women; Elevated Cholesterol; High-Density  

Lipoprotein; LDL Receptor.
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Low-Fat Diets

A TYPICAL AMERICAN diet contains somewhere between 

35 to 40 percent of calories from fat. he 2005 U.S. De-

partment of Agriculture (USDA) Dietary Guidelines for 

Americans recommend that healthy adults keep total di-

etary fat intake between 20 to 35 percent of calories from 

fat. hey deine low fat intake as no more than 20 percent 

of calories from fat. here are many diferent types of 

low-fat diets, each with their own beneits and draw-

backs. Studies show that low-fat diets may reduce the 

risk of coronary heart disease and may help people 

lose weight.
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Dietary fat is an essential macronutrient that sup-

plies energy and essential fatty acids and acts as a car-

rier for fat-soluble vitamins such as A, D, E, and K. Fat 

provides 9 calories per gram which is more than twice 

the caloric density of carbohydrates or protein. In adi-

pose (fat) tissue, it serves as an important energy stor-

age source. When the body has depleted energy from 

carbohydrates, it begins to burn fat in a process called 

fatty acid oxidation. his occurs during long fasts and 

after about 20 minutes of exercise.

Certain segments of the population need to consume 

a low fat diet due to health concerns. hese groups in-

clude people with gallbladder disease, fatty liver, fat ab-

sorption disorders, and fatty acid oxidation disorders. 

People with elevated cholesterol, hypertension (high 

blood pressure), and/or a history of heart disease are 

advised by the American Heart Association (AHA) to 

reduce saturated fat and cholesterol intake and keep 

total fat intake below 30 percent of total calories. 

here are several popular low-fat diets, many of 

which have been around for decades. Vegan, vegetar-

ian, and macrobiotic diets are plant-based diets that 

are usually low in fat because most animal products are 

avoided, but they do not intentionally restrict calories 

from fat. Very low-fat diets (no more than 15 percent 

calories from fat) have been criticized as being “too re-

strictive” and depriving the body of essential fatty acids 

like omega-3 polyunsaturated fatty acid. It is possible 

that intake of large amounts of iber from very low-fat 

diets diet could cause gastrointestinal distress such 

as diarrhea. Also, very restrictive diets are diicult to 

maintain for Americans who travel often and frequent-

ly eat out at restaurants. However, low-fat diets have 

documented clinical studies showing reversal of coro-

nary blockage and weight loss. hey are one of the few 

popular diet plans with a strong scientiic basis.

he Ornish Diet is a well-known and well-studied 

very low fat diet. Dean Ornish is a cardiologist who 

is Clinical Professor of Medicine at the University of 

California, San Francisco. He created the Ornish Life-

style Modiication Program, based on: (1) a very low 

fat, high complex carbohydrate diet rich in fruits, veg-

etables, whole grains, beans, and legumes, (2) regular 

exercise, (3) stress management, and (4) family/com-

munity support systems to maintain desired healthy 

behaviors. he Ornish Diet restricts fat intake to 10 

percent of total calories and promotes consumption 

of complex carbohydrates. According to Ornish’s 
Studies show that low-fat diets may reduce the risk of coronary heart 

disease and may help people lose weight.

book Eat More, Weigh Less, the typical American diet 

contains 40 percent calories from fat, 20 percent from 

protein, and 40 percent from carbohydrates. Ornish 

recommends eating beans, fruits, grains, and vegeta-

bles whenever you are hungry. Nonfat dairy products, 

egg whites, and nonfat processed foods are allowed in 

moderation. Foods to be avoided include simple sug-

ars, alcohol, meats, oils, avocados, olives, nuts, seeds, 

fat-containing dairy products, and any processed food 

containing more than 2 grams of fat per serving. 

Similar very low-fat diets have been developed by 

Drs. John McDougall, Terry Shintani, and Gabe Mir-

kin. McDougall developed the 12-Day Diet and the 

McDougal Plan for Maximum Weight Loss (MWL). 

Both diets are almost vegan, emphasizing grains, veg-

etables, fruits, and beans. he 12-Day Diet restricts 

high-fat foods and cafeinated beverages for 12 days. 

After 12 days, some of these foods may be consumed 

occasionally. he MWL program has the same restric-

tions but also restricts fruit juices and dried fruits. It 

advocates consumption of whole grains, vegetables, 

legumes, fruit (limit to two servings per day) and 

sparing use of salt and sweeteners. 

Terry Shintani’s diet is based on the USDA food 

pyramid, but the top three tiers (oils, meats, and 

dairy) are replaced with nondairy calcium foods and 

noncholesterol protein/iron foods. A daily diet would 

consist of 8–13 servings of whole grains, 3–5 servings 

of vegetables, 2–4 servings of fruits, 2–3 servings of 

nondairy calcium foods, and 2–3 servings of noncho-

lesterol protein/iron foods. Examples of the nondairy 
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calcium group include calcium-rich greens, seaweed, 

tofu, and sesame seeds. Examples of noncholesterol 

protein/iron foods include lentils, beans, high-iron 

greens, seaweed, nuts, and seeds. Gabe Mirkin rec-

ommends no more than 20 grams of fat per day (un-

der 10 percent calories from fat). About 15 grams of 

fat (“the basic 15”) should come from unlimited serv-

ings of fruits, vegetables, whole grains, and beans, and 

up to ive servings of low fat dairy, seafood, or reined 

grains. he remaining 5 grams can come from per-

sonal favorite foods that may not otherwise be part of 

the diet. High fat foods should be avoided.

he Dietary Approaches to Stop Hypertension 

(DASH) clinical studies showed that dietary modii-

cation could reduce hypertension (high blood pres-

sure). It is recommended by both the AHA and Na-

tional Cancer Institute. Like a low fat version of the 

Food Guide Pyramid, the DASH diet is rich in fruits, 

vegetables, complex carbohydrates and low fat dairy 

products. It is lower in fat, saturated fat, cholesterol, 

and sodium, and higher in potassium, magnesium, 

and calcium than the typical American diet. High 

levels of potassium, magnesium, and calcium are 

thought to be partially responsible for the observed 

beneits. A typical daily DASH diet would include 7–8 

servings of grains, 4–5 servings of fruits, 4–5 servings 

of vegetables, 2–3 servings of low fat or fat-free dairy 

products, under 2 servings of meat, and 4–5 servings 

of nuts and seeds per week. he herapeutic Lifestyle 

Changes (TLC) diet was initially developed by the 

National Heart, Lung, and Blood Association’s Na-

tional Cholesterol Education Program (NCEP) as 

the Step I and Step II diets. he TLC diet is designed 

for people with elevated cholesterol. It recommends 

restricting saturated fat intake to under 7 percent of 

total calories, and reducing total cholesterol to less 

than 200 milligrams per day. Total fat intake can be 

maintained from 25 to 35 percent, with 15 percent of 

calories from protein and 50 to 60 percent from car-

bohydrates. his range of allowable total fat intake 

puts the TLC diet on the border of being low fat, even 

though saturated fat and cholesterol are restricted. It 

should be noted that the 25 to 35 percent fat recom-

mendation is intended to allow for increased intake 

of unsaturated fat in place of carbohydrates in peo-

ple with metabolic syndrome or diabetes.

Populations with diets naturally low in total fat and 

saturated fat have a reduced risk for heart disease. For 

example, native Japanese living in Japan derive about 

15 percent of calories from fat, migrant Japanese living 

in Honolulu derive about 33 percent of calories from 

fat, and migrant Japanese living in California derive 

about 38 percent of calories from fat. he latter two 

groups have higher incidences of cardiovascular dis-

ease and increased body weight. Several studies have 

shown low-fat diets along with other lifestyle modii-

cations, such as regular exercise and dietary counsel-

ing, result in weight loss and reduced risk of cardio-

vascular disease. Low-fat diets have reduced caloric 

density compared to high fat diets and often provide 

less total calories even when caloric intake is unre-

stricted. his factor may explain why many people 

lose weight on low-fat diets. However, some people 

on long-term low-fat diets may eventually adjust their 

caloric intake to that of a high fat diet, resulting in no 

weight loss or even weight gain. his is especially true 

when people consume highly processed fat-free prod-

ucts that contain large amounts of simple sugars with 

equal amounts of calories as their high fat counter-

parts. Some people in the medical community believe 

the low-fat diets and fat-free products developed in 

the 1990s contributed to the current obesity epidemic 

in America. Despite recent trends toward low carbo-

hydrate diets that are high in fat, including Atkins, 

Mediterranean, and South Beach diets, low-fat diets 

are still the mainstay of most commercial weight loss 

plans like Jenny Craig and Weight Watchers. hey 

are still highly recommended by the medical com-

munity for weight management and reducing the 

risk of cardiovascular disease. Low-fat diets are not 

a cure for obesity, but when accompanied by exercise 

and other lifestyle changes, they may be a valuable 

tool for weight management.

SEE ALSO: High-Carbohydrate Diets; High-Protein Diets; 

Low-Calorie diets; Macrodiets; Very Low-Calorie diets.
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Macrodiets

THE MACROBIOTIC DIET is deined by philosophy 

based on well-being and nutrition. he dietary com-

ponent is similar to a vegetarian diet with emphasis 

on the quality of the food consumed. he health ben-

eits of the macrobiotic diet have gained recent posi-

tive attention, but falsely spread health claims also 

detract from the beneits it has to ofer.

he earliest advocate for the macrobiotic diet was 

Hippocrates, the founding father of Western medicine. 

He promoted a diet that was the basis for a long and 

healthy life. he Greek term macro meaning large, and 

bio meaning life, equate to lengthening the lifespan via 

principles of balance (yin and yang) and nutrition.

George Ohsawa, a philosopher from Japan, brought 

his teachings of Japanese folk medicine to North Amer-

ica in the 1950s. Ohsawa created the term macrobiotic 

diet as a natural way of living. His teachings emphasize 

eating less-processed, high-quality, and home-grown 

foods to build and strengthen the community. Initially, 

he stressed a 10-stage diet, with each stage more re-

strictive than the former, but later changed it based on 

criticism by governmental health agencies.

While the bulk of a macrobiotic diet is vegetables, 

this diet also incorporates limited amounts of white 

meat or ish, which should also be organic, free-range, 

and local. he diet consists of whole-grain products, 

which comprise 50 to 60 percent of the diet. Organic 

vegetables (20 to 30 percent), beans and seaweed (5 to 

10 percent), and soups (5 to 10 percent) make up the 

rest of the diet. Beverages, condiments, and desserts 

should be less than 5 percent of dietary intake.

While no speciic food item is prohibited, certain 

foods are described as overstimulating (purely yang) or 

very lethargic (purely yin) to the body and mind. Foods 

considered exhausting include sugar, alcohol, honey, 

cofee, chocolate, reined lour, and most commercial 

food products. Dense foods felt to contribute to stag-

nation include poultry, meat, eggs, and reined salt.

Interestingly, many of the macrobiotic diet compo-

nents match the 2005 Dietary Guidelines for Ameri-

cans. hey comply with the recommended focus on 

plant foods as well as consuming whole grains while 

limiting saturated fat, added sugars, and sodium. his 

is preventative for chronic diseases and decreases all-

cause mortality.

Epidemiological studies have shown obesity prev-

alence rates are 29 percent for semivegetarian and 

vegan women, while lactovegetarian prevalence is 25 

percent versus 40 percent in omnivores.

Critics of macrobiotic diets in children claim that the 

diet (and similar vegetarian diets) are lacking in essen-

tial nutrients for proper growth and development. his 

is valid if the diet is poorly planned or executed. Parents 

who follow the guidelines and provide proper vitamin 

supplementation should have normal growth and de-

velopment in their children. he following nutrients 

M



should be especially monitored in children due to their 

importance in facilitating growth and function: calcium, 

protein, iron, zinc, vitamin D, vitamin B12, ribolavin, 

vitamin A, and omega-3 fatty acids.

Macrobiotic diets have been incorporated into 

complementary therapies for cancer treatment with 

little beneit. Diiculties arose in cancer patients due 

to weight loss, cost of required foods, and noncom-

pliance to the diet. he American Cancer Society 

also does not credit the diet as a cure for cancer as 

some proponents of the diet have widely stated. No 

scientiic evidence to date has shown that the mac-

robiotic alone has any therapeutic beneits in the 

treatment of cancer.

he Kushi Institute of Massachusetts promotes the 

macrobiotic diet as a tool to ight cancer. Other than 

the general nutritional beneits of an improved diet, 

no scientiically controlled studies conirm cancer re-

mission based on methods that are being taught (for 

a price) at weeklong programs or private counsel-

ing sessions. he efectiveness of these is evidenced 

only by cancer patient and physician testimonials on 

the Kushi Institute’s Web site. he governmental re-

search that the Kushi Institute cites may be statisti-

cally irrelevant and is not widely supported by the 

scientiic community.

SEE ALSO: Nutrition and Nutritionists; Prevention; Wom-

en and Dieting. 
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Magnetic Resonance  

Imaging Scans

MAGNETIC RESONANCE IMAGING (MRI) is a clini-

cal tool that allows for imaging of soft tissue, bone, 

and organs. MRI is a noninvasive test in which a per-

son goes into a doughnut-shaped machine. It func-

tions based on several principles of physical science 

including magnets and radio frequency. Inside the 

MRI machine, there is a very large magnet. Once it 

is turned on, it causes a change in the position of the 

atoms inside the cells of the body. hrough the use of 

computers, these changed position of atoms will pro-

duce a picture of the inside of the body.

MRIs are generally safe exams. They do not ex-

pose patients to radiation compared to other tests 

such as computerized tomography (CT) scans or 

dual energy X-ray absorptiometry (DEXA) scans. 

This makes MRI scans a useful test for certain 

populations such as pregnant women and children. 

However, because MRI machines use a very strong 

magnet, certain patients are prohibited from hav-

ing MRI scans performed such as those who have 

metal implants. It is also very important that no 

metal objects such as gas tanks are in the room 

with the MRI scanner as they can harm the patient 

in the scanner.

MRI is primarily used as a medical tool to assess 

muscle injuries or identify tumors. MRI is an excel-

lent tool to use in the study of obesity as well. MRI 
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scans permit the study of body composition, an im-

portant component in the ield of obesity. Whole-

body MRI is used to measure total body fat and body 

fat distribution. his includes measuring the diferent 

types of fat such as subcutaneous fat (fat below the 

skin), visceral fat (fat around the organs), and inter-

muscular fat (fat between the muscles). Measuring 

the distribution of fat has been stated to be just as im-

portant as measuring the total amount of fat. Elevated 

amounts of visceral fat and intermuscular fat are as-

sociated with the development of many diseases such 

as heart disease and diabetes. Measuring fat with an 

MRI scanner produces better results than many other 

body composition tools such as skin folds, bioelectri-

cal impedance, and underwater weighing. In addition 

to measuring body fat, researchers can measure total 

skeletal muscle and type of skeletal muscle (i.e., slow-

twitch and fast-twitch muscles). MRI scans are also 

used for the measurement of organs such as the heart, 

liver, and brain. 

Recently, MRI scanners have been used for more 

advance measures of body composition such as func-

tional MRIs and spectroscopy. Functional MRI is 

used to obtain advanced images of the brain. It is be-

ing used to learn how certain tasks are related to dif-

ferent regions of the brain, speciically in the ield of 

obesity functional MRI is being used to study eating 

behavior. Spectroscopy is used to measure nonvis-

ible fat, known as ectopic fat, inside the muscle and 

liver. Like visceral and intermuscular fat, ectopic fat 

has been associated with increased risk of developing 

heart disease and diabetes.

SEE ALSO: Computerized Tomography; DEXA (Dual En-

ergy X-Ray Absorptiometry).
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Maternal Influences on  

Child Feeding 

MATERNAL FEEDING PRACTICES appear to inluence 

children’s eating habits and thereby children’s weight. 

Maternal obesity is one of the greatest risk factors 

for a child’s development of obesity. Researchers 

have proposed a number of explanations to account 

for this strong link. Association between child’s and 

mother’s weight may be explained through a shared 

genetic predisposition to a certain body structure or 

eating style, hormonal diferences transmitted during 

pregnancy, or modeling of eating behavior.

Additionally, many propose that mothers have a di-

rect inluence on their children’s eating habits through 
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their feeding practices. Mothers are typically the pri-

mary caregivers and have traditionally assumed the 

greatest responsibility for feeding of a child. hus, it 

would appear that they, more than any other person, 

would have a direct inluence on a child’s diet. his 

assumption is suggested by the fact that most studies 

on the association between parental feeding style and 

children’s eating behavior and/or weight have been 

conducted solely or primarily on mother–child pairs.

Mothers irst assume responsibility for the feed-

ing of their child during pregnancy. Maternal intake 

directly afects the nutrition received by the fetus in 

utero. Studies have demonstrated that a mother’s in-

take during this time may have long-lasting efects. 

For instance, children are more likely to be accepting 

of a lavor if the mother had consumed foods and/or 

drinks of this lavor during pregnancy. he assump-

tion is that the lavor and/or smell of the mother’s diet 

is transmitted a child. Research has in fact demon-

strated that the smell of some foods, such as garlic, 

can be detected in the amniotic luid.

During infancy, the mother typically controls the 

majority, if not all, of the feeding experiences, partic-

ularly if a child is breastfed. A number of studies have 

investigated the efect of breastfeeding versus bottle-

feeding. While the research is somewhat mixed, it 

does seem to suggest that breastfeeding provides at 

least a modest degree of protection against childhood 

overweight. Studies indicate that breast- and bottle-

fed infants are born at similar weights; however, bot-

tle-fed infants tend to gain more weight throughout 

early childhood. As a result, research demonstrated 

that around age 5, bottle-fed children present with 

signiicantly higher body mass index (BMI), adipos-

ity, and prevalence of overweight. 

here may be a number of explanations for this 

phenomenon. Mothers who breast-feed may be 

more health conscious and therefore more likely to 

promote healthy eating behavior in children. Breast-

feeding may transmit certain hormones or macronu-

trients which confer protection against the develop-

ment of obesity. Further, breastfeeding may allow a 

child to respond to his or her own hunger and satiety 

cues in order to regulate energy intake. Bottle-feed-

ing is generally more controlled by the mother and 

inluenced more by external cues (i.e., the amount of 

formula in the bottle), which may promote eating past 

the point of satiety. Children who are breastfed also 

tend to show greater preference for lavors they have 

been exposed to through their mother’s diet while 

breast-feeding and are more accepting of a range of 

novel lavors later in childhood.

A few studies have examined maternal feeding 

patterns in relation to disordered eating in infancy. 

Mothers of children with severe eating problems 

during infancy tend to display greater negativity and 

less responsiveness toward the child while feeding or 

playing with the child.

Several maternal feeding patterns later in child-

hood have been linked to children’s patterns of eating 

and weight. One feeding practice that has received 

much attention is the mother’s restriction of a child’s 

food intake. Children of mothers who restrict food 

intake display poorer caloric regulation skills, more 

eating in the absence of hunger, and increased intake 

of restricted foods when restrictions are removed. 

hese children tend to gain more weight over time 

than those whose mothers do not practice restrictive 

feeding habits. he relationship between restrictive 

feeding practices and eating behavior and weight ap-

pears to be strongest between mothers and daughter; 

it is not entirely clear that fathers’ practices have the 

same efect or that sons are afected in the same way. 

Mothers tend to be more restrictive of daughter’s in-

take if they are restrictive with their own intake, or if 

the daughter is overweight. Evidence suggests that re-

striction of a child’s eating can perhaps be even more 

detrimental if the child is already overweight.

On the other hand, maternal pressure on the child 

to eat may also afect a child’s eating habits. Children 

of mothers who deliver more eating prompts during 

meals tend to have greater caloric intake and spend a 

longer time eating. Mothers are more likely to place 

pressure on children with lower fat mass to eat and are 

less likely to pressure children who are overweight. 

Additionally, low-income mothers are generally more 

likely to pressure their children to eat. his suggests 

that this practice stems from fear of the child being 

underweight. However, this may promote unhealthy 

eating habits. Some studies have demonstrated that 

overweight children, but not normal-weight peers, 

eat faster, take larger bites, and accelerate eating more 

toward the end of the meal when their mother is pres-

ent. his perhaps suggests that they have learned such 

behaviors through maternal prompts. By pressuring a 

child to eat, mothers may be encouraging eating be-
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yond the point of satiety and therefore may be putting 

a child at risk for obesity later in life.

Mothers are generally encouraged to eat sensibly 

during pregnancy and while breastfeeding and to en-

courage healthy eating practices in children by allow-

ing the child to respond to his or her internal cues for 

energy regulation. Overly controlling habits, such as 

restricting or pressuring children to eat, may make it 

more diicult for children to regulate their eating and 

body weight as they grow older. 

SEE ALSO: Breastfeeding; Home and Parental Environ-

ment; Implications of Caloric Restriction of Food on Child 

Feeding Habits.
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Medical Interventions  

for Children

MEDICAL INTERVENTIONS FOR overweight/obese 

children (body mass index [BMI] above the 95th per-

centile) and children at risk for overweight/obesity 

(BMI above the 85th percentile but below the 95th 

percentile) begins with a clinical assessment, iden-

tiication of the causes of weight gain, and changes 

in diet, physical activity, and lifestyle. When comor-

bidities pose signiicant health risk or if stabilizing or 

reducing fat mass in obese children through lifestyle 

changes is unsuccessful, further medical investigation 

and intervention are warranted. he targets of medi-

cal interventions of childhood obesity are to address 

causes of weight gain, prevent weight gain, initiate 

weight loss, and to treat the comorbidities. 

Children’s and adolescents’ BMI should be attained 

during routine health visits, and the BMI should be 

plotted on the Centers for Disease Control and Preven-

tion (CDC) age-for-BMI percentile charts. Information 

from a medical, family, nutrition, and physical activity 

history of obese children or children at risk for over-

weight/obesity will help determine the causes of obe-

sity. Obesity is caused by a complex interplay of many 

factors, including genetic predisposition or abnormali-

ties; environmental forces on nutrition and physical ac-

tivity; sedentary behaviors; and medical reasons, such 

as disturbances to the hypothalamus (a region in the 

brain) or medications that stimulate weight gain. By 

understanding the reasons for obesity, further evalua-

tion and recommendations can be made. 

Screening for comorbidities, such as hypertension 

(high blood pressure), dyslipidemia (blood lipid ab-

normalities), nonalcoholic steatohepatitis (inlamma-

tion of the liver due to increased fat production and 

retention in liver cells), impaired glucose tolerance, 

and Type 2 diabetes (an inability to properly use in-

sulin) may be indicated if the child has a BMI above 

the 95th percentile. Further reasons to screen for 

comorbidities include having a BMI above the 85th 

percentile and other comorbidities already present, 

a family history of comorbidities, or a child from an 

ethnic population with increased risk of comorbidity. 

A fasting blood lipids panel, a liver function test, and 

a glucose tolerance test are all examples of laboratory 

tests to screen for these comorbidities. 

Weight maintenance is encouraged for children 

and adolescents with a BMI above the 85th percentile 

to prevent further weight gain. If obese children older 

than age 2 have a comorbidity or if children older than 

age 7 have a BMI above the 95th percentile, weight 

loss is recommended. Weight loss in obese children 

results in a reduction of fat mass, and many physi-

cal improvements throughout the body are attained. 

Often, weight loss in obese children can be diicult 

and many individuals undergoing substantial weight 

loss require the care of many healthcare specialists. 

he healthcare professionals involved in managing 

pediatric obesity should include a multidisciplinary 

team, including pediatricians, nurse practitioners, 

mental health specialists, nutritionists, endocrinolo-

gists, psychiatrists, pediatric geneticists, neurologists, 

school nurses, surgeons, pharmacists, and others. 

Changes in diet, physical activity, and lifestyle are 

the primary methods to initiate weight maintenance 

and weight loss. he approach should be individual-

ized; emphasis should be on the beneits of weight 

loss, setting realistic goals, and assessing motivation 
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of the child and parents/caregivers. Family involve-

ment in weight maintenance or weight loss is para-

mount, and the plan of action to maintain or lose 

weight must be catered to the family’s willingness 

to make changes. Nutrition education for the family 

about portion sizes, caloric content of foods, and food 

choices are important to prevent hyperphagia (over-

eating). Emphasis of physical activity, a minimum of 

30 to 60 minutes per day of moderate to vigorous in-

tensity, is important for obese children. he choice of 

activity should depend on the child and his or her en-

vironment. Lifestyle changes, such as reducing seden-

tary activities, are important targets for weight man-

agement as well. Weight loss should not exceed two to 

four pounds per month, and monitoring this change 

is especially important for adolescents who have not 

yet achieved their inal height. 

If weight loss in morbidly obese adolescents can-

not be achieved through diet and exercise alone, phar-

macological modalities may be prudently considered. 

Weight loss in adolescents has been demonstrated 

with a variety of drugs; however, their efectiveness 

in long-term weight reduction and their long-term 

side efects are not well studied. he actions of drugs 

studied for weight management in adolescents include 

those that suppress appetite, limit fat absorption, and 

other drugs in which weight loss is a secondary efect.

Sibutramine, approved by the Food and Drug Ad-

ministration (FDA) for use in adolescents older than 

age 16, suppresses appetite by inhibiting reuptake of 

the neurotransmitters serotonin, norepinephrine, and 

dopamine. Average short-term weight loss, measured 

at one year after starting use, ranges from 10–15 

pounds, and this efect is greater than other medica-

tions. he efects of sibutramine on blood lipids, glu-

cose, and insulin are unclear, but what is concerning is 

that sibutramine increases both systolic and diastolic 

blood pressure. Other side efects of sibutramine in 

adolescents include insomnia, dizziness, dry mouth, 

constipation, and its use is contraindicated with cer-

tain antidepressant drugs. 

Orlistat, approved for use in adolescents older 

than age 12, is an intestinal lipase inhibitor, which ef-

fectively reduces digestion and absorption of dietary 

fat. Reductions in weight, BMI, and fat mass may be 

expected (although less than sibutramine); however, 

orlistat has no efect on glucose metabolism or blood 

lipids. Side efects include gastrointestinal discom-

fort, diarrhea, and gall bladder disease. Because orli-

stat limits the absorption of fats and fat-soluble vita-

mins, there is concern about deiciency of fat-soluble 

vitamins, particularly vitamin D, which is vital for 

adolescent bone health. 

Metformin, approved for use in children older than 

age 10 with Type 2 diabetes, has primary efects on glu-

cose metabolism, and has a secondary efect of weight 

loss and reduction in BMI. he primary action of met-

formin is to reduce the creation of new glucose from the 

liver, decrease absorption of dietary glucose, and im-

prove insulin sensitivity. Modest weight loss at one year 

(8 pounds on average) may be expected as well as im-

provements in glucose metabolism. However, the long-

term safety and efectiveness of metformin by starting 

its use in children early in life is not known. 

Indeed, some rare genetic abnormalities result in 

childhood obesity, and pharmacological treatment 

can be successful in reducing body weight and fat 

mass. Children lacking the gene for leptin, a hormone 

secreted by the adipose tissue which has efects on 
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hunger and satiety, overeat and become obese early 

in childhood. Treatment with recombinant human 

leptin reverses this deiciency and normal weight may 

be attained as the child ages. 

Leptin and other hormones afect energy intake by 

modulating hunger and satiety at the level of the hy-

pothalamus. hus, damage to the hypothalamus as a 

result of a tumor, surgery, trauma, or irradiation may 

result in childhood and adolescent obesity. he dam-

age may result in weight gain through hyperphagia, re-

duced thermogenesis (heat production by increasing 

metabolism), or greater insulin secretion. his condi-

tion is referred to as hypothalamic obesity. Octreotide, 

a drug that suppresses insulin secretion, may be used 

for weight loss in children with hypothalamic obesity.

Other drugs that have weight-loss efects are either 

unapproved by the FDA for use in children and ado-

lescents (such as rimonabant), or weight loss is a sec-

ondary efect of a medication treating another pathol-

ogy unrelated to energy metabolism. Such modalities 

should not be considered for weight loss.

Bariatric surgery is an uncommon method of weight 

loss in adolescents, but the rate of procedures being 

performed is rapidly rising. Adolescents with a BMI at 

least 40 with complications are candidates for bariatric 

surgery. Additionally, the adolescent should have com-

pleted most of his or her physiological growth, have 

psychological stability, demonstrated diet and physical 

activity change, and have family support. 

here are three major types of bariatric proce-

dures, and their actions include reducing absorption 

of nutrients by bypassing parts of the stomach or in-

testines; restricting the size of the stomach to limit 

dietary intake; and a combination of reduced absorp-

tion and restriction. Bypass surgeries often result in 

the greatest amount of weight loss when compared 

to other interventions. Restrictive procedures, such 

as laparoscopic banding, are considered safer because 

of their adjustability and reversibility. All procedures 

have considerable side efects, namely nutrient dei-

ciency in bypass surgeries. As with many of the phar-

macological treatments for weight loss in adolescents, 

the long-term eicacy and side efects of these proce-

dures are unknown.

In addition to promoting weight loss in the obese 

child and adolescent, treating the comorbidities is 

another important target to consider in the medical 

setting. Obesity in children and adolescents has many 

comorbid conditions including insulin resistance and 

Type 2 diabetes, renal complications, cardiovascular 

disease, liver disorders, orthopedic complications, 

and neurological complications. 

he incidence of pediatric Type 2 diabetes parallels 

that of obesity, as most new cases of Type 2 diabetes 

in children are associated with obesity. he trend is 

alarming, as Type 2 diabetes was once considered to 

be an adulthood disease. Type 2 diabetes is the body’s 

inability to properly use insulin, the hormone respon-

sible for stimulating glucose uptake by many body 

tissues. Screening for Type 2 diabetes should be com-

pleted if the child is older than age 10 (or has begun 

puberty), has a BMI above the 85th percentile, and has 

other risk factors, such as family history of diabetes, 

belonging to certain ethnic groups (American Indian, 

African American, Latino, Asian American, Paciic 

Islanders), maternal history of gestational diabetes (a 

diabetic state experienced during pregnancy), or other 

conditions including acanthosis nigricans (dark patch-

es of the skin due to high insulin levels), hypertension, 

dyslipidemia, and polycystic ovary syndrome. 

A diagnosis of Type 2 diabetes can be given from 

a casual glucose concentration (test given at any 

time) above 200 mg/dL a fasting plasma glucose (no 

food eaten for at least eight hours) greater than 126 

mg/dL, or an oral glucose tolerance test (another 

screening test for diabetes) greater than 200 mg/dL. 

Following a diagnosis, education to the child and the 

family about the disease is fundamental. In addition 

to nutrition therapy, self-management education, 

and family involvement, medical treatment of Type 

2 diabetes may include the use of metformin and 

exogenous insulin. As mentioned previously, met-

formin helps glucose metabolism and weight loss. 

Exogenous insulin might be necessary to normalize 

other metabolic processes. 

Renal complications may be associated with Type 2 

diabetes. Microalbuminuria, high levels of albumin in 

the urine but not high enough to be detected by dip-

stick, may be presented with Type 2 diabetes and may 

be an indication of end-stage renal disease. Low-dose 

angiotensin-converting enzyme (ACE) inhibitors, a 

class of antihypertension drugs, are recommended for 

Native-American children with microalbuminuria.

Cardiovascular complications are often seen in 

obese children and adolescents. hese complications 

include hypertension, dyslipidemia, left ventricu-
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lar hypertrophy, and cardiomyopathy. Hypertension 

(high blood pressure) and dyslipidemia (abnormal 

blood cholesterol and triglycerides) are risk factors 

for cardiovascular disease and they are both associ-

ated with obesity in children and adolescents. Diet, 

exercise, and lifestyle therapy have been demonstrat-

ed to improve these parameters in the obese pediatric 

population, but medical treatment may be indicated 

in some obese individuals. 

Children and adolescents with hypertension (age-

speciic systolic or diastolic blood pressure above the 

95th percentile) may be treated with antihypertensive 

medications if they have symptomatic hypertension, 

secondary hypertension, hypertensive target-organ 

damage, diabetes, and persistent hypertension de-

spite nonpharmacologic measures. Dyslipidemia 

can include blood triglycerides over 150 mg/dL, 

high-density lipoprotein (HDL) cholesterol (“good” 

cholesterol) below 40 mg/dL, and low-density lipo-

protein (LDL) cholesterol (“bad” cholesterol) over 

130 mg/dL. A feature of chronic dyslipidemia is in-

lammation, which can lead to atherosclerosis. Phar-

macological treatment of dyslipidemia in children 

may be indicated if LDL cholesterol remains over 

190 mg/dL after signiicant attempts at diet therapy. 

Cholestyramine, which binds bile acids, and statins, 

which inhibit an enzyme in cholesterol metabolism, 

are drugs that may be used in children.

Weight loss is the primary approach to improve 

left ventricular hypertrophy (increased left ventricu-

lar mass) and cardiomyopathy (heart failure). 

Obesity in children and adolescents may lead to se-

rious liver complications, most notably the spectrum 

of complications resulting from fat deposits in the liv-

er. Fat may accumulate into liver cells (nonalcoholic 

fatty liver disease [NAFLD]), become oxidized, cause 

inlammation (nonalcoholic steatohepatitis [NASH]), 

cause ibrosis (excess ibrous connective tissue), and 

result in cirrhosis (scarring that results in a nonfunc-

tioning liver). NAFLD and NASH are referred to as 

“nonalcoholic” because the deposition of fat and cir-

rhosis is similar to that observed in alcoholics, even 

without consuming alcohol. Liver function tests (tests 

that detect certain liver enzymes), imaging tests (such 

as magnetic resonance imaging), and liver biopsy can 

all lead to the diagnosis of NAFLD, NASH, or cirrho-

sis. Although no drugs are currently prescribed for 

these conditions in children and adolescents, gradual 

weight loss and control of diabetes, if present, will 

help these conditions.

Excess weight also has efects on the bones of 

growing children. One common orthopedic problem 

is slipped capital femoral epiphysis (SCFE). his con-

dition happens when the growing end of the femur 

(the large bone in the thigh) slips from the hip. Pain in 

the knee, groin, hip, or thigh and a limp are symptoms 

of SCFE. Immediate consultation with an orthopedic 

specialist is necessary, and pinning of the hip is one 

treatment. Another orthopedic condition is Blount’s 

disease, or bowing of the tibia (shin bone). Surgery 

may be an appropriate intervention. 

A neurological complication of obesity is pseudo-

tumor cerebri. his condition is characterized by in-

creased intracranial pressure and an association with 

papilledema (swelling of the optic disc). Treatment 

includes weight loss and the drug acetazolamide. 

SEE ALSO: Atherosclerosis in Children; Bariatric Surgery in 

Children; Behavioral Treatment of Childhood Obesity; Child 

Obesity Programs; Childhood Obesity Treatment Centers in 

the United States; Cost of Medical Obesity Treatments; Drug 

Targets that Decrease Food Intake/Appetite; Family herapy 

in the Treatment of Overweight Children; Fatty Liver; Future 

of Medical Treatments for Obesity; Hypertension in Chil-

dren; Medication herapy after Bariatric Surgery; Metabolic 

Disorders and Childhood Obesity; Metformin; Multidisci-

plinary Bariatric Programs; Orlistat (Xenical); Pharmacologi-

cal herapy for Childhood Obesity; Sibutramine (Meridia).
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Medications that Affect  

Nutrient Partitioning

THE CHEMICAL ACTION of some medications may 

have side efects of increasing or decreasing body 

weight. he body handles nutrients through nutrient 

partitioning by storing nutrients, using nutrients to 

convert food to chemical components, releasing the 

heat created from biochemical processes, or excret-

ing. Energy taken into the body through foods and 

beverages must go through the digestion process. 

Carbohydrates provide the sugars that create energy 

in the body, proteins are broken down to individual 

amino acids for the building of muscle, fats are the 

primary long-term energy source and are stored 

largely unchanged in adipose tissue.

Nutrient partitioning can be affected by meta-

bolic changes, blocking or inducing storage, and 

increasing or decreasing excretion. Medications 

may have unintentional side effects of increasing 

metabolism, stimulating the thyroid, or working 

directly in the digestive tract. Medications that can 

affect nutrient partitioning include corticosteroids, 

lithium, tranquilizers, phenothiazines, some anti-

depressants, and medicines that increase fluid re-

tention. Side effects for prescription medications 

taken for other illnesses may reduce or increase 

weight and interfere with the absorption or excre-

tion of nutrients. 

MEDICATIONS WITH THE POTENTIAL  

FOR CAUSING WEIGHT GAIN

Adrenocorticosteroids used for the treatment of 

inflammatory and immunologic disorders affect 

carbohydrate, protein and fat metabolism. Even 

within therapeutic dosage, adverse effects include 

fluid imbalance, increased glycogen production, 

and stimulation of insulin release resulting in in-

creasing fat deposits.

Anabolic steroids are used medically for andro-

gen replacement in males, to reverse protein loss 

due to severe illness or trauma, and to treat aging 

and as a growth stimulant. Circulating testoster-

one in the body is reduced in obese individuals. he 

abuse of anabolic steroids in sports to “bulk up” to 

create large muscles may be due to luid retention 

in the muscles.

MEDICATIONS THAT MAY CAUSE WEIGHT GAIN 

BY EDEMA (FLUID RETENTION)

• Clonidine is used to treat hypertension by inhib-

iting function of the sympathetic nervous system 

stimulates alpha adrenoreceptors in the arterioles.

• Phenothiazine drugs are used to treat serious 

mental and emotional disorders. As a group, they 

may cause loss of appetite, fever, or low body tem-

perature in addition to retention of urine.

• Lithium is used for mood stabilizing for bipolar afec-

tive disorder. he mode of action is not deinitive 

although it afects electrolytes, neurotransmitters, 

and converts inositol monophosphate to inositol. 

Lithium may cause weight gain through luid reten-

tion or through another undeined mechanism. 

• Estrogens is used for hormone replacement, as part 

of contraception, or to suppress ovulation may cause 

weight gain by increasing triglyceride levels and 

altering carbohydrate metabolism in addition to 

luid retention.

• Indomethacin is a nonsteroidal antiinlammato-

ry used in speciic cases of acute gouty arthritis, 

ankylosing spondylitis, pericarditis, and pleurisy.

• Methyldopa is used to treat hypertension by inhib-

iting function of the sympathetic nervous system 

stimulates central alpha adrenoreceptors.

MEDICATIONS TO DECREASE  

NUTRIENT ABSORPTION

Medications prescribed for obesity are most com-

monly appetite suppressants and work by afecting 

the satiety centers of the brain and resulting in less 

food being consumed. Unique in action, orlistat is a 

prescription medication to treat obesity by blocking 

intestinal action of gastric and pancreatic lipases, 

the enzymes to break down and absorb fats. he re-

sult is a decrease in absorption of ingested fat by ap-

proximately 30 percent. In doing so, it may increase 

excretion of fat soluble vitamins A, D, E, and K.

HERBAL AND DIETARY SUPPLEMENTS

Many dietary supplements purport to cause weight 

loss and include information that appears to boost 

metabolism and indicate ingredients have been scien-

tiically studied. he Food and Drug Administration 

(FDA) regulates the labeling of dietary supplements 

and suggests watching for potentially fraudulent 

claims including cures, scientiic-sounding terms 
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fat-burning or energizing should be substantiated 

with scientiic evidence, treatments for many symp-

toms and testimonials or claims the medical com-

munity is suppressing product beneits.

SCIENTIFIC AND CLINICAL STUDIES 

Studies of beta-agonists show some modiication 

of body fat content and body weight in the absence 

of nutritional reduction although side efects make 

them unsuitable as medications. Future research will 

provide better understanding with the relationship 

of medication on energy metabolism. In addition, 

genetic studies to isolate genes for obesity make the 

potential for identifying receptors and compounds 

to bind to those receptors may increase the medica-

tions available speciic to nutrient partitioning and 

weight modiication. 

SEE ALSO: Adrenergic Receptors; Blood Lipids; Metabolic 

Disorders and Childhood Obesity; Orlistat.
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Medications that Increase  

Body Weight

TWO CLASSES OF medications may increase body 

weight. One class is designed to increase body weight 

or increase appetite in cachexic patients, and this 

class includes four approved products (oxandrolone, 

dronabinol, megestrol, and growth hormone). he 

second class of medications increases body weight 

as a side efect of treating other conditions, and this 

class includes many antipsychotics, certain antide-

pressants, certain antiepileptic agents, insulin, and 

peroxisome proliferator-activated receptor (PPAR) 

gamma agonists.

he anabolic steroid oxandrolone is a synthetic 

derivative of testosterone, which was approved for 

the treatment of wasting in 1964. he weight gain 

indication is primarily based on a six-week clini-

cal trial in a population with heterogeneous clini-

cal backgrounds. Longer-term clinical data have not 

been published. Dronabinol is the synthetic version 

of the cannabinoid tetrahydrocannabinol, the major 

active ingredient in Cannabis sativa. Dronabinol was 

irst approved for the treatment of nausea and vomit-

ing and later extended to anorexia associated with ac-

quired immunodeiciency syndrome (AIDS) in 1992. 

he appetite-enhancing efect of marijuana smoking 

is also well documented

Megestrol is a synthetic progesterone derivative, 

and it is also indicated for the treatment of anorexia, 
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cachexia, and weight loss in AIDS patients. In several 

clinical trials where change of body composition was 

determined, megestrol appears to increase fat mass.

Growth hormone is approved for the treatment 

of wasting and cachexia in AIDS. A small increase in 

lean body mass may be associated with growth hor-

mone treatment.

There are other medications officially approved 

to treat psychiatric disorders but are associated 

with significant weight gain as a major side ef-

fect. For example, many atypical antipsychotics 

such as clozapine, olanzapine, and risperidone and 

some typical antipsychotics such as thioridazine 

and chlorpromazine cause severe weight gain on 

chronic use. The mechanism of antipsychotics-in-

duced weight gain is not entirely clear, although it 

has been proposed that multiple brain receptors 

targeted by antipsychotics mediate the weight gain 

side effect. Only a few antipsychotics (such as za-

prasidone and molindone) appear to have minimal 

effect on body weight. 

Some antidepressants such as amitriptyline and 

lithium are associated with long-term weight gain. 

he antidepressant-induced weight gain cannot be 

explained solely by the improvement in depressive 

symptoms. In the case of some selective serotonin 

reuptake inhibitors, short-term weight loss is often 

followed by small or inconsistent weight gain. he 

exact mechanism of antidepressant-induced weight 

gain has not been elucidated. 

Several antiepileptic agents such as valproate, 

carbamazepine, and gabapentin are associated with 

weight gain. However, topiramate and zonisamide 

cause weight loss. he divergent efects of diferent 

antiepileptic agents on body weight may be related 

to the diferent mechanisms of these agents afecting 

neural activity.

Antidiabetic treatment based on intensive insulin 

therapy and insulin secretagogues such as sunfonyl-

ureas or thiazolidinedione (TZD) is generally accom-

panied by weight gain. he insulin-induced weight 

gain may be attributed to the anabolic efect of insu-

lin and increased appetite. TZD-induced weight gain 

may be attributable to TZD’s ability to promote adi-

pocyte diferentiation.

Drug-induced weight gain can be a serious side 

efect and may jeopardize efective medical therapy. 

Weight gain may be lessened or prevented by diet, ex-

ercise, or selection of an efective therapy with less 

weight gain potential.

SEE ALSO: Cannabinoid System; Serotonergic Medications. 
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Medication Therapy after  

Bariatric Surgery

BARIATRIC SURGERY FOR weight loss is a successful 

method to improve the quality of life for patients who 

sufer from morbid obesity. Successful procedures 

typically result in signiicant weight loss and improve-

ment of obesity-related comorbid conditions. Unfor-

tunately, bariatric surgery can result in the develop-

ment of multiple complications including those that 

occur from use of medications that can be harmful to 

patients post surgery. 

An area of research that is signiicantly lacking is 

the management of medications in patients follow-

ing bariatric surgery. Unfortunately, due to the lack 

of studies available, general guidelines must be devel-

oped from applying knowledge of speciic medication 

characteristic and what is known about nutrient mal-

absorption following bariatric surgery. 

he changes in the gastrointestinal tract following 

bariatric surgery signiicantly efect medications that 

are administered orally. he signiicant reduction in 

the area available for medications to come in direct 

contact with the gastrointestinal surface for absorp-

tion efect the amount of medication entering the 

blood stream. he changes in the acidity of stomach 

luids can also afect medication eicacy. he amount 

of medication that enters the blood stream following 

oral administration is highly dependent on its abil-

ity to enter liquid form, the amount of time it has 
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in direct contact with the gastrointestinal tract, and 

blood low to various regions of the gastrointestinal 

tract where medications are absorbed. 

he chemical structure of each medication dif-

fers and dictates the type of environment it requires 

to enter the blood stream. Medications with acidic 

characteristics are readily absorbed in the acidic en-

vironment of the stomach. Medications with slightly 

acidic properties or those that are alkaline are readily 

absorbed in the slightly less acidic environment of the 

intestines. Following malabsorptive/restrictive bar-

iatric procedures such as Roux-en-Y procedures, the 

stomach’s ability to produce stomach acid is reduced. 

Medications that require an acidic environment may 

not be fully absorbed and higher doses may be re-

quired to improve the medications efectiveness. 

he change in acidity may also afect medications 

that are enteric coated. Enteric coating is designed dis-

solve in an alkaline environment such as the intestines. 

he coating prevents medications that may be deacti-

vated from the stomach acid from being released into 

the stomach or provides a protective barrier against 

medications that directly irritate the stomach lining. 

Post surgery, the reduction in stomach acidity may re-

sult in a premature dissolution of the enteric coating, 

potentially exposing the stomach to medications that 

may harm the integrity of the stomach lining. Simi-

larly, medications that are fat soluble are also read-

ily absorbed in the stomach. he reduction in contact 

time due to a shortened gastrointestinal tract follow-

ing surgery may result in decreased absorption and 

eicacy of fat soluble medications. Higher doses of 

medications that are fat soluble may be required to 

provide a therapeutic efect.

Medications administered orally in a solid dosage 

form are required to dissolve into a solution form prior 

to being absorbed into the blood stream. Hence, utili-

zation of medications that are commercially available 

in a liquid or elixir formulation may improve absorp-

tion following surgery. Oral formulations that are used 

to control the rate a medication is absorbed typically 

require more time in the gastrointestinal tract prior 

to dissolving into a solution. Medication formulations 

such as extended-release, delayed-release, and sus-

tained-release formulations can take anywhere from 

two to 24 hours to be completely absorbed through 

the gastrointestinal tract and should be avoided due to 

a possible decrease in medication eicacy. 

Most medications enter the blood stream via the 

small intestine. Bypassing the duodenum and early 

part of the jejunum not only results in signiicant de-

iciencies of nutrients absorbed in these locations, 

but also decreases the absorption of many medica-

tions. A speciic subset of medications that may be 

directly afected are those that undergo irst pass 

metabolism. he process of irst pass metabolism 

involves a medication to initially enter the blood 

stream, then proceed through an initial metabolic 

pathway, then be released into the duodenum for re-

absorption prior to delivering its therapeutic efect. 

Post surgery, the duodenum is bypassed limiting the 

ability for it to absorb medications that undergo irst 

pass metabolism. Postsurgery medications that un-

dergo irst pass metabolism should be assessed for 

possible dose increases or replaced with appropriate 

alternative medications to achieve therapeutic goals 

for each individual patient.

Appropriate medication use includes ensuring 

medication eicacy and safety. Medications that can 

directly afect the integrity of the stomach lining can 

leaded to an increase in stomach ulcer formation in 

patients post bariatric surgery. Nonsteroidal antiin-

lammatory drugs (NSAIDs) decrease the prostaglan-

dins that form a protective barrier on the stomach lin-

ing, but can also directly irritate the stomach lining. 

Newer agents select inhibit cycloxigenase 2 (COX-2) 

to prevent prostaglandin depletion and are believed 

to be more protective but may still directly irritate the 

stomach lining. 

he use of NSAIDs should be avoided in patients 

post bariatric surgery. Protective agents such as miso-

prostol and carafate should be coadministered if the 

use of these agents is necessary. Patients post surgery 

may be at high risk for developing osteoporosis due to 

the potential for deiciencies in calcium absorption. 

In addition to NSAIDs, bisphosphonates also have the 

ability to produce gastric ulceration. Patients should 

be encouraged to discuss alternative pharmacothera-

peutic options for osteoporosis prevention and treat-

ment with primary care physicians. 

Evaluation of medication therapies should be 

performed routinely following bariatric surgery 

due to anatomical changes and rapid weight loss 

that occurs. Specific medication characteristics 

should be taken into considerations when select-

ing or adjusting a patient’s medication therapy. 
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Potentially harmful medications such as NSAIDs 

and bisphosphonates should be avoided. Patients 

should be encouraged to discuss medication con-

cerns with not only their bariatric surgeon, but 

also their primary care physician and pharmacists 

to ensure appropriate medication use and prevent 

medication adverse effects. 

SEE ALSO: Calcium and Dairy Products; Lap Band; Multi-

disciplinary Bariatric Programs; Osteoporosis; Roux-en-y 

Gastric Bypass; Vertical Banded Gastroplasty. 
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Medifast

MEDIFAST IS LOW-CALORIE weight-loss and weight-

maintenance program which relies on a combination 

of prepackaged Medifast meals and conventional food. 

Medifast is also the name of the publicly traded com-

pany (listed on the New York Stock Exchange) which 

conducts operations primarily through two wholly 

owned subsidiaries. Medifast products are produced 

by Jason Pharmaceuticals, a company founded by Wil-

liam Vitale in 1980, in a production facility in Owings 

Mill, Maryland, and are marketed by Jason Pharma-

ceuticals and Take Shape for Life. he latter, founded 

in 2002, is a network of health advisers supervised by 

physicians which market Medifast products as part of 

a wide-ranging “healthy lifestyle” program.

he Medifast Web site emphasizes the use of 

Medifast products within a healthy lifestyle including 

exercise, and the maintenance of weight loss through 

permanent behavioral changes. here is no charge 

for joining the Medifast program, but following the 

program requires purchasing a substantial number of 

Medifast packaged meals. Like the Atkins Diet, the 

Medifast diet is low in calories and carbohydrates 

In the case of some selective serotonin reuptake inhibitors, short-term weight loss is often followed by small or inconsistent weight gain, but the 

exact mechanism of antidepressant-induced weight gain has not been elucidated. 
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and is intended to put the body into a state of keto-

sis which is believed to aid in burning fat. During the 

dieting phase of the Medifast program, an individual 

will consume 800–1,000 calories per day. Medifast 

encourages medical supervision of the Medifast diet, 

although this is not a requirement as the products may 

be purchased directly through the Medifast Web site. 

In addition, dieters have the option of enrolling in a 

Medifast Weight Control Center. hese are franchise 

operations which currently (2007) exist in Texas and 

Florida and ofer medical supervision and counseling 

for individuals following the Medifast diet. 

he basic Medifast diet program is called the “5 & 

1 Plan” because it is based on the daily consumption 

of ive prepackaged Medifast meals plus one “lean and 

green” meal of conventional food. Following this plan, 

a person eats a small meal every two to three hours, a 

plan which is intended to keep them from becoming 

hungry and thus encouraging adherence to the diet. 

Medifast meals must be purchased from the company 

and are available in over 50 varieties which are inter-

changeable; they include shakes, bars, oatmeal, and 

scrambled eggs. Supplemental snacks such as soup 

and chips are also available, and there are meals de-

signed speciically for diabetics, and separate meal 

packages for men and women. Costs for Medifast 

meals vary, but in May 2007, the discounted cost from 

the company Web site for four weeks worth of meals 

was $275. he “lean and green” meal consumed daily 

consists of conventional food chosen and prepared by 

the dieter, and is made up of a lean protein such as 

chicken, ish, or egg whites, and a salad or low-carbo-

hydrate green vegetable. 

he Medifast program is divided into three seg-

ments: the actual dieting period, the transition period, 

and the maintenance period. Common to all phases is 

an educational component focused on making dieters 

conscious of their food consumption and dietary re-

quirements; in the second and third phases, they must 

adopt an individualized diet which will allow them 

to maintain a constant weight. After dieters achieve 

their target weight, the transition period begins. Dur-

ing this period, dieters begin to eat more normal foods 

and fewer Medifast meals, gradually increasing their 

caloric intake, and includes in their diet higher-car-

bohydrate fruits and vegetables which were avoided 

during the initial period. During the transition period, 

dieters continue to eat ive or six small meals per day, 

made up of a combination of conventional food and 

Medifast meals: the assumption is that dieters are now 

accustomed to that schedule and has also been trained 

to choose small portions of food similar to that pro-

vided by the packaged meals. he company Web site 

recommends eight weeks in the transition period for 

people who lost less than 50 pounds, 12 weeks for those 

who lost 50–100 pounds, and 16 weeks for those who 

lost over 100 pounds. During the maintenance period, 

dieters consume approximately the same number of 

calories as they burn; frequent consumption of por-

tion-controlled meals remains a cornerstone of this 

phase (which could last the rest of the person’s life) 

although the use of Medifast meals is optional. 

As of 2007, no peer-reviewed studies of the Medi-

fast program appear in Medline. However, it has as-

pects in common with other diets including the At-

kins Diet (high protein, low calorie), Slimfast (meal 

replacement), and numerous low-calorie and very-

low-calorie diets. In general, such programs have of-

ten been found efective in initial weight loss attrition 

and with weight regain after one year variable and 

is highest for those following very-low-calorie diets. 

Further study is needed to establish the long-term ef-

fectiveness of Medifast and similar plans. 

SEE ALSO: Atkins Diet; Caloric Restriction; Low-Fat Diet; 

Low-Calorie Diet; Portion Control; Very Low-Calorie Diet. 

BIBLIOGRAPHY. Medifast, www.medifast1.com (cited May 

12, 2007); Kathleen Melanson and Johanna Dwyer, “Popular 

Diets for Treatment of Overweight and Obesity,” Handbook 

of Obesity Treatment, (Guilford, 2002); Take Shape for Life, 

www.tsl.com (cited May 12, 2007); Adam Gilden Tsai and 

homas A. Wadden, “Systematic Review: An Evaluation of 

Major Commercial Weight Loss Programs in the United 

States,” Annals of Internal Medicine (v.142/1, 2005).
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Melanocortins

MELANOCORTINS ARE A group of pituitary peptide 

hormones including adrenocorticotropin (ACTH) and 

the alpha-, beta-, and gamma-melanocyte-stimulating 
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hormones. Five melanocortin receptors (MC1 through 

MC5) have diferent physiological functions. 

MC1R expression occurs in macrophage/mono-

cytic cells, lymphocytes with antigen-presenting and 

cytotoxic functions, neutrophils, endothelial cells, as-

trocytes, and ibroblasts. MC2 is also known as the 

adrenocorticotrophic receptor because it selectively 

binds ACTH. he MC3R gene encodes a G protein-

linked receptor, coupled to both cAMP- and inosi-

tol phospholipid-Ca2+-mediated signaling systems. 

MC3R expression occurs in brain, placenta, and gut, 

but not in melanoma cells or in the adrenal gland. 

Melanocortin-4 receptor is expressed in the brain, 

including in hypothalamic nuclei known to be in-

volved in feeding behavior. It is involved in integrat-

ing long-term adipostatic signals from leptin and 

insulin. MC5R contributes to regulation of exocrine 

gland function and to certain immune responses. It 

is expressed in peripheral tissues and occurs in the 

adrenal glands, fat cells, kidney, liver, lung, lymph 

nodes, bone marrow, thymus, mammary glands, tes-

tis, ovary, pituitary testis, uterus, esophagus, stom-

ach, duodenum, skin, lung, skeletal muscle, and exo-

crine glands. Melanocortins are known to modulate 

fever, inlammation, and immunity by acting both on 

peripheral targets and within the brain. Data from 

both rodent models and humans suggest that intact 

neuronal melanocortin signaling is essential to pre-

vent obesity. Melanocortins are also involved in the 

pathogenesis of disorders at the opposite end of the 

spectrum of energy homeostasis, the anorexia and 

weight loss associated with inlammatory and neo-

plastic disease processes. 

Decreased melanocortin signaling via pharma-

cological or genetic means results in increased food 

intake and weight gain. Activation of central melano-

cortin receptors inhibits feeding and leads to weight 

loss, whereas blockade of the central melanocortin 

signaling pathway increases food consumption and 

promotes weight gain. Melanocortin system agonism 

promotes weight loss through decreasing appetite, 

increasing sympathetic nervous system activity, and 

modulating thyroid-releasing hormone, corticotro-

pin-releasing hormone, brain-derived neurotrophic 

factor, melanin-concentrating hormone and orexin. 

Recent studies suggest that melanocortins could be 

involved in mediating the efects of leptin, and in con-

trolling the expression of neuropeptide Y (NPY).

SEE ALSO: Agouti and Agouti-Related Protein; Hormones.

BIBLIOGRAPHY. H. Bays, “he Melanocortin System as a 
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opathy,” Drugs in R&D (v.7/5, 2006); W. Fan, et al., “Role 
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Obesity Syndrome,” Nature (v.385, 1997); D. Huszar, et al., 

“Targeted Disruption of the Melanocortin-4 Receptor Re-

sults in Obesity in Mice,” Cell (v.88, 1997). 
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Mendelian Disorders  

Related to Obesity

IT HAS BEEN conirmed that genetic factors have a 

signiicant role in the pathogenesis of obesity. Ge-

netic disorders related to obesity can be categorized 

as Mendelian syndromes associated with obesity such 

as Bardet-Biedl syndrome, multifactorial obesity, and 

single-gene disorders with obesity as an isolated or 

predominant presentation. Mendelian disorders are 

diseases that are inherited according to Mendel’s 

laws. In some Mendelian disorders, obesity is one of 

the clinical presentations. More than 30 Mendelian 

disorders with obesity as a clinical presentation have 

been reported. hese Mendelian disorders include 

autosomal dominant ones such as Prader-Willi syn-

drome, Albright hereditary osteodystrophy, fragile X 

syndrome, ulnar-mammary syndrome; autosomal re-

cessive ones such as Bardet-Biedl syndrome, Alstrom 

syndrome, Cohen syndrome; and X-linked ones such 

as Borjeson-Forssman-Lehmann syndrome, Mehmo 

syndrome, Simpson-Golabi-Behmel Type 2, and Wil-

son-Turner syndrome. 

he causative mutations behind the Mendelian 

disorders related to obesity have been identiied, 

but there is still no clear information regarding the 

mechanisms underlying these mutations which lead 

to metabolic disturbances and obesity. In these syn-

dromes, the product of the defective gene is an intra-

cellular protein, but the function of such proteins is 

still unknown. In other words, there is no explanation 

about the role of these proteins in energy imbalance 

leading to obesity.
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Prader-Willi syndrome (PWS) is the most com-

mon Mendelian syndrome related to obesity. he 

clinical features of this autosomal-dominant disor-

der include reduced fetal activity, obesity, muscular 

hypotonia, mental retardation, short stature, hypo-

gonadotropic hypogonadism, and small hands and 

feet. In most of the cases, a deletion or disruption of 

the genes on the proximal long arm of the paternal 

chromosome 15 causes PWS. In other cases, there is 

a maternal disomy. 

he Albright hereditary osteodystrophy (AHO) is 

an autosomal-dominant Mendelian disorder. Its clini-

cal features consist of obesity, round facies, short stat-

ure, brachydactyly, subcutaneous calciications, hy-

pocalcaemia, increased serum parathyroid hormone 

(PTH) level, and parathyroid hyperplasia. In some 

cases, it as accompanied by mental retardation. AHO 

is caused by parental imprinting of mutations in the 

GNAS1 gene (guanine nucleotide-binding protein, a-

stimulating activity polypeptide 1).

Fragile X syndrome is an autosomal-dominant dis-

order and is caused by mutation in the FMR1 gene. 

he most dominant clinical feature of this syndrome 

is mental retardation. here is a Prader-Willi-like sub-

phenotype of the fragile X syndrome whose clinical 

presentations consist of extreme obesity with a full 

and round face.

Ulnar-mammary syndrome is caused by mutations 

in the TBX3 gene and is an autosomal-dominant dis-

order. Some of its clinical features include ulnar ray 

defects, small penis, delayed puberty, and obesity.

he Bardet–Biedl syndrome (BBS) is an autoso-

mal-recessive syndrome which is characterized by 

obesity, mental retardation, pigmentary retinopathy, 

polydactyly, and hypogenitalism. As this Mendelian 

disorder is genetically heterogeneous, it is linked to at 

least seven loci.

Alstrom syndrome is an autosomal-recessive dis-

order due to mutation in the ALMS1 gene. It is char-

acterized by retinitis pigmentosa, deafness, obesity, 

and diabetes mellitus like Bardet-Biedl syndrome, but 

there is no mental defect, polydactyly, or hypogonad-

ism in this syndrome.

Cohen syndrome is a rare autosomal-recessive 

disorder overrepresented in the Finnish population 

which is due to mutations in the COH1 gene. Obesity 

is seen in this syndrome, but it has been mentioned as 

an insigniicant presentation.

Mehmo syndrome (MEHMO) is an X-chromo-

somal mental retardation syndrome characterized by 

obesity, mental retardation, epileptic seizures, hypo-

gonadism and hypogenitalism, and microcephaly.

Borjeson-Forssman-Lehmann syndrome (BFLS) 

can be caused by mutations in the PHF6 gene and 

is an X-linked disorder with clinical features such as 

severe mental defect, epilepsy, hypogonadism, hypo-

metabolism, marked obesity, swelling of subcutane-

ous tissue of face, narrow palpebral issure, and large 

but not deformed ears.

Wilson-Turner syndrome is an X-linked disorder 

characterized by some features resemble to BFLS such 

as obesity, mental retardation, and gynecomastia. 

Simpson-Golabi-Behmel Type 2 syndrome is an-

other X-linked disorder related to obesity which is 

caused by a mutation in the CXORF5 gene. 

Besides the above syndromes, there are other Mende-

lian disorders in which obesity is presented. In the online 

Mendelian Inheritance in Man (OMIM) database, these 

syndromes have been described. he nature of processes 

causing obesity in these syndromes is still a question.

SEE ALSO: Bardet-Biedl Syndromes; Down’s Syndrome; 

Genetic Mapping of Obesity Related Genes; Genetics; Ge-

nomics; Inherited Taste Preferences; Obesity Gene Map; 

Prader-Willi Syndrome. 
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Menopause

MENOPAUSE IS A natural event in women aged 49–55. 

Menopause is not a disease but a normal biological 

transition and inevitable process of change. Major hor-
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monal shifts occur which may afect a woman’s entire 

being. In many ways, this hormonal shift is likened to 

puberty as it is a time of symptoms before a change. 

Like puberty, the hormonal shifts of menopause mark 

a rite of passage and an entrance to a new life phase.

Menopause begins once a woman has ceased to 

menstruate for 365 days. he years preceding are re-

ferred to as perimenopause or the climacteric, com-

monly referred to as “the change.” he duration may 

last up to 10 years. Each woman is diferent and there 

is no way of predicting how long this phase may be. It 

is possible that a woman is thrown into a surgical or 

chemical menopause. A hysterectomy that includes 

removal of both ovaries will result in immediate 

menopause. Chemotherapy and radiation may cause 

a premature menopause. Stress, anorexia, and intense 

exercise may stop menstruation, but if it returns, a 

natural menopause may still occur. 

he ovaries are an endocrine organ the size and 

shape of an almond. he role of the ovary is to produce 

eggs and hormones including estrogen, progesterone, 

and androgen, which afects libido. he glands of the 

endocrine system are the main hormone producers. 

he pituitary gland secretes hormones that control 

ovulation and menstruation. he pituitary and the 

ovaries respond to each other by instructing the rise 

and fall of hormone levels. At menopause, these levels 

luctuate; less progesterone is produced in the ovaries 

followed by a decrease in estrogen. he ovaries cease 

egg production.

Symptoms of the climacteric may include hot lash-

es, irregular periods, fuzzy thinking, insomnia, head-

aches, vaginal dryness, irritability, and mood swings. 

Decreased ovulation causes an increase in estrogen 

relative to progesterone manifesting in the onset of 

symptoms. Because each woman is individual and 

unique, many of the symptoms may be absent or mild. 

In others, they may be devastating and disruptive to 

a woman’s overall health and well-being. here are 

options to ease the discomfort and disturbances, but 

what works for one woman may not work for another. 

It is important to identify your particular issues and 

address them with a combination of remedies includ-

ing a frank discussion with your physician.

he least invasive option is to make positive life-

style changes. hese changes may have the added 

beneit of increasing your quality of life physically, 

emotionally, and cognitively. 

Exercise is an important element before, during, 

and after menopause. Women who exercise often ex-

perience fewer symptoms. hey have the added ben-

eit of muscle strength which helps strengthen bones, 

aid in balance, and protect the heart muscle. 

Hot lashes and night sweats are a common com-

plaint. It is advisable to avoid spicy food, cafeine, 

and alcohol. Keep rooms cool and dress in layers. 

Exercise and stress reduction may also help. Adding 

one to two daily servings of soy may be beneicial. 

Soy contains phytoestrogens which mimic estrogen. 

Good sources include soy milk, tofu, tempeh, and 

soy nuts. Black cohosh is a supplement that may 

combat hot lashes. It has been endorsed by the 

North American Menopause Society for a duration 

of up to six months.

Metabolism slows in midlife, requiring fewer calo-

ries to maintain weight. his is an important time to in-

crease exercise and lower total calories. Keep blood sug-

ars stable by eating smaller, balanced meals frequently, 

about every three to four hours. he DASH (Dietary 

Approaches to Stop Hypertension) diet decreases sodi-

um intake and promotes eating healthy proteins, whole 

grains, fruits, and vegetables, and is endorsed by the 
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National Heart, Lung, and Blood Institute. A healthy 

diet may ease the transition to menopause.

Stress is a major contributor to adverse symptoms. 

It is important to understand that stress cannot be 

eliminated, but coping mechanisms may be learned. 

Deep breathing is a technique which can be done any-

where with no expense. Meditation and yoga are ways 

to learn to focus. It is vital to create self time, even if 

only for 15 minutes a day. Laughter is great medicine 

as it releases endorphins, or “happy hormones.” Mas-

sage therapy and visualization are techniques that 

may also help.

Mood swings, irritability, and insomnia may be in-

terrelated and elevated. he body and mind need sleep 

as a time to rest, heal, and recharge. Without it, func-

tioning is less than optimal and often diicult. Exercise 

may help with insomnia and mood swings as does de-

creasing or eliminating alcohol and cafeine. Keeping 

the bedroom dark and cool, using it only for sleeping at 

night or sex, may ease symptoms. Avoid eating several 

hours prior to bedtime. Using cotton sheets may keep 

the body cool. A cup of chamomile tea at bedtime may 

induce sleepiness. Mood swings may regulate once 

sleep improves. Irritability may be greatly reduced. Ex-

ercise, yoga, stress reduction, and support groups may 

ease the tension. If these do not help, a physician may 

prescribe SSRIs (selective serotonin reuptake inhibi-

tors) such as Paxil®, Prozac®, or Efexor®.

Fuzzy thinking may be a by-product of the normal 

aging process, not just menopause. Keeping the mind 

sharp by doing word challenges and/or puzzles may 

encourage focus by stimulating thought process. A 

daily cup of ginseng tea or ginkgo biloba supplement 

may be beneicial to clear thinking.

Once the aforementioned remedies are tried, there 

is the option of hormone therapy (HT). HT has re-

placed the term hormone replacement therapy as it 

is no longer only estrogen replacement but rather an 

enhancement of what the female body requires to op-

erate optimally. his is usually an estrogen, proges-

terone, or combination. here are several delivery 

systems including orally, vaginally, or transdermally 

by creams, patches, or gels. hese hold risks as well as 

beneits especially to those women with a history of 

heart problems and/or breast cancer. HT may cause 

an increase in blood clots, heart attack, stroke, and 

breast cancer. he beneits may cause a decrease in 

hot lashes, slower bone loss, and improved sleep. 

Vaginal dryness may beneit by HT as may applying a 

sexual lubricant during intercourse.

Bioidentical hormones are hormones most like the 

hormones made in the body. hey are synthesized in 

a lab from hormone precursors found in wild yams or 

soy. hey are chemically converted to be identical to 

what the body produces naturally.

Osteoporosis, or thinning of the bone, causes bone 

to become brittle, porous, and susceptible to fracture. 

HT may help as may a healthy diet, exercise, and cal-

cium supplements. 

his time of transition usually occurs in conjunction 

with other life stressors often including empty nest, 

loss of parents or spouse, career changes, and changes 

in physical appearance. here are options to explore to 

ease the transition. Women with menopausal symp-

toms are advised to speak with their physician regarding 

management strategies. Treatment is best prescribed 

by taking into account a woman’s health history, her 

family history, and her individual symptoms.

SEE ALSO: Exercise; Hormones; Osteoporosis; National 

Heart, Lung, and Blood Institute; Stress.
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Menstrual Problems

MENSTRUATION IS THE periodic discharge of blood 

and mucosal tissue from the uterus, which occurs ap-

proximately monthly in nonpregnant women from 

the onset of puberty to menopause and is necessary 

for female reproduction. Menarche, or the irst men-

strual period, occurs during puberty and signals the 

onset of the reproductive years of a woman. On the 

other end of the spectrum, the beginning of meno-

pause is when there have been no menstrual periods 

for 12 consecutive months and no other biological or 

physiological cause can be identiied. Between these 

two end points, women would ideally have normal, 
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regular menstrual cycles, or eumenorrhea, that range 

from 21 to 35 days in length.

Menstrual cycles are counted from the irst day of 

menstrual bleeding because the onset of menstrua-

tion corresponds closely with the hormonal cycle. he 

menstrual cycle may be divided into several phases 

and the length of each phase varies from woman to 

woman and cycle to cycle. During the follicular phase, 

estrogen slowly builds up. Meanwhile, the follicle ma-

tures. Estrogen peaks right before ovulation, or the 

release of the egg from the ovary. he surge of lutein-

izing hormone (LH) triggers ovulation. he egg travels 

through the fallopian tube and may be fertilized by a 

sperm in the process. If the egg is not fertilized with-

in a day of ovulation, it dies and is resorbed. During 

the luteal phase, the corpus luteum, or the remainder 

of the follicle postovulation, produces progesterone, 

causing the intrauterine lining to accumulate. Once 

the corpus luteum degenerates and progesterone lev-

els decline, the uterine lining is shed, indicating the 

start of the menstrual cycle.

Menstrual problems are characterized by the irregu-

larity of menstrual cycles, or the unpredictable variability 

of intervals, duration, or bleeding. With regard to irregu-

larities in ovulation, oligoovulation is the term for infre-

quent or irregular ovulation, deined as cycles of more 

than 36 days or fewer than 8 cycles a year. Anovulation 

is the absence of ovulation when it would be normally 

expected, such as in a postmenarchal, premenopausal 

woman. Patients with anovulation usually present with 

the irregularity of menstrual periods. Additionally, an-

ovulation can also cause cessation of periods, also called 

secondary amenorrhea, or excessive bleeding, as char-

acterized by dysfunctional uterine bleeding.

In terms of menstrual cycles, polymenorrhea refers 

to cycles with intervals of 21 days or less. Another 

condition is oligomenorrhea, deined as infrequent or 

light menstrual cycles with more than 35 days. Oc-

curring in approximately half of patients with bulimia 

nervosa, the mechanism of oligomenorrhea appears 

to be related to hypothalamic-pituitary function.

Similarly, amenorrhea is a diagnostic criterion 

for anorexia nervosa. Amenorrhea is the absence of 

a menstrual period in a woman of reproductive age. 

Physiologic states of amenorrhea are seen during 

pregnancy and lactation, or breastfeeding. 

In patients with anorexia, the exact mechanism of 

amenorrhea has yet to be elucidated. Nonetheless, se-

vere caloric restriction suppresses the hypothalamic–

pituitary axis, possibly mediated by cortisol, leptin, 

growth hormone, and insulin-like growth factor I, 

resulting in the suppression of the pituitary produc-

tion of LH and FSH. Abnormally low levels of LH and 

FSH cause low levels of circulating estrogen, thereby 

blocking ovulation.

Because estrogen is essential for the incorporation 

of calcium into bone, patients with eating disorders 

such as anorexia are at high risk of developing osteo-

penia and osteoporosis. Particularly, certain patients 

with eating disorders may also exercise excessively, 

increasing their risk of stress fractures. he female 

athlete triad consists of a menstrual disorder, an eat-

ing disorder, and osteoporosis. 

A common cause of ovulatory infertility is poly-

cystic ovarian syndrome (PCOS), afecting 1 to 5 

percent of women. PCOS is characterized by hy-

perandrogenism and chronic oligoanovulation. Ap-

proximately 50 percent of PCOS women are over-

weight or obese, with adipose tissue distribution 

predominately around the abdomen as a common 

clinical presentation. Because the history of weight 

gain often precedes PCOS, obesity may play a patho-

genic role in the development of the syndrome. Ad-

ministration of insulin-sensitizing agents, such as 

metformin and troglitazone, was associated with 

improved menstrual cyclicity in women with PCOS. 
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Both insulin and insulin-like growth factors (IGFs) 

seem to be involved in the interruption of the normal 

follicle maturation favoring the formation of atretic 

follicles. herefore, obesity seems to amplify the de-

gree of insulin resistance and hyperinsulinemia in 

PCOS, whereas abnormalities of the IGF–insulin-

like growth factor binding protein (IGFBP) system 

may be important in normal-weight PCOS women. 

Additionally, women with PCOS may have hyperan-

drogenism, which is worsened by particularly central 

obesity, through the reduction of sex hormone-binding 

globulin (SHBG) serum levels, which increases the de-

livery of free androgens at the level of peripheral tissues. 

High levels of estrogens have been detected in women 

with PCOS. he acyclic production of extraglandular 

estrogen may lead to a positive feedback on LH secre-

tion and a negative feedback on FSH secretion, result-

ing in an increase of the circulating LH/FSH ratio. he 

elevated levels of LH substantially contribute to the de-

velopment of hyperplasia of the ovarian stroma and the-

cal cells, further increasing androgen production and, in 

turn, providing more substrate for extraglandular aro-

matization and perpetuation of chronic anovulation. 

With respect to nutrition and environmental fac-

tors, diet is a well-established factor in the regulation 

of sex steroid metabolism. Research has shown that 

the high-fat, low-iber diet is related to an increase 

in androgen circulating levels. Additionally, evidence 

inds that very high lipid intake decreases SHBG blood 

levels and increase free androgen index. herefore, a 

high-fat, lower-iber diet may impair sex steroid me-

tabolism by increasing androgen availability while fa-

voring the promotion and maintenance of obesity in 

certain groups of women with PCOS.

SEE ALSO: Anorexia Nervosa; Bulimia Nervosa; Eating 

Disorders and Athletes; Eating Disorders and Obesity; Ear-

ly Onset Menarche and Obesity in Women; Menopause; 

Metformin; Polycystic Ovary Disease.
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Metabolic Disorders and  

Childhood Obesity

METABOLISM IS THE regulation of energy through-

out the body. Obesity is a metabolic disorder in which 

excess fat is accumulated in the adipose tissue, or fat 

tissue. In children, this can lead to a number of other 

disorders in metabolism throughout the body. Such 

abnormalities include increased inlammation, de-

creased insulin sensitivity, Type 2 diabetes, cardio-

vascular complications, and problems with liver func-

tion. Understanding the genetics and lifestyle factors 

of obesity in youth will provide important insight on 

the progression and treatment of metabolic disorders 

associated with childhood obesity.

Obese children are described to be in a chronic 

state of inlammation. his is primarily because of 

increased fat mass. Adipocytes, or fat cells, are not 

simply storage sites for fat. Rather, they secrete a va-

riety of hormones and other molecules that modulate 

many metabolic processes, including inlammation. In 

obesity, the adipocytes can be greater in number and 

be greater in size when compared to normal weight 

individuals. he hormone leptin is secreted from the 

adipcytes, and higher leptin levels is observed with 

higher body fat. Leptin has efects on the hypothala-

mus and plays a role in food intake. Conversely, adipo-

nectin (an antiinlammatory hormone secreted by the 

adipose tissue) is lower in obese children compared 
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to normal weight children. High levels of leptin and 

low levels of adiponectin are associated with inlam-

mation. Additionally, other molecules that stimulate 

inlammation are higher in obese children, including 

tumor necrosis factor-α (TNF-α), interleukin-6, and 

c-reactive protein. hese hormones may have efects 

on liver, muscle, kidneys, heart, and brain. It is sus-

pected that fat deposits in the visceral region, or ab-

dominal fat, is responsible for most of the inlamma-

tion, however, other fat depots, such as those found 

underneath the skin (subcutaneous) in other regions 

of the body may also have an important efect on in-

lammation. One of the consequences of chronic in-

lammation is the body’s decreased ability to use the 

hormone insulin.

he primary action of insulin is to allow cells to up-

take glucose. Insulin is a peptide hormone that is se-

creted by the pancreas in response to eating food. he 

digestion product of many foods containing carbohy-

drate is glucose, a free sugar, and glucose is found in 

the blood after digestion. Under normal circumstanc-

es, the pancreas detects glucose in the blood and it 

then releases insulin into the blood. Insulin then sig-

nals other organs, such as adipose, muscle, and liver, 

to uptake the free glucose. 

In some obese children, the ability of organs to up-

take glucose with normal insulin levels is impaired. 

Impairment in glucose uptake by tissues is known as 

insulin resistance. For the obese, this may be due to 

high levels of fat within muscle or from high levels of 

circulating free fatty acids. Increased levels of lipid in 

the muscle probably interfere with the efectiveness of 

the insulin receptor, thereby preventing the muscle to 

recognize insulin. To compensate for insulin resistance, 

the pancreas may release even more insulin. he prev-

alence of insulin resistance is greater in obese children 

than normal weight children. In fact, a high body mass 

index (BMI) in childhood is linked with decreased in-

sulin sensitivity, and this association is followed into 

young adulthood. Interestingly, the insulin sensitivity 

appears to have diferent efects between boys and girls 

during puberty, with boys having decreased sensitivity 

and girls have increased sensitivity.

Insulin resistance can be a chronic condition and 

it may be lead to Type 2 diabetes. Type 2 diabetes is 

the result of insulin resistance and a defect in insulin 

secretion from the pancreas. Although the pancreas 

attempts to maintain high insulin output in response 

to the insulin resistance in the peripheral tissues, 

eventually it cannot keep up with insulin production. 

In this state, insulin has lost its normal physiological 

function, and high blood sugar (hyperglycemia) and 

high blood insulin levels (hyperinsulinemia) can be 

observed. Obesity can further stimulate high blood 

sugar because the liver increases its output of sugar 

from other precursors (gluconeogenesis). Hypergly-

cemia and hyperinsulinemia can be observed even 

when the individual has not been eating (fasted), a 

hallmark of Type 2 diabetes. hus, glucose metabo-

lism has been deranged. 

Although genetic factors play an important role in 

the development of Type 2 diabetes, obesity is becom-

ing a clear risk factor for the disease. he prevalence 

of Type 2 diabetes in children and adolescents has 

increased dramatically in the last three decades, and 

this is often attributed to the increased prevalence of 

obesity. Once thought to be a disease in adulthood, 

Type 2 diabetes is becoming a metabolic disorder 

of the pediatric population. In fact, in some popula-

tions such as Native Americans, Latinos, and African 

Americans, Type 2 diabetes is more common than 

type 1 diabetes in children. 

he reason for abnormalities in insulin and glucose 

metabolism in obese children may be related to the 

distribution of fat. As with inlammation, visceral fat, 

or abdominal fat, is associated with insulin resistance. 

Furthermore, there is also an association between vis-

ceral fat and blood lipid abnormalities. It is important 

to note, however, that further research is necessary to 

determine if visceral fat is solely responsible for these 

associations, or if other fat depots, such as subcuta-

neous (beneath the skin) and fat below the waist, con-

tribute to the metabolic abnormalities. 

Dyslipidemia refers to abnormal lipids (including fats 

and cholesterol) in the blood. Overweight children with 

visceral fat tend to have elevated low-density lipoprotein 

cholesterol (LDL-C, the “bad” cholesterol), high blood 

triglycerides, and decreased high-density lipoprotein 

cholesterol (HDL-C, the “good” cholesterol). Some of 

the greatest concerns for dyslipidemia are the develop-

ment of atherosclerosis, the metabolic syndrome, and 

the progression of nonalcoholic fatty liver disease.

Atherosclerosis is the inlammation and stifening 

of the arteries that involves the progression of many 

steps. It begins with an iniltration of fat into the lin-

ing of arteries (formation of fatty streaks), oxidation 
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of lipid, an inlammatory response, and the stifening 

of the arterial wall. his could lead to total closure of 

the artery or rupture, which is a cardiovascular event. 

Atherosclerosis is typically associated with older peo-

ple, but early development of atherosclerosis has been 

observed in the obese pediatric population. In fact, it 

is estimated that up to 50 percent of the obese pediat-

ric population have already developed fatty streaks. 

In adults, a conditioned referred to as the metabolic 

syndrome is characterized with increased waist circum-

ference, low HDL-C, high triglycerides, high blood pres-

sure, and high levels of blood glucose. It is often used in 

adults as a marker for increased risk for cardiovascular 

disease. Although the use of the term in children is not 

standard practice, it is estimated that as much as 30 per-

cent of obese children have the metabolic syndrome. 

he liver is an important organ involved in many met-

abolic processes. Its metabolic roles include the process-

ing of absorbed nutrients from foods and the storage of 

energy. However, hyperinsulinemia and hyperlipidemia 

due to obesity may have negatives efects on the liver. 

High levels of insulin in the blood increases the produc-

tion of fat from other precursors in the liver. 

Additionally, excess fat might be already present 

in the circulation. he excess fat can be deposited 

and retained in the liver. When large amounts of fat 

are stored in the liver of obese people, this is called 

nonalcoholic fatty liver disease (NAFLD); it is called 

nonalcoholic because the fatty iniltration of the liver 

is similar to that observed in alcoholics. he fat can 

be stored or processed for energy in the liver (via β-

oxidation), and oxidative stress insults the liver. he 

oxidative damage can be accompanied with an in-

lammatory response and this can progress to non-

alcoholic steatohepatitis (NASH). he liver can then 

have connective tissue buildup (ibrosis) and scarring 

can occur (cirrhosis). Once scar tissue has been es-

tablished, liver failure is a major concern. 

Obesity is unlikely to be the only factor that leads 

to metabolic abnormalities in childhood, as it is pos-

sible for an individual to be obese and have no de-

rangements. Genetic susceptibility appears to play an 

important role in metabolic changes as well. Research 

describing single- or multigene susceptibility to met-

abolic derangements will provide further insight on 

the pathology of obesity in youth. Also, the impact 

of lifestyle factors on a metabolic proile appears to 

be very important, as increasing physical activity can 

improve insulin resistance, decrease inlammation, 

and increase adiponectin levels.

SEE ALSO: Adipocytes; Adiponectin; Atherosclerosis in Chil-

dren; Blood Lipids; C-Reactive Protein; Cytokines; Fatty Liver; 

Hypothalamus; Insulin; Interleukins; Leptin; Physical Activity 

in Children; Type 2 Diabetes; Visceral Adipose Tissue.
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Metabolic Rate 

METABOLISM IS THE physical and biochemical modii-

cations of compounds in living organisms. For human 

beings, metabolism primarily deals with processing 

food, along with the atmospheric gas oxygen, into ener-

gy needed to maintain a living state. Metabolic rate re-

fers to the speed or rate at which this process happens. 

Metabolic rate is also known as energy expenditure. 

Metabolic rate is made up of four processes: (1) basal 

or “resting” metabolism, which includes energy needed 

to maintain electrochemical balance in cells, energy 

for growth and repair of structural components of the 

body, and energy expended during the mechanical 

work of the cardiovascular and respiratory systems at 

rest; (2) energy needed for exercise or physical work; (3) 

energy needed to maintain a “core” body temperature; 

and (4) energy used during the eating and digestion of 

food (sometimes called the thermic efect of food).

At rest, internal organs such as the liver, brain, heart, 

and kidneys together can account for about 60 percent 

of metabolic rate, and muscle accounts for about 15 

percent. During exercise or physical work, the energy 

requirements of muscle can increase manifold. he 

thermic efect of food can account for ~10 percent of 
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metabolic rate. he rest is made up by metabolism of 

other organs. Because modern persons typically live 

in a thermoneutral environment, the energy needed 

to maintain body temperature is very little and thus 

contributes very little to daily metabolic rate.

here are several ways to directly measure meta-

bolic rate. Heat production (a by-product of metabo-

lism) can be measured by placing a person in a suit or 

chamber that measures heat production. his meth-

od is called direct calorimetry, and requires expensive 

and sophisticated equipment. A simpler method is to 

measure oxygen consumed over a time period. his 

method is called indirect calorimetry. hese are di-

rect ways to measure metabolic rate.

here are several “ield methods” used to indirectly 

measure metabolic rate. Behavioral observation and 

time and motion analysis can be used for supervised 

subjects. Questionnaires and interviews of subjects 

can be used. Movement assessment devices such as pe-

dometers and accelerometers can be worn by subjects. 

hese methods and devices sacriice accuracy for ease 

and/or decreased cost. Metabolic rate can be afected 

by a number of factors, including age, gender, amount 

of fat and muscle mass, time of day, heredity, certain 

drugs and disease states, and exercise or physical work.

To afect the metabolic rate, changes must occur 

in one of the four processes listed above. For the U.S. 

population, the energy needed to maintain core tem-

perature and for eating and digestion of food cannot 

be altered much. hus, the two ways to alter metabol-

ic rate are to change basal metabolism, and/or change 

the amount of exercise and muscular work. 

he largest contributor to basal metabolism that can 

be reasonably and voluntarily altered is the amount of 

muscle mass a person has. By incorporating resistance 

training, muscle mass can be increased which should in 

theory raise basal metabolic rate. Conversely, when peo-

ple consume fewer calories, or diet, typically both mus-

cle and fat mass are lost. hus, dieting tends to lower 

basal metabolic rate, contributing to an overall reduced 

daily metabolic rate. he simplest thing to do to increase 

metabolic rate is regular exercise. he beneits of mod-

ern life have contributed greatly to reductions in muscu-

lar work, and thus metabolic rate. Regular exercise can 

counteract this reduction in metabolic rate.

SEE ALSO: Dieting: Good or Bad?; Doubly Labeled Water; 

Energy Expenditure Technologies; Exercise; Indirect Calo-

rimetry; Metabolic Disorders and Childhood Obesity; Set 

or “Settling” Point.
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Metformin 

METFORMIN IS A drug used in the management of 

Type 2 diabetes mellitus (T2DM) and is part of the 

biguanides class of medicine. Other classes of medi-

cations for T2DM include sulphonylureas, thiazoli-

dinediones, acrabose, incretin mimetics and insulin 

therapy. Metformin is sold commercially as Gluco-

phage®, Glucophage XR®, Fortamet® or Riomet®. Met-

formin is taken orally and has hypoglycemic efects 

(lowers blood sugar). Metformin has been approved 

for use in the United States since the 1990s.

he mechanism for metformin is not fully known. 

However, it is believed that metformin reduces the 

amount of glucose (sugar) that the liver releases into 

the body. Metformin also decreases the amount of 

glucose that the body will absorb from the diet. Ad-

ditionally, metformin can increase the insulin sensi-

tivity of other tissues such as muscle. Metformin has 

several advantages compared to other drugs. Metfor-

min does not require the pancreas to produce more 

insulin (like sulphonylureas do), but rather, it works 

to make insulin receptors more sensitive to the ac-

tions of insulin. his will preserve the pancreas’s abili-

ty to make insulin. Also, metformin does not promote 

weight gain (sulphonylureas and thiazolidinediones 

do); in fact, metformin results in weight loss. 

Metformin acts as an appetite suppressant and the 

weight loss associated with metformin resulted in 

mainly the loss of body fat and little loss of muscle. Pa-

tients who took metformin had improvements in their 

lipid proile. hese patients had decreased their total 

and low-density lipoprotein (LDL) cholesterol (bad 

cholesterol) levels and decreased their triglyceride  
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levels. It is not known if metformin directly improves 

the lipid proile or if this improvement is secondary to 

the weight loss associated with metformin. 

Some of the side efects of metformin use include 

nausea, cramping, diarrhea, and anorexia; however, 

these side efects disappear at lower dosages. Also, 

these side efects are milder if metformin is taken im-

mediately before or after a meal. Patients with kidney 

disease should not use metformin as it may result in a 

condition known as lactic acidosis.

Metformin is also used for the treatment of several 

other medical conditions including insulin resistance 

and polycystic ovary syndrome (PCOS). Insulin re-

sistance is a prediabetic condition in which some of 

the body’s tissues, such as the adipose tissue (fat) and 

muscle, become less sensitive to the actions of insulin. 

Because metformin is an insulin sensitizer, it can re-

duce the severity of the insulin resistance. PCOS is a 

condition in females that is associated with abnormal 

ovulation and elevated levels of testosterone. 

In addition, many women with PCOS are insu-

lin resistant and exhibit symptoms of the meta-

bolic syndrome. Women who have PCOS tend to 

be overweight or obese. Metformin is a treatment 

prescribed to women with PCOS as it can alleviate 

the insulin resistance. In addition, the use of met-

formin decreases testosterone and luteinizing hor-

mone levels and promoted weight loss and resulted 

in improvement in patients’ ability to ovulate. he 

use of metformin also increases the likelihood of 

patients becoming pregnant and reduces the likeli-

hood of miscarriages.

SEE ALSO: Polycystic Ovary Disease; Type 2 Diabetes.
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Mexican Americans

IN THE UNITED States, overweight and obesity are 

common in many minority ethnic and racial groups. 

he populations where this is especially true are 

among Mexican American and black (non-His-

panic) adults. hey are considerably more likely to 

be overweight or obese than white (non-Hispanic) 

adults. In adult men, Mexican Americans have the 

highest rate of overweight and obesity among eth-

nic and racial groups in the United States. In adult 

women, blacks (non-Hispanic) are the only racial 

ethnic group that have a higher rate of overweight 

and obesity than Mexican Americans. he problem 

of obesity is made worse due to the fact that abdom-

inal fat is the most common fat distribution pattern 

among Mexican Americans. his fat distribution 

pattern is more commonly associated with the obe-

sity comorbidities. his is especially true for meta-

bolic syndrome and Type 2 diabetes. Even leaner 

subjects with this fat distribution pattern have been 

found to be at higher risk for these comorbidities. 

This may be one reason why overweight and 

obese Mexican Americans are at a greater risk for 

comorbidities. Being overweight or obese and be-

ing Mexican American has been shown to be a 

greater risk for developing Type 2 diabetes. In addi-

tion to the fat distribution pattern, recent research 

has shown that certain single nucleotide polymor-

phisms are associated with Type 2 diabetes. These 

single nucleotide polymorphisms have been found 

at a greater rate in certain Mexican American pop-

ulations. This suggests that there is a genetic com-

ponent that increases the prevalence of Type 2 dia-

betes among Mexican Americans.

It is not only Mexican American adult popula-

tions that have a higher rate of overweight and obe-

sity. Analysis of the National Health and Nutrition 

Examination Survey found that Mexican American 

adolescents are at a greater risk for adverse health 

outcomes, compared to youth of other racial and 

ethnic groups. he prevalence of overweight was 

40.9 percent and obesity 22.9 percent in Mexi-

can-Americans ages 12 years to 19 years. For most 

ages, males had a higher prevalence of overweight 

and obesity than females. One in every three Mexi-

can-American male adolescents was obese. Some 

of the factors associated with overweight and obe-
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sity among Mexican Americans include being from 

a low-income family, having a history of asthma, 

high blood pressure, perceiving oneself as being less 

physically active compared to one’s peers, and not 

being in excellent health. Overweight adolescents 

often reported a lowered caloric intake than their 

non-overweight counterparts. However, people who 

are overweight or obese often underreport their ca-

loric intake. here is no evidence to suggest that this 

is not the case in Mexican American adolescents. 

Diiculty in accurately counting calories may be a 

reason that people become overweight or obese. 

Previous studies concerning immigrant popula-

tions have suggest that American cultural norms, 

values, and practices, may contribute negatively to 

several health outcomes, one example of which is 

poor eating habits. Compared to second- or irst- 

generation Mexican American adolescents, third- 

generation Mexican American adolescents expe-

rience excessive health disparities. hese indings 

have been shown to be true even when controlling 

for economic circumstances. hese indings present 

an epidemiological paradox. 

Living in the United States is associated with hav-

ing better access to healthcare and health insurance. 

herefore, one would assume that this would result 

in a decrease in adverse health outcomes, including 

overweight and obesity. In general, however, Mexi-

can American self-report comparatively poor access 

to health care services, regardless of health insurance 

status. One measure of acculturation, speaking Eng-

lish at home, is correlated to higher prevalence rates 

of chronic illness than Mexican Americans who do 

not speak English at home. 

Increased acculturation has been correlated to a 

decline in healthy behavior among Mexican Ameri-

cans. For both men and women, the likelihood of 

having a high BMI was greater among those who 

were more acculturated. A traditional Mexican diet 

consists mainly of low-fat foods, such as beans, rice 

and vegetables. 

More acculturated Mexican Americans were found 

to consume a great quantity of more calorically-dense 

foods. Even when compared to other Hispanic racial 

and ethnic groups, Mexican Americans has a higher 

total and saturated fat and lower carbohydrate intake 

as percent of calories than Puerto Rican and Cuban 

Americans. 

One theory that that attempts to explain the high 

prevalence of overweight and obesity is the cultural 

changes that Mexican Americans have undergone in 

the past few years. In the past few generations, Mexi-

can Americans have undergone a rapid nutritional 

transition. heir ancestors consumed most grains, 

fruit, and vegetables. However, by migrating from 

rural to urban regions, there has been an increased 

consumption of fats and reined sugars. his migra-

tion also resulted in the decrease of physical activity 

and a more sedentary lifestyle. Genetic characteristics 

that enabled Mexican American to thrive in a less ca-

lorically dense, more physically demanding environ-

ment may have negative efects on them once their 

environment has changed. he higher prevalence of 
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Type 2 diabetes in Mexican-origin populations could 

be related, in part, not only to Native American ge-

netic admixture but partly to Spanish admixture, as 

a consequence of its historical contribution to the 

Mexican gene pool

Evidence that Mexican Americans are at a genetic 

predisposition for becoming overweight and obese 

and developing some of the comorbidities can be 

gathered from examining the prevalence of these 

diseases in a urban Mexican population. here is a 

higher prevalence of obesity, high blood pressure, 

Type 2 diabetes and dyslipidemia. Mexico is ranked 

third in the world for obesity prevalence, only be-

hind Kuwait and Samoa. It has also been observed 

that a large percentage of Mexican obese individu-

als had abdominal fat distribution. Fat distribution 

is often genetic.

SEE ALSO: Hispanic Americans; South America.
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Microarray Analysis

A MICROARRAY IS an assay that is used to determine 

which genes are expressed in a sample. hey can as-

sess thousands of genes in a single experiment; there-

fore, the process is often known as gene expression 

proiling. A gene chip is used which holds a collec-

tion of microscopic probes attached to a solid sur-

face such as glass, plastic, or silicon. Depending on 

the type of microarray, the probes consist of either 

DNA, proteins, antibodies (a separate type of protein 

microarray), or tissues. he most common type is the 

DNA microarray, which may consist of either cDNA 

or oligonucleotide probes. Each microarray experi-

ment relies on the principle that expression is deter-

mined by the amount of hybridization of a labeled 

RNA to a complementary probe. Once the microar-

ray is constructed, the target mRNA population is 

labeled, typically with a luorescent dye, so that hy-

bridization to the probe spot can be detected when 

scanned with a laser. 

Measuring gene expression using microarrays is 

relevant to many areas of biology and medicine, such 

as studying treatments, disease, and developmental 

stages. For example, microarrays can be used to iden-

tify disease genes by comparing gene expression in 

diseased and normal cells. In terms of obesity, it is of-

ten used to determine changes in expression of genes 

related to adipocytes. Newer methods, however, are 

looking at gene expression in the brain to examine 

psychological factors afecting eating habits. 

he microarray can be used with diferent inter-

ventions to determine what sets of genes are activated 

by the intervention. Once those genes are identiied, 

all data from the microarray should be veriied with 

a method such as reverse transcriptase polymerase 

chain reaction (RT-PCR). It is important to remem-

ber that microarrays are qualitative, not quantitative. 

Microarrays only tell a researcher whether a gene is 

activated; they cannot be read to determine to what 

extent it is activated (i.e., whether one gene is acti-

vated two times more than another). Because of 

the inability to conclude quantitative data as well as 

sources of potential error, the importance of the use 

of RT-PCR as veriication cannot be overstated. One 

potential downside to the microarray is that it gives 

so much information that it blurs the line between 

hypotheses and data collection. Researchers fear that 
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it will encourage data ishing, with no proper scien-

tiic rationale to explain results. 

With the current epidemic of obesity in America, 

the ield of microarray research in regards to obesity 

is wide open. While epidemiological obesity problems 

are intricate, with psychological, socioeconomic, and 

cultural causes among others; genes also play a ma-

jor role. Major questions that may be answered using 

microarray technology include what genes may pre-

dispose people to obesity and what efects upstream 

behavioral efects such as overeating and sedentary 

lifestyle play on gene expression. 

For example, in a study conducted by Samuel 

Nadler and associates, a microarray examination 

comparing lean and obese mice showed a reverse 

gene expression proile between the two groups. 

Genes which had previously been shown to increase 

during adipocyte diferentiation were decreased in 

obese mice, while genes previously shown to decrease 

during adipocyte diferentiation were increased in 

the obese mice. 

he use of microarray technology is fostering the 

growth of a new ield known as nutrigenomics. Nu-

trigenomics focuses on the interactions between the 

nutrients persons consume in the diet and speciic 

genes in their DNA. Much research has been com-

pleted, with varying results, on nutrient interactions 

with human adipose tissue. Other factors possibly 

contributing to obesity are now being examined. For 

example, Permana and colleagues propose that be-

cause food intake is controlled by processes in the 

brain, obesity is a primarily neurological disorder 

with genetic causes. 

his same group, therefore, designed experi-

ments to examine diferential gene responses to 

nutritional intervention in obese versus lean indi-

viduals. Some preliminary data taken from human 

hypothalami revealed diferential gene expression 

of 26 transcripts in obese versus lean participants, 

including histidine carboxylase and neuropeptide 

Y2 receptor. Although these indings need further 

research, these transcripts show promise because 

obesity is essentially an imbalance of energy intake/

output, and these genes contribute to energy ho-

moeostasis in animals. 

As a relatively new method of research, microarray 

analysis holds enormous potential in battling the obe-

sity epidemic. In the coming years, as nutrigenomics 

and translational research become even more preva-

lent, hopefully the microarray will help provide an-

swers to the questions about genetic predisposition 

to obesity. 

SEE ALSO: Genetics; Genomics; Translational Research. 
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Middle East 

OBESITY HAS BECOME an increasing problem in the 

Middle East with the change in diet—partly through 

prosperity—the decrease in exercise, and also the 

more widespread use of the motor car and availability 

of public transport.

In Turkey, European writers from the early mod-

ern period wrote of obese Ottoman Sultans, offi-

cials, and courtiers as well as members of the sul-

tan’s harem. Even allowing for literary license, the 

problem does seem to have been a significant one, 

but was restricted to the extremely narrow ruling 

class. Most of the problems that Turkey has faced 

regarding obesity have been during the 20th centu-

ry when there has been a decrease in manual labor 

and an increase in sedentary occupations, a decline 

in the amount of exercise, and a dramatic change in 

the local diet with the introduction of many foods 

that contain saturated fats. 

Associate Professor Volkan Yumuk of Harbiye, 

Istanbul, from the Turkish Association for the Study 

of Obesity is the national representative on the In-

ternational Association for the Study of Obesity 
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(IASO) and responsible for increasing the public 

awareness of the problem of obesity in Turkey. 

In a very recent survey carried out in Izmir 

City, Drs. F. Sarac, S. Paryldar, E. Duman, F. Say-

gyly, M. Tuzun and C. Yylmaz of the Department 

of Endocrinology and Metabolism, Ege University 

Hospital, Bornova, Izmir, distributed survey ques-

tionnaires to 1,752 obese and 400 normal-weight 

adults in the city, and from the replies that they 

received, they were able to show that 45 percent 

of obese women wrote that they experienced a re-

duced quality of life owing to their obesity, while 

41.3 percent of men felt the same. 

he results also showed that obesity is closely as-

sociated with poor levels of general health. Another 

survey led by Dr. D. Ozmen from the Department 

of Public Health Nursing, School of Health, Celal 

Bayar University, Manisa, found that low self-es-

teem and depression was more common among 

obese Turkish adolescents than their nonobese 

school contemporaries. he health complications 

coming from obesity were clearly shown to result in 

a lower level of disease-free and distant disease-free 

survivals in cancer patients being treated for oper-

able breast carcinomas.

In Syria, there has also been a rise in obesity, 

but the better diet of many people in the country 

has led to lower rates than in Turkey. One study in 

2004 of secondary schoolchildren in Damascus and 

nearby areas found that more than 35 percent of 

the children had not eaten meat in the week prior to 

being interviewed, and worryingly, more than half 

had not eaten green vegetables during that time, 

with only 11.9 percent having eaten fruit three or 

more times a day. Although the lack of meat eating 

has reduced the prevalence of childhood obesity, 

the lack of vegetables and fruit will result in other 

medical problems. In another study, which was into 

the cardiovascular health of adults in Aleppo, obese 

people were found to be more at risk of problems 

and complications than others. There is also a dif-

ference between obese people of different genders. 

A much earlier study, undertaken by S. Hadidy, L. 

Fahdi, H. Tabbakh, and M. Deebo and published in 

1983, showed that the serum level of triglycerides 

was significantly higher in obese males than in fe-

males also suffering from obesity.

Lebanon, to the south of Syria, went through a 

period of prosperity from the 1930s, which ended 

with the civil war in 1975, and once again is going 

through rapid social change and modernization. 

During the 20th century, the diet of many people in 

Lebanon has signiicantly changed, with more dairy 

products and saturated fats being consumed every 

day. It is estimated that possibly a ifth of the cur-

rent population of Lebanon are overweight, but no 

recent igures were collected until Drs. F. G. Had-

dad, H. Brax, E. Zein, and T. El Abou Hessen, of the 

Service de Médecine Interne, Centre Hospitalier et 

Universitaire Hôtel-Dieu de France, in Beirut, car-

ried out a survey assessing the prevalence of obe-

sity among Lebanese patients in hospitals in Beirut 

from 2000, analyzing material on 313 patients aged 

13 years and older. hey found that 22.1 percent of 

these were overweight, and 18 percent were obese, 

with the percentage considerably higher for those 

aged 40 years and older. he igures are very high, 

but given that patients sufering from obesity have a 

higher prevalence to have other medical complica-

tions, the igures for the overall population would be 

considerably lower.
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To ascertain the reasons for obesity, there was 

another survey into household consumption in 

2001. Using a random sample of 444 Beirut resi-

dents aged 25–54 years, it was quickly discovered 

that fat contributed 38.9 percent of the average dai-

ly energy intake, with carbohydrates providing 47.2 

percent and protein 13.4 percent. The average con-

sumption was 3,030 grams per day, with 45.3 per-

cent of subjects eating less than the recommended 

400 grams of fruits and vegetables each day. With 

most cooking not using olive oil, it was also found 

out that women consumed more dairy products, 

milk, vegetables, and coffee than men, with women 

generally eating a lower-fat diet than men. People 

aged 25–34 consumed more meat, more sugar, and 

considerably more alcoholic beverages and soft 

drinks than older people. With a low consumption 

of fish and heavy intake of bread, the study high-

lighted some of the problems that may well lead to 

higher rates of obesity in Lebanon in the years to 

come. Indeed, in a study of 12,299 adolescents at 

private schools in Lebanon, carried out by H. Cha-

kar and P. R. Salameh of the Faculty of Medicine, 

University of Balamand, 7.5 percent were found to 

be obese, with 24.4 percent at risk of obesity.

In Israel, although the prosperity of the popula-

tion has led to increasing numbers of people being 

overweight, the strict diet followed by many people 

has reduced the prevalence of obesity, although there 

have been some notable exceptions such as Ariel 

Sharon, the prime minister from 2001 to 2006, who 

sufers from obesity and developed cardiovascular 

problems, eventually sufering from a stroke. he Is-

rael Society for the Study and Prevention of Obesity 

has campaigned for greater awareness of obesity in 

the country, with Professor Maximo Maislos, Head 

of the Atherosclerosis and Metabolism Unit, Soroka 

UMC Department of Medicine, Ben Gurion Univer-

sity, Beer-Sheva, serving as the national representa-

tive on the IASO. 

Obesity has not been much of a problem in Jordan, 

nor in neighboring Iraq, although the current Iraqi 

president, Jalal Talabani, has made occasional jokes 

about his own obesity, and there have been studies 

of rising levels of obesity among children, many of 

whom have been housebound for several years with 

their parents afraid to let them go to school or to 

sports activities because of the insurgency.

In the countries of the Persian Gulf, the incredible 

aluence brought by oil has resulted in a change in diet, 

a decline in exercise, and the increase in sedentary oc-

cupations, all of which have led, as they have done in so 

many other countries, to a rise in obesity levels. Stud-

ies have shown this to be the case in Kuwait. In Bah-

rain a study carried out at the Naim Primary Health 

Care Center by F. A. Alnasir and E. M. Masuadi of the 

Department of Family and Community Medicine, Ara-

bian Gulf University, Manama, Bahrain, related obesity 

to the level of lipids in the bodies of the people being 

studied. With so little known about the diets of school-

children in the Gulf States, a 2006 study of children in 

Qatar, published in 2007, shows that the levels of obe-

sity there were 1.6 percent for males and 5.4 percent for 

females, with 54.8 percent of males and 23.1 percent 

of females being underweight. his certainly indicates 

that the Gulf States probably have a much lower rate 

of childhood obesity than many other countries in the 

world, although igures collected in the United Arab 

Emirates at the same time show that 13.7 percent of 

schoolchildren were obese, again with girls much more 

likely to be obese than boys. 

here have also been surveys undertaken in Oman by 

J. A. Al-Lawati and P. Jousilahti from the Department of 

Non-Communicable Diseases Surveillance and Control, 

in Muscat, who studied Omanis in Nizwa. In Yemen, Y. 

A. Raja’a and M. A. Bin Mohanna of the Department of 

Community Medicine, Faculty of Medicine and Health 

Sciences, Sana’a University, studied 1,253 school chil-

dren in 2002–03 and found the percentage of children 

aged 10–14 who were overweight was only 6.2 percent, 

with those obese being 1.8 percent.

SEE ALSO: Africa, North; Prevalence of Childhood Obesity 

Worldwide.
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Monogenic Effects that  

Result in Obesity

AS HUMAN GENES have not changed appreciably 

over the last few decades, the recent increase in the 

prevalence of obesity has been attributed to obesi-

genic environmental and lifestyle factors, namely, 

excessive caloric intake and reduced physical activity. 

However, the signiicant variability between humans 

in their propensity to gain weight suggests that sus-

ceptibility to obesigenic environmental challenges is 

largely determined by genetic factors. 

“Common” obesity is thought to arise from mu-

tations in multiple genetic loci (polygenic obesity), 

each with modest efects, which interact with each 

other (gene–gene interactions) and/or with obesi-

genic environmental factors (gene–environment in-

teractions) to increase body weight. Obesity resulting 

from mutations in a single gene (monogenic obesity) 

is comparatively uncommon, but has increased our 

understanding of the complex pathways that regulate 

appetite and body weight homeostasis in humans. 

Much of the research in this area has concentrated on 

the leptin-melanocortin pathway, the components of 

which are important determinants of energy balance 

in animals and humans. 

THE LEPTIN-MELANOCORTIN PATHWAY

Leptin is a fat-derived hormone, or adipokine, the 

circulating levels of which correlate with the degree of 

adiposity. Activation of proopiomelanocortin (POMC) 

neurones in the hypothalamic arcuate nucleus by leptin 

(and insulin) results in the proteolytic cleavage of 

POMC by prohormone convertase-1 (PC-1), yielding 

the anorectic peptide ̃-melanocyte stimulating 

hormone, an endogenous ligand at melanocortin 4 

receptors (MC4R) in the paraventricular nucleus. 

Concurrently, leptin inhibits the release of the 

orexigenic neuropeptide Y. Activation of MC4R has 

a number of downstream efects, culminating in 

inhibition of food intake. Humans with monogenic 

forms of obesity because of mutations in a number of 

components of this pathway have been identiied over 

the last decade or so, highlighting the importance of 

the leptin-melanocortin pathway in mediating energy 

balance and appetite regulation in humans. With the 

exception of MC4R deiciency, only a small number 
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of humans with mutations in leptin, leptin receptor, 

POMC, and PC-1 have been identiied. Other 

genetic syndromes, in which obesity is one of many 

characteristic features, such as Bardet-Biedl, Prader-

Willi, and Alstrom syndromes, will not be discussed 

further in this entry.

MUTATIONS IN LEPTIN AND LEPTIN-RECEPTOR 

Following their initial description of two severely 

obese Pakistani cousins from a consanguineous 

family, who were homozygous for a frameshift mu-

tation in the leptin gene, Farooqi and O’Rahilly have 

identiied a number of other individuals homozy-

gous for the same mutation. Congenital leptin dei-

ciency results in extreme and early-onset hyperpha-

gia and obesity. Afected individuals exhibit marked 

increases in body fat (body fat around 57 percent of 

weight), delayed puberty with hypogonadotrophic 

hypogonadism and abnormalities in T-cell number 

and function, with increased rates of childhood in-

fection and mortality. 

he Cambridge group has also reported that treat-

ment of leptin-deicient individuals with subcutane-

ous leptin therapy led to a signiicant reduction in 

body weight (almost entirely due to a reduction in 

body fat), associated with a reversal of hyperphagia. 

Furthermore, treatment with leptin led to the onset 

of appropriately timed puberty and an improvement 

in abnormalities of immune function. 

Homozygous and compound heterozygous muta-

tions in the leptin receptor have also recently been 

described in severely obese individuals. Although hu-

mans with leptin receptor-deiciency exhibit similar 

features to those with congenital leptin deiciency, 

there is some recent evidence to suggest that the clin-

ical phenotype may be less severe. 

MUTATIONS IN POMC AND PC-1

he clinical phenotype of human POMC deiciency 

is characterized by red hair and pale skin (due to lack 

of signaling at the MC1R in cutaneous melanocytes), 

neonatal adrenal crisis (as POMC is a precursor of 

ACTH in the pituitary), and hyperphagic obesity (due 

to lack of MC4R signaling in the hypothalamus). 

Mutations in PC-1 have been described in two 

humans to date. PC-1 cleaves POMC and other 

pro-hormones. The reported phenotype includes 

juvenile-onset obesity, hypogonadotrophic hypo-

gonadism, hyperinsulinemic hypoglycemia, ACTH 

deficiency, and interestingly, defective small intes-

tine absorption.

MUTATIONS IN MC4R 

By far the most common form of monogenic obesity 

in humans is due to mutations in the MC4R gene, 

a seven-transmembrane G-protein couple recep-

tor predominantly expressed in the central nervous 

system. he prevalence of MC4R deiciency is up to 

5 to 6 percent in severely obese children and up to 

2 to 3 percent in obese adults, making this disorder 

one of the most common known monogenic diseases. 

MC4R deiciency is (co)dominantly inherited, with 

homozygotes more severely afected than heterozy-

gotes. A correlation between the degree of in vitro 

receptor dysfunction and the clinical phenotype has 

been described. 

Humans with MC4R deiciency exhibit the follow-

ing clinical features: early-onset hyperphagia and obe-

sity, increased fat and lean masses, hyperinsulinemia, 

increased linear growth, and increased bone mineral 

density. he growth hormone axis and pubertal de-

velopment and timing are normal. Unlike mice with 

MC4R deiciency, no defect in energy expenditure 

has yet been identiied in humans. Interestingly, the 

phenotype appears to be most prominent in child-

hood, with many features, particularly hyperphagia, 

hyperinsulinemia, and accelerated linear growth be-

coming less marked with age. 

SEE ALSO: Genetic Inluences on Eating Disorders; Ge-

netic Mapping of Obesity Related Genes; Genetic Taste 

Factors; Genetics.
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Mood and Food 

EMOTION-INDUCED EATING HAS been implicated as 

a risk factor for the development of obesity. Numer-

ous studies have shown that some people overeat as 

a way to control negative emotions. One reason for 

this is that eating during times of emotional distress 

acts to reduce negative emotional experiences. When 

most people think about mood and eating, they think 

about the phrase emotional eating. his can be deined 

as eating in response to negative emotions which may 

include stress, anger, anxiety, boredom, sadness, and 

loneliness. Food can be used to produce feelings of 

comfort, connection, and love. 

he opposite may also occur. For many, mealtimes 

during childhood may be remembered as a time of 

family conlict and criticism. As children, many peo-

ple were rewarded with sweets for being “good.” In at-

tempt to replicate these positive feelings, some people 

unconsciously or consciously reward themselves with 

food. Most food rewards are comfort foods, ones that 

are high in calories and usually illed with sugar and 

fat. he use of food to manage mood becomes a self-he use of food to manage mood becomes a self-

reinforcing habit. Comfort food helps a person feelComfort food helps a person feel 

good in the moment, but it is usually temporary. Once 

inished overeating, thoughts return to problems or 

worries. Additionally, many people report having the 

additional worry of guilt about their overeating. hus, 

the result is a vicious cycle. 

Emotional eating occurs on a continuum. For 

most people, infrequent times of emotional eating 

are normal. We all celebrate with food during the 

holidays and on special occasions. We also tend to 

mourn with food and use food to comfort others 

when something sad occurs, like an illness or a death. 

Further along the continuum are those who use food 

as a primary coping mechanism and as a strategy for 

mood regulation. For these individuals, food is used 

in reaction to, and as a defense against, any intense 

feeling or stressful life situation. At the far end of the 

spectrum are individuals for whom emotional eating 

has greatly begun to interfere with daily functioning 

and with life in general. hese individuals may have a 

diagnosable eating disorder, such as bulimia nervosa 

or binge-eating disorder, and they may also sufer 

from clinical depression or another mood disorder. 

There are both psychological and biological 

explanations to help explain why people turn 

to food, even when it causes problems such as 

depression and obesity. 

STRESS

One of the biggest contributors to negative mood 

states is stress. Stress can be deined as the types of 

things that produce negative emotions. here are 

two diferent types of stressors. he irst are stressful 

events—major ones such as a job change or unem-

ployment, a divorce, or a medical problem. he other 

type of stressors are considered daily hassles, which 

can be deined as repetitive but chronic annoyances 

of everyday life such as waiting in line, sitting in traf-

ic, or bad weather. Either type of stress can trigger 

emotions that lead to overeating. As a result, people 

under long-term stress tend to gain weight over time. 

his might be related psychologically to learned cop-

ing behaviors (eating in response to stress as a way to 

cope with negative moods) as well as to underlying 

biological changes. 

One thing that varies greatly among emotional 

eaters is how a person perceives stressful situations 

and how that individual has learned to respond to 

stress. One individual may feel major stress from 

a particular situation, whereas another person will 

handle it better by using the event as an opportu-

nity to improve himself or herself. In general, those 

on the lower end of the emotional eating continuum 

have higher perceived stress thresholds (meaning a 

situation has to be fairly severe to be perceived as 

being stressful) and stronger coping mechanisms for 

dealing with stress. On the other hand, individuals 

farther along on the spectrum, such as those with 

eating disorders, tend to perceive even mildly stress-

ful events as being more stressful. 

When considering the biological contribution of 

stress to emotional eating, cortisol, a hormone se-

creted during stress, is a key player. Cortisol is in-

volved in regulating caloric consumption and has 

been shown to increase appetite and food intake. 

hus, individuals who produce excess cortisol, such 

as those with binge-eating disorder and clinical de-

pression, might be more susceptible to overeating 

following stress. Recent studies in rats have led sci-

entists to speculate that the use of comfort foods in 

humans may be stimulated by elevated cortisol in 

response to stress, which could also be related to in-

creased obesity. 
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BINGE EATING

Binge eating is deined as overeating a large amount 

of food while experiencing a sense of loss of control 

during the eating episode. Not all emotional eating 

is binge eating, but binge eating plays an important 

role in the relationship between mood and food. In 

fact, some researchers have shown that negative 

mood predicts overeating and can lead to the devel-

opment of binge-eating disorder in females. In fact, 

many people report that negative mood states occur 

directly before a binge. 

Afect regulation theory suggests that heightened 

emotional disturbances increase the likelihood of 

binge eating because an individual feels that eating 

will soothe his or her painful negative emotions. FoodFood 

then serves as a tension reliever, distracting a person 

from uncomfortable feelings. Eating food takes the 

edge of any feeling that a person would rather not 

feel or tolerate. Numerous researchers have suggest-Numerous researchers have suggest-

ed that negative afect (negative moods and/or feel-

ings) increases risk for certain addictive behaviors, 

including binge eating. In more severe eating disor-

ders, such as bulimia nervosa, individuals attempt to 

get rid of their calories (by vomiting or laxative abuse) 

to reduce their anxiety about impending weight gain 

consequent to overeating. For these individuals, the 

purging itself provides an emotional relief, whereas 

for others, overeating provides the relief from nega-

tive emotions. 

DEPRESSION

Depressed mood and negative afect have been found to 

predict future increases in symptoms of disordered eat-

ing, including binge eating. Speciically, depressed indi-

viduals may consume food to improve their mood or as 

an attempt to escape from adverse emotions. he plea-

sure they feel after eating may serve as a reinforcement, 

which in turn leads to continued overeating. Often, this 

develops into a cycle which can be diicult to break. 

Binge eating severity and degree of depression are 

strongly related. Higher rates of clinical depression 

have been found in obese binge eaters compared to 

obese individuals who are not binge eaters. Further-

more, overweight and normal-weight binge eaters of-

ten have similar levels of depression, suggesting that 

binge eating, rather than body weight, is related to 

depression. In other words, of people who are obese, 

those who are obese and also binge eat are more likely 

to also be depressed, possibly as a result of their binge-

eating behavior. It has been suggested, then, that binge 

eating might therefore be link between depression 

and obesity, because often binge eating starts before 

a person becomes obese. Depression might also help 

explain why people become binge eaters. However, 

scientists are not really sure if depression comes irst 

and leads to binge eating or if people begin binge eat-

ing and then become depressed because they cannot 

control their food intake. 

MOOD REGULATION

Many researchers are focused on the biology and brain 

chemistry of mood regulation and overeating. he lim-

bic system is the area of the brain that regulates many 

activities, including emotions and the stress response. 

he hypothalamus, located at the base of the brain, 

controls many basic functions, including appetite and 

Eating comfort foods help a person feel good in the moment, but it is 

temporary—once finished overeating, thoughts will return to problems. 
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stress reaction. Moreover, it regulates the function of 

the pituitary gland, which in turn, regulates key hor-

mones including cortisol. Disturbances or abnormali-

ties in the limbic system, including how neurotrans-

mitters function, could afect mood and behavior.

Serotonin, norepinephrine, and dopamine are 

neurotransmitters that have been implicated in de-

pressed mood and other mood disorders. Addition-

ally, high cortisol levels might also contribute to de-

pressed mood. Interestingly, both food and mood 

regulation share similar biological pathways and thus 

help describe the mood and food relationship. For ex-

ample, when food is consumed, changes in serotonin, 

endorphins, and dopamine levels occur in the brain. 

hese are very powerful chemicals, which also afect 

mood. In turn, food can greatly afect mood. Cafeine 

consumption mimics the body’s stress response, in-

creasing, and causing a release of stress hormones. In 

small doses (about two cups of cofee), cafeine acts 

as a mild stimulant. However, overconsumption can 

cause anxiety and physical symptoms such as head-

aches and mild tremors. 

Macronutrient content of food can also inluence 

mood. When carbohydrates are eaten, the brain’s pro-

duction of serotonin is temporarily increased. Sero-

tonin reduces anxiety and has a calming efect. hus, 

many people use carbohydrate-rich foods for comfort 

and to feel good. Fat, however, does not inluence 

brain chemistry in the same manner. Protein acts op-

posing with carbohydrate metabolism and prevents 

this soothing efect from carbohydrates from oc-

curring. Protein increases the brain’s production of 

the neurotransmitter dopamine, which temporarily 

boosts concentration and alertness. his might help 

explain why most people prefer to eat sweet, carbohy-

drate-rich food when they are stressed. So, people not 

only use food to psychologically distract themselves 

from bad moods, but there is physiological evidence 

that eating the food actually makes them feel better.

ADDICTION MODEL

In addition to coping mechanisms, the reasons why 

people who are chronically stressed and eat in re-

sponse to their negative moods are also related to 

the idea that some foods have seemingly addictive 

qualities. From a biological perspective, some of the 

chemicals produced during stressful times help de-

termine what one eats and how one stores fat in the 

body. Recent studies have used scans of the brain to 

investigate similarities in the brain chemistry of drug 

addicts and chronic overeaters. Evidence shows that 

several chemicals in the brain can inluence the mo-

tivation to eat. One class of drugs is the endogenous 

opioids. Drugs of abuse strongly stimulate this system 

either directly or indirectly. For example, when a per-

son eats palatable foods (foods that taste good), such 

as chocolate, the body releases trace amounts of opi-

oids, which in turn help elevate mood. hat “reward” 

may reinforce a liking for foods that remind one of 

this satisfying and good feeling. 

Serotonin has been coined the “feel-good” hormone 

and also plays an important role in the regulation of 

mood and appetite. It inluences the intake of certain 

substances such as alcohol and cocaine. Excessive con-

sumption of carbohydrate-rich foods has been found 

to be associated with negative moods. Similarly, recent 

evidence has shown that consumption of carbohy-

drates is often used as self-medication because sugar-

illed, carbohydrate-rich foods trigger the release of 

serotonin and, in turn, temporarily elevate mood. 

he brains of obese individuals may also be lacking 

brain receptors for dopamine, a chemical that is part 

of the brain’s motivation and reward system. Dopa-

mine, like serotonin, makes a person feel good and 

could be strongly related to the urges one has to eat 

something in order to make one feel good. In a study 

comparing the brain scans of obese and normal-

weight volunteers, researchers observed that obese 

individuals had fewer dopamine receptors compared 

to lean individuals. hus, the brains of obese people 

and drug addicts both have fewer dopamine receptors 

than normal subjects. Whether this suggests a pro-

pensity to addiction (drugs in one case, food in the 

other) for these individuals or a reaction to drug use 

and overeating is not clear. However, low dopamine 

has been related to emotional eating scores on a ques-

tionnaire and to frequency of food cravings. 

Several studies of the brain related to drug craving 

in addicted subjects suggest that similar brain circuits 

underlie the enhanced motivational drive for food in 

obese subjects that are found in drug-addicted sub-

jects. Some obese people get more pleasure from 

eating than do people of normal weight. hese indi-

viduals might be more likely to overeat in response to 

negative moods, because they get more pleasure from 

food than others. 
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In summary, the relationship between mood and 

food is circular, and comprises both psychological 

and biological pathways. As a result of either negative 

events or decreased levels of chemicals in the brain, 

people experience negative mood states. As a result, in 

response to past learned behaviors, a person overeats, 

choosing primarily sweet and fatty foods that produce 

chemicals that make him or her feel better. Simulta-

neously, this eating also distracts a person from nega-

tive moods. Once the eating episodes are inished, the 

person often feels very guilty and ashamed. his pro-

duces a brand-new cycle of negative moods and result 

in changes in brain chemistry. 

BREAKING THE CYCLE

Although admittedly diicult, it is possible to break the 

cycle of emotional eating. A few tips are as follows:

Managing stress. his is an important irst step. 

Prioritize tasks and learn to say no. Many emotional 

eaters are also caretakers, often inding time to take 

care of everyone but themselves. It is okay to decline 

invitations and to ask others for help. 

Emotion regulation. Learn to deal with your emo-

tions by talking about your feelings with others, rather 

than trying to feel better by overeating. Ultimately, you 

must learn to stop using food to cope with your feel-

ings. One way is to practice becoming more tolerant 

at dealing with negative emotions, rather than quickly 

trying to soothe them with food. 

Eat only when you are hungry. his is tough to 

master but can be achieved with practice. Rate your 

hunger on a scale from 1 to 10 before you eat, with 

10 being famished and 1 being stufed. If you are not 

actually hungry, engage in an activity that does not 

involve food. You can reevaluate your hunger 30 min-

utes to one hour later. 

Journal. Make a list of situational and emotional 

triggers. Keep a food and emotion journal that in-

cludes what you eat, how much you eat, when you 

eat, how you are feeling when you eat, and how hun-

gry you are. his will help reveal patterns that might 

not be obvious. In the future, you will be better able 

to avoid situations that result in negative emotions 

or trigger overeating. 

Distraction. Instead of eating, take a walk, listen to 

music, read, or call a friend. Pamper yourself. Try en-

gaging in activities that either make you feel good or 

serve as good distractions from food.

Clean out the cabinets. Although people are con-

stantly bombarded with trigger foods in the environ-

ment, you have the ability to limit the types of foods 

kept in your homes. Avoid having an abundance of 

high-calorie comfort foods in the house. Talk to fam-

ily members to obtain support and permission to re-

move some of those favorite foods from the home. In-

stead, choose healthier snacks. Over time, these will 

begin to satisfy cravings.

Exercise. Exercise burns calories and reduces stress. 

It can also distract a person from whatever is causing 

stress in his or her life, and over time, it can take the 

place of food. It stimulates the production of the feel-

good brain chemicals such as endorphins and sero-

tonin and therefore can make one feel better, much in 

the same manner as food. 

SEE ALSO: Binge Eating; Compulsive Overeating; Depres-

sion; Food Reward; Stress.
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Morbid Obesity in Children

IN PEDIATRICS, THE term “obese” generally refers 

to children whose weight weight for height (or Body 

Mass Index—BMI) is greater than the 95th percen-

tile for their age and gender (notably, some insti-

tutions instead refer to this group as “overweight”). 

he complications of morbid obesity span multiple 
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organ systems and include such disorders are hy-

pertension, Type 2 diabetes mellitus, obstructive 

sleep apnea, and many others. Treatments for mor-

bid obesity include lifestyle modiication, pharma-

cologic therapy, and in the most extreme cases, bar-

iatric surgery. 

DEFINITION

In pediatrics, the term obese generally refers to chil-

dren whose weight is greater than the 95th percentile 

for their age and gender (notably, some institutions 

instead refer to this group as “overweight”). While no 

speciic percentile is delineated to classify a child as 

“morbidly obese,” the term is generally used to iden-

tify those children whose risk of obesity-related ill-

nesses is dramatically increased compared to other 

obese children.

PREVALENCE

he term morbid obesity is not oicially recognized 

in the pediatric population by the U.S. Centers for 

Disease Control and Prevention (CDC). hus, accu-

rate statistics to measure the prevalence of morbid 

obesity in U.S. children are not available. However, 

based on statistics from 1999 to 2004, the prevalence 

of BMI above the 95th percentile (referred to by the 

CDC as “overweight” and by other institutions as 

“obese”) in children and adolescents increased from 

13.9 percent in 1999–2000 to 17.1 percent in 2003–

04. Research indicates that the prevalence of mor-

bid obesity increases signiicantly faster than obe-

sity alone (this research was compiled from adult 

research subjects), so the prevalence of morbid 

obesity in children is likely increasing as fast, if not 

faster, than obesity. 

Epidemiologic data on morbid obesity are not cur-

rently available. However, the data for obesity alone in 

2003–04 indicate that 16.3 percent of Caucasian chil-

dren, 19.2 percent of Mexican-American children, 

and 20.0 percent of African-American children were 

above the 95th percentile for BMI. 

CAUSES

he cause of morbid obesity in childhood is unclear. 

However, many researchers believe that morbid obe-

sity is simply an extreme form of obesity and is thus 

subject to many of the same risk factors. he speciic 

risk factors for childhood obesity are innumerable, 

but can be easily grouped into categories of genetic 

or inborn versus environmental risks. he genetic 

contribution to obesity is estimated to be anywhere 

from 25–70 percent, while the environmental con-

tribution can vary in the same manner. However, 

most experts agree that much of the increase seen in 

obesity over the last 30 years has been due environ-

mental risk factors as sedentary lifestyle (television 

watching, video game playing, etc.), large portion 

sizes, and the consumption of high-calorie, high-fat 

food. Limited education, the cessation of smoking, 

and lower socioeconomic status are also associated 

with increased risk of obesity.

Genetic and endogenous factors also appear to 

play a role in obesity. Various family, adoption, and 

twin studies have demonstrated a strong genetic 

component to becoming obese. Mutations in certain 

genes such as the beta-3-adrenergic receptor gene 

and the peroxisome-proliferator-activated receptor 

(PPAR) gamma 2 gene have been associated with al-

tered protein function that is believed to contribute 

to weight gain. In addition, metabolic, neurologic, 

and endocrine factors are also associated with obe-

sity; those individuals with lower metabolic rates, 

lower levels of sympathetic nervous system activity, 

problems with insulin resistance, and dysfunction of 

the dietary feedback control system (involving such 

chemicals as ghrelin, leptin, and melanin-concen-

trating hormone) are all at an increased risk of be-

coming obese.

Notably, certain genetic and endocrine disor-

ders are also associated with severe obesity. One 

of the most common genetic disorders associated 

with obesity is Prader-Willi syndrome, a neurode-

generative disorder that, among other things, is 

characterized by hyperphagia (increased appetite 

and food consumption) and generalized obesity 

by 2–3 years of age. Endocrine disorders associ-

ated with obesity include hypothalamic deficiency, 

hypothyroidism, Cushing syndrome, and growth 

hormone deficiency. 

COMPLICATIONS

he term morbidly obese is generally used to describe 

people who are at a highly increased risk of develop-

ing weight-related health consequences. he follow-

ing is a description of the many complications for 

which morbidly obese children are at high risk.
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Cardiovascular Complications. he two main 

cardiovascular complications of childhood obesity 

are hypertension and dyslipidemia. Hypertension, 

or high blood pressure, is diagnosed when a child’s 

blood pressure is above the 95th percentile based on 

their age, height, and sex. Dyslipidemia is character-

ized by an imbalance of one’s cholesterol and trigl-

cyeride levels. Most commonly, obese children will 

have a high level of low-density lipoprotein (LDL, aka 

“bad”) cholesterol and a low level of high-density li-

poprotein (HDL, aka “good”) cholesterol. Both hyper-

tension and dyslipidemia are signiicant risk factors 

for developing atherosclerosis, which is a major cause 

of heart attacks and strokes later in life.

Endocrine Complications. One of the most com-

mon complications of morbid obesity in children 

is impaired glucose tolerance, which is defined as 

a blood glucose level between 140 and 199 mg/dl 

at the two-hour mark of a 75 gram oral glucose 

tolerance test (in which serial blood glucose levels 

are measured after the patient drinks a concen-

trated sugar solution). If no changes are made to 

the child’s lifestyle and weight, this condition may 

progress to full-blown Type 2 diabetes mellitus. 

Diabetes is a very serious condition with its own 

associated complications, including cardiovascular 

disease, eye disease, kidney disorders, and nerve 

problems. Because of these severe, yet preventable, 

health consequences, both the American Academy 

of Pediatrics and the American Diabetes Associa-

tion recommend screening certain overweight chil-

dren (those with other risk factors in addition to 

their obesity) for Type 2 diabetes every two years 

starting at age 10.

Endocrine complications of obesity also have an ef-

fect on the reproductive system. In males, obesity has 

been associated with delayed onset of puberty. How-

ever, the opposite is true in obese females, who tend 

to experience an earlier onset of puberty. Obesity is 

also a signiicant risk factor for polycystic ovarian 

syndrome, a condition in females that is associated 

with infertility and an abnormally high level of andro-

gens in the bloodstream.

Gastrointestinal Complications. Cholelithia-

sis, or having gallstones, is relatively uncommon in 

children as compared to adults. Of those children 

with cholelithiasis, obesity is the most common 

cause. he presence of gallstones can be completely 

asymptomatic or can be associated with a number 

of symptoms including fatty food intolerance, jaun-

dice, and severe abdominal pain. If a patient’s gall-

stones present any health risks or are the source of 

frequent pain, surgical removal of the gallbladder 

may be indicated.

Obesity is also associated with the most common 

liver disease in children, nonalcoholic fatty liver dis-

ease (NAFLD). Most children with this condition do 

not have any symptoms, but undetected liver damage 

can be severe; if untreated, some children may even 

progress to liver failure. 

Neurologic Complications. Pseudotumor cerebri, 

or idiopathic intracranial hypertension, is a condi-

tion in which the blood pressure in the cranium is el-

evated for unexplained reasons. Approximately half 

of the children who present with this condition are 

obese and obesity is believed to be a risk factor for 

the disease. Typically presenting with headache, the 

condition can lead to severe visual impairment or 

even blindness. Management typically involves both 

an ophthalmologist and a neurologist. 

Orthopedic Complications. One of the most 

common orthopedic complications of obesity is 

a slipped capital femoral epiphysis (SCFE). Most 

common in obese adolescents, this condition in-

volves the displacement of the “cap” of the femur 

(the portion that contributes the “ball” to the hip’s 

“ball and socket” joint) from the femoral shaft. Typ-

ically presenting with hip or leg pain and an altered 

gait, this condition requires immediate intervention 

by an orthopedic surgeon to prevent future bone 

complications.

Tibia vara, or Blount disease, is a condition in 

which excessive weight bearing on the legs of obese 

children causes the legs to become bowed and the tib-

ias to become improperly rotated (tibial torsion). his 

condition also requires management by an orthope-

dic surgeon. 

Pulmonary Complications. The most common 

pulmonary complication of childhood obesity is 

obstructive sleep apnea (OSA). Obesity, by de-

creasing the size of the airway and/or increasing 

its collapsibility, is a significant risk factor for 

this condition, which is characterized by “missing 

breaths” during sleep. OSA is believed to be a risk 

factor for hypertension and possibly other cardio-

vascular conditions. Children with OSA may re-
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quire continuous positive airway pressure (CPAP) 

during sleep.  

TREATMENT

A number of treatments for morbid obesity exist today, 

but each is of limited success. Lifestyle interventions 

such as decreasing one’s calorie and fat intake, insti-

tuting structured physical activity into daily life, and 

reducing sedentary behaviors (such as watching televi-

sion) have all been demonstrated to achieve short-term 

weight loss. However, as these routines are often dii-

cult to initiate and even more diicult to maintain, they 

are of limited efectiveness in the long term. Pharma-

cologic interventions are also used for morbid obesity. 

Medications such as orlistat and sibutramine have been 

widely studied and are shown to have modest efective-

ness in promoting weight loss over the long term. New-

er medications are being developed every day. 

Bariatric surgery is a form of obesity treatment that 

is typically undertaken only after fervent attempts at 

lifestyle modiication and pharmacologic interven-

tions have failed. he pediatric patients who are typi-

cally recommended for bariatric surgery are adoles-

cents who have failed prior interventions of at least 

six months in duration, have a BMI of at least 40, and 

who have obesity-related comorbidities that would 

beneit from weight loss. Bariatric surgery has proven 

to be considerably more efective than lifestyle and 

medical interventions at achieving weight loss and 

improving comorbid conditions. However, it has nu-

merous potential complications and is only generally 

undertaken in the most dire of circumstances.

SEE ALSO: Bariatric Surgery in Children; Behavioral Treat-

ment of Childhood Obesity; Hypertension; Orlistat; Poly-

cystic Ovary Disease; Sibutramine; Sleep Apnea.
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Morbid Obesity in Men

OBESITY HAS BEEN labeled a public health crisis with 

nearly one-third of adults in the United States classi-

ied as obese. Morbid obesity (also referred to as clini-

cally severe obesity) afects about eight to 10 million 

American adults (about ive to 10 percent) and repre-

sents the fastest-growing group of obese individuals 

in the nation. It is estimated that about 8 percent of all 

adults, and speciically 2 percent of men, are morbidly 

obese. In addition to increased risks for heart disease, 

hypertension, Type 2 diabetes, and other obesity-re-

lated conditions experienced by both obese men and 

women, severely obese men are also at higher risk for 

aggressive prostate cancer and premature mortality. 

Life expectancy may be as much as 20 years less 

for severely obese men compared to that of males at 

a healthy weight. Although a modest weight loss of 5 

to 10 percent can reduce risks of comorbid conditions 

and mortality, diets and medically supervised weight-

loss programs have proven to be largely inefective for 

treating morbid obesity. Surgical treatment may repre-

sent a more efective option, given the currently avail-

able outcomes data that demonstrate the improvement 

or resolution of comorbid conditions, a reduction in 

mortality risk, and sustained long-term weight loss. 

Body mass index (BMI) is the most commonly ac-

cepted measure used for categorizing individuals as 

under- or overweight, obese, or severely obese. BMI is 

calculated by dividing a person’s weight in kilograms 

by his or her height in meters (weight [kg]/height [m2]). 

BMI is not gender-speciic and does not diferentiate 

the amount of weight from muscle mass versus fat, so 

very muscular individuals could be misclassiied by 
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using BMI alone. A person with a BMI below 18.5 is 

considered underweight, while a healthy-weight indi-

vidual has a BMI in the range of at least 18.5 to 25. A 

BMI of at least 25 to 30 indicates that a person is over-

weight. Individuals with a BMI of at least 30 are con-

sidered obese. A person with a BMI of at least 40 (or at 

least 35 with a signiicant comorbid condition) is clas-

siied as morbidly or severely obese. Waist circumfer-

ence or waist-to-hip ratio and percent body fat are also 

sometimes used to classify the degree of overweight 

and obesity. Men with a waist circumference of over 

40 inches, or who have more than 25 percent body 

fat, are considered at risk for complications of obesity. 

In addition, an individual may be considered severely 

obese when he or she is 100 pounds or more over ideal 

body weight, as speciied by the Metropolitan Life In-

surance Company standard height and weight tables 

for men and women. he tables were originally devel-

oped to indicate a range of desirable weights associ-

ated with the lowest mortality rates. 

Although BMI does not take into account gender 

diferences, studies have demonstrated variability as 

to where fat accumulates (regional fat distribution) 

and its associated risks between males and females. 

Women tend to accumulate larger amounts of gluteal 

fat, resulting in a larger hip circumference (creating an 

“apple shape”), while men tend to store fat in the abdo-

men, resulting in a larger waist circumference (“pear 

shape”). Abdominal (upper body or visceral fat), has 

been correlated with a greater risk for cardiovascular 

disease, diabetes, hypertension, and hyperlipidemia. 

Morbidly obese men may experience more carbo-

hydrate intolerance and decreased endurance, and in 

turn, be less physically it than severely obese wom-

en. In addition, morbidly obese men are also more 

likely than women to have sleep apnea, obesity hy-

poventilation syndrome, and venous stasis disease. 

Severely obese men are also two and a half times 

more likely than women to have nonalcoholic steato-

hepatitis, an obesity-related condition that interferes 

with liver function. Furthermore, the accumulation 

of abdominal fat may play a role in the development 

of colon, rectum, and aggressive prostate cancer. Re-

cent studies have suggested that severe obesity may 

double the risk of developing prostate cancer. Finally, 

in economic terms, healthcare costs are estimated to 

be 69 percent higher for severely obese men than for 

healthy-weight males.

Severe obesity also substantially increases the risk 

of premature mortality in men. he risk of mortal-

ity for severely obese men is approximately 12 times 

higher than healthy weight males of the same. In ad-

dition, life expectancy for severely obese males may 

as much as 20 years less as compared to a reduction of 

ive years for morbidly obese females. Although data 

on racial/ethnic diferences are sparse, research indi-

cates that there may be a diference between popula-

tions in ideal BMI ranges for optimal life expectancy. 

he ideal BMI range is estimated to be 25–30 for Af-

rican Americans, about 23–25 for Caucasians, and 

much lower for Asian Americans. 

he prevalence of severe obesity has increased 

at a rapid rate over the past 20 years. From 2000 

through 2005, the number of individuals classiied 

as morbidly obese (BMI of at least 40) increased by 
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50 percent. Since the late 1980s, the prevalence of 

severe obesity has risen over 500 percent as com-

pared to moderate obesity and overweight. About 

2 percent of adult males, over two million individu-

als, are severely obese. Although a modest weight 

loss of 5 to 10 percent can reduce the risk for and 

improve obesity-related conditions, commercially 

available diets and medically supervised weight-loss 

programs have, for the most part, proven inefec-

tive in treating morbid obesity. Surgical treatment 

for severe obesity may be a more efective option 

in that outcomes data demonstrate a reduction or 

resolution of many comorbid conditions, a reduced 

risk for mortality, and sustained long-term weight 

loss for many individuals. 

SEE ALSO: Assessment of Obesity and Health Risks; Body 

Mass Index; Mortality and Obesity.
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Morbid Obesity in Women

ESTIMATES BY THE World Health Organization 

(WHO) show that in 88 nations, more than half the 

population is overweight—1.6 billion adults world-

wide. Ten million Americans are morbidly obese. he 

degree of obesity is frequently discussed in terms of 

body mass index (BMI). BMI is a measurement of 

how healthy one’s weight is in relation to one’s height. 

A BMI of 40 or greater represents morbid obesity. For 

a woman, this is approximately 80 pounds over her 

ideal body weight. he height of the average female 

in the United States is 5’ 4” For this same female, she 

would enter the morbidly obese range at a weight of 

234 lb. Recent studies indicate the life expectancy of 

morbidly obese women to be eight years less than in 

normal-weight women. he increase in morbid obe-

sity has a direct correlation with increases in cardio-

vascular disease, Type 2 diabetes, joint problems, and 

infertility. Once obesity has progressed to the morbid 

range with a BMI greater than 40, the weight is at a 

point to prevent normal function or to predispose one 

to developing additional pathologic conditions. As 

the BMI climbs higher, the mortality risk increases. 

Many factors inluence weight. It is not as simple as 

a lack of willpower. Simply stated, the cause of obesity 

is greater energy (calories) taken in than energy (calo-

ries) out. here are a multitude of inluences as to why 

we may take more energy in than we expend energy 

out. Excess fat storage results from an abnormal con-

version of calories to fat. Many women have experi-

enced what is frequently termed yo-yo dieting: you 

go on a diet, lose weight, go of the diet, and regain 

the weight plus additional weight. When the body 

is placed into starvation mode during a low-calorie 

diet, it remembers the starvation period when resum-

ing a more normal calorie intake and subsequently 

institutes an abnormal conversion of calories to fat to 

store for the next starvation period. 

While genetics can predispose to obesity, environ-

mental factors such as a more sedentary society; tele-

vision; automobiles; low-cost, high-fat, energy-dense 

foods; larger servings/high snack consumption; and 

overconsumption of liquid calories certainly increase 

the likelihood of progression to morbid obesity. Sa-

tiety is the sensation of fullness experienced after 

eating. If this feeling is impaired, then consumption 

of calories beyond what is necessary may result. Sa-
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tiety is inluenced by many variables; two commonly 

discussed are leptin, a hormone secreted by adipose 

tissue, which acts on the hypothalamus which is re-

sponsible for the sensation of satiety, and ghrelin, the 

“hunger hormone” which is produced in the stomach 

and upper portion of the small intestine and is re-

sponsible for escalating the sensation of hunger. We 

cannot downplay the inluence of convenience and 

fast foods on our weight. Many inner-city consumers 

do the bulk of their grocery shopping at convenience 

stores, which lowers the quality and variety of avail-

able foods. Additionally, many medications can inlu-

ence hunger; antidiabetics, antipsychotics, antide-

pressants, antiepileptics, steroids, and antihistamines 

can all inluence hunger and, therefore, weight gain. 

A proile of the typical morbidly obese woman may 

include a history of multiple attempts to lose weight 

via diet and exercise; they are typically on ive or more 

medications with multiple obesity-related health con-

ditions such as diabetes, hypertension, obstructive 

sleep apnea, arthritis or joint pain, gastroesophageal 

relux disease, menstrual irregularity, polycystic ovar-

ian disease or fertility issues, and frequently psycho-

social and emotional issues. 

Morbid obesity is costly on many levels. It increases 

the individual’s healthcare costs and medication costs 

more than smoking. Compared to other chronic dis-

eases such as Type 2 diabetes, coronary artery disease, 

hypertension, arthritis, and breast cancer, the cost of 

obesity is the highest. However, obesity can be a direct 

contributing factor to each of these other diseases. he 

economic costs of morbid obesity reach farther than the 

individual woman; estimates from the U. S. Department 

of Health and Human Services (HHS) place the direct 

and indirect costs at more than $117 billion each year. 

Additionally, the healthcare costs increase further as the 

degree of obesity increases. he costs reach beyond dol-

lars and cents. Women with morbid obesity have more 

lost work days, more restricted activity days, and higher 

levels of disability than those with a normal weight. 

Morbid obesity is a chronic disease and must be 

treated as such. It may be viewed as a behavioral 

issue by many who are not well educated on the 

topic. In general, morbidly obese individuals are 

considered a distinct group of patients who require 

more aggressive approaches to weight loss. When 

you treat the morbid obesity, you treat the related 

health conditions.

SEE ALSO: Bariatric Surgery in Women; Body Mass Index; 

Ghrelin; Leptin; Mortality and Obesity.
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Mortality and Obesity

OBESITY HAS BEEN associated with physical disabili-

ties at least since the days of Shakespeare when he 

penned the line “Falstaf sweats to death, and lards 

the lean earth.” Yet, it was not until the 1950s that 

life insurance companies began to recognize that 

obesity was an independent risk factor for death 

and diminished life expectancy and began to price 

policies accordingly. Since the 1950s, a multitude of 

Morbid obesity is a chronic disease but may be viewed as a 

behavioral issue by many who are not well educated on the topic. 
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epidemiologic studies have shown that being under-

weight, overweight, obese, or morbidly obese causes 

signiicant health problems and afects human lon-

gevity. hese associations are complex, and whenev-

er possible, the efects of age, gender, race, smoking 

status, and preexisting disease must be factored in 

to understand of the role of body mass index (BMI) 

on mortality. Understanding the impact of obesity on 

health and mortality is of interest for both medical 

science and public health. 

Older studies found little or no association with be-

ing overweight and the increased risk of death. How-

ever, recent studies have shown that the risk of death 

from all causes is increased at or above the BMI of 28 

(overweight BMI ranges from 26–30). his is true for 

men and women in all age groups. he risk of death 

increases as the BMI rises.

However, these studies did not address smoking 

and chronic disease as independent causes of mortal-

ity in obese populations. It was thought that the con-

nection between overweight individuals and death 

risk was lessened partially due to improved medical 

management of chronic disease such as coronary 

heart disease, cardiovascular disease, and Type 2 dia-

betes mellitus. When these confounding variables are 

accounted for in the analysis, the higher risk of death 

for patients with a BMI over 28 still remains. How-

ever, it is important to realize that eliminating preex-

isting disease from a study ignores the fact that some 

chronic disease is the direct result of the health-di-

minishing efects caused by increased adiposity.

Because smoking and preexisting disease are pre-

dictive of low BMI and poor survival, selecting out 

individuals with smoking history and/or preexisting 

disease at the onset of a long-term study strengthens 

the association between being overweight and death 

risk. he risk of death is increased by 20 to 40 percent 

in the overweight category when compared to similar 

ideal weight patients when smoking and preexisting 

diseases are accounted for. When analyzed in this way, 

excess weight accounts for 18.1 percent of premature 

deaths in men and 18.7 percent of premature deaths 

in women. If individuals with any smoking status and 

with any amount of preexisting or chronic disease are 

included, the impact of excess weight is seemingly 

diminished. Analysis in this way shows that excess 

weight accounts for 7.7 percent of premature deaths 

in men and 11.7 percent of premature deaths in 

women. Further clariication of these associations by 

eliminating confounding variables will help establish 

more accurate guidelines for BMI that are tailored to 

the individual and not to humans in general.

It is estimated that 280,000 excess deaths in the 

United States annually can be attributed to obesity and 

morbid obesity when compared to cohorts who have 

normal BMI. he obese category (BMI 30–35) alone 

is estimated to contribute to nearly 112,000 of those 

deaths. It is thought that the impact of obesity on mor-

tality may actually have decreased over time with im-

provements in public health and medical care. Even so, 

as the prevalence of obesity in the United States contin-

ues to increase, so does the concern for the understand-

ing of the association between obesity and mortality. 

Obesity is associated with an increased risk of 

death for individuals of any age, but the relative risk 

actually lessens as one gets older. For example, obese 

men with a BMI ranging from 30–31.9 have relative 

risks of death of 1.62 (30–64 years old), 1.42 (65–74 

years old), and 1.16 (75 years and older). For women 

of the same BMI range, the relative risks of death are 

1.51 (30–64 years old), 1.32 (65–74 years old), and 

1.25 (75 years and older). he lowest risk of death for 

any age is generally within the normal range of BMI. 

Another way to relate age and obesity to mortality 

is to follow the efects of elevated BMI at the age of 

50. Excess weight at midlife has a strong inluence on 

decreased life expectancy. Individuals who were over-
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weight at the age of 50 have a risk of death that is 20 to 

40 percent higher than those who are normal weight. 

hose who were obese or morbidly obese at the age of 

50 have two to three times and three to four times the 

risk of early death, respectively. 

Gender also inluences the risk of death due excess 

weight. he BMI ranges associated with the lowest 

overall risk of mortality are higher for men. he opti-

mal BMI range for men is 23.5–24.9 and 22.0–23.4 for 

women. Despite this, men tend to have a higher risk 

of mortality than women for above-normal ranges of 

BMI regardless of race or ethnicity. 

Race and ethnicity play an important role in the out-

comes of excess weight on mortality. he associations 

between obesity and mortality risk are slightly stronger 

among Hispanic, Asian, Paciic Islander, and Native-

American men and women than white or black men 

and women. his is true whether or not smoking and 

preexisting disease are eliminated from a study popu-

lation. Whether these issues are culturally related or 

genetically determined has yet to be proven. 

Mortality seems to be less inluenced by elevated 

BMI in black men (relative risk of death is 1.35) than 

for white men (relative risk of death is 1.66) for BMI 

ranges from 32 to 34.9. his fact is true regardless of 

smoking history or disease status.

 With a BMI of 35 or higher, black women have a 20 

to 30 percent increased risk of death, while the same 

BMI group of white women have a 75 to 100 percent 

increase risk of death. It is thought that this is due to 

the tendency of black women to have a more periph-

eral distribution of fat than white women. his dis-

tribution has been shown to be less associated with 

atherogenic risk factors such as increased levels of 

cholesterol, triglycerides, and degree of peripheral in-

sulin resistance.

Another example of this is seen when comparing 

Asian and Western populations. Asians generally 

have higher percentages of body fat for the same BMI 

levels when compared to Western populations. On 

average, an Asian’s BMI is lower by 1.9–3.2 for the 

same percentage of body fat. his is usually attributed 

to Asians having a more slender build and less muscle 

mass and connective tissue. It is because of these dif-

ferences that the World Health Organization has rec-

ommended that cutof values for the overweight and 

obese categories of BMI be lower for Asian popula-

tions than for Western populations. 

he relationship between excess body fat, early 

death, and risk of developing comorbidities has been 

supported by numerous studies. he medical risks of 

overweight, obese, and morbidly obese persons in-

clude cardiovascular disease, coronary heart disease, 

pulmonary disease, hypertension, Type 2 diabetes, 

and cancer. he mechanisms for disease that link ex-

cess body fat and the risk of death include lipid ab-

normalities, hormonal alterations, insulin resistance, 

glucose intolerance, and chronic inlammation. 

A high BMI is most predictive of death from cardio-

vascular disease. his is a great concern when consid-

ering that cardiovascular disease and coronary heart 

disease are leading causes of death within most in-

dustrialized countries. his is especially true for men 

whose risk is nearly three times that of men within the 

normal category of BMI. Even a BMI as low as 26.5 

for men and 25.0 for women puts an individual at in-

creased risk of mortality from cardiovascular causes. 

he risk of cancer-related death increases 40 to 80 per-

cent for morbidly obese men and women. Current esti-

mates attribute 14 percent of all U.S. deaths from cancer 

in men and 20 percent of those in women to elevations in 

BMI above normal. Eliminating those who have a history 

of smoking strengthens the relationship between obesity 

and cancer death in both men and women. here is no 

relationship between low BMI and increased risk of can-

cer death, highlighting the fact that obesity is the major 

cause of numerous cancer deaths in the United States. 

 In men, positive increases in death rates are associ-

ated with BMI for all cancers (relative risk: 1.52 for BMI 

at least 40), as well as liver cancer (4.52 for at least 35), 

pancreatic cancer (2.61 for at least 35), stomach cancer 

(1.94 for at least 35), esophageal cancer (1.91 for at least 

30), colorectal cancer (1.84 for at least 35), gallbladder 

cancer (1.76 for at least 30), multiple myeloma (1.71 for 

at least 35), kidney cancer (1.70 for at least 35), non-

Hodgkin’s lymphoma (1.49 for at least 35), prostate can-

cer (1.34 for at least 35), and all other cancers.

In women, positive increases in death rates are as-

sociated with BMI for all cancers (relative risk: 1.88 for 

BMI at least 40), uterine cancer (6.25 for at least 40), 

kidney cancer (4.75 for at least 40), cervical cancer 

(3.20 for at least 35), pancreatic cancer (2.76 for at least 

40), esophageal cancer (2.64 for at least 30), gallblad-

der cancer (2.13 for at least 30), breast cancer (2.12 for 

at least 40), non-Hodgkin’s lymphoma (1.95 for at least 

35), liver cancer (1.68 for at least 35), ovarian cancer 
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(1.51 for at least 35), colorectal cancer (1.46 for at least 

40), multiple myeloma (1.44 for at least 35), and all oth-

er cancers (1.88 for at least 40). 

Being overweight (BMI at least 28) or obese elevates 

mortality risk and decreases longevity. As BMI increas-

es, this risk can worsen. While all ethnicities are afect-

ed, for some such as African-American and Hispanic, 

the implications of obesity can be worse. In order to 

combat these trends, it is important that individuals 

take steps to maintain healthy weights, and treat cur-

rent obesities and co-morbid conditions that arise.

SEE ALSO: Cytokine; Morbid Obesity in Men; Morbid 

Obesity in Women; National Cancer Institute.

BIBLIOGRAPHY. Kenneth F. Adams, et al., “Overweight, Obe-

sity, and Mortality in a Large Prospective Cohort of Persons 

50 to 70 Years Old,” New England Journal of Medicine (v.355/8, 

2006); Eugenia E. Calle et al., “Body-Mass Index and Mortality 

in a Prospective Cohort of U.S. Adults,” New England Journal 

of Medicine (v.341/15, 1999); Eugenia E. Calle, et al., “Over-

weight, Obesity, and Mortality from Cancer in a Prospec-

tively Studied Cohort of U.S. Adults,” New England Journal of 

Medicine (v.348/17, 2003); Katherine M. Flegal, et al., “Excess 

Deaths Associated with Underweight, Overweight, and Obe-

sity,” Journal of the American Medical Association (v.293/15, 

2005); Sun Ha Jee, et al., “Body-Mass Index and Mortality in 

Korean Men and Women,” New England Journal of Medicine 

(v.355/8, 2006); Daniel L. McGee and the Diverse Populations 

Collaboration, “Body Mass Index and Mortality: A Meta-

Analysis Based on Person-Level Data from Twenty-Six Ob-

servational Studies,” Annals of Epidemiology (v.15/2, 2005).

Daniel R. Cottam, M.D. 

Touro University School of Medicine and the 

Surgical Weight Control Center of Nevada

Aaron Anderson 

Touro University School of Medicine 

Multidisciplinary Bariatric  

Programs

OBESITY SURGERY HAS proven a remarkable tool in the 

hands of surgeons skilled at the procedures. No other 

tool or medication can prevent cancer and result in 

the resolutions of diabetes, hypertension, sleep apnea, 

arthritis, and polycystic ovarian syndrome. his list 

could go on and on. However, in 1991, the National In-

stitutes of Health (NIH) recognized what so many sur-

geons were also realizing—that surgery alone did not 

work in everyone and that some patients would need 

more help than others. To do this, a more systematic 

approach to bariatric surgery would be needed. 

Up until 1991, there was an ad hoc way of approach-

ing the bariatric patient in the United States and around 

the world. Surgeons from all over the world often ap-

proached the workup for bariatric patients very difer-

ently. After the surgery, the care of the post-bariatric 

surgical patient varied from none to an extensive edu-

cation and dietary program. It was not until the 1991 

NIH consensus conference that surgeons, patients, 

and hospital systems began to demand that both sur-

geon and patient be part of programs that integrated 

multiple levels of care. For the NIH consensus confer-

ence, this meant a program with an integrated dietary 

regimen, appropriate exercise instruction, behavior 

modiication, and psychological support. 

After 1991, insurers also began to demand that any pa-

tient operated on by a surgeon must show that the NIH 

requirements were possible in their program prior to 

giving approval for an operation. his resulted in more 

programs around the country that integrated dietary, psy-

chological support, exercise, and behavior modiication. 

hese requirements worked well for a time. How-

ever, many surgeons, insurers, and patients realized 

that further work must be done to ensure good-

quality outcomes both in surgery and after surgery. 

In 2002, the American Society of Bariatric Surgery 

formed the Surgical Review Corporation (SRC). his 

independent nonproit group made up of surgeons, 

hospitals, and insurance providers would monitor all 

bariatric programs that voluntarily participate. hose 

who demonstrate that they are truly multidisciplinary 

and have excellent safety proile would be designated 

a Center of Excellence (COE).

Among the unique requirements that the SRC pro-

posed was that both the surgeon and the hospital (or 

outpatient surgical center) must submit applications 

together to form a single Center of Excellence. hus, 

tacitly admitting the fact the good outcomes happen 

not only because the surgeon is good but because the 

hospital systems are also important. 

Currently, the SRC monitors all aspects of partici-

pating surgeons programs. When patients are seen in 
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the hospital or the clinic, they verify that weight-appro-

priate furniture is available, and that there is adequate 

space for the handicapped. All people in the hospital 

and oice who come in contact with these patients 

must show that they have received sensitivity train-

ing, that every patient has a psychological evaluation, 

and that each patient meets the standards for surgery 

outlined by the NIH. Additionally, complications are 

tracked in the hospital and weight-loss data are fol-

lowed in the clinic. here must also be provisions for 

psychological support using support groups and each 

support group must be run by trained professionals. 

Some type of dietary program must exist. here are 

many more data points, but these highlight some of the 

most important ones.

Truly, bariatric surgery has come a long way from 

its origins in the 1950s. No longer can surgeons op-

erate without the beneit of a multidisciplinary team 

that helps ensure quality outcomes in this diicult pa-

tient population. 

SEE ALSO: American Society for Bariatric Surgery; 

National Institutes of Health; Bariatric Surgery in 

Children; Bariatric Surgery in Women.

BIBLIOGRAPHY. American Society for Bariatric Surgery, 

www.asbs.org; “NIH Conference. Gastrointestinal Surgery 

for Severe Obesity. Consensus Development Conference 

Panel,” Annals of Internal Medicine (v.115/12, 1991); Surgi-

cal Review Corporation, www.surgicalreview.org.

Daniel R. Cottam, M.D. 

Touro University School of Medicine and the 

Surgical Weight Control Center of Nevada 

 Multidisciplinary Bariatric Programs 483





485

N

National Association to  

Advance Fat Acceptance

THE NATIONAL ASSOCIATION to Advance Fat Accep-

tance (NAAFA), founded in 1969, is a nonproit human 

rights organization whose purpose is to improve the 

quality of life for fat people. NAAFA has ive primary 

purposes, as stated on its Web site: to ight discrimi-

nation and work for equal opportunity for fat people; 

to disseminate information about the consequences 

of being fat, including the psychological, sociological, 

legal, medical and physiological aspects; to sponsor 

research; to encourage obese people to accept them-

selves and to promote their acceptance in society; and 

to serve as a forum to address the issues of fat people. 

In 2007, NAAFA had 10 regional chapters as well as the 

national oice in Oakland, California. 

NAAFA promotes its goals through advocacy, edu-

cation, and support. In the area of advocacy, NAAFA 

ights size discrimination and represents the interests 

of fat people in many venues. NAAFA’s Fat Activist Task 

Force conducts letter writing campaigns to combat 

negative media representation and ofensive advertis-

ing. NAAFA members have participated in rallies and 

demonstrations against Southwest Airlines policies re-

garding fat passengers and at a conference funded by 

the commercial weight loss industry. NAAFA educates 

lawmakers about legal protection needed by fat people, 

and acts as a legal clearinghouse for attorneys involved 

in size discrimination cases. An annotated list of recent 

lawsuits concerning fat discrimination is also available 

from the NAAFA Web site. NAAFA also represents 

consumers in hearings concerning the commercial 

weight loss industry and represents the interests of fat 

people at obesity research congresses, including con-

ferences at the National Institutes of Health.

NAAFA’s educational activities focus on reducing 

prejudice against fat people. NAAFA representatives 

have appeared on television programs including 60 

Minutes, Larry King Live, and the Oprah Winfrey Show; 

have been featured in newspapers including the New 

York Times and USA Today and have appeared on many 

radio programs and in magazines. he NAAFA Hall of 

Fame, accessible through the NAAFA Web site, honors 

fat people who made important contributions to so-

ciety. A number of informational brochures are avail-

able from the NAAFA Web site: topics covered include 

Airline Tips for Large Passengers, Dispelling Common 

Myths about Fat People, Guidelines for herapists Who 

Treat Fat Clients, and Weight Loss: Fact and Fiction. 

In the area of support, NAAFA seeks to raise the 

self-esteem of fat people and to create a fat subcul-

ture. One action toward this goal is the distribution 

of information and expression of fat-positive attitudes 

through the NAAFA newsletter, pamphlets, position 

statements, and conferences. Creation of a fat subcul-

ture is facilitated through NAAFA social events and 



special interest groups. NAAFA conferences and the 

annual convention also create an environment where 

people can explore their issues about fatness, and net-

work with others who have similar experiences. 

Special interest groups (SIGs) within NAAFA allow 

people with common interests to exchange information 

about and work together on issues of mutual concern, 

and meet other people with whom to share interests 

and problems. Many SIGs sponsor discussion groups 

and put on workshops at regional events and the an-

nual NAAFA convention, and many produce publica-

tions and mailings. Current SIGs include the Big Man’s 

SIG (for large men and those attracted to them), the 

Supersize SIG (for women size 48 and above), the Sleep 

Apnea SIG, the Weight Loss Surgery Survivors SIG, the 

Military Issues SIG, the Teen/Youth SIG (for members 

through age 19), the Young Nation SIG (for member 

aged 19–29), and the Lesbian Fat Activist Network. 

NAAFA has issued a number of policy statements 

which are available through its Web site. Topics cov-

ered include fat admirers (persons who prefer fat peo-

ple as sexual partners), obesity research, weight loss 

drugs, the diet industry, weight loss surgery, employ-

ment discrimination, physical itness, adoption, activ-

ism, education discrimination, and feederism (inten-

tional weight gain for the purpose of sexual pleasure 

to oneself or one’s partner).

SEE ALSO: Advertising; Body Image; Fat Acceptance; Fem-

inist Perspective and Body Image Disorders; Stereotypes 

and Obesity. 
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National Cancer Institute

THE NATIONAL CANCER Institute (NCI) in the Unit-

ed States is part of the National Institutes of Health 

(NIH), which is located within the Department of 

Health and Human Services. NCI was established as 

an independent research institute in 1937 by the Na-

tional Cancer Institute Act; NCI became part of NIH 

in 1944 and its scope was broadened by the National 

Cancer Act of 1971. NCI coordinates the National 

Cancer Program, also created in 1971, which con-

ducts, supports, and coordinates research, training, 

and information dissemination concerning cancer 

and the care of cancer patients and their families. 

NCI budget request for 2007 was for approximate-

ly $5.9 billion. Most of that money was allocated for 

research, with 42 percent for research project grants, 

13 percent for intramural research, and 12 percent 

for research centers and SPOREs (Special Programs 

of Research Excellence, projects that promote inter-

disciplinary and translational research). he largest 

nonresearch-funded area was cancer prevention and 

control, which received 10 percent of the allocation. 

Approximately 60 major academic and research in-

stitutions in the United States are designated NCI Can-

cer Centers or Comprehensive Cancers. Institutions are 

selected for either designation through a peer review 

process, receive inancial support from the NCI, and 

must reapply every three or ive years. Cancer Centers 

generally conduct basic, population, and clinical re-

search, and may provide clinical care. Comprehensive 

Cancer Centers conduct research and provide patient 

services, and must demonstrate expertise in each of 

laboratory, clinical, and behavioral and population-

based research. Comprehensive Cancer Centers must 

also conduct activities in outreach and education.

NCI position on obesity and cancer, as stated in 

the “Obesity and Cancer” fact sheet at the NCI Web 

site, is that the percentage of overweight and obese 

children and adults has been steadily increasing in 

the United States, that obesity is associated with lack 

of physical activity and consumption of a high-calo-

rie and/or high-fat diet, and that obesity is associated 

with a number of diseases. hose diseases include co-

lon cancer, breast cancer in postmenopausal women, 

eudiometrical cancer, kidney cancer, and esophageal 

cancer; there is also evidence that suggests that obe-

sity may be related to gastric cardia cancer and gall-

bladder cancer, while evidence relating obesity and 

prostate cancer, ovarian cancer, and pancreatic cancer 

is contradictory. he fact sheet also states that obser-

vational studies have shown that avoiding weight gain 

is associated with lowered risk of cancers of the colon, 
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breast (postmenopausal), endometrium, kidney, and 

esophagus; that weight loss is associated with reduc-

tion in risk of breast cancer; and that physical activity 

seems to be related to a reduction of risk for colon and 

breast cancer. Several NCI-funded studies are cur-

rently investigating the relationship between obesity 

and breast, ovarian, endometrial, prostate, colorectal, 

and esophageal cancers. 

SEE ALSO: Breast Cancer; Colon Cancer; Endometrial and 

Uterine Cancers; National Institutes of Health; Obesity and 

Cancer; Ovarian Cancer. 
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cancer.gov/cancertopics/factsheet/Risk/obesity (cited 
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National Center for  

Health Statistics

THE NATIONAL CENTER for Health Statistics (NCHS) 

is a Center within the Centers for Disease Control 

and Prevention (CDC), which is located within the 

Department of Health and Human Services of the 

United States federal government. NCHS works with 

other federal, state, and private agencies to obtain and 

compile data on a variety of health topics, and is the 

principal United States federal agency responsible for 

collecting, analyzing, and disseminating statistical 

information relevant to the health and well-being of 

the American public. he ultimate purpose of NCHS 

eforts is to monitor the health of Americans and sup-

port decision making and research. he NCHS bud-

get request in 2007 was $109 million. 

NCHS administers the National Vital Statistics Sys-

tems, which collects information on births, deaths, 

and marriages in the United States, and conducts nu-

merous annual, periodic, and longitudinal sample sur-

veys. Among the best-known NCHS surveys are the 

National Health and Nutritional Examination Survey 

(NHANES), the National Health Interview Survey 

(NHIS), the Longitudinal Studies on Aging (LSOAs), 

and the National Survey of Family Growth (NSFG). 

NCHS also produces a number of publications and re-

ports, including the Advance Data report series which 

provide timely analyses of data from current surveys; 

the National Vital Statistics Reports series, which 

provides timely reports of birth, death, marriage, and 

divorce statistics; and the Vital Health and Statistics 

Series which cover a range of topics from technical 

descriptions of the survey design and data collection 

methods of NCHS surveys to data analysis. 

Because overweight and obesity have become ma-

jor foci of public health eforts in the United States, 

the NCHS has collected, analyzed, and disseminated 

information on this topic. he NCHS fact sheet on 

overweight and obesity draws on information from 

the NHANES, which is considered more accurate 

than many surveys because it is based on measured 

(rather than self-reported) data on height and weight. 

his fact sheet reports that the number of overweight 

and obese children and adolescents in the United 

States was stable from 1960 to 1980, but has increased 

sharply since 1980. he NCHS fact sheet also reports 

racial/ethnic disparities in overweight among chil-

dren, with the lowest rates in non-Hispanic whites 

and the highest in non-Hispanic blacks and Mexican 

Americans. he NCHS reports that the prevalence of 

obesity has been increasing among American adults 

as well, from 15 percent in 1976–80 to 30 percent in 

1999–2002. In addition, the NCHS reports that 9.9 

million physician oice visits in 1999–2002 included a 

diagnosis of obesity, that in about 23 percent of those 

visits an anti-obesity drug was prescribe, and that 75 

percent of obese patients received either weight re-

duction or diet counseling. 

SEE ALSO: Center for Disease Control; Department of Health 

and Human Services; Prevalence of Childhood Obesity in 

the United States; Prevalence of Obesity in U.S. Women.
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National Eating  

Disorders Association 

THE NATIONAL EATING Disorders Association (NEDA) 

is dedicated to preventing eating disorders, expand-

ing public understanding of eating disorders, and 

promoting access to quality treatment for those af-

fected. It is the largest not-for-proit organization in 

the United States devoted to eating disorders and 

serves individuals and their families afected by an-

orexia, bulimia, and binge eating disorder as well as 

individuals with weight and body image issues. NEDA 

was formed in 2001 through the merger of Eating 

Disorders Awareness and Prevention (EDAP) and the 

American Anorexia Bulimia Association (AABA). 

NEDA headquarters are in Seattle, Washington, and 

the organization also has an oice in New York. 

he Media Watchdog Program of NEDA includes 

over 1,000 volunteers who monitor media, including 

TV, radio, and magazines, for positive and negative 

body images presented in advertising. he program 

includes guidelines, available through the NEDA Web 

site, for critically evaluating the media and sending 

reports of positive or negative ads to NEDA head-

quarters. NEDA staf reviews the submissions and 

writes letters of praise and/or protest to the advertis-

ers; in the case of letters of protest, NEDA continues 

corresponding with the advertisers until they change 

their advertising strategies and messages. NEDA con-

siders positive ads to be those that display a variety 

of natural body shapes and sizes, attribute positive 

characteristics to both heavy and thin people, incor-

porate images of people eating balanced meals, and 

include women as more than objects of beauty. hey 

consider ads to be negative if they include excessively 

thin models or models with computer-enhanced fea-

tures, portray large people negatively, and glamorize 

people on diets or present people relying on food as a 

response to stress, frustration, or loneliness.

he Parent and Family Network (PFN) established 

by NEDA is a free resource ofering support to parents 

and family members of people with eating disorders; 

PFN also helps afected families connect with each 

other and with advocacy opportunities. Resources for 

family members are also available through the NEDA 

Web page, including information about eating disor-

ders, available treatments, insurance beneits, online 

information and support services, and links to advo-

cacy opportunities.

he States for Treatment Access and Research 

(STAR) program of NEDA advocates for improved 

insurance coverage for the treatment of eating disor-

ders. In addition, NEDA is a founding member of the 

Eating Disorders Coalition for Research, Policy, and 

Action, based in Washington, D.C., whose goals in-

clude increasing funding for research and education, 

improving access to treatment for eating disorders, 

and promoting national awareness of eating disorders 

as a public health problem. 

A list of healthcare providers who treat eating dis-

orders is available through the NEDA Web site and 

may be searched by state; types of providers listed 

include physicians, nutritionists, counselors, and in-

patient and outpatient facilities. he NEDA Web site 

also includes lists of support groups for people with 

eating disorders, and research studies currently re-

cruiting participants. In addition, NEDA maintains a 

help line.

SEE ALSO: Advertising; Eating Disorders and Gender; 

Eating Disorders and Obesity; Eating Disorders in School 

Children. 

BIBLIOGRAPHY. Carolyn Costin, he Eating Disorders 

Sourcebook (Sourcebooks) (McGraw-Hill, 2006); H. Char 

Fishman, Enduring Change in Eating Disorders: Interven-

tions with Long-Term Results (Routledge, 2004); he Na-

tional Eating Disorders Association, www.nationaleating-

disorders.org (cited February 2007).
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National Heart, Lung, and  

Blood Institute

THE NATIONAL HEART, Lung, and Blood Institute 

(NHLBI) is one of the National Institutes of Health 

(NIH), which are located within the United States De-

partment of Health and Human Services. he Mission 

of the NHLBI is to provide leadership for diseases of 

the heart, blood, lungs, blood resources and sleep dis-

orders, and since 1997 for the NIH Women’s Health 
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Initiative. he NHLBI supports research, conducts 

education activities for health professionals and the 

public, and supports training and career development 

for health professionals. Five National Education Pro-

grams are coordinated by the NHLBI: the National 

High Blood Pressure Education Program, the Na-

tional Cholesterol Education Program, the National 

Asthma Education and Prevention Program, the Na-

tional Heart Attack Alert Program, and the Obesity 

Education Initiative. 

he NHLBI is one of the members of the NIH Obe-

sity Task Force, along with 24 other components of 

the NIH, including the National Cancer Institute, the 

National Institute on Aging, and the National Institute 

of Mental Health. he NIH Strategic Plan for Obesity 

Research, which is intended to help coordinate obe-

sity research across the NIH and identify new areas 

of research, is available for download in PDF format 

from the NHLBI Web site. he Strategic Plan’s goals 

and strategies are organized around four themes: 

lifestyle modiication for obesity treatment and pre-

vention; pharmacologic, surgical, and other medical 

approaches to obesity treatment and prevention; the 

link between obesity and associated health condi-

tions; and cross-cutting research focusing on topics 

such as health disparities, translational research, and 

education and outreach. 

he NHLBI, in cooperation with the National In-

stitute of Diabetes and Digestive and Kidney Dis-

eases, produced the publication Clinical Guidelines 

on the Identiication, Evaluation, and Treatment of 

Overweight and Obesity in Adults: he Evidence Re-

port, which may be downloaded in PDF format from 

the NHLBI Web site. he Clinical Guidelines state 

the NHLBI position that obesity is the second leading 

cause of preventable death in the United States and is 

a multifactorial disease that develops from an interac-

tion of genetics and the environment. he Guidelines 

present the scientiic literature concerning obesity 

found in MEDLINE, 1980–97, as summarized by a 

24-member Expert Panel. Results are presented in 

the following major categories: reduction of disease 

risk through weight loss, methods of measuring the 

degree of overweight or obesity, goals for weight 

loss, methods to achieve weight loss, goals for weight 

loss maintenance, and weight loss for smokers, older 

adults, and diverse patient populations. Easy access to 

the content of the NHLBI Clinical Guidelines is avail-

able through Guidelines on Overweight and Obesity: 

Electronic Textbook, which allows browsing through 

chapter outlines or by links to related topics, as well 

as free text searching. 

SEE ALSO: Future of Medical Treatments for Obesity; Gov-

ernment Agencies; National Institutes of Health. 

BIBLIOGRAPHY. National Heart, Lung, and Blood Institute, 

www.nhlbi.nih.gov (cited February 2007); National Heart, 

Lung, and Blood Institute, Guidelines on Overweight and 

Obesity: Electronic Textbook, www.nhlbi.nih/gov/guide-

lines/obesity/e_txtbk/index.htm (cited February 2007). 
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National Institutes of Health

THE NATIONAL INSTITUTES of Health (NIH) is the prima-

ry federal agency for conducting and supporting medical 

research. he NIH is located within the U.S. Department 

of Health and Human Services and is composed of 27 In-

stitutes and Centers; some of the best known of these are 

the National Cancer Institute, the National Heart, Lung, 

and Blood Institute, the National Institute on Aging, and 

the National Library of Medicine. Today, the NIH has 

over 18,000 employees at its main campus in Bethesda, 

Maryland, and satellite locations, and receives over $28 

billion in Congressional appropriations, approximately 
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80 percent of which is awarded as research grants. he 

goals of the NIH are to protect and improve the nation’s 

health by fostering innovative research and its appli-

cations, developing scientiic and human resources, 

and expanding the knowledge base in medicine and 

related sciences.

he roots of NIH date back to 1887, when the Lab-

oratory of Hygiene was created as part of the Marine 

Hospital Service. In 1930, the Laboratory changed its 

name to the National Institute (singular) of Health and 

began granting fellowships for basic research. Much of 

the early focus of the NIH was on infectious diseases, 

which paralleled the focus of medicine and epidemiol-

ogy of the time; for instance, NIH workers conducted 

a landmark study in 1906 in which they identiied the 

milk supply as the source of a typhoid epidemic in 

Washington, D.C. NIH scientists also demonstrated 

that rodents were a reservoir of bubonic plague, and 

that lice spread typhus fever. In the area of nutrition, 

Joseph Goldberger proved that pellagra was caused by 

a vitamin deiciency rather than an infectious agent. 

he National Cancer Institute, which opened in 

1937, was the irst institute within the NIH that fo-

cused on a disease rather than a ield of study such as 

chemistry, and also represented a broadening of inter-

est to include chronic as well as acute diseases. Major 

expansion of the NIH took place after World War II, 

as the budget expanded from $8 million in 1947 to 

over $1 billion in 1966. A hospital opened on the NIH 

campus in 1953 to promote collaboration between 

clinicians and research scientists. 

he NIH Obesity Research Task Force includes 

representative from 25 Divisions, Oices, and Cen-

ters within the NIH. he Task Force developed a 

Strategic Plan for NIH Obesity Research, published in 

August 2004, which was created with input from sci-

entists, leaders of health organizations, and the gen-

eral public. he Strategic Plan includes short-term, 

intermediate, and long-terms goals for basic, clinical, 

and population-based research, within the themes of 

1) behavioral and environmental approaches to modi-

fying lifestyle; 2) pharmacologic, surgical, and other 

medical approaches to preventing and treating obe-

sity; and 3) breaking the link between obesity and re-

lated diseases such as cancer and heart disease. 

Because obesity is a major health concern in the 

United States, many institutes within the NIH con-

duct research related to obesity and overweight, and 

only a few can be named here. he Obesity Educa-

tion Initiative (OEI), launched by the National Heart, 

Lung, and Blood Institute (NHLBI) in 1991, has the 

goals of reducing the prevalence of physical inactiv-

ity and encouraging healthy eating habits to reduce 

the number of overweight Americans, and thereby to 

reduce morbidity and mortality from coronary heart 

disease and other conditions such as Type 2 diabetes. 

he OEI has two approaches to these goals: the 

population approach, which focuses on reducing 

the prevalence of overweight and physical activ-

ity in the general population through education and 

intervention programs, and the high-risk approach 

which targets individuals at high risk for, or already 

experiencing, medical complications associated with 

overweight. In June 1998, an expert panel issued the 

Clinical Guidelines on the Identification, Evaluation, 

and Treatment of Overweight and Obesity in Adults: 

Evidence Report, which is the irst federal clinical 

practice guidelines adopting an evidence-based ap-

proach to obesity and overweight issues. he guide-

lines provide recommendations for weight loss and 

weight maintenance, provide the scientiic basis for 

those recommendations, and ofer practical strategies 

for implementing them. 

he Oice of Obesity Research (OOR) within the 

National Institute of Diabetes and Digestive and Kidney 

Diseases (NIDDK) coordinates obesity research within 

NIDDK; it is led by codirectors from the Division of 

Digestive Diseases and Nutrition and the Division of 

Diabetes, Endocrinology, and Metabolic Diseases. he 

NIDDK Obesity Research Working Group consists of 

representatives from seven divisions and oices within 

NIDDK and is responsible for coordinating obesity re-

search within NIDDK and across the NIH, identifying 

research opportunities and initiatives, identifying and 

planning workshops and conferences, and preparing 

reports and inquiries related to obesity. 

he Weight Control Information Network (WIN) 

within the NIDDK provides scientiic information on 

obesity, physical activity, weight control, and nutri-

tion to the news media, health professionals, the gen-

eral public, and Congress. Many publications written 

in English and Spanish that explain the health risks of 

obesity and methods to avoid or treat it are available 

for viewing through the WIN Web site, and hard cop-

ies may also be ordered through the Web site. Basic 

statistics about obesity are also available through the 
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Web site, as are links to obesity-related research, NIH 

obesity activities, and other organizations concerned 

with obesity. 

SEE ALSO: Fitness; Future of Medical Treatments for Obe-

sity; Governmental Agencies; Health Disparities—NIH 

Strategic Plan. 
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National Weight Loss  

Efforts for Children

CHILDHOOD OBESITY IS a major public health prob-

lem and poses important challenges for both health 

care and school-centered environments. hree mo-

dalities currently available for the treatment of over-

weight in children and adolescents include behavioral 

approaches, pharmacologic approaches, and surgical 

approaches. herefore, national weight loss eforts for 

children have focused on the establishment of healthy 

habits in youth that may help prevent many chronic 

health problems later in life. he subsequent prob-

lems are attributable to unhealthy eating, sedentary 

lifestyle, and overweight. However, food and eating 

environments seem to contribute to the increasing 

epidemic of obesity and chronic diseases, beyond the 

individual factors such as knowledge, skills, and mo-

tivation. 

For many individuals, there is ‘tracking’ of meta-

bolic and lifestyle factors from early age to adulthood, 

with some individuals genetically predisposed. How-

ever, for the youth, obesity and dyslipidemia are gen-

erators of hypertension, glucose intolerance and com-

plications of atherosclerosis in adulthood. Indeed, 

childhood obesity seems to substantially increase the 

risk morbidity regardless of obesity persistince into 

adulthood. With 97 percent of U.S. children attending 

school daily, the school environment provides a rich 

arena for the delivery of standardized health messag-

es. However, the role of parents in the development of 

healthy eating and physical activity patterns is critical 

from the earliest stages of life and warrants further 

attention. Aside from excess kcaloric intake and in-

activity, genetics and environment predispose a child 

to be obese. Accordingly, any program or treatment 

plan must include the guardians, who may also be 

overweight or obese. here is a need of ongoing input 

of experts and leaders from all sectors and ields to 

promote healthy lifestyles at schools and within the 

home, while respecting each child’s need for safety, 

security, and respect.

Community-based interventions are built on 

theory, receive input from community members 

and may produce potent, sustainable change. The 

community involvement can mobilize inherent 

community assets while being able to pinpoint 

specific needs. Environmental and policy interven-

tions may be among the most effective strategies 

for creating population-wide improvements in eat-

ing. The Centers for Disease Control and Preven-

tion (CDC) includes a Division of Adolescent and 

School Health which funds collaborations between 

state education and health agencies to promote co-

ordination of school health programs. 

Also, the CDC’s Prevention Research Centers 

(PRCs) engage public health organizations, aca-

demic institutions, and communities in partner-

ships to develop, test, and disseminate programs to 

improve health outcomes. The American Dietetic 

Association (ADA), takes the position that pediat-

ric overweight intervention requires a combination 

of family-based and school-based multi-compo-

nent programs that include the promotion of phys-

ical activity, parent training/modeling, behavioral 

counseling, and nutrition education. 

SEE ALSO: Childhood Obesity Treatment Centers; Federal 

Initiatives to Prevent Obesity.

BIBLIOGRAPHY. “AAP Policy Statement: Prevention of 

Pediatric Overweight and Obesity,” Pediatrics (v.112/2, 

2003); Caroline M. Apovian and Carine M. Landers, eds., 
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Clinical Guide for Management of Overweight and Obese 

Children and Adults (CRC Press, 2006).
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Native Americans

STUDIES OF NATIVE-AMERICAN health in the United 

States are complicated by several facts. One is that 

there is wide variation among people who deine 

themselves as Native Americans, including genetic 

heritage, degree of assimilation to mainstream Amer-

ican culture, geographic residence (both region of the 

country and urban versus rural), and standard of liv-

ing (considering factors such as poverty, level of edu-

cation, and usual occupation). Another is that even 

when all Native American groups are lumped together, 

they still constitute a small minority of the U.S. popu-

lation, limiting the accuracy of any estimates made 

from survey data. For this reason, in many surveys, 

data are not released speciically on Native Americans 

as they are, for instance, for Hispanic Americans. In 

addition, when data have been collected on members 

of particular tribes, that information is sometimes 

not released because the small number of individuals 

involved raises conidentiality concerns. 

American Indian and Alaska Native (AI/AN) is one 

of the six racial/ethnic categories used in many U.S. fed-

eral government surveys. AI/AN includes people whose 

heritage can be traced back to any of the original peoples 

of North, Central, or South America, and who maintain 

tribal ailiation or community attachment. Approxi-

mate 2.9 million people, or 0.9 percent of the U.S. popu-

lation, identiied themselves as AI/AN in the 2000 U.S. 

Census. here are 569 federally recognized tribes, each 

with their own culture, beliefs, and practices, as well as a 

number of tribes that are not federally recognized. he 

largest concentrations of AI/AN individuals are in the 

West, Southwest and Midwest, and more than half of 

the AI/AN population does not permanently live on a 

reservation. In general, AI/AN people have some of the 

worst health outcomes of any ethnic group in the Unit-

ed States due to many inluences including poverty, low 

levels of education, geographic isolation, cultural barri-

ers, and mistrust of the U.S. government and Western 

medicine. Several of the leading causes of death for the 

AI/AN population are related to obesity, including heart 

disease (irst), cancer (second), and diabetes (fourth).

According to the National Heart, Lung, and Blood 

Institute, using 1987 data, the percentage of AI/AN 

adults (aged 18 and over) who were overweight (de-

ined as body mass index [BMI] in at least the 85th 

percentile) and obese (BMI in at least the 95th per-

centile) was greater for both males and females over-

all and in all age categories when compared to the 

U.S. population as a whole, and most of the difer-

ences were statistically signiicant. Of AI/AN males, 

33.7 percent were overweight, compared to 24.1 

percent of the U.S. population, and 40.3 percent of 

AI/AN females were overweight, compared to 25.0 

percent of females in the general population. Of AI/

AN males, 13.8 percent were obese, compared to 9.1 

percent of the entire male population, and 16.6 per-

cent of AI/AN females were obese, compared to 8.2 

percent of the overall female population. he highest 

rates of overweight and obesity were in the 45–54 age 

group; 45.5 percent of AI/AN males in this age group 

were overweight and 28.2 percent were obese, while 

54.0 percent of AI/AN females in this age group were 

overweight and 18.7 percent were obese. 

One explanation ofered for the higher rates of 

obesity among AI/NA people is the “thrifty geno-

type” theory which suggests that some ethnic groups 

became particularly eicient over time in storing ca-

loric intake as fat, which increases the probability of 

survival when food is scarce but can lead to obesity 

and related diseases such as Type 2 diabetes when 

food exists in abundance. Food scarcity is theorized 

to have been prevalent for hundreds or thousands 

of years in regions where many AI/NA people have 

historically lived, but which are currently character-

ized by the availability of large amounts of food, par-

ticularly foods high in fat and reined carbohydrates, 

turning this former evolutionary advantage into a li-

ability. his theory has also been profered as an ex-

planation for rapidly rising rates of obesity through-

out the world, but is not entirely accepted as proven 

within the scientiic community. 

he Pima Indians of Arizona and northern Mexico 

are often ofered as a case study in the thrifty genotype 

hypothesis. Pimas living in the United States have one 

of the highest rates of diabetes in the world: half of 

adult Pima Indians in the United States are diabetic, 
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and 95 percent of those with diabetes are overweight. 

In contrast, diabetes is rare among Pimas living in 

Mexico, and that population as a whole is not over-

weight. Because the two groups of Pimas are geneti-

cally similar but difer in lifestyle (including in food 

intake and exercise), they have been heavily studied 

for clues to the inluence of diet and exercise on obe-

sity and insulin function. Successful interventions to 

prevent and control Type 2 diabetes among the Pima 

have included reduced-calorie and reduced-fat intake, 

increased iber and fruit and vegetable consumption, 

and increased physical activity. 

SEE ALSO: Ethnic Disparities in the Prevalence of Child-

hood Obesity; Ethnic Variation in Obesity-Related Health 

Risks; Pima Indians; Western Diet. 
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Neuropeptides

A NEUROPEPTIDE IS a peptide, a molecule formed 

by sequential linking of amino acids in a genetically 

deined order. A peptide joined to other peptide units 

or that has adopted secondary structure is a protein. 

Neuropeptides are made by neurons (nerve cells in the 

brain), but the term refers to peptides secreted from 

the nerve terminal upon stimulation. Over 100 dif-

ferent neuropeptides are known to be released by dif-

ferent populations of neurons in mammalian central 

and peripheral nervous systems. Many neuropeptides, 

particularly those made in the brain and in nerves as-

sociated with the gastrointestinal tract, have impor-

tant roles in controls of food intake and energy expen-

diture, and are therefore relevant to the regulation of 

body weight and adiposity.

Neurons use chemical signals to communicate infor-

mation, including neurotransmitters, neuropeptides, 

and even gases. Neurotransmitters and neuropeptides 

are distinguishable by chemical content, site of synthe-

sis, and general efects of neural communication.

Whereas neurotransmitters are made in nerve ter-

minals by enzyme actions on simple precursor mole-

cules, and packaged into small vesicles locally, neuro-

peptides are made in the cell body. hey are encoded 

by sequences of DNA (deoxyribonucleic acid), tran-

scribed to mRNA (messenger-ribonucleic acid), and 

translated into an amino acid sequence (peptide). Be-

cause the neuropeptide is to be secreted, it is initiated 

by a short sequence of amino acids that permits pack-

aging into large vesicles that are transported from the 

cell body down to the terminal. Sometimes the ma-

ture neuropeptide arises from a pre-propeptide that 

is cleaved and otherwise processed after translation. 

Beta-endorphin and alpha-melanocyte-stimulating 

hormone, both from proopiomelanocortin (POMC), 

are good examples.

Upon vesicle fusion with the plasma membrane at 

the nerve terminal, the neurotransmitter or neuropep-

tide is released into the space, called a synapse, between 

the terminal and the next cell (neuron, or other type). 

Neurotransmitters generally interact with receptors 

that contain ion channels on the postsynaptic mem-

brane, afecting the cell’s excitability by depolarizing or 

hyperpolarizing the plasma membrane. Neuropeptides 

have more diverse efects, including altering cell excit-

ability, gene expression of other peptides, local blood 

low, cell morphology, and other features and process-

es. Whereas neurotranmitters usually have short-term 

efects, neuropeptides tend to have prolonged action. 

Generally, neuropeptides act at receptors that are 

coupled to G-proteins, and afect the activity of spe-

ciic enzyme cascades that lead to gene expression and 

other changes. hese “metabotropic” receptors have 

subtypes that are expressed on select populations of 

neurons or other cells. Neuropeptides can thus act as 

speciic signals between one population of neurons and 

another. Neurons often make both a neurotransmitter 

and one or more neuropeptides, which are released 
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diferentially. Neuropeptides are often associated with 

speciic behaviors. For example, neuropeptide Y (NPY) 

is a neuropeptide that acts in certain brain regions to 

increase the organism’s food intake.

SEE ALSO: Agouti and Agouti Related Protein; Appetite 

Control; Appetite Signals; Bombesin; CART Peptides; Cen-

tral Nervous System; Cholecystokinin; Corticotropin-Re-

leasing Hormone; Ghrelin; Hypothalamus; Melanocortins; 

Neurotransmitters; NPY (Neuropeptide Y); Oxytocin and 

Food Intake; Peripheral Nervous System; POMC (Proopi-

omelanocortin).
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ropeptides in Appetite Regulation and Obesity—A Review,” 
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Neurotransmitters

NEUROTRANSMITTERS ARE GENES that promote 

or inhibit the release and transmission of electrical 

impulses between a neuron and other cells. hese 

chemicals include around 10 “small-molecule neu-

rotransmitters” (e.g., acetylcholine, dopamine, nor-

epinephrine, serotonin) and over 50 neuropeptides 

(such as neuropeptide Y [NPY] and agouti-related 

protein [AgRP]), and are related to the control of a 

subject’s physiological processes. hey, therefore, play 

an important role in normal functioning. As many 

neurotransmitters are involved in food intake and in 

energy expenditure, they are also implicated in eating 

disorders and obesity.

Indeed, humans have an excellent system which 

allows them to conserve energy in time of plen-

ty, storing it in the form of body fat, but very few 

mechanisms aimed at decreasing unnecessary food 

intake. In fact, as humans are more dependent than 

most animals on social cues and timetables, some-

times they eat even if they are not hungry. However, 

as a general rule, food intake is related to the per-

ception of hunger and satiety, which originate in 

the brain through processing signals which can be 

activated by dietary breakdown, or produced by dis-

tension of the stomach and intestines. his process 

is regulated by interactions between neuronal net-

works and neurotransmitters.

Neurotransmitters are produced in the cell body of 

the neuron and then transported to the end of a presy-

naptic axon or synthesized directly within the axon ter-

minal. When nerve impulses reach this point, the small 

vesicles that contain the molecules of neurotransmit-

ters fuse with the membrane of the axon terminal, so 

that the molecules of neurotransmitters are released 

into the synaptic cleft. Here, they can bind to speciic 

receptors and start their excitatory/inhibitory action. In 

fact, some neurotransmitters (e.g., glutamic acid) pro-

mote the transmission of electrical impulses, while oth-

ers (e.g., gamma aminobutyric acid) discourage it.

Various mechanisms have the task of stopping this 

stimulating/inhibitory action. he neurotransmitter 

can be removed from the synaptic cleft, its structu-

re can be changed by speciic enzymes, or the whole 

neurotransmitter molecule can be re-taken up into 

the axon terminal which released it. Furthermore, theFurthermore, the 

efectiveness of the neurotransmitter action can be 

hindered by vesicles which are too small, and/or by 

their too rapid closure.

Many neurotransmitters are involved in the proc-

ess of food intake. Some of them (e.g., dopamine, 

norepinephrine, and serotonin) suppress the appetite, 

while others (e.g., neuropeptide Y) stimulate it and 

promote overeating. Overeating, which may lead to 

obesity, could thus be caused by a lack of anorexigenic 

(food intake reducing) neurotransmitters, or a failure 

in the reception mechanism of their signals. 

As neurotransmitters can easily be modulated for 

treatment purposes, scientists are developing an-

tiobesity medications whose goals are to increase the 

level of anorexigenic neurotransmitters in the body 

(enhancing their production and preventing their de-

struction or reabsorption by the nerve endings after 

they have performed their function) and optimize the 

reception mechanisms of their messages.

SEE ALSO: Dopamine; Food Intake Patterns; Leptin; Neu-

ropeptides; Norepinephrine.
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New Candidate Obesity Genes

MODERN MOLECULAR GENETICS is a fast-growing 

tool to understand diferent diseases and clinical con-

ditions. Understanding genetic basis of obesity is yet 

to be achieved, although this ield has been increas-

ing tremendously in recent years. Several single-gene 

mutations have been linked to obesity in animal mod-

els but not in humans because it is considerably more 

complicated. It is expected that obesity arise from the 

interactions of multiple genes which makes the search 

for obesity genes a real challenge. Anonymous major 

genes accounting for as much as 40 percent of the vari-

ation in body weight and the same percentage of the 

variation in fat mass have been reported in addition to 

major genes inluencing adipose tissue distribution. 

Identifying the genetic determinants inluencing 

obesity development needs pulling resources and 

knowledge from diferent laboratories around the 

world comprising both academic and industrial part-

ners. It is important to know that the association of a 

gene with complex traits indicates a possible causative 

gene, but it should be clear that no single SNP (single 

nucleotide polymorphism) could be linked to obesity 

alone but a combination of diferent genes exposes 

an individual to develop obesity. It is also clear from 

several studies that certain SNPs may work as a pro-

tecting gene against obesity. Transgenic mice molec-

ular biology technique, quantitative traits loci (QTL), 

gene mapping, and chromosomal scanning has been 

widely used to look for obesity candidate genes. Gene 

linkage analysis can be performed with candidate 

gene markers or with a variety of other polymorphic 

markers, such as microsatellites. Evidence for linkage 

becomes more apparent as the marker loci get closer 

to the true locus that cosegregates with the pheno-

type. he bulk of the ongoing research focuses on the 

molecular mechanisms of appetite and satiety regu-

lation, energy metabolism, nutrient partitioning, and 

adipose cell diferentiation and enlargement. 

As of early 2007, several obesity candidate gene 

have been reported in the form of single-gene muta-

tion and many expressed genes resulted in a pheno-

type that afect body weight and adiposity. he num-

bers of QTLs human obesity-related phenotypes are 

increasing which widen the genomic regions explora-

tion. Recently, there have been many studies report-

ing associations between DNA sequence variations 

and obesity phenotypes.

Diferent international laboratories carry out large-

scale genomic studies with an aim to look for geneto-

environmental determinants susceptibility to obesity 

development. he new approach described by Her-

bert et al. will provide a template for future association 

studies. Using a multistage design, without sacriicing 

genome-wide signiicance, the authors selected the top 

10 SNPs for further analysis, and only one SNP variant 

near the INSIG2 gene was associated with obesity.

he human obesity gene map 2005 update presents 

the latest 12th update of the human obesity gene map, 

which incorporates published results up to the end of 

the year 2005. In that report, 176 human obesity cases 

due to single-gene mutations in 11 diferent genes and 

50 loci related to Mendelian syndromes relevant to hu-

man obesity have been mapped. he number of QTLs 

reported from animal models currently reaches 408. he 

number of human obesity QTLs derived from genome 

scans continues to grow, and we now have 253 QTLs for 

obesity-related phenotypes from 61 genome-wide scans. 

A total of 52 genomic regions harbor QTLs supported 

by two or more studies. he number of studies reporting 

associations between DNA sequence variation in spe-

ciic genes and obesity phenotypes has also increased 

considerably, with 426 indings of positive associations 

with 127 candidate genes. he electronic version of the 

map with links for useful publications and relevant sites 

can be found at http://obesity gene.pbrc.edu.

he most recent important indings in obesity genetic 

were exposed by a genome-wide search for Type 2 dia-

betes-susceptibility genes identiied a common variant 

in the FTO (fat mass and obesity associated) gene that 

predisposes to diabetes through an efect on body mass 

index (BMI). Half of White Europeans have one defective 
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copy of the gene FTO that is located on chromosome 16, 

which carries a 30-percent increase of obesity, and 16 

percent hold two altered copies which carries a 70-per-

cent increased obesity risk per studies published in 2007 

from British and Finnish research groups. Further stud-

ies on this gene are needed in other ethnic groups.

Although research into FTO’s role is in its early stages, 

understanding how variation in the FTO gene region is 

associated with adiposity may provide insight into novel 

pathways involved in the control of adiposity.

SEE ALSO: Animal Models of Obesity; Db/Db Mouse; Ge-

netic Inluences on Eating Disorders; Genetic Taste Fac-

tors; Genetics; Genomics; Monogenic Efects that Result 

in Obesity; Ob/Ob mouse; Quantitative Trait Locus Map-

ping; SNP Technologies; hrifty Gene Hypothesis; Tubby 

Candidate Gene.
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New Drug Targets that Prevent 

Fat Absorption

NEW DRUG TARGETS that prevent fat absorption pri-

marily act by inhibiting lipases in the stomach and small 

intestine which break down fat into single monoglycer-

ide units which can subsequently be absorbed into the 

intestinal cells and then be transported to other parts of 

the body for storage. Its implications in the treatment of 

obesity have shown that it can function to induce weight 

loss in individuals in combination with other diet and 

lifestyle interventions, as well as improvements in other 

health parameters of the obese state.

Dietary fat is ingested in the form of triglycerides, 

which are three fatty acid molecules that are attached 

to a glycerol carbohydrate backbone. Upon ingestion, 

these triglycerides are normally broken down by lipases, 

or enzymes, which break the triglyceride into two fatty 

acid chains and the glycerol backbone still attached to 

one fatty acid chain in the upper portion of the small in-

testine (duodenum) as well as in the stomach itself. he 

signal that fat is in the gastrointestinal tract also causes 

the enzyme cholecycstokynin to excrete bile acid from 

the gall bladder. he broken-down fat emulsiies with 

the bile acid, thereby protecting the polar nature of the 

fatty acid chains from coming in contact with the aque-

ous water environment of the digestive tract. 

Bile acids and free fatty acids combine to form the 

circular molecular known as the micelle, where the 

polar ends face inward and the nonpolar end of the 

fatty acid faces the aqueous water environment of the 

digestive tract. Consequently, they travel to the edge 

of the intestinal tract where inger-like intestinal villi 

cells where the micelle breaks down the free fatty acids 

are actively absorbed into the intestinal villi cells. Here, 

they are transported through the lymph luid to the liv-

er. In the liver, the fatty acid chains may be repackaged 

with the glycerol backbone and subsequently sent to 

other tissues in the body such as the fat storage tissue 

adipose, or they may be directly used for energy as their 

breakdown generates the energy molecule adenosine 

triphosphate (ATP). ATP subsequently is broken down 

to release energy that the body uses to function.

he primary drug that has been synthesized to 

work by inhibiting fat absorption is Orlistat. Other 

polymers that inhibit fat absorption by inhibiting 

lipases are still in development and have not been 

developed into actual pharmaceutical therapies. Or-

listat exerts its inluence by selectively inhibiting the 

gastric lipase and lipase from the pancreas. It does so 

by binding to the active site of lipase enzymes, thus 

preventing their action in breaking down triglycer-

ides into the fatty acids chains that can be absorbed 

into the intestinal villi cells. Consequently, the undi-

gested triglycerides are excreted in the feces and are 

not actively absorbed by the body where they can be 

stored as fat. Alli is a form of Oristat that is available 

without a prescription. Alli causes similar side efects 

as Orlistat (anal leakage, gas, loose stools), but is half 

the dose. Long-term studies are not yet available on 

the efectiveness of Alli.
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In clinical trials, orlistat-treated patients had sig-

niicantly higher weight loss at one year and subse-

quently maintained that weight loss at two years with 

continuation of the drug. Studies have shown that 

approximately 30 percent of the ingested fat is lost in 

the feces by the action of orlistat. he drug as well has 

been shown to exert itself in a dose-dependent man-

ner, meaning the higher the dose, the greater the fat 

malabsorption. he U.S. Food and Drug Administra-

tion (FDA) approved a prescription version of the 

drug marketed as Xenical®. Its usage has been recom-

mended as three 120 milligram tablets to be taken 

along with meals. he highest recommended dosage 

of orlistat is 400 milligrams daily. 

Orlistat also had a beneicial efect on a number of 

other unhealthy parameters of the obese state. he total 

serum cholesterol of patients taking orlistat was signii-

cantly lower than patients taking a control drug. Fur-

thermore, a signiicant reduction was found in low-den-

sity lipoprotein cholesterol (LDL-C). LDL-C has been 

implicated as the leading cause of cardio disease, and the 

subsequent lowering by orlistat might signal its use not 

only to reduce fat absorption but also in the treatment of 

high cholesterol levels. Orlistat has also been implicated 

as an efective lowering agent of blood pressure. Addi-

tionally, orlistat studies in diabetic patients have shown 

improved control of their postmeal glycemic response, 

characterized as a much higher spike in diabetic patients 

in blood glucose upon ingestion of food.

Side efects of orlistat include abdominal pain, oily 

stool, increased defecation, and fecal incontinence as 

well as latulence. In addition, it has been suggested 

that absorption of fat-soluble vitamins such as vita-

mins A, D, E, and K might be signiicantly inhibited 

because they require fat to be actively absorbed into 

the body. Consequently, decreases in blood coagula-

tion associated with decreased vitamin K absorption 

have been suggested as possible with orlistat usage.

Alternatively, another approach to reduce absorp-

tion of ingested fat has been the development of a syn-

thetic fat to be incorporated into food products. his 

synthetic fat subsequently cannot be readily broken 

down by gastric lipases and will simply be excreted in-

tact. Olestra, a sucrose carbohydrate conjugated with 

six to eight fatty acid chains has the physical proper-

ties of fat but subsequently cannot be broken down in 

the intestine. Adding olestra to a reduced-energy diet 

has resulted in improved weight loss.

SEE ALSO: Adipocytes; Cholecystokynin; Drugs that Block 

Fat Cell Formation; Fat Intake; Orlistat (Xenical).
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New Drug Targets to Improve 

Insulin Sensitivity

INSULIN IS A hormone having multiple functions 

which include regulating sugar, protein, and fat me-

tabolism. Insulin resistance is deined as a state of hav-

ing a reduction in biological activity of insulin. Insulin 
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resistance has multiple causes including obesity and 

excess caloric intake. he major health implications 

of insulin resistance include Type 2 diabetes melli-

tus (T2DM), hypertension, obesity, polycystic ovary 

syndrome, metabolic syndrome, and cardiac and 

vascular diseases. While exercise and diet manage-

ments improve insulin sensitivity, they are sometime 

not adequate in helping patients with T2DM control-

ling their blood sugar. Drugs are sometimes needed 

in combination with diet and exercise managements. 

Many drugs work to improve insulin sensitivity and 

help patients manage a normal blood sugar level. he 

biguanides and the thiazolidinediones are two classes 

of drugs that work to improve insulin sensitivity.

Insulin is synthesized by beta cells of the pancreas 

with its main function in regulating whole-body sugar 

(glucose) metabolism. Insulin is released into the blood-

stream after every meal to lower the spiked blood sugar 

level that accompanies such meals. It accomplishes this 

task by stimulating proteins that transport glucose in-

side the cell where it can be used for energy or storage. 

Insulin’s main targets include the liver, skeletal muscles, 

and fat tissues; however, there are insulin receptors on 

virtually all cells in the human body indicating that insu-

lin exerts its efect basically on all cells. 

Once inside the cell, sugars are destined for difer-

ent metabolic fates. One of these fates for sugars is to be 

broken down via a series of reactions to harness energy 

(in the form of ATP) for cellular usage. Glucose within 

the cell could also be converted into glycogen (a storage 

form of sugar) or transformed into fat to be used in the 

future. In fat metabolism, insulin inhibits fat breakdown 

and stimulates fat synthesis. Insulin achieves these tasks 

by controlling the genes involved in fat synthesis and 

degradation. In protein metabolism, insulin helps main-

tain an equilibrium protein turnover rate—a balanced 

state of having the rate of proteins degradation equal 

to the rate of protein synthesis. It achieves this task by 

stabilizing various components in the protein synthetic 

machinery. Insulin also prevents protein breakdown.

In insulin resistance, insulin essentially loses its bio-

logical efects, and cells and tissues no longer become 

sensitive to it. Insulin resistance has multiple causes 

including obesity and having too much caloric intake. 

Some of the consequences for insulin resistance include 

T2DM, hypertension, dyslipidemia, polycystic ovary 

syndrome, and cardiac and vascular diseases. On a cel-

lular level, insulin resistance causes a decrease in glyco-

gen synthesis as well as sugar transport.

Two families of drugs—targeting to improve insulin 

sensitivity and helping patients with T2DM managing 

a normal blood sugar level—include the biguanides 

and the thiazoglitazones. Many other drug families are 

available to treat T2DM including the alpha-glucosi-

dase inhibitors, glucagon-like peptide 1s, sulfonylureas, 

and meglitinides. However, they do not work by direct-

ly increasing insulin sensitivity like the biguanides and 

the thiazoglitazones families mentioned. No matter 

which drugs are used, diet and exercise managements 

are recommended along with such drugs treatments 

for insulin resistance and T2DM.

he biguanides family includes metformin, phen-

formin, and buformin. Metformin can be utilized by 

itself along with diet and exercise to improve insulin 

sensitivity and to lower the high blood sugar asso-

ciated with T2DM. It is the irst line of defense for 

overweight patients with mild to moderate T2DM 

demonstrating insulin resistance. Metformin can also 

be used in combination with other antidiabetic drugs 

such as sulfonylureas or thiazolidinediones. Further-

more, metformin can be taken in combination with 

nateglinide (a meglitinides antidiabetic agent) when 

metformin in combination with exercise and diet 

management are no longer efective. Phenformin, 

another biguanides, was used briely in the United 

States; however, it was taken of the market because it 

causes acid buildup in the blood. Buformin, the third 

biguanides introduced, had limited use.

he thiazolidinediones family, commonly referred 

to as the “glitazones,” includes rosiglitazone, piogli-
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tazone, and troglitazone. Patients with T2DM who 

beneit most from the glitazones are those with the 

most insulin resistance. Along with diet and exer-

cise management, rosiglitazone can be taken alone 

as monotherapy or in combination with other anti-

diabetic drugs including sulfonylureas, metformin, 

or insulin. For patients who do not respond well to 

sulfonylureas or metformin separate monotherapies, 

rosiglitzone is used in combination with metformin 

and sulfonylureas. he combination therapy of rosi-

glitazone and metformin serves as a second line of de-

fense for patients who cannot properly control their 

blood glucose with separate monotherapies. Along 

with diet and exercise, pioglitazone (a glitazone) can 

be taken as monotherapy or in combination with 

other antidiabetic agents including glimepiride (a su-

fonylureas), metformin, or insulin. Troglitazone, an-

other member of the glitazone family, was taken of 

the market because it has toxic efects on the liver.

SEE ALSO: American Diabetes Association; Hypertension; 

Insulin; Metabolic Rate; Metformin; NIDDK; Ovarian Cyst; 

Type 2 Diabetes.
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New Drug Targets to  

Increase Metabolic Rate

IN GENERAL, DRUG targets for the treatment of obe-

sity suppress appetite, prevent absorption of food in 

the gut, or increase energy expenditure. Drugs that 

reduce appetite or inhibit absorption ultimately re-

duce caloric intake, which can lead to a loss of both 

fat and lean tissue in the body and a slowing of meta-

bolic processes. On the other hand, metabolic drug 

targets have the potential to function like exercise; the 

body uses fuel instead of storing it, and weight lost 

is primarily fat. Drugs targeting metabolism may aid 

in preventing weight regain that is typically seen af-

ter long-term caloric restriction. Furthermore, many 

drugs that increase energy expenditure also improve 

the body’s response to insulin and are used to treat 

diabetes. Drugs that alter metabolism fall into the fol-

lowing categories: (1) drugs that enhance use of fuel, 

or (2) drugs that prevent storage of fat.

Typically, new drug targets for enhancing metabo-

lism are found using knockout mouse models. his 

process involves inding or producing mice with ei-

ther a lean or obese body type, then determining 

which genes are responsible for the phenotype, and 

designing drugs to either enhance or inhibit the rele-

vant proteins. he hope is that the mice closely model 

human metabolism and that efective treatments in 

mice will also work in humans.

Drugs that imitate the sympathetic nervous system, 

which is responsible for the ight-or-light response, 

enhance the release of noradrenaline, leading to ther-

mogenesis (the production of heat), and breakdown of 

fats in addition to acting as an appetite suppressant. 

However, they have also been known to cause cardio-

vascular side efects such as elevation of blood pressure 

and rapid heart rate. Newer drug targets speciically 

activate ’
3
-adrenergic receptors, which in rodents does 

not cause these undesirable side efects and stimulates 

thermogenesis via uncoupling proteins.

Uncoupling proteins are of interest because they 

produce heat instead of energy. While some forms of 

these proteins such as UCP-1 and 2 have been efec-

tive in mouse models, they are less efective in hu-

mans. UCP-1 disappears in humans after birth, while 

UCP-2 appears to improve insulin sensitivity. UCP-3, 

however, is of interest as a new target because of its 

prevalence in skeletal muscle.

Mitochondria are the “power house” of the cell or-

ganelles because they both produce ATP, the body’s 

form of energy, and are involved in the oxidation or 

breakdown of fats. One speciic protein of interest 

is called PGC-1̃ and works with transcription fac-

tors to increase the consumption of oxygen, as well as 
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increase the production of mitochondria. Although 

PGC-1̃ itself does not have natural binders, it acti-

vates estrogen-related receptor ̃ which is a potential 

target for drug ligands. PPAR‘, on the other hand, is 

a protein that increases the breakdown of fats and is 

another mitochondrial protein of interest.

 he leptin pathway is another metabolically 

linked process that has generated much interest as a 

target for treatment of obesity. Leptin is a hormone 

released from adipose tissue that indicates a high 

energy level in the body, causing decreased food in-

take and increased energy expenditure. Treatment 

with leptin is not efective in most obese subjects; 

however, other molecules and proteins in its signal-

ing pathway, such as neuropeptide Y, melanocortins, 

axokine, and adiponectin, also appear to enhance 

energy expenditure, likely via enhancement of the 

sympathetic nervous system, and are targets of in-

terest for drug therapy.

Growth hormone is a hormone released by the 

hypothalamus, a center in the brain, and stimulates 

growth along with increased use of fuel. While the 

hormone itself is problematic, shortened analogues of 

the protein have promise as enhancers of use of fuel. 

hyroid hormone has long been known to activate 

metabolism; however, treatment with the hormone it-

self has been shown to cause increased heart rate and 

breakdown of protein, but other targets downstream 

of this hormone may be better options to pursue.

Other metabolic proteins that are potential tar-

gets are involved in the production of lipids for stor-

age. For example, ACC2 is a protein that senses high 

energy states and is involved in transporting fats for 

storage. Blocking this enzyme will prevent storage 

and lead to prevention of obesity. Fatty-acid synthas-

es are enzymes that produce chains of fat for storage, 

while triacylglycerol, the inal storage form of fat, is 

produced by an enzymatic pathway that includes en-

zymes such as diacylglycerol acyltransferase (DGAT). 

Drugs that block these not only prevent fat storage, 

but may also be thermogenic. 

here are many issues in the search for antiobesity 

drugs that target metabolic pathways. Findings in ro-

dent models do not necessarily correlate to human 

metabolism. Furthermore, molecules that enhance 

metabolism in one tissue may have side efects in oth-

er tissues, or may act centrally to increase food intake. 

However, there are few currently approved drugs for 

prevention or reversal of obesity, and metabolic en-

hancement has many avenues that can be pursued.

SEE ALSO: Adiponectin; Adrenergic Receptors; Leptin; 

Noradrenergic Drugs; Norepinephrine; NPY (Neuropep-

tide Y); PPAR (Peroxisome Proliferator-Activated Recep-

tors); hyroid Gland; Uncoupling Proteins.
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NIDDK

THE NATIONAL INSTITUTE of Diabetes and Digestive 

and Kidney Diseases (NIDDK) is one of 27 institutes 

and centers within the National Institutes of Health 

(NIH) focused on reducing the burden of disease and 

improving public health. he NIDDK conducts and 

supports basic, translational, and clinical research in 

a number of areas including diabetes and other en-

docrine and metabolic diseases, human immunodei-

ciency virus (HIV)/acquired immunodeiciency syn-

drome (AIDS), kidney and urologic diseases, liver and 

digestive diseases, hematologic diseases, nutritional 

disorders, weight control, and obesity. In addition to 

supporting and conducting research, the NIDDK pro-

vides research training and mentoring opportunities 

and disseminates knowledge through outreach and 

communications programs. he NIDDK serves as the 

government’s lead agency for obesity research. 

he NIH Obesity Research Task Force was estab-

lished in 2003 to coordinate obesity-related research 

across the institutes. he Task Force is cochaired by 
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directors from the NIDDK and the National Heart, 

Lung, and Blood Institute (NHBLI) and includes rep-

resentatives from the other NIH institutes. he Task 

Force, with the help of representatives from other 

NIH institutes, external scientists, and members of 

the public, developed the Strategic Plan for NIH Obe-

sity Research, released in 2004. his dynamic multi-

dimensional plan for addressing obesity represents a 

collaborative efort between the NIH, other federal 

agencies, public and private organizations, and com-

munity members. It provides a guide for coordinat-

ing clinical and population-based obesity-related re-

search activities across NIH institutes. 

he plan’s strategic goals are organized into four 

areas. he irst, research toward preventing and treat-

ing obesity through lifestyle modiication, is intended 

to identify behavioral and environmental factors con-

tributing to childhood and adult obesity and to test 

potential intervention strategies. he second, research 

toward preventing and treating obesity through phar-

macologic, surgical, and other medical approaches, is 

designed to illuminate molecules and biological path-

ways responsible for regulating fat storage, appetite, 

and the balance between energy intake and expendi-

ture. he third theme, breaking the link between obe-

sity and associated health conditions, encompasses 

research to understand biological connections be-

tween obesity and health conditions such as cardio-

vascular disease, diabetes, cancer, and nonalcoholic 

fatty liver disease. he fourth theme, cross-cutting 

research topics, includes technology, translational re-

search (translating basic and clinical research results 

into practical applications), education and outreach 

eforts, and research on health disparities.

Additionally, as part of the Strategic Plan, the NI-

DDK supports several clinical research centers with 

complementary objectives. Clinical Nutrition Re-

search Units (CNRUs) and Obesity/Nutrition Research 

Centers (ONRCs) located at university-based centers 

throughout the country, conduct basic, clinical, mul-

tidisciplinary, and translational research on obesity, 

eating disorders, and weight management. Speciically, 

CNRUs integrate research, educational, and service ac-

tivities related to human nutrition, health, and disease, 

and engage in interdisciplinary research. 

ONRCs are sponsored by both federal and nonfed-

eral agencies and provide coordinated support for inter-

disciplinary research through the provision of funding 

for facilities and staf shared across projects. Speciic 

goals of ONRCs include, among others, creating and 

strengthening multidisciplinary biomedical research in 

obesity and nutrition; developing new knowledge about 

the development, treatment, and prevention of obesity; 

and understanding and treating disease and disorders 

related to energy metabolism and imbalance. 

he NIDDK also helps fund the Longitudinal As-

sessment of Bariatric Surgery (LABS), a consortium of 

six clinical centers conducting epidemiological, clinical, 

and behavioral research on bariatric surgery as a treat-

ment for severe obesity. It is expected that data from 

LABS will provide insight into the risks and beneits of 

bariatric surgery. In addition, the consortium members 

will help to standardize deinitions and data collection 

instruments to develop evidence-based recommenda-

tions for selecting and evaluating patients and provid-

ing follow-up care. LABS members will also engage in 

basic and clinical research to investigate how bariatric 

surgery afects obesity-related conditions, and to better 

understand behaviors and psychosocial variables. 

In addition to supporting research, NIDDK pro-

vides a wide variety of educational materials for re-

searchers, healthcare providers, policy makers, and 

the public. he Weight-control Information Network 

(WIN), for example, is an information service estab-

lished in 1994 by the NIDDK. WIN provides science-

based information on obesity, weight control, physical 

activity, and nutrition via fact sheets, electronic news-

letters, and other publications distributed to health 

professionals, members of the public, the media, and 

Congress. One example is WIN Notes, an electroni-

cally distributed newsletter that informs healthcare 

professionals about obesity-related activities, includ-

ing those of the NIDDK-sponsored Clinical Obesity 

Research Panel (CORP). CORP is an advisory group 

comprised of leading external obesity researchers and 

clinicians who provide input to the NIH and to WIN. 

Statistics on overweight and obesity, including 

deinitions, prevalence, and economic costs, are also 

available through WIN. Furthermore, the NIDDK has 

developed national initiatives as a part of WIN, such 

as Sisters Together: Move More, Eat Better, which 

encourages African-American women to maintain a 

healthy weight via diet and exercise. 

Another important NIDDK initiative developed 

to address overweight and obesity is We Can! Ways 

to Enhance Children’s Activity and Nutrition. We 
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Can! is a national education program for prevent-

ing overweight and obesity in youth aged 8–13 by 

focusing on improved food choices, increased physi-

cal activity, and reduced screen time (the amount of 

time spent watching TV, playing video games, and 

sitting at the computer). he program is designed 

to help parents and caregivers, as the primary inlu-

encers of this age group, to understand the risks of 

obesity-related health conditions, to choose healthy 

foods and limit calories from fat and sugar, and to 

encourage at least 60 minutes of physical activity per 

day for children. 

he We Can! program ofers a variety of resources 

for the home and community settings including post-

ers, ads, wristbands, parent handbooks, community 

tool kits, and animated presentations on the impor-

tance of preventing overweight and obesity. We Can! is 

supported collaboratively by the NIDDK, NHLBI, Na-

tional Cancer Institute (NCI), and National Institute of 

Child Health and Human Development (NICHD).

SEE ALSO: Federal Initiatives to Prevent Obesity; Govern-

ment Policy and Obesity; National Heart, Lung, and Blood 

Institute; National Institutes of Health.
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Night Eating Syndrome

NIGHT EATING SYNDROME (NES) is conceptualized 

as a circadian disorder, manifested by a delay in the 

daily intake of food. Persons with NES must report 

evening hyperphagia (consuming at least 25 percent of 

the total daily calories after the evening meal) and/or 

nocturnal awakenings with ingestions of food (three 

or more episodes per week). Associated characteris-

tics include morning anorexia (fasting or undereat-

ing), insomnia, depressed mood, and life stress. 

he prevalence of NES increases with adiposity and 

with psychiatric comorbidity. Prevalence studies have 

found rates of 1.5 percent in the general population, 9 

to 14 percent in obesity treatment clinics, 4 percent in 

an older type 2 diabetic population, and 12 percent in 

outpatient psychiatric clinics. he breakdown of NES 

among males and females and non-Hispanic white 

and black participants does not difer from the distri-

bution of these demographics in the samples of recent 

prevalence studies. 

ASSESSMENT OF NES

he Night Eating Questionnaire (NEQ) is a 14-item self-

report inventory which assesses the pattern and timing 

of food intake, hunger and cravings for food, and mood 

and sleep diiculties. A score of 30 or greater has a posi-

tive predictive value of 73 to 77 percent. he Night Eat-

ing Syndrome History and Inventory (an unpublished 

structured clinical interview) provides a more thorough 

assessment of NES; it is available from the authors. In 

addition, food records noting the time, type, and amount 

of food consumed throughout the day and night is in-

valuable in both diagnosing and treating NES.

TREATMENT OF NES

he increased research interest in NES over the past 

decade has led to some promising therapies. hree 

studies have found that the serotonin reuptake in-

hibitor (SSRI) sertraline signiicantly reduces evening 
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Most persons with NES feel a compulsion to eat before bed and 

during nocturnal awakenings to help return them to sleep.



hyperphagia, nighttime awakenings, and nocturnal 

ingestions of food, as well as body weight. 

Cognitive behavioral therapy has also shown promise 

for treating NES. In a pilot study, patients have shown a 

beneit, including a weight loss of six pounds for com-

pleters, comparable to that seen with sertraline. he 

combination of pharmacotherapy and psychotherapy 

has not been tested but may prove useful in the future. 

Investigators have also reported some success with 

progressive muscle relaxation, topiramate, parox-

etine, and light therapy. Further research is necessary 

to conirm these indings, and to determine whether 

behavioral weight loss treatment would be efective 

for reducing weight and NES.

DIFFERENTIAL DIAGNOSIS

NES should be diferentiated from binge eating disor-

der (BED) and sleep-related eating disorder (SRED). 

he main aspect of NES is the delay in the timing of 

eating. Most persons with NES feel a compulsion to 

eat before bed and during nocturnal awakenings to 

help return them to sleep. However, the amount of 

food that they eat is usually not as large as a binge; 

the average nocturnal ingestion is 300 to 400 calo-

ries. In contrast, the hallmark feature of BED is the 

consumption of a large amount of food at one sitting, 

often 2,000 or more calories. Also, with BED, binges 

do not generally take place during nighttime awaken-

ings, although they may take place in the evening. 

SRED is a parasomnia where suferers are sleepwalk-

ing and eating and have no recollection of their noc-

turnal eating episodes until they see the evidence the 

following morning. Persons with NES have awareness 

and recollection of their nocturnal eating episodes. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Ner-

vosa; Compulsive Overeating. 
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Non-Diet Approaches 

NON-DIET APPROACHES TREAT compulsive overeat-

ing without restricting types or amounts of food. Pro-

ponents say that the poor success rate for weight-loss 

diets is due to basic laws in the concept of restrictive 

dieting: limitation of food causes a feeling of depriva-

tion, which results in bingeing behavior, and the body 

has physiological mechanisms which keep it within 

a limited range of weights. As an alternative to re-

peated dieting and regaining, the non-diet approach, 

also known as health at every size, advocates stopping 

dieting behavior; distinguishing between weight loss, 

itness, and healthfulness; learning to eat based on in-

ternal rather than external cues; making choices about 

nutrition for health rather than for weight loss; exer-

cising for health rather than for weight loss; accepting 

one’s natural body size; and improving one’s health 

and well-being through means other than weight loss. 

Preliminary research has shown that non-diet ap-

proaches may be efective in improving health on a 

long-term basis. 

HISTORY

A major impetus for the non-diet movement was 

the realization that diets were inefective. Albert 

Stunkard’s studies in the late 1950s showed that very 

few people were able to take of weight and keep it of. 

he National Institutes of Health, looking at all the 

major studies done up to that point, reairmed those 

indings in its Technical Assessment Conference in 

1992. No known methods of weight loss were found 

to have a statistically signiicant success rate when di-

eters were followed for several years. 

Dr. William Bennett and Joel Gurin irst pro-

pounded the setpoint theory. Bodies have fairly stable 

setpoints that can be adjusted downward temporar-

ily with restrictive dieting and vigorous exercise, but 

when the dieting and exercising are discontinued, the 

large majority of people regain all the weight they lost, 

and many gain more than they lost. Jane Hirschmann 

and Carol Munter ofered the irst non-diet system for 

ending compulsive overeating. hey advised people to 

end all restrictions on food, to igure out which foods 

one’s body is craving, and to make those foods avail-

able at all times. By eliminating the concepts of “good” 

and “bad” foods and giving oneself permission to eat 

exactly what is most desired, the forbidden quality and 
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therefore the irresistible allure of food would be re-

duced. his would interrupt the cycle of dieting, feel-

ing deprived, giving up, and bingeing, and the person 

would learn to eat normally.

APPROACHES

Non-diet practitioners—counselors, therapists, and 

dietitians—provide their clients with alternatives to di-

eting. Practitioners help clients learn how their bodies 

process foods and how to make decisions concerning 

amounts and types of foods based on how diferent 

foods make their bodies feel. Two important aspects of 

the non-diet approach are intuitive eating and mind-

ful eating. Intuitive eating, also called attuned eating, 

means recognizing hunger and inding the exact food 

that will satisfy that hunger. People are advised to learn 

to recognize the external cues they have been follow-

ing, and to replace them with internal cues. 

Examples of external cues include counting calo-

ries or grams of fat or carbohydrates; obeying rules 

set down by diet programs; listening to criticism from 

family, friends, or strangers; paying attention to food 

promotion and advertising; or comparing one’s body 

size, shape, or weight with those on television or in 

magazines. Instead of eating according to such external 

cues, the non-diet approach advises people to learn to 

listen to their own internal cues, which might include 

varying degrees of hunger, appetite, bodily reactions to 

diferent foods, or cravings for speciic foods. 

Intuitive eating also involves distinguishing be-

tween “stomach hunger” and “mouth hunger” (also 

called “emotional eating”). As the shame around 

food and eating lessens, non-dieters are better able 

to feel internal hunger cues. If there are deep-seated 

emotional issues that are causing compulsive eat-

ing, more constructive coping mechanisms should 

be explored.

Mindful eating means learning to be aware of how 

one’s body feels while eating certain foods; learning 

to enjoy food without guilt; and learning to recognize 

the efect speciic types and amounts of food have on 

one’s body. hose who eat mindfully igure out which 

foods have negative efects on their health and well-

being, and can choose to reduce or eliminate such 

foods without feelings of deprivation. Learning to eat 

in a mindful way also helps a person recognize how 

much food it takes to feel full. For those who have 

lived on a controlled diet for years, it may take time to 

learn what fullness feels like, and the learning process 

may involve occasionally eating until uncomfortably 

overfull to ind the level of satiety that provides the 

most well-being. 

he non-diet approach takes nutritional informa-

tion into account, but always tempered by attention 

to individual needs. Non-dieters are advised to in-

crease their consumption of fruits, vegetables, and 

whole foods, but only to eat those foods that they 

ind delicious and satisfying. Just as calorie restric-

tion can lead to bingeing, eating unpalatable foods 

because of nutritional pronouncements is considered 

counterproductive. 

Once foods are no longer thought of as good or bad 

and eating is normalized, former dieters can make 

rational choices about which foods work best for 

their bodies. Non-dieters are advised to ind health-

care practitioners with a weight-neutral approach to 

health, and to pay attention to risk factors such as 

blood pressure, blood glucose, cholesterol, and car-

diovascular itness. Deciding not to eat a particular 

food for reasons of health or well-being creates less of 

a feeling of deprivation and more of a feeling of self-

empowerment and self-care.

In feeding children, Ellyn Satter has ofered a mod-

iied non-diet approach in which parents decide when 

and what to eat, and children are given the choice of 

whether to eat and how much to eat. his approach 

ofers structure but allows the children to determine 

for themselves how hungry they are.

EXERCISE

he most common reason people start exercise pro-

grams is for weight loss, or as part of a weight-loss 

regime. When the weight loss stops, or the weight is 

regained, the dieter gives up on the exercise as well. In 

the non-diet approach, physical activity is promoted 

not for weight loss, but rather for the sake of health, 

vitality, and pleasure. Research has clearly shown 

that exercise provides substantial health beneits 

even without weight loss. Perhaps most importantly, 

those who increase their physical activity for health 

and well-being are more likely to continue to exercise 

than those whose exercise programs are connected 

to weight-loss eforts. Since the goal is not thinness, 

exercisers are able to work towards more attainable 

goals such as strength, stamina, balance, lexibility, 

and stress reduction.
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SIZE ACCEPTANCE

An essential part of the non-diet method is learning to 

accept one’s body as it is, or teaching clients to do so. 

he non-diet, health at every size approach may lead 

to weight loss (because it helps eliminate compulsive 

overeating), but responsible advocates emphasize that 

weight loss must not be the goal. Normalized eating 

will help the body settle on its natural weight as de-

termined by genetic makeup, neither raised nor low-

ered artiicially by dieting. In a culture that idealizes 

thinness, that weight may be higher than the “desired” 

weight. Getting rid of judgments and self-criticism is 

important for quality of life. he health at every size 

approach advises people to stop thinking that weight 

loss will solve all their problems and to treat them-

selves as well as they would treat other people, with-

out judgment or criticism. 

QUESTIONING THE RESEARCH 

Non-diet advocates question the validity of the claim 

that weight is a primary cause of poor health. hey 

point out that while the average weight of the popu-

lation in the United States and around the world has 

risen consistently, longevity has increased at the same 

time. A smaller percentage of people die of heart dis-

ease each year, and a higher percentage of older people 

live active lives with fewer inirmities and disabilities. 

Health at every size proponents point to laws in much 

obesity research. Some scientiic research concerning 

obesity fails to distinguish between correlation and cau-

sation. Showing a correlation is insuicient evidence 

to prove a causal relationship. To prove that a behavior 

causes obesity, researchers must not only show a strong 

correlation, but must also consider all possible con-

founding factors. For instance, if a study inds a correla-

tion between television watching and childhood obesity, 

the researchers must determine whether the television 

watching causes the obesity, whether the obesity causes 

more television watching, or whether an outside factor 

(such as socioeconomic level, lack of safe outdoor play 

environments, or fear of harassment by peers in outdoor 

physical activity) might be causing both.

he same problems are found in research on the 

efects of obesity. Confusion of correlation and causa-

tion has led to the widespread belief that obesity is a 

major cause of serious health problems. his belief is 

challenged by proponents of health at every size. For 

example, while there is a high correlation between body 

weight and hypertension, studies have failed to prove 

that the weight causes the hypertension. Other risk fac-

tors, such as sedentary lifestyle, high stress levels, and 

poverty have a much greater correlation with hyperten-

sion, and more research separating out and adjusting for 

those factors needs to be done. he fact that blood pres-

sure can be lowered through exercise without weight 

loss shows that weight is not the only factor.

Non-diet proponents also criticize research that fails 

to take dieting history into account, saying that chronic 

dieters often have more health problems than those who 

maintain a high but stable weight. Dieting may be a risk 

factor in itself; weight cycling, or yo-yo dieting, is strong-

ly correlated with increased risk of cardiovascular prob-

lems, Type 2 diabetes, eating disorders, and depression. 

Although most people assume that heavy people 

with health problems need to lose weight, research 

has failed to prove that weight loss per se results in 

substantial health improvement. his may be true 

because researchers fail to separate out the efects of 

weight loss from the efects of improved nutritional 

and exercise habits, so it is impossible to tell what ac-

tually caused the health improvement. It is also very 

diicult to ind control groups of successful dieters 

who have maintained their weight loss over time.

Careful analysis of studies has shown that moderate 

levels of overweight are not associated with increased 

risk of disease and death. Katherine Flegal’s landmark 

study showed that the federal government’s deini-

tion of the healthiest weight did not coincide with 

actual statistics of morbidity and mortality. hose 

with a body mass index (BMI) that deined them as 

overweight (but not obese) actually lived longer and 

healthier lives than those whose weight was suppos-

edly ideal. he estimated number of excess or pre-

mature deaths due to obesity had to be revised from 

400,000 down to 26,000 as a result of this analysis.

NON-DIET RESEARCH

A large portion of the health risks typically attributed 

to obesity may actually be due to sedentary lifestyles 

regardless of body size. In studies where weight and 

exercise were treated as separate factors, researchers 

at the Cooper Institute kept subjects’ weight stable 

and increased their cardiovascular itness through ex-

ercise. he subjects’ blood pressure improved. he re-

searchers also showed that cardiovascular itness was 

a better predictor than BMI for overall risk of death.
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Other research includes Linda Bacon’s two-year 

comparison of groups using diet and non-diet ap-

proaches. he dieting group was given a standard 

weight-loss diet as well as ongoing support. he non-

diet, health at every size, group was taught intuitive 

eating and self-acceptance. Both dieters and non-di-

eters showed improvements in health markers such 

as blood pressure and cholesterol level. he dieters 

lost more weight initially, but regained it all by the 

end of the two years, whereas the non-diet group’s 

weight remained stable. 

While both groups increased their physical activ-

ity, only the non-diet group maintained that increase. 

he most signiicant diference was that 92 percent of 

the non-dieters stayed with their new regime of good 

nutrition, intuitive eating, exercise for health, and 

size acceptance. In contrast, the dropout rate for diet-

ers was 41 percent. Weight loss through dieting was 

not sustainable. he health-centered approach made 

permanent, positive changes in the lifestyles of those 

who learned it.

PUBLIC POLICY 

Non-diet, health at every size advocates favor pub-

lic policies that have health rather than weight loss 

as their goal. Weight-centered policies such as BMI 

report cards for schoolchildren create embarrass-

ment and shame, and often result in harassment and 

bullying as well as eating disorders and dangerous 

weight-loss practices. Such policies also fail to ad-

dress the health needs of thin or average-size children 

who may not get enough exercise or eat adequately 

nutritious food. he “health at every size” approach 

recommends initiatives that do not mention weight at 

all. Such programs would help people of all sizes lead 

healthier lives, whether they lost weight or not. 

Exercise facilities and parks, advocates say, should 

be made safer and more accessible, and exercise pro-

grams for health rather than weight loss should be 

encouraged. A program’s success should not be mea-

sured in pounds lost, but rather in actual improve-

ments in health or risk factors. 

Schools should budget for physical education, and 

should make gym classes enjoyable, so that children 

of all sizes and abilities can work toward their own 

personal best. Instead of a “war on obesity,” non-diet, 

health at every size supporters advocate public poli-

cies with titles such as “commitment to health.”

CRITICISM

Some critics of the non-diet approach say that allow-

ing any food in any quantity will result in overeating. 

Others note that the system might not be efective for 

those whose satiety mechanisms or metabolisms are 

permanently damaged from years of dieting and re-

gaining. Still others say that nutritional and exercise 

guidelines must be followed, rather than allowing the 

body to self-regulate. Proponents of Health at Every 

Size respond by saying that methods based on rules 

and restrictions have not worked, and it makes sense 

to try a diferent approach.

SEE ALSO: Bariatric Surgery in Children; Bariatric Surgery 

in Children; Exercise; Lap Band.
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Noradrenergic Drugs 

NORADRENERGIC DRUGS ARE those that are intend-

ed to inluence norepinephrine, which is a chemical 

neurotransmitter or some other related chemicals. By 

manipulating noradrenergic neutrons, noradrenergic 

drugs afect the activity of the brain and the central 
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nervous system (CNS) and it is possible that this will 

lead to positive health outcomes. One such outcome 

is the suppression of appetite for food which leads to 

feelings of satiety and reduction in intake of food. he 

consequence, necessarily, is weight loss in the short 

term or medium term. 

Several problems, of course, exist with the use of 

such drugs as a form of sustainable weight-loss regi-

men. hese include the possible side efects of the ex-

tended use of drugs having a signiicant impact upon 

the higher functions of the body and the diiculty in 

sustaining weight loss simply by eating less—this tends 

to become counterproductive in the long term (after 

perhaps six months or longer, depending on individual 

characteristics of the patient) without behavior modi-

ication and physical exercise regimen examination. 

However, owing to the powerful forces giving rise to 

obesity in the adult populations of so many countries, 

it is unrealistic to imagine that cures for the condition 

can occur in large numbers. Nevertheless, palliation 

(long-term weight reduction to a less unhealthy body 

state) is a reasonable and achievable outcome in a large 

number of cases and, consequently, drug use continues 

to be a useful tool for medical practitioners.

Early manifestations of noradrenergic drugs includ-

ed amphetamines and related drugs, which exhibited 

the desired appetite-suppressant qualities but which 

also produced euphoric efects which led to a poten-

tial problem with abuse. he use of narcotics such as 

amphetamines and, more recently, cocaine as a sup-

pressor of appetite and, hence, means of maintaining 

a very low weight, persists in the various entertain-

ment industries of the Western world and helps to 

explain the prevalence of extraordinarily and unhelp-

fully slender fashion models. here is no clinical need 

for the use of drugs of this type in combating obesity, 

but their efectiveness, or perceived efectiveness, has 

led to the acquisition of a bad reputation for norad-

renergic drugs in all their various manifestations.

A second generation of antiobesity drugs included 

products such as fenluramine and luoxetine, which 

had similar efects as those of the amphetamine family 

of pharmaceuticals but largely avoided the abuse prob-

lems. hese drugs inluenced the creation and absorp-

tion of serotonin in diferent ways so as to create the ap-

petite suppressant efect, and this has been shown to be 

efective to the medium term (approximately 16 weeks, 

although this length varies signiicantly in the case of 

individual cases). hese drugs tend to work along the 

interface between depression (or at least stimuli giving 

rise to symptoms of depression in some people) and 

food ingestion—food provides a respite from depres-

sive efects in the short term and promoting well-be-

ing in various ways—consequently has a tendency to 

reduce obesity in many patients. However, these drugs 

are typically not noradrenergic in nature. 

he complexity of many drugs and their impact 

upon the equally complex actions of the human body 

are such that what was once popular as a means of 

medication becomes unpopular as new evidence is 

unearthed but those same drugs are suggested for 

treating diferent conditions. At the same time, un-

derstanding of the nature and treatment of side ef-

fects is continually developing and this has the efect 

of making once-disregarded treatments viable once 

more. Research continues with noradrenergic drugs 

to determine whether the early weight-loss aspects 

can still be employed or whether diferent efects can 

be successfully deployed.

SEE ALSO: New Drug Targets that Prevent Fat Absorption; 

New Drug Targets to Improve Insulin Sensitivity; New 

Drug Targets to Increase Metabolic Rate; Pharmacological 

herapy for Childhood Obesity.
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Norepinephrine

NOREPINEPHRINE IS A catecholamine which func-

tions to regulate many metabolic processes in the 

body. Norepinephrine is made from the neurotrans-

mitter dopamine and can be converted into another 

catecholamine, epinephrine. Dopamine, norepineph-

 Norepinephrine 507



rine, and epinephrine are considered catecholamines 

because they are derived from the same compound, 

catechol. Despite both being part of the catecholamine 

class, norepinephrine is classiied as a neurotransmit-

ter while epinephrine is classiied as a hormone. Nor-

epinephrine is made and released in the brain and the 

kidneys. It is released from these organs when blood 

pressure is low and during stressful conditions. Dur-

ing exercise, catecholamine levels increase. Norepi-

nephrine and epinephrine are responsible for the 

“ight or light” response during stressful conditions.

Norepinephrine has several efects on metabolic 

pathways in the body. Once it is released into the 

body, norepinephrine will bind to specialized recep-

tors, known as adrenergic receptors, which are found 

on most tissues in the body. here are two classes of 

adrenergic receptors: alpha and beta. When norepi-

nephrine levels are increased, it can activate enzymes 

which promote the utilization of stored energy. Gly-

cogen and triglycerides are the storage forms for sug-

ar and fat, respectively, and norepinephrine enables 

the release of these stored nutrients in metabolic pro-

cesses called glycogenolysis and lipolysis. 

Norepinephrine will also stimulate sugar produc-

tion in the body, a process known as gluconeogenesis. 

Norepinephrine can also afect the heart by increasing 

the frequency and the strength of the heart beat. It will 

also increase blood pressure. As a result of norepineph-

rine stimulatory actions, it will increase the metabolic 

rate of a person. Norepinephrine also works on other 

systems in the body such as pupil dilation, sodium and 

potassium balance, and thyroid function.

Norepinephrine has the opposite efect of insulin 

on many metabolic pathways. Insulin promotes the 

storage of sugar and fat as glycogenesis and lipogen-

esis, respectively, while norepinephrine promotes the 

breakdown of sugar and fat. Within the brain, nor-

epinephrine has many afects. Norepinephrine can 

afect feeding behavior and mood. Low levels of nor-

epinephrine are associated with depression and in-

creased food intake.

At pharmacological doses (very high), norepineph-

rine will cause the blood vessels to constrict and thus 

reduce blood low to many tissues. his would subse-

quently lead to a decrease of norepinephrine’s efects 

on tissue (i.e., decreased glycogenolysis and lipoly-

sis). Agonists and antagonists of catecholamines are 

used as pharmaceutical agents. Agonists are used as 

appetite suppressants, general stimulants, asthmatic 

medication, and nasal decongestants. Antagonists are 

used to treat hypertension, coronary artery disease, 

and complications of hyperthyroid diseases. 

SEE ALSO: Adrenergic Receptors; Dopamine; Metabolic 

Disorders and Childhood Obesity; Neurotransmitters.
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North America

OBESITY HAS LONG been a problem in North Amer-

ica, especially in the United States. Although speciic 

data have only been collected in recent times, of the 

10 largest people for whom their “peak” weight is 

known—most from the 20th century—eight were 

from the United States, one from Mexico, and the 

other, Mohamed Naaman, being from Kenya. Of the 

10 next largest people, one was from the United King-

dom, with all the others being from the United States. 

In 2007, the United States had one of the high-

est rates of obesity in the world, with its occurrence 

in the adult population doubling between 1980 and 

2002, and tripling in children during the same period. 

In 2003–04, children (aged 2–19) had very high lev-

els of obesity, with 17.1 percent of them found to be 

overweight, and for adults (aged 20 and over), 32.3 

percent were also found to have been overweight.

In the Native-American population in the pre-

Columbian era, there was little obesity. Many of the 

tribes of North America, because of their active life-

style, had few people who were even overweight, let 

alone obese. However, there was clearly a problem in 

nonnomadic societies, such as the Aztecs who lived 

in modern-day Mexico. heir general beliefs includ-

ed a view that obesity was an aliction from which 
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some gods sufered. For people living in Teotihuacán, 

the Aztec capital, and elsewhere in their empire, the 

Aztecs developed an extensive vocabulary relating to 

overweight in diferent parts of the body. he term 

quechtzotzol referred to people who were “labby” 

and had a double chin; puchquiyotl referred to people 

who were also “labby” with their fat distributed wide-

ly around their body; cotztzotzol referred to people 

who had fat calves; eltzotzolli referred to people who 

had fatty tissue across their chests; and ititzotzolli re-

ferred to people who had larger stomachs.

It was not long after the European settlers arrived 

in North America that obesity started to become a 

problem with some people. his became more no-

ticeable as diet improved and the level of exercise 

declined. Although there are no instances of obesity 

among the Pilgrim Fathers, Boston, Lincolnshire, the 

place from where many of them came, has the highest 

rate of obesity in Britain, with one in three residents 

now being regarded as clinically obese. 

John Ratclife, the captain of the Discovery that 

sailed to Virginia in 1607, and the second president 

of the colony, is often portrayed as overweight. Soon 

after U.S. independence, in 1799, John and Mary 

Darden of Rich Square, North Carolina, had a son, 

Mills, who became a farmer and then is believed to 

have established a saloon. In about 1830, he moved 

to Henderson County, Tennessee, and there, some lo-

cal villagers claimed that they measured his weight by 

testing him sitting on a one-horse cart which operated 

with springs, and seeing how far the springs were de-

pressed. hey then put weights on the empty cart until 

it reached the same level, thus ascertaining Darden’s 

weight. he claim was that he was 7 feet 6 inches tall 

and weighed 1,020 pounds (463 kilograms), making 

him 30 percent taller and six times heavier than the 

average American at the start of the 21st century. He 

died in Lexington, Tennessee, on January 23, 1857; no 

photograph of him is known to survive. His wife was 

said to have weighed 98 pounds and she died in 1837 

after bearing him either three or ive children.

Johnny Alee, born in 1853, was also from North 

Carolina, living in Carbon (modern-day Carbon-

ton). When he turned 10, he apparently became a 

voracious eater, and when he was 15, he could barely 

stand up, with men hardly able to reach around his 

thighs. It was said that his main activity was going 

from his arm chair to the dinner table. Although 
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his story has not been fully veriied, he died in 1887 

after having been said to have fallen through the 

loor of his cabin. His body was then weighed on the 

scales owned by the local coal company; it was said 

he weighed 1,132 pounds.

As is common with most severely obese people, one 

of the largest people in recorded history, Carol Yager 

(1960–94) also died young. She was only 5 ft. 7 inches 

tall, and had been overweight since childhood. In 1993 

when she weighed 1,189 pounds—at her heaviest, she 

weighed more than 1,600 pounds—she was admitted to 

the Hurley Medical Center in Flint County,Michigan, 

sufering from cellulitis. She was placed on a strict 

1,200 calorie diet and succeeded in losing 500 pounds, 

although much of it was luid, which she regained soon 

after her discharge. She has appeared on Jerry Spring-

er’s talk show, and later succumbed to incipient kid-

ney failure. Another well known obese individual, Jon 

Brower Minnoch (1941–83) was from Bambridge Is-

land, Washington State, and being 6 feet 1 inch tall, he 

was believed to have weighed more than 1,400 pounds. 

He was eventually treated at the University Hospital, 

Seattle, and died aged 42.

Other extremely obese people include Roselie Brad-

ford (b. 1944) who is recognized by the Guinness Book 

of Records as weighing up to 1,200 pounds, putting on 

much of her weight after she married in 1973. Of a sim-

ilar size, Michael Edleman (1964–92) from Pomona, 

New York, had reached 154 pounds at age 11, having 

to leave school when he was 10 because he could not it 

into the school desks. His mother, herself 700 pounds, 

looked after him, and Edelman spent much of his time 

in bed during most of the day, refused to take part in 

any commercial dieting programs, and stopped eating, 

dying from lack of food at age 28.

Although these people, and many others, are clear-

ly sufering from major medical problems, there are 

many other people from North America who have 

sufered from obesity to a much lesser extent, but still 

one which has raised the likelihood of diabetes, kidney 

problems and other complaints, including depression. 

Great attention was given to the problem surround-

ing obesity by the documentary ilm Super Size Me 

(2004), which was nominated for an Academy Award. 

Starring Morgan Spurlock, an independent U.S. ilm-

maker, who spent a month in 2003 living exclusive-

ly on food from McDonald’s and stopped any form 

of regular exercise. Eating 5,000 calories a day—the 

equivalent of 9¼ Big Macs—his health was tracked by 

medical professionals after having been given a health 

check by a cardiologist, a gastroenterologist, and a 

general practitioner. He started with a clean bill of 

health and over the month, he lost much of his ener-

gy, and ended up with serious medical complications. 

he ilm was criticized for the fact that Spurlock un-

dertook not to walk more than 5,000 steps a day, with 

McDonald’s (and others) pointing out that anybody 

eating the quantity he did, without exercising, would 

also face similar problems. However, Spurlock’s ilm 

caught the attention of many who detemined that 

easy access to food with a high fat content may be 

the major cause of obesity in the United States and in 

other Western societies. 

he rising levels of childhood obesity, as well as 

obesity in adults, has led to some politicians being 

keen to introduce measures to encourage exercise 

and reduce the easy availability of fatty food. Deborah 

Ortiz, a state senator in California, has been one of 

those who has actively campaigned on the issue. 

In Hawaii, Guam, and other parts of the Paciic, 

there has been an extensive prevalence of obesity 

with the Hawaiian King, Kamehameda V (reigned 

1863–72) certainly being overweight. Mention should 

be made of James Buchanan “Diamond Jim” Brady 

(1856–1917) who became a millionaire from rail-

road development and was well known as one of the 

most famous gourmands (or gluttons) of the period. 

He was noted as eating up to three dozen oysters, six 

crabs, six lobsters, a sirloin steak and vegetables, as 

well as cakes and candy in a single meal. One of the 

U.S. naval commanders at Pearl Harbor often com-

plained about having the crew for some of his ships 

being sailors who were overweight, even though he 

himself was obese.

he research on obesity in the United States has 

led to many attempts to try to reduce it, with the 

U.S. neurosurgeon Harvey Cushing being involved 

in diagnosing what became known as Cushing’s syn-

drome, a metabolic disorder which is caused by the 

overactivity of the adrenal cortex, resulting in obesity. 

Cushing’s work in medicine was celebrated with a 

45-cent postage stamp which was issued by the U.S. 

postal authorities in June 1988 as part of a large series 

of stamps of “Great Americans.” 

In addition to medical treatments, there have also 

been many diets which have been introduced in North 
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America and elsewhere, with health clinics ofering 

diferent treatments. Indeed, following the publicity 

after Michael Edelman, weighing 994 pounds, was 

evicted from his house, having to leave on a forklift 

truck, several clinics ofered to treat him or get them 

on their weight-loss programs for publicity. When 

Walter Hudson (c.1944–91), who weighed 1,197 

pounds—even though the industrial scales broke 

while attempting to conirm his weight—went on his 

“Bahamian Diet,” it was claimed that he lost some 

200 pounds, threatening to sue Newsday which said 

that Hudson did not appear to have lost much weight. 

Robert Coleman Atkins (1930–2003), an American 

cardiologist, became well known for his Atkins Nu-

tritional Approach to diet, well known as the “Atkins 

Diet.” What was less well known was that Dr. Atkins 

himself was obese at the end of his life, weighing 255 

pounds although his family stated that much of this 

was owing to luid retention during his period of hos-

pitalization just before his death.

During the 1920s and the 1930s, the increased use 

of the motor car, and also the rise in sedentary jobs, 

led to a consequent rise in obesity. After World War II, 

with the growing prosperity in the United States and 

also Canada and Mexico, the increase in the number 

of oice-based jobs and further reliance on the motor 

car led to a signiicant decline in the amount of exer-

cise many people were getting, and obesity came to 

be a major medical problem for the nation.

Charles “Tubby” Curnan, the chaufeur for Elea-

nor Roosevelt, weighed 300 pounds, and could barely 

it into some of the cars he had to drive for her; and 

New Orleans attorney Dean Andrews, made famous 

by Oliver Stone’s ilm JFK (1991) were only two ex-

amples of the rise in obesity levels among people in 

public life during the 1950s and 1960s. Indeed, John 

Candy (1950–1994), the actor who played Andrews 

in the ilm, has had many similar roles playing obese 

characters. Candy died from a heart attack during the 

night of March 4, 1994, after a complete blockage of 

one of his coronary arteries, his medical condition 

having been made worse by his obesity. 

here were also many other overweight people 

connected with the ilm industry including di-

rector Alfred Hitchcock (1899–1980), and actors 

Charles Laughton (1899–1962) and Sydney Green-

street (1879–1954), who were all born in England 

and moved to Hollywood, Laughton playing Qua-

simodo in he Hunchback of Notre Dame (1939), and 

Greenstreet playing many roles of obese men in ilms 

starting with he Maltese Falcon (1941). Tol Avery 

(1915–73) played many obese characters in more 

than 100 screen appearances. A glutton during this 

period was Edward Abraham “Bozo” Miller, living in 

San Francisco, who in 1963, was said to have eaten 27 

two-pound pullets at a single sitting. In more recent 

years, several other actors have sufered from obesity 

including Jerry Messing (b. 1986) and Jerry Nachman 

(1946–2004), who appeared on a primetime show, 

while editor-in-chief of MSNBC also sufered from 

obesity, succumbing to cancer.

Such had become the growing concern over obesity, 

especially among children, that in 1956 the PresidentPresident 

Dwight D. Eisenhower founded the President’she President’sPresident’s 

Council on Youth Fitness which subsequently 

became the President’s Council on Physical Fitness 

and Sports. he problem with obesity has becomehe problem with obesity has become 

much more serious in recent times, and the United 

States now has the highest rate of obesity out of any 

of the major countries in the world. he percent-

age of children and adolescents who are obese has 

tripled between 1980 and 2002, with the percentage 

of adults doubling during the same period. In igures 

made available for 2003 and 2004, of all children and 

adolescents between the ages of 2 and 19, some 17.1 

percent of them are overweight, with the igure for 

adults (aged 20 years or older) during the same pe-

riod being 32.2 percent. 

Part of the major worry among health profession-

als is not just that the rise in obesity has contributed 

to a signiicant rise in problems over cardiovascular 

disease, diabetes, and general health problems, but 

that with childhood obesity becoming more impor-

tant, the rates are set to rise even more. Shops sell-

ing clothing have had to make allowances with sizes 

increasing markedly since they were introduced. Air-

lines have also had to make adjustments to their load-

bearing calculations. 

In Mexico, the increase in desk jobs, other seden-

tary occupations, and the use of the motor car have 

resulted in a higher percentage of Mexicans being 

clinically obese. he famous muralist Diego Rivera 

(1886–1957) was clearly heavily overweight, but dur-

ing his lifetime, his size was exceptional. Nowadays, 

the rise in adult and also childhood obesity in Mexico 

will result in a serious strain on the health budget of 
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the country in years to come. Indeed, the Mexican, 

Manuel Uribe, in 2006, was claimed to be the most 

obese human in the world, weighing 1,235 pounds. 

In Canada, H. B. Sokar-Todd and A. M. Sharma of 

the Hamilton General Hospital, Hamilton, Ontario, 

conducted a study to identify research in obesity in 

Canada using databases of serious medical research. 

hey found that there were only 17 articles published 

in the 1970s, 136 during the 1980s, 687 during the 

1990s, and 346 from 2000 until 2003. Of the total 

of 1,186 articles, 816 were original works and these 

included 29 percent that were based on animal ex-

periments, 16 percent on experimentation involving 

humans, 14 percent being surveys of the population 

in a given area or of a particular group, 13 percent 

were obesity-related comorbidities, 11 percent were 

to do with diagnostic and surgical issues, 2 percent to 

do with the impact of weight loss, and only 1 percent 

to do with the healthcare cost of the problem. Of all 

the research, 34 percent was conducted in Quebec 

and 33 percent in Ontario. Mention should be made 

of Fishka Rais (d. 1974), a Canadian actor who was 

born in South Africa and who died during surgery to 

treat his obesity.

he increased awareness of obesity in the United 

States and Canada has led to a number of journals 

being published in the United States especially about 

the issue of obesity. Obesity Research was published 

by the North American Association for the Study 

of Obesity, and is now issued as Obesity, produced 

in Silver Spring, Maryland. Kelly D. Brownell, a U.S. 

professor and scientist, and an expert on obesity and 

weight control was appointed Director of the Rudd 

Center for Food Policy and Obesity at Yale University, 

being named in 2006 as one of the World’s “100 Most 

Inluential People” in Time magazine. 

here have also been many private diet clinics 

opened throughout the United States and Cana-

da, with new diets regularly being promoted in the 

press and on television. he Academy of the Sierras 

in Fresno, California, is a secondary school which is 

devoted to the education and treatment of obese stu-

dents, and is run by Ryan David Craig, the president 

of Healthy Living Academies. he American Obesity 

Association, a nonproit organization, was founded 

in 1995 by Dr. Richard L. Atkinson and Dr. Judith 

S. Stern; and the Canadian Obesity Network was 

founded in March 2006.

Two diets that have gained notoriety both inter-

nationally and in the U.S. are the F-plan Diet from 

British author Audrey Eyton, and the Beverly Hills 

Medical Diet from Arnold Fox. Mention should also 

be made of the book Awaken the Diet Within by Julia 

Griggs Harvey (b. 1962) who started researching after 

experiencing her own battle with obesity. As with all 

diets, both relied on restrictions on what you could 

and could not eat, and these and many other diets 

have made more people aware of the calorie content 

of particular types of food, resulting in many people 

either losing weight or not putting on weight. Critical 

of many of these diets, Paul Campos, a law professor 

on the faculty of the University of Colorado in Boul-

der, was the author of he Obesity Myth (2004) which 

was critical of the hysteria surrounding the concern 

over dieting in the Western world. Even with these di-

eting plans, and the greater awareness of obesity, with 

the availability of much healthier processed food, the 

obesity rates in the United States, Canada, and Mexico 

has continue to rise.

SEE ALSO: Atkins Diet; North American Association for 

the Study of Obesity; President’s Council on Physical Fit-

ness and Sports; Prevalence of Obesity in U.S. Women. 
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tle Morgen, Food Fight: he Inside Story of America’s Obesity 
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North American Association for 

the Study of Obesity

THE NORTH AMERICAN Association for the Study of 

Obesity (NAASO), also known as the Obesity Soci-

ety, promotes research, education, and advocacy to 
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prevent and treat obesity, to improve the lives of af-

fected individuals, and to better understand obesity. 

NAASO was founded in 1982 and in 2006 had over 

2,000 members, primarily researchers and clinicians 

engaged in obesity research and treatment. Obesity is 

the oicial, peer-reviewed journal of NAASO and is 

published 12 times per year.

NAASO has issued a number of position state-

ments on topics related to obesity, including approval 

for Orlistat® as an over-the-counter drug, insurance 

coverage for bariatric surgery, and obesity as a pub-

lic health problem. he NAASO position on weight 

bias is presented in the fact sheet Obesity, Bias and 

Stigmatization, issued by the Weight Bias Task Force 

of NAASO and available from the NAASO Web site. 

his publication examines the social consequences 

of being overweight and deines weight stigma, de-

scribes where it occurs and its consequences, discuss-

es how children are afected by weight stigma, sug-

gests strategies to reduce weight stigma, and includes 

a bibliography of relevant articles and a link to further 

resources on weight stigma. NAASO has also testiied 

before Congress on topics related to obesity; summa-

ries of these presentations are available online. 

Goals for continuing medical education (CME) 

within NAASO include increasing physicians’ knowl-

edge about obesity, disseminating the results of scien-

tiic research about obesity, providing guidance about 

the prevention and treatment of obesity, translating 

research into practical applications, and supporting 

management of obese patients by healthcare practitio-

ners. Obesity Online, which may be accessed through 

the NAASO Web site, is NAASO’s primary vehicle for 

professional education and includes continuing medi-

cal education activities, downloadable slides, virtual 

meetings, and commentaries on research. Slide collec-

tions within Obesity Online include references linked 

to PubMed and links to additional slides on related 

topics, so users can create and download a customized 

presentation, and are organized into the categories 

Principles of Obesity, Oice Management of the Obese 

Patient, herapies for the Management of Obesity, and 

he Metabolic Syndrome. Virtual Meetings are presen-

tations from professional meetings on current issues in 

obesity, including streaming media with synchronized 

slides and CME activity information. 

NAASO sponsors an annual Scientiic Meeting; the 

2007 meeting was held October 20–24 in New Or-

leans, Louisiana. he meetings are intended primarily 

for scientists, physicians, and other healthcare pro-

fessionals involved in obesity research and treatment 

or related diseases such as diabetes and hypertension 

and include oral and poster presentations of current 

obesity-relate work and an exhibition of programs, 

products and services relevant to obesity treatment, 

and research. he NAASO Web site includes a list of 

meeting held by other organizations relevant to obe-

sity professionals.

he NAASO Web site also includes information 

about obesity written for the general public. Five fact 

sheets, each of which summarize information on ba-

sic topics and provide a bibliography and links to 

further information. Besides the above-mentioned 

fact sheet Obesity, Bias and Stigmatization, fact 

sheets are available for the subjects What Is Obe-

sity?, Obesity and Diabetes, Obesity and Cancer, and 

Childhood Overweight. Information, including sta-

tistics and graphical presentations, are available on 

U.S. obesity trends, estimated medical expenditures 

due to obesity, and comparisons of NIH funding for 

diferent research and disease areas. 

SEE ALSO: Body Image; Fat Acceptance; Future of Medical 

Treatments for Obesity; Stereotypes and Obesity. 

BIBLIOGRAPHY. North American Association for the Study 

of Obesity, www.naaso.org (cited February 5, 2007); North 
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galguide.asps (cited February 5, 2007); Obesity (journal Web 
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NPY (Neuropeptide Y)

NEUROPEPTIDE Y IS the most abundant peptide 

released from the hypothalamus and it is found not 

only in the brain, but also in the autonomic nervous 

system. hirty-six amino acid residues including a ty-

rosine at each end make up the structure of NYP. NYP 
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is known to be one of the most potent stimulators of 

food intake. Not only does NPY function in feeding 

behavior, but it also functions in several other physio-

logic roles such as circadian rhythms, sexual function, 

anxiety responses, vascular resistance, memory and 

learning, and epilepsy. here is evidence to suggest 

that NPY is also involved in the regulation of feed-

ing behavior including food intake and carbohydrate 

preference as well as metabolic and lipogenic rates. 

herefore, NPY may be involved in regulation of body 

fat and development of obesity.

NPY’s role in regulating energy balance is well 

known. It forms part of the “lipostat” system along 

with leptin and corticotropin-releasing hormone 

(CRH). he lipostat system is a system whereby our 

energy stores generate signals that are compared with 

targets encoded in the brain, and diferences between 

these drive our food intake levels, activity patterns, 

and resting and active metabolisms. In relation to 

feeding, high NPY levels in the cerebrospinal luid 

are associated with high food intake and decreased 

physical activity. Leptin, produced by adipocytes in 

response to high fat levels is detected by the arcuate 

nucleus in the hypothalamus. he arcuate nucleus is 

a collection of neurons (nerve cells) in the hypothal-

amus of the brain. Increased arcuate nucleus activ-

ity acts on the paraventricular nucleus to inhibit the 

production of NPY at that site, thus reducing feeding 

behavior. Arcuate nucleus activity also stimulates the 

release of CRH which further decreases feeding and 

increases energy expenditure.

NPY operates on the G-protein coupled receptor. 

his kind of receptor causes metabolic changes in the 

target cell. It contains seven membrane spanning do-

mains and ive subtypes. Four of the ive subtypes are 

functional in humans. Subtype Y1 and Y5 have known 

roles in the stimulation of feeding and Y2 and Y4 have 

known roles in inhibiting appetite. 

Injection of NPY into cerebral ventricles or direct-

ly into the hypothalamus of rats potently stimulates 

food intake and decreases energy expenditure, while 

simultaneously inducing lipogenic enzymes in liver 

and white adipose tissue. Consequently, continuous 

or repeated central administration of NPY leads read-

ily to obesity. 

SEE ALSO: Appetite Control; Appetite Signals; Corticotro-

pin-Releasing Hormone; Leptin.
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Bloom, eds., Neuropeptide Y and Drug Development (Aca-

demic Press, 1997).
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Nutrient Reward 

THE TERM nutrient reward is an attempt to measure 

the beneit a person gains by eating a particular food 

product. Unlike a measure of calories, this obviously 

varies from person to person, making the study hard-

er but also, in many ways, more worthwhile as it will 

help identify why people continue eating particular 

products even when they are aware that it may cause 

them to put on weight.

To study the nutrient reward of particular prod-

ucts, it is very important to research into the eating 

habits of people. he concept of this is that medical 

professionals believe that there must be a way of get-

ting a high nutrient reward for the individual, yet at 

the same time lose weight, or at any rate not put on 

weight. hey also believe that there would be a ready 

market for manufacturers to make such products. In-

deed, some manufacturers have produced products 

for which the aim is to have a similar nutrient reward 

as the original product, yet at the same time, the indi-

vidual consumes far few calories. 

Because of the idiosyncrasies in the tastes of in-

dividuals, it is often impossible to make generaliza-

tions. However, to draw up a regimen by which an 

individual may lose weight, this is much easier. In 

consultation with a dietitian, a list is drawn up of 

products that the individual likes and how much he 

or she likes them. he dietitian may suggest not eat-

ing particular products, or eating them in diferent 

quantities; however, many have found it far more ef-

fective to use product substitution by which an indi-

vidual can continue with much the same diet but ei-

ther lose weight or not put on weight by substituting 

products that have a similar level of nutrient reward 
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to that person in terms of lavor or texture, yet have 

far lower number of calories. Because dietitians have 

found that the changes needed to be made are of-

ten similar between individuals, this information has 

been passed on to manufacturers, with several major 

companies using this information in planning their 

range of products. he most readily available exam-

ples are soft drinks such as Diet Coke and Diet Pepsi. 

However, many companies and brand names now 

have a range of products including similar ones that 

are low sodium, low-fat, fat free, or have some health 

information or message displayed on the product.

SEE ALSO: Nutrition and Nutritionists; Nutrition Education.

BIBLIOGRAPHY. T.C. Adam and E.S. Epel, “Stress, Eating 

and the Reward System,” Physiology & Behavior (April 14, 
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views (March 27, 2007).
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NutriSystem

NUTRISYSTEM, INC. IS a publicly traded company 

which ofers a weight-loss program based on the use 

of prepackaged meals. he company also ofers free 

individual counseling to clients (i.e., those who pur-

chase NutriSystem foods) by telephone and internet, 

and sells vitamins and dietary supplements as well. he 

company was founded in 1972 as Nutri/System, Inc., a 

chain of commercial weight-loss centers, and has of-

fered a number of diferent approaches to weight loss 

over the years. Nutri/System, Inc. iled for bankruptcy 

in 1993, and closed all its weight-loss centers and re-

emerged in 1999 as an entirely online weight-loss and 

weight-management service. NutriSystem is currently 

a publicly traded company listed on NASDAQ and sells 

its products online and through the QVC network. 

he basis of the NutriSystem program is the use 

of prepackaged meals purchased from the company. 

An individual who wishes to join the program places 

an order through the company Web site or toll-free 

telephone number, or through the QVC network for 

a supply of prepackaged meals. Each meal can be se-

lected individually or the dieter can opt for a selection 

of the most popular meals. Diferent meal packages 

are available for men and women, for diabetics, for 

vegetarians, and for older men and women (the “sil-

ver” packages). he sets of prepackaged meals, which 

include breakfast, lunch, dinner, and snacks, are de-

livered to the dieter’s home, along with a meal plan-

ner which includes directions on grocery items to add 

to the meals (primarily fresh fruits and vegetables and 

dairy products). Purchase of NutriSystem foods also 

allows the dieter free access to unlimited nutritional 

and weight-loss counseling online or by telephone. 

NutriSystem claims that its NutriSystem Nour-

ish program, which is the basis of the prepackaged 

meals, is based on foods that have a low glycemic 

index. his means they contain primarily carbohy-

drates which break down slowly in the body and do 

not cause spikes in insulin levels, as do foods with a 

high glycemic index. Scientiic evidence for the use-

fulness of the glycemic index in diet or weight-loss 

programs is equivocal: some studies have supported 

their beneits, while others have not. According to the 

company Web site, the NutriSystem meal plan meets 

the United States Department of Agriculture 2005 

Dietary Guidelines, including the following points: 

lower-than-recommended amount of sodium; less 

than 5 percent of calories from trans- and saturated 

fats; inclusion of lean meats and whole and enriched 

grains; and inclusion of at least 4.5 cups of fruits and 

vegetables per day. 

he NutriSystem program recommends beginning 

with a 28-day supply of food; other plans are also avail-

able, including a two-week supply and a two-week, 

weekdays-only supply. Costs vary according to the 

speciic package selected, but in May 2007, the dis-

counted cost on the QVC Web site for a 28-day pack-

age was just under $300. A Forbes magazine article in 

2005 found NutriSystem to be the second most expen-

sive of 10 popular diet plans at 108.5 percent of the 

median cost for food in the United States; only Jenny 

Craig was more expensive, while programs such as 

Slim-Fast and the Zone Diet cost considerably less. 

NutriSystem has many characteristics in common 

with other prepackaged meal programs such as Jenny 

Craig, and meal replacement programs such as Slim-

Fast. Such programs have been demonstrated to be 
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more efective in the short term than diets in which 

individuals are assigned a total amount of calories to 

consume but are allowed to select their own food and 

judge portion sizes. his is probably in part because 

most people are very poor judges of portion size and 

obese people in particular tend to underestimate how 

much food they consume, so that the use of prepack-

aged meals simply assures that the individual con-

sumes the number of calories intended by the diet. 

he provision of prepackaged meals removes the 

guesswork from food selection and also trains the indi-

vidual to become accustomed to smaller portions, with 

the idea that they will continue to eat less when they 

resume eating conventional food. he use of prepack-

aged meals is also associated with improved mainte-

nance of weight loss, probably for this reason. In ad-

dition, use of prepackaged meals removes many of 

the social and emotional connotations from food and 

cooking, which may make it easier for an individual to 

change his or her dietary habits. Unlike the Web sites 

of other meal replacement programs such as Medifast, 

there is no discussion on the NutriSystem Web site of 

transitioning from a diet based primarily on NutriSys-

tem products to one based primarily on conventional 

food selected and prepared by the individual.

Pavlou and colleagues conducted an early random-

ized experiment in which 49 overweight women were 

assigned to follow a 1,000-calorie/day diet using Nutri-

System foods, and were randomly assigned to exercise 

or no-exercise conditions. After eight weeks, there was 

no statistically signiicant diference between the two 

groups: hose who exercised lost 10.9 percent of ini-

tial body weight, while those who did not exercise lost 

7.9 percent of initial body weight. Although this study 

demonstrated substantial weight loss using NutriSystem 

portion-controlled meals, it is unclear if the same results 

would be achieved using current NutriSystem meals or 

if they would be achieved if the subjects were not taking 

part in a structured weight-loss experiment. 

NutriSystem was a pioneer in the use of the inter-

net to promote dieting and weight loss. It difers from 

programs such as eDiets.com, however, in that Nutri-

System makes its money by selling packaged meals; 

nutritional and dietary counseling is provided free of 

charge to dieters who buy NutriSystem foods. In con-

trast, eDiets.com charges a monthly fee, in return for 

which it provides members with dietary and itness 

advice, customized diets and grocery lists, and an e-

mail newsletter. However, the eicacy of the internet to 

promote weight loss has not been thoroughly studied: 

advice-only self-help sites such as eDiets.com have not 

been found efective, but behaviorally based diet sites 

have achieved more success. However, no recent stud-

ies have looked speciically at NutriSystem or at the 

relative contribution to weight loss of the availability of 

online support versus the use of meal replacements.

SEE ALSO: Low Calorie Diet; Low Fat Diet; Portion Con-

trol; Very Low Calorie Diet. 
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Nutrition and Nutritionists

NUTRITION IS THE science of food, nutrients, and their 

efect on health. he ield of nutrition is dynamic. he 

breadth of knowledge is perpetually increasing and 

opinions as to what constitutes ideal nutrition advice 

are constantly changing. Despite the faddism that is of-

ten synonymous with people’s perception of nutrition, 

there are basic tenets that are the foundation of nutri-

tion. Judith Brown, in her book Nutrition through the 

Life Cycle, deines these basic principles as follows:

• Food is a basic human need.

• Growth and health require energy, nutrients, and 

other substances that are provided by food.

• Nutrition-related health problems begin on a cel-

lular level.

• Both inadequate and excessive levels of nutrient 

intake can result in malnutrition.
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• Humans are capable of managing luctuations in 

food intake.

• Inadequate consumption of nutrients, disease 

states, genetics, and any combination of these fac-

tors may result in malnutrition.

• Certain groups of people are at greater risk than 

others of sufering from poor nutrition.

• Nutrition can afect the development of certain 

chronic diseases.

• A healthy diet is deined by adequate intake and 

balance.

• Foods cannot be characterized as “good” nor “bad.”

he six basic categories of nutrients provided by 

food are carbohydrates, proteins, lipids, vitamins, 

minerals, and water. Nutrients are deined as essential 

or nonessential. Essential nutrients either cannot be 

synthesize or produced in adequate amounts by the 

human body and are therefore required in the diet. 

Nonessential nutrients, while present in food and 

utilized by the body, do not have to be included in 

the diet as sources of energy, components of larger 

molecules, or for physiological functions. he six ba-

sic categories of nutrients can be further categorized 

into macro- and micronutrients. 

Carbohydrates, protein, and lipids are considered 

macronutrients. Macronutrients are larger molecular 

structures found in both plants and animals that can be 

ingested, digested, absorbed, and utilized by other or-

ganisms for energy and for the synthesis of the consum-

ing organism’s own carbohydrates, proteins, and lipids. 

Micronutrients are organic compounds, speciically vi-

tamins and minerals, that are distinct from macronutri-

ents. Micronutrients are natural components of food and 

are usually found in trace amounts. hey are required for 

normal physiological functions, and inadequate quanti-

ties can cause speciic deiciency syndromes. 

Predominantly utilized as a source of energy, car-

bohydrates are essential macronutrients. Per gram, 

carbohydrates provide 4 calories of energy. Carbohy-

drates are chemical compounds comprised of sugar 

molecules, all of which have the basic molecular for-

mula (CH
2
O)

n
 where n = any integer between 3 and 

8. Monosaccharides are single-sugar carbohydrates 

such as glucose, fructose, galactose, and mannose. Of 

all the naturally occurring monosaccharides, only a 

fraction can be absorbed by humans. Disaccharides, 

such as sucrose, maltose, and lactose, are the result 

of two monosaccharides linked together. Oligosac-

charides are carbohydrates that contain 2 to 20 sugar 

molecules and have low molecular weight. Polysac-

charides are also known as complex carbohydrates. 

hey have elaborate structures, higher molecular 

weight than the other types of carbohydrates, and are 

either digestible, partially digestible, or indigestible. 

Starch, glycogen, and iber are all polysaccharides. 

Proteins, also essential macronutrients, are com-

plex chemical compounds whose primary structure is 

deined by a speciic sequence of amino acids. hese 

amino acids serve the primary function of build-

ing and maintaining the various tissues of the body. 

While protein can provide the same amount of energy 

as carbohydrates, 4 calories per gram, this function 

is secondary. Humans require 20 amino acids for the 

synthesis of all proteins. All amino acids have the same 
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general structure: a carboxyl group (COOH), one car-

bon atom attached to an oxygen atom by double bond 

and to a hydroxyl group by a single bond, and a side 

chain (R group). It is the side chain that is diferent 

for each amino acid, dictating its identity and func-

tion. With the exception of nine, the human body is 

able to synthesize the required 20 amino acids. hese 

nine amino acids are known as essential amino acids 

and are obtained from the diet. Food sources are of-

ten described by their dietary protein quality, based 

on their amino acid proile. Foods with all essential 

amino acids or greater amounts of the most required 

amino acid have higher protein quality.

he term lipid encompasses fats, oils, and related 

compounds such as cholesterol. Generally, fats are 

solid and oils are liquid at room temperature. Struc-

turally, though, dietary fats and oils are the same: one 

glycerol molecule with three attached fatty acids, a 

structure known as a triglyceride. Fatty acids are car-

boxylic acid heads with hydrocarbon chains that vary 

in length from 8 to 22 carbons, in the number double 

bonds, and in the location of the irst double bond. 

Fatty acids are often described as saturated, monoun-

saturated, or polyunsaturated. his description indi-

cates the number of double bonds in the hydrocarbon 

chain. Saturated fatty acids do not have any double 

bonds, meaning that all carbons in the hydrocarbon 

chain are bound on either side to another carbon 

atom and their other two binding sites are linked to 

hydrogen atoms. Monounsaturated fatty acids con-

tain one double bond, meaning that two adjacent car-

bon atoms have each lost a hydrogen atom and share 

two binding sites instead of one. Polyunsaturated fatty 

acids contain more than one double bond. 

Fatty acids are also described as cis- or trans-fatty 

acids. his description only applies to fatty acids that 

have double bonds. Cis-fatty acids have the hydrogen 

atoms attached to the double-bonded carbon atoms 

on the same of the double bond, forming a bend in 

the hydrocarbon chain. Trans-fatty acids have one 

hydrogen atom on opposite sides of the double bond, 

giving it a structure more similar to saturated fatty 

acids. he summation of the characteristics of each 

fatty acid of a triglyceride molecule deines the char-

acter of the fat or oil. In general, oils have shorter 

fatty acid chains or fatty acid chains with more dou-

ble bonds while fats have longer fatty acid chains or 

fewer double bonds. 

Lipids are essential macronutrients as well. Fats 

and oils are concentrated sources of energy, providing 

9 calories per gram. Because they can be stored and 

provide the greatest amount of energy per gram of all 

the macronutrients, fat stores are a survival mecha-

nism, sustaining the body in times of inadequate food 

supply. Fat deposits also have structural, thermal, and 

protective functions. Recent evidence indicates that 

in addition, fat deposits have an endocrine function. 

On a molecular level, fatty acids are the precursor for 

cholesterol and steroid hormones, essential compo-

nents of cellular membranes and specialized lipids, 

and the vehicle for certain vitamin absorption.

Vitamins are micronutrients, chemical substances 

that perform speciic functions in the body. hese func-

tions can be generalized into four categories: membrane 

stabilizers, hydrogen and electron donors and accep-

tors, hormones, and coenzymes. here are 13 vitamin 

groups that are categorized according to their solubil-

ity. Fat-soluble vitamins are A (retinol), D (cholecalcif-

erol), E (tocopherol), and K. Water-soluble vitamins 

are C (ascorbic acid), B
1
 (thiamine), B

2
 (ribolavin), B

3
 

(niacin), B
6
, folic acid, biotin, pantothenic acid, and B

12
 

(cobalamin). Each vitamin group has diferent isomers 

and active analogues known as vitamers. he Institute 

of Medicine, Food and Nutrition Board has determined 

dietary reference intakes for each vitamin group and 

these are intake standards for healthy people.

Minerals are also micronutrients. Individually, 

they are single atoms that exist primarily in an ionic 

state: calcium, phosphorous, magnesium, iron, zinc, 

luoride, iodine, selenium, copper, manganese, chro-

mium, molybdenum, sodium, potassium, and chlo-

ride. Due to the charge that they carry, minerals are 

able to complex with other minerals or with organic 

compounds. Whether they exist as ions or as part of 

more complex molecules, the functions of minerals 

are essential. hey are structural components of body 

tissues; they are involved in growth and development; 

they have immune function; they regulate enzyme ac-

tivity, acid-base balance, osmotic pressure, the trans-

port of other molecules, and muscle and nerve irrita-

bility. While there is debate whether certain trace and 

ultra-trace minerals are essential, all of these minerals 

have a deined function within the human body.

Nutrition has an enormous and ever-expanding im-

pact on health. he ield of nutraceuticals has become 

more recognized as diferent compounds in foods are 
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found to have pharmaceutical efects and signiicant 

inluence on a broad range of health issues. Nutrig-

enomics is a ield that explores the efects of nutri-

tion on gene expression. As the prevalence of obesity 

increases, though, more attention has been placed 

on the energy equation, the balance of energy taken 

in and energy expended. To lose weight, the amount 

of energy taken in as calories from food must be less 

than the amount of energy expended as calories used 

for basic metabolic functions and physical activity. To 

maintain a healthy weight, the two must be equal. 

As stated earlier, inadequate intake of vitamins and 

minerals can result in speciic deiciency syndromes; 

therefore, food must be considered in terms of both en-

ergy and nutrients. his conundrum returns us back to 

the ninth principle of human nutrition: A healthy diet 

is deined by adequate intake and balance. With factors 

such as age, gender, body size, genetics, life stage, and 

health status afecting the amounts of all macro- and 

micronutrients required and factors such as culture, so-

cioeconomic status, psychology, and marketing afect-

ing our food choices, the decisions about what we eat 

become more diicult to make. If we are limited in the 

number of calories we should take in, we need to make 

each calorie provide as many nutrients as possible. As 

food becomes more processed, determining which 

foods are nutrient dense becomes more convoluted.

To navigate their complicated nutrition needs, 

many people turn to professionals for guidance. 

Whose help do you seek—a dietitian’s or a nutrition-

ist’s? he diference between the two is not obvious 

and the terms are often used interchangeably. A regis-

tered dietitian (RD) has a dietetic-speciic degree and 

has completed a dietetic internship. A dietitian is cer-

tiied, registered, or licensed according to his or her 

state’s requirements and the profession is regulated. 

he use of the term nutritionist does not mandate 

any speciic training, degree, or licensing nor does the 

term imply any professional regulation. Essentially, 

anyone can call himself a nutritionist. herefore, peo-

ple seeking clinical advice about how to manage their 

health through nutrition should seek the advice of a 

registered dietitian.

SEE ALSO: Nutrition Education; Nutrition Fads.
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Nutrition Education 

NUTRITION EDUCATION IS a critical component of 

health promotion and disease prevention programs to 

help participants to adopt and maintain healthy eat-

ing patterns. Ideally, nutrition education should take 

place in a variety of venues, including, but not limited 

to, homes, schools, physician oices, hospitals, com-

munity settings, and media. 

To change behaviors for the broadest population, 

efective nutrition education should be culturally ap-

propriate, participatory, and behaviorally-focused. 

Given the recent surge in obesity, efective strategies 

for weight management are required in addition to 

general nutrition messages. Overweight and at-risk-

for-overweight individuals should be provided with 

the behavioral skills necessary to consume a health-

ful diet and perform adequate physical activity within 

their environmental context 

Promoting weight management behavioral change 

tends to be a gradual process and focuses on skill 

building. he Dietary Guidelines for Americans play 

a critical role in shaping nutrition education messag-

es targeted toward skill-building. Common nutrition 

education messages targeted to obesity reduction in-

clude eating a variety of fruits and vegetables, limit-

ing high-fat foods and energy-dense foods, control-

ling portion sizes, substituting water and fat-free or 

low-fat milk for sweetened beverages, engaging in 
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moderate physical activity most days of the week, and 

reducing sedentary activity. 

SCHOOLS

he federal child nutrition programs (National School 

Lunch Program, School Breakfast Program, Summer 

Food Service Program, and Child and Adult Care 

Food Program) provide nutritious foods and nutri-

tion education, most commonly in school-based set-

tings. Most nutrition education occurs through bul-

letin boards with nutrition displays or during school 

lunch week. However, few school meals programs of-

fer nutrient information on food labels, give tours of 

their facilities, or provide nutrition input to newslet-

ters. Only a minority of school meals programs pro-

vide classroom nutrition education. 

When nutrition education is ofered in the class-

room, it is often integrated into core subjects to com-

plement an emphasis on core standards. Most schools 

focus on increasing students’ knowledge about what 

is meant by good nutrition, rather than inluencing 

students’ motivation, attitudes, and eating behaviors. 

Recently, schools have moved to promote more behav-

iorally focused messages and to reinforce classroom 

education with involvement by students’ caregivers, 

changes in school meal programs, and food-related 

policies, including reducing snack bars, school stores, 

and vending machines. 

MESSAGES TARGETED TO CAREGIVERS

In response to the surge in obesity, many schools have 

begun to involve caregivers in nutrition education 

eforts. Messages targeted to caregivers emphasize 

the need to promote healthful eating behaviors and 

regular physical activity for children outside of the 

school setting. Caregivers are provided with informa-

tion that encourages them to actively participate in 

their children’s behavior changes by increasing the 

availability and accessibility of healthy foods; limiting 

the availability and accessibility of sweetened bever-

ages and high-fat, calorie-dense, nutrient-poor foods; 

controlling portion sizes; supporting and enabling 

regular family physical activity; and limiting televi-

sion and recreational screen time. Although contro-

versial, some schools have begun to provide students’ 

body mass index (BMI) assessments to caregivers and 

encourage them to discuss weight issues with their 

children’s healthcare providers. 

COMMUNITY

Communities consist of multiple components, includ-

ing individuals, families, interest groups, faith-based 

groups and work sites, and government. According to 

the Surgeon General’s Call to Action to Prevent and 

Decrease Overweight and Obesity, communities must 

play an important role to solve the obesity epidemic. 

Although community involvement is still a small com-

ponent of nutrition education programs, communities 

have begun to develop obesity prevention and nutri-

tion education programs for children and adults. 

PARTICIPATORY EDUCATION 

Nutrition education commonly employs a participatory 

approach to instruction, particularly in the community 

setting. his method of instruction encourages partici-

pants to actively engage in identifying prior positive and 

negative eating experiences and areas for intervention, to 

determine the best ways to change their own behaviors. 

Interactions occur as exchanges between participants 

and dialogues between educator and participants. 

With a participatory approach, the educator acts as 

a facilitator committed to fostering behavior change 

rather than an outside expert providing only knowl-

edge-based information. Nutrition concepts are elab-

orated in terms that are appropriate to the audience 

and based on what makes sense within the context of 

the audience’s cultures, values, and beliefs using lan-

guage and experiences that match that of the audi-

ence. Educational materials illustrate messages about 

food consumption and preparation and help partici-

pants to identify needs and problems so that they may 

envisage nutritional well-being and discuss appropri-

ate nutrition decisions and actions. 

PEER EDUCATORS

Peer education is an efective behavioral change strat-

egy that is commonly used in nutrition education, 

especially in community-based eforts. Peer educa-

tion typically involves using members of a group to 

promote healthy behaviors among other members 

of the same group, thereby providing a link between 

program staf and participants. he main role of peer 

educators is to help group members deine their con-

cerns and seek solutions through the mutual sharing 

of information and experiences. Peer educators tend 

to be able to empathize and understand the emotions, 

thoughts, feelings, and language of the participants 
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and thus are able to relate to challenges confronted 

and inspire and encourage their peers to adopt health-

seeking behaviors. Peer education is often used to ef-

fect change at the individual level by attempting to 

modify an individual’s knowledge, attitudes, beliefs, 

or behaviors, and at the group or societal level by 

modifying norms and stimulating collective action 

that leads to changes in programs and policies. 

MEDIA

he media can act as a nutrition education tool to raise 

consumer awareness about the negative health efects 

of being overweight and to promote healthy eating and 

itness. A range of public health service messages exist, 

yet the amount of airtime they receive is limited com-

pared to the quantity of commercial advertisements 

for unhealthy “junk foods” and “fast foods.” 

A second media education technique beginning to 

be used is the incorporation of nutrition and physical 

activity messages into story lines. hese methods can 

help to mitigate the negative efects of excess screen 

time through the promotion of healthy messaging. 

SEE ALSO: Changing Children’s Food Habits; Expanded 

Food and Nutrition Program; Food Stamp Nutrition Edu-

cation Program; School Based Interventions to Prevent 

Obesity in Children.
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Nutrition Fads

A NUTRITION FAD is a particular food or supplement 

which is rendered fashionable for the moment by gen-

eral public acceptance and practice. A nutrition fad 

may be a style of cooking, a speciic food, or inclusion, 

exclusion, or combination of foods. A fad is short-lived 

because it may fall short of its expectations. he per-

ceived beneits of a nutrition fad may be detrimental 

to one’s health or create an economic burden.

here are three factions of food faddism. First, a food 

or nutrient promises to cure speciic diseases or prob-

lems. he second is that eating a certain food is an ex-

pression of a particular lifestyle. hird, certain foods 

should be eliminated as their nutrients may be harmful. 

here is a massive variety of food which is not only 

promoted as the latest and greatest, but is widely ac-

cessible in stores and via the internet. Along with the 

abundance of choice is an abundance of half truths 

and exaggerated claims which become momentarily 

fashionable. Colorful and often misleading informa-

tion abounds, yet fads thrive on those seeking a quick 

and easy ix. Many of these purported claims are sci-

entiically unsubstantiated and may in reality cause or 

initiate health problems or nutritional deiciencies. 

Pieces of a scientiic study may be cited, but it may 
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omit pertinent information for marketing purposes. 

Scientiic concepts may be iltered to sell the product. 

A study may be interpreted or manipulated in a way 

to appeal to the consumer’s hopes and expectations. 

he public generally acknowledges the link be-

tween health and nutrition, thus allowing a plethora 

of nutritional information, both good and bad to be 

disseminated. he desire for more information opens 

the door to more misinformation and misinterpreta-

tion. To determine viable information, one may look 

to the source by checking the author’s credentials, 

training, and qualiication in nutrition. One must ask 

why is this product being marketed and what is the 

evidence that it works. he gold standard of research 

studies is the randomized trials that are large stud-

ies performed over time. Viable conclusions may be 

drawn from more than one of these studies. When the 

results of these studies are picked up by the media and 

broadcast to the public the information may be accu-

rate but incomplete. he beneits of the product being 

researched may require unrealistic amounts to be used 

to have a positive efect. he media’s report may pres-

ent a biased view to efectively endorse a product. 

Sales of dietary supplements reached $13.9 bil-

lion in 2004. A supplement is not reviewed by the 

U.S. Food and Drug Administration (FDA) prior to 

its marketing. he manufacturer is responsible for its 

safety and that the claims are truthful and accurate. 

hese claims may be exaggerated and based on small 

biased studies. he FDA has recourse against a manu-

facturer if false representation can be proven.

People may cause themselves harm by delay-

ing or avoiding a consult with a qualified health 

professional. A person may be unaware of the po-

tential toxicity between a prescription drug and a 

vitamin or supplement. For example, when taking 

Coumadin®, a prescription blood thinner, it is ad-

vised to avoid vitamins E and K, as well as aspirin 

and gingko biloba. If used together, severe internal 

bleeding may occur.

Celebrities and public igures are often employed 

to market a food or supplement. he “Got Milk” 

campaign exhibits a variety of role models and is a 

positive statement of a viable nutrient. However, ce-

lebrities may endorse a supplement simply to sell a 

product where they may have no signiicant education 

to substantiate the claim. Still others with no train-

ing in science and nutrition may write a book based 

on individual testimonials with little or no scientiic 

evidence. hese celebrities endorse and encourage 

product identiication by preying on the emotions 

of the public that lauds them. his may create a false 

assumption that because the celebrity endorses it, it 

must be good.

Good health requires work and discipline. here 

are no quick ixes. he American Dietetic Associa-

tion’s campaign for National Nutrition Month 2007 

is, “he best path to itness and health is to be 100 

percent fad free.” If products claims look too good to 

be true, they most likely are.

SEE ALSO: Diet Myths; Food Labeling; Supplements and 

Obesity.
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Obese Women and Marriage

THE WESTERN MODEL of beauty values thinness 

and physical attractiveness frequently at the expense 

of health. In this thin-obsessed culture, one of the 

biggest concerns women express about their bodies 

is the belief they are fat or obese. Obesity is not gen-

der speciic, and is an excess in body fat. Assessment 

of overweight and obesity is based on the body mass 

index (BMI) calculated by dividing one’s weight in 

kilograms by the square of height in meters. he 

World Health Organization deines overweight as a 

BMI of 25 to 30 and obesity as a BMI over 30. Mor-

bid obesity is deined as a BMI of 40 or above or a 

BMI or 35 and above, in conjunction with comorbid 

health conditions. he precise percentage of mar-

ried women with obesity is unknown and a rough 

estimate is diicult to speculate. 

Based on these igures, roughly 25 percent of wom-

en in the United States are classiied as obese. Some 

estimates place the prevalence of obesity closer to 34 

percent for women in the United States with 50 per-

cent of women being overweight. In women with too 

much body fat, obesity is associated with many co-

morbid health-related conditions including, but not 

limited to, osteoarthritis, breast cancer, endometrial 

cancer, and cardiovascular disease. Gallbladder dis-

ease, urinary stress incontinence, infertility, miscar-

riage, and menstrual abnormality and disturbance 

correlate with increased body fat. he incidence of 

birth defects, speciically neural tube defects, occur 

more frequently with morbid obesity as well as in-

creased mortality poor quality of life. 

Obesity is a complex condition of multiple etiolo-

gies. Many obese women face the stigmatization of 

blame for their weight which promotes poor self- and 

body image. An overfocus on weight is a risk factor 

for developing an eating disorder. his may be attrib-

utable to the powerful social stigma associated with 

obesity. here is ample evidence that obese women 

tend to internalize the pervasive anti fat bias that ex-

ists in this society. For many women, poor body im-

age and body dissatisfaction results in dieting. For 

obese women dieting is a way of life. he term “yo-yo” 

dieting” relates to the cycle of repeated weight loss 

followed by repeated weight gain. Some research sug-

gests that the negative efects of “yo-yo” dieting in-

creases the risks of obesity and are more harmful to 

women’s health than being overweight. 

he prevalence of obesity rates in individuals hav-

ing chronic psychiatric illness is documented to range 

from 26 to 62 percent; however, research does not 

support the inding that the majority of obese women 

have a diagnosable psychiatric illness. It is estimated 

that approximately 30 percent of obese individuals 

seeking treatment for obesity may have a form of an 

eating disorder termed binge-eating disorder (compul-

sive eating). Binge eating is prevalent with Caucasian 

O



women but is present in other ethnic groups. Accord-

ing to the Diagnostic and Statistical Manual of Men-

tal Disorders, 4th edition (DSM-IV-TR), binge eating 

is an episode of uncontrolled eating of large amounts 

of food rapidly on a regular basis when not hungry. 

he episode is followed by feelings of disgust and em-

bracement as a result of the behavior. 

here are no compensatory behaviors for the ex-

treme caloric intake. hese periods of bingeing occur 

on the average two days per week for a period of six 

months. Many obese women binge eat without meet-

ing the full criteria of binge-eating disorder which 

falls under the classiication category of eating dis-

order not otherwise speciied (EDNOS) as outlined 

in the DSV-IV-TR. While not all obese women binge, 

chronic binging without compensatory behavior leads 

to weight gain and contributes to obesity. 

Not all women seek treatment to deal with their 

obesity. Obesity surgery, however, is quickly becoming 

the treatment of choice for many obese women who 

have experienced chronic diet failure. he overall re-

search indings suggest bariatric surgery has a favor-

able impact on personal relationships. Many women 

experience a marked increase in self-esteem, paralleled 

by improvements in physical, social, and occupational 

functioning. Self-conidence, assertion, improvement 

in social activity and the alleviation of depression and 

anxiety are experienced following surgery. Longitudi-

nal data indicate that an immediate rise in physical and 

psychosocial well-being is a common phenomenon fol-

lowing weight-loss surgery. Findings related to obese 

women suggest that marital satisfaction increases af-

ter weight loss if marital satisfaction existed prior to 

weight-loss surgery. Other indings suggest weight loss 

following bariatric surgery may lead to an increased 

rate of separation and divorce. 

hese indings may relate to the quality of the 

marital relationship prior to surgery. According to 

the health-at-every-size paradigm, health status is 

not based primarily on BMI, but rather being healthy 

and it at every size. Some researcher and clinicians 

subscribe to the supposition that there are beneits to 

obesity including decreased risks for multiple diseas-

es including cancer, infectious disease, osteoporosis, 

respiratory disease, and mitral valve prolapse. Em-

pirical data focusing on the risks versus the beneits 

of obesity are substantial. he relationship between 

marital status and obesity is complex and not clear-

ly established. For many obese and morbidly obese 

women, however, the prospects for marriage are de-

creased and the selection of potential partners may be 

reduced or limited. Obese women tend to marry later 

in life and date and marry heavier partners. Some re-

search supports indings that in general, men are less 

tolerant of their partners being overweight and are 

less comfortable dating obese women. Other indings 

suggest that body weight is not associated with mari-

tal quality and does not predict marriage or divorce. 

Health problems, however, may impact the qual-

ity of the marriage and contributed to marital disrup-

tion. In the United States, approximately 92 percent 

of adults will get married. he expectation for many 

couples is that their union will provide an ongoing op-

portunity for meeting emotional, physical, economic, 

and social needs as well as providing an outlet for 
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sexual fulillment. Studies focusing on marital status 

and health report that healthier individuals are more 

likely to be married. For women in particular, those 

in quality marriages are 20 percent less likely to die 

than single women from a variety of illnesses includ-

ing suicide and cardiovascular disease and experience 

better mental health. Several studies looking at older 

cohorts suggest indings that widowed women are 

more likely to become obese than married women.

Researchers have noted a positive association be-

tween weight gain and marriage and while both men 

and women gain weight, men are more likely to reach 

obese status based on BMI deinitions. his in part 

may be due to a change in eating behaviors as a cou-

ple. Several studies have found a correlation between 

the couple’s dietary behavior and the development of 

similar eating patterns. his tendency to merge eat-

ing patterns can either promote unhealthy behaviors 

or reinforce health-promoting behaviors as the cou-

ple working together. A critical factor to any perma-

nent behavior change, speciically weight loss and a 

healthy eating habit, is support. Several studies have 

reported the negative correlation between weight loss 

and weight-loss maintenance and partner sabotage. 

Partner support is a documented beneit for obese 

married women attempting to adapt healthier eating 

behaviors and lose weight. Finally, it is important for 

obese women to set realistic weight-loss goals. 

SEE ALSO: Eating Disorders and Gender; Ethnic Dispari-

ties among Obesity in Women; Women and Dieting. 
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Obese Women and  

Social Stigmatization 

ANECDOTAL EXPERIENCE AND empirical research 

demonstrate that obese individuals face a great deal 

of stigmatization in a variety of domains. he preva-

lence of obesity in the United States, with some statis-

tics reaching as high as 65 percent of adult Americans 

being overweight or obese, makes such stigmatization 

an important focus of study because of the substan-

tial number of people who face such stigmatization 

as well as the unfortunate consequences that such 

stigma brings to afected individuals. Research stud-

ies reveal that stigmatization experienced by obese 

individuals includes negative judgments/evaluations, 

social rejection, and physical obstacles. Such nega-

tive evaluations include descriptions of obese indi-

viduals as lazy, dishonest, stupid, and self-indulgent. 

Numerous studies have revealed that such stigmati-

zation can lead not only to marginalization and low 

self-esteem, but also to outright discrimination. Fur-

thermore, research has also documented that in many 

areas of stigmatization, obese women are subjected 

to even greater stigma than obese men. An overview 

of the stigma faced by obese men and women will be 

discussed with a speciic emphasis on the prejudice 

experienced by obese women. 

Many studies have replicated indings of stigmatiza-

tion of obese children and adults, placing obesity among 

other targets of overt stigmatization including acquired 

immunodeiciency syndrome (AIDS), criminality, and 

drug addiction. A landmark study conducted by Rich-
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ardson and colleagues in the 1960s shed light on the 

early onset of obesity stigma in American society. In this 

study, elementary school-age children were shown pic-

tures of children with various physical disabilities and 

asked to rank each picture according to how much they 

liked each one. he majority of children in this study 

ranked the obese child as “least liked.” his inding was 

replicated in a young adult population in a study con-

ducted by Latner et al. in 2005. In this study, college-age 

men and women were shown pictures of six adults, four 

of whom had physical disabilities, one of whom was 

obese, and one of whom was “healthy”; the obese picture 

was given the second lowest rank in reference to whom 

the rater liked the most. 

he obesity stigma has also been identiied in roman-

tic relationships where it has been shown to speciically 

afect obese women. Chen and Brown asked participants 

to rank order preferences for a sexual partner in which 

their choices included a “healthy individual,” a physically 

disabled individual, an obese individual, an individual 

with a history of mental illness, and an individual with 

a history of curable sexually transmitted diseases. he 

obese individual was found to be the least favorable 

among both male and female participants. In addition, 

a gender diference was found with regard to the obesity 

stigma in that men ranked obese women as consider-

ably less preferable. his provides support for the belief 

that men rely more on weight when making judgments 

about sexual attractiveness. 

Additional research has found the obesity stigmati-

zation to be particularly salient for obese women. Re-

search conducted on overweight adolescents has found 

that overweight and obese adolescent girls are more 

likely than overweight adolescent boys to report being 

teased by peers and family members. Similar research 

also reports that obese adolescent boys and girls are 

less likely to date than healthy weight adolescents and 

that obese girls are less likely to date than obese boys. 

Studies have also found that overweight and obese 

women are less likely to be married than obese men. 

One study reported that men are more likely to choose 

a female romantic partner from a newspaper advertise-

ment who is recovering from a drug dependency than 

one who is obese. Such indings suggest that women 

are more strictly judged by narrow cultural standards 

of appearance than men are, highlighting the increased 

stigma that obese women must face. 

Empirical research has demonstrated that the obe-

sity stigma has widespread tangible efects on the lives 

of obese individuals, especially women. Speciically, 

Puhl and Brownell report indings of discrimination 

against obese individuals in the workplace, in medical/

health settings, and in educational settings. Stigmati-

zation and discrimination against obese individuals 

in the workplace appears to be quite pervasive, begin-

ning in the interview and hiring process and enduring 

throughout the individual’s employment, afecting as-

pects such as promotions and salary increases. 

Evidence suggests that obese individuals receive 

lower wages compared to their nonobese counterparts 

and that fewer obese individuals are employed in high-

level positions and/or receive promotions. Of note, it 

appears that in the workplace obese women specii-

cally are subjected to a disproportionate amount of 

discrimination; obese women have been found to be 

paid less than their nonobese female counterparts and 

to be more likely than thin women to be employed in 

low-paying jobs. 
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Weight stigmatization has also been documented 

in medical/healthcare settings. Research has found 

negative perceptions of obese people among medical 

students, dietitians, nurses, and doctors. Speciically, 

a recent study conducted by Schwartz et al. found 

that health professionals who treat and study obesity 

associated the stereotypes of lazy, stupid, and worth-

less with obese people. Research also suggests that 

while healthcare professionals recognize the health 

implications of obesity, many are ambivalent about 

and hesitant to speciically discuss and treat obesity. 

Negative attributions on the part of healthcare pro-

fessionals are important because of their implications 

for the medical care that obese individuals receive 

both in the care ofered to the patient and in the efect 

that such attitudes have on the individual. 

Speciically, research suggests that these negative 

attitudes may have a particularly strong efect on obese 

women. Research has found that obese women are 

more likely than other populations to postpone medi-

cal care. One study found very overweight women to 

be much less likely than average weight and moderately 

overweight women to get annual pelvic examinations. 

Obesity in women has also been found to be associ-

ated with appointment cancellations, and a study con-

ducted by the National Health Interview Survey found 

that among women, higher body mass index (BMI) 

was related to less use of preventative healthcare ser-

vices, including breast examinations and Pap smears. 

While it is diicult to assess the degree to which 

health professionals’ weight stigma afects the quality 

of healthcare that obese individuals receive, research 

suggests that obese individuals, speciically women, 

avoid healthcare as a result of their weight. Whether 

this is caused by obese women’s personal insecurities 

regarding their weight, by such individuals’ perception 

of being stigmatized by their healthcare providers, or a 

combination of these, it appears that obese women are 

not using healthcare as often as other populations. 

Obesity stigmatization has also been identiied in 

school settings, both in the subjective experience of 

teasing and treatment by teachers and peers and in 

the more objective domains of college acceptance and 

academic performance. Research has documented the 

incidence of elementary school-age children associat-

ing negative stereotypes to obese children and adults. 

Such negative stereotyping persists into adolescence 

and adulthood, and additional research has found 

that college students also associate negative stereo-

types such as being lazy, self-indulgent, and sexually 

incompetent to obese individuals. 

Research comparing obese and nonobese high 

school students with comparable application rates and 

academic performance has found that nonobese stu-

dents are more likely to be accepted to colleges com-

pared to their obese counterparts. In addition, studies 

have found that overweight men and women are un-

derrepresented in college student populations and that 

overweight students receive less inancial support from 

their family than normal-weight students. Consistent 

with indings of increasing stigmatization against obese 

women, research indings demonstrate that obese wom-

en have lower rates of college acceptance compared to 

obese men and that obese women receive less parental 

inancial support for college than obese men. 

While it is diicult to determine the exact cause of 

the obesity stigma, many theorize that the Western 

emphasis on individualism, the belief that individuals 

are in control of their own destiny, and with proper ef-

fort and determination can alter their life outcome may 

play an important role. Regardless, it seems that the 

complex causes of obesity have not yet permeated the 

minds of the majority of Americans who, consciously 

or unconsciously, stigmatize obese individuals, leading 

many obese individuals to endure extensive pain, hu-

miliation, and injustice as a result of being overweight. 

Even more unfortunate, it appears that this stigma has 

an even stronger efect on women who, as a group, are 

judged by many according to their shape and weight. 

SEE ALSO: Self-Esteem in Obese Women; Stereotypes and 

Obesity; Stigmas against Overweight Children.
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Obesity Action Coalition

THE OBESITY ACTION Coalition (OAC) is a national 

501(c) (3) nonproit, patient-based organization dedi-

cated to educating and advocating for all those afect-

ed by obesity, morbid obesity, and childhood obesity. 

he mission of the OAC is to elevate and empower 

those afected by obesity through education, advo-

cacy, and support. It aims to educate patients, family 

members, and the public about all forms of obesity. 

In addition, the OAC will increase obesity education, 

work to improve access to medical treatments for 

obese patients, advocate for safe and efective treat-

ments, and strive to eliminate the negative stigma as-

sociated with all types of obesity.  

he OAC ofers many valuable educational and 

advocacy resources, such as the OAC Web site; the 

“Understanding Obesity Series,” which details obe-

sity, childhood obesity, and morbid obesity; the OAC 

Insurance Guide, “Working with Your Insurance Pro-

vider: A Guide to Seeking Weight-Loss Surgery”; the 

OAC’s advocacy guide, “Your Voice Makes a Difer-

ence: A Guide on How You Can Help Fellow Patients 

Afected by Obesity”; and others.  

Obesity is a complex disease. Patients often expe-

rience a wide variety of other health conditions (co-

morbidities), which include diabetes, heart disease, 

cancer, sleep apnea, and many more. Adding to the 

challenge, patients are often denied access to much-

needed medical treatment (such as medically man-

aged weight loss or bariatric surgery) as some payers 

and employers still do not recognize obesity and mor-

bid obesity as a disease. 

he OAC encourages patients to become advo-

cates for change. To assist patients in accomplishing 

this change, the OAC provides many advocacy-re-

lated resources. Located under the “Advocacy” sec-

tion of the OAC Web site, visitors have the ability to 

view national- and state-level issues that may afect 

them, OAC Public Policy Statements, Facts and Fig-

ures on obesity, and much more. Together, education 

and advocacy are an incredible combination of tools 

that can positively afect the obesity community, 

and proactively promote access to safe and efective 

treatment options for those afected by this disease. 

By building a coalition of members ranging from pa-

tients and their family members to healthcare pro-

fessionals, the OAC will focus national attention on 

obesity; organize those concerned as advocates for 

action, advances, and change; and visibly afect and 

impact the healthcare community and the public. 

SEE ALSO: American Diabetes Association; American Di-

etetic Association; American Medical Association; Ameri-

can Society for Bariatric Surgery.
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Obesity and Academic  

Performance

WHILE RESEARCH IS generally consistent regarding 

indings of poorer academic achievement among obese 

children and adolescents compared to their normal-

528 Obesity Action Coalition



weight peers, a causal relationship between obesity 

and academic performance cannot be assumed. hus, 

research suggests that obesity is associated with, but 

not a cause of, low academic performance. 

Numerous research studies have identiied a dif-

ference in academic achievement between obese and 

normal-weight children and adolescents. A review of 

studies on this topic conducted by Taras and Potts-

Datema reported that for the most part, research 

indings indicate an association between low aca-

demic achievement and obesity despite diferences in 

the assessments used, populations studied, and mag-

nitude of indings across various research studies. For 

example, a study on primary school children in hai-

land found that being overweight was associated with 

having a lower grade point average (GPA) in children 

in seventh through ninth grades. 

Another study by Mikkila et al. found an associa-

tion between poor school performance and obesity in 

Finnish adolescents. In addition, Li found that obese 

children had signiicantly lower IQs than normal-

weight children in China. Campos and colleagues re-

ported that obese Brazilian children had a lower IQ 

than normal-weight children. Laitinen et al. reported 

that in Finland, being obese at age 14 was a strong 

predictor of low school performance at age 16 and 

low level of education through age 31. In the United 

States, Falkner and colleagues found that obese mid-

dle school children were more likely to be held back in 

school and consider themselves poor students com-

pared to average-weight adolescents. Furthermore, 

Greenield and Fellner found that obese undergradu-

ate women, but not obese men, had lower GPAs than 

their healthy-weight counterparts. Together, these 

studies all suggest a relationship between obesity and 

academic performance. 

Academic performance is less widely researched in 

adults because most are no longer involved in formalized 

education; however, a study by Karnehed et al. looked at 

the relationship between obesity and attained education 

in Swedish men. hey found that even when taking into 

account intelligence level, parental education, and so-

cioeconomic status, obese men were doing worse than 

normal-weight men in the educational system. hey 

reported that men who were obese when they were 18 

years old had obtained lower grades in the ninth grade 

than normal-weight men. According to these indings, 

obese men were also less likely to attend university and 

even less likely to graduate from university compared 

to their normal-weight counterparts. his was an espe-

cially interesting inding because, unlike in the United 

States, education in Sweden is free of charge. 

In this study on Swedish men, ninth-grade aca-

demic marks were found to be better predictors of 

educational attainment than an intelligence test tak-

en when the students were 18 years old. his suggests 

that obese students were receiving lower marks than 

was predicted by their intelligence tests scores. he 

reasons for this were not examined; however low self-

esteem as well as possible stigmatization by peers and 

teachers were identiied as possible explanations. Re-

search done by Falkner and colleagues, which found 

that obese adolescent boys were more likely to believe 

that they were poor students, more likely to predict 

that they would drop out of school, and more likely 

to be held back, raises interesting questions regard-

ing the cause of poor academic performance found in 

obese individuals. 

Unfortunately, this study only surveyed obese men 

and consequently these results cannot be generalized 

to the obese population as a whole. However, despite 

this signiicant limitation, this study highlights the 

importance of academic achievement and its rela-

tionship to life outcomes. Educational attainment 

has been found to be associated with occupation and 

income, and thus, while a causal connection cannot 

be assumed, poor academic achievement in obese in-

dividuals may be the irst indicator of lower achieve-

ment and lower earning potential later in life. 

While most studies agree that there is a relation-

ship between obesity and low academic performance, 

the multitude of diferences between obese and nor-

mal weight youth make it diicult to determine the 

cause underlying this disparity. Speciically, a study 

conducted by Datar et al. on the academic perfor-

mance of American kindergartners and irst-grad-

ers found that overweight children had signiicantly 

lower scores on math and reading standardized tests 

compared to children who were not overweight. 

However, compared to nonoverweight children, the 

overweight children in this study were also more 

likely to be poor, Hispanic, have mothers who were 

less educated, have a higher birth weight, and watch 

more hours of television or videos. When statistical 

analyses were run, which took the diferences be-

tween the overweight and nonoverweight population 
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such as socioeconomic status into account, the dif-

ferences in test scores were no longer signiicant. 

In fact, children whose family incomes were above 

$75,000 and whose mothers graduated from college 

were signiicantly less likely to be overweight and were 

signiicantly more likely to have higher test scores. 

In addition, race/ethnicity and mother’s education 

were found to be better predictors of test scores than 

weight. Similarly, a study conducted by Sigfusdottir et 

al. found that overweight Icelandic middle schoolers 

had lower self-esteem, worse grades, higher depres-

sive mood, less educated parents, less physical activity, 

and poorer nutrition than their normal-weight peers. 

hese studies echoed the complexity of the relation-

ship between weight and academic achievement and 

concurred with other indings that weight is related to 

but not a cause of poor academic performance. 

Childhood obesity is also associated with health 

risk factors, such as gastroenterological and endocrine 

conditions; high rates of psychopathology, such as anx-

iety and depression; and psychosocial problems, such 

as low self-esteem, low self-worth, and adjustment dif-

iculties. All, some, or a combination of these factors 

may have an efect on academic performance or, alter-

natively, may have an efect on obesity/weight gain. 

Research conducted by Schimmer et al. introduces 

another interesting variable which further highlights 

the complex relationship between obesity in children 

and low academic performance. his study evaluated 

the health-related quality of life, a construct which in-

corporates physical, psychological, social, and school 

functioning, of obese 5- to 18-year-olds. hey found 

that obese youth were four times more likely to report 

impaired school functioning than normal-weight 

youth and had missed an average of about four days of 

school, which was about three more days than healthy 

youth, in the month prior to their participation in the 

study. While the reasons for and results of this high 

rate of absenteeism were not investigated, one might 

speculate about the relationship between truancy, the 

physical and psychological problems that tend to be 

associated with obesity, and the lower academic per-

formance found in obese children/adolescents. How-

ever, again, the casual relationship between these fac-

tors cannot be determined. 

While research on the efects of overweight on 

children and adolescents has found an association 

between obesity and low academic performance, a 

causal link between these two factors has not been 

empirically supported. Rather, research suggests that 

obesity is a marker and not a cause of low academic 

performance. Despite the complexity of the relation-

ship between body weight and academic achievement, 

the many physical, psychological, and economic con-

sequences of obesity in childhood make a strong case 

for initiatives on the part of the educational system to 

target obesity at a young age. 

SEE ALSO: Morbid Obesity in Children; Obesity in Schools; 

Overweight Children and School Performance; Physi-

cal Activity and Obesity; Physical Activity in Children; 

Prevalence of Childhood Obesity in the United States; 

School Based Interventions to Prevent Obesity in Chil-

dren; School Initiatives to Prevent Obesity; Self-Esteem 

and Children’s Weight; Self-Esteem and Obesity; Stigmas 

against Overweight Children.
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Obesity and Cancer

THE TERM cancer refers to all malignant neoplasms 

or new cell growth. he molecular basis of cancer be-

gins with nonlethal genetic damage to an individual 

cell. he processes through which a normal cell un-

dergoes neoplastic transformation, deviates from its 

normal growth pattern, and progresses to a malig-

nant phenotype have been separated into four phas-

es. hey are: (1) change in the deoxyribonucleic acid 

(DNA) pattern or its expression in the target cell; (2) 

growth of the transformed cell; (3) invasion into adja-

cent structures; and (4) metastases and relocation to 

distant tissues. 

Cell division in the normal cell is remarkably ac-

curate, and have multiple redundant systems that 

monitor cell integrity and detect DNA damage. Tu-

mor suppressor gene products can arrest cell division 

until damage is repaired. Carcinogens exert damage 

by binding directly to the DNA or by modifying host 

detoxiication enzyme systems that convert procar-

cinogens to more polar metabolites. Sometimes a 

metabolite becomes an “ultimate carcinogen” capable 

of damaging DNA. 

Several cancers develop because the host has in-

herited mutations (germ-line mutations) that in-

crease DNA susceptibility to damage. If acquired 

or inherited, mutations limit the ability of the cell 

to detect and correct DNA damage, or if prolifera-

tive signals from mediators and mutant oncogenes 

stimulate cell growth in spite of growth controls, the 

damaged cell will divide and produce daughter cells 

that contain “heritable” defecta that can be transmit-

ted to all cell progeny. Further proliferative signals 

to cells with heritable DNA defects have potential to 

generate further mutations in the growing clone. For-

tunately, genes that code for proteins make up only 

a small portion of the total genome. he eiciency 

of DNA repair, combined with the small number 

of scattered targets throughout the genome explain 

how organisms can survive “in a sea of carcinogens” 

without developing the disease. 

Heritable damage at a functional DNA locus is 

termed initiation. his damage modiies the behavior 

of the cell in one of two ways. It enhances the ability 

of the cell to (1) reproduce without consideration of 

normal cell restraints and (2) invade other tissues and 

travel to distant sites reserved for other cell types. Pro-

moters are agents that, while not carcinogenic them-

selves, facilitate the growth of initiated cells by globally 

stimulating proliferation in the tissue or organ. In nor-

mal cells, the efects of growth promoters, hormones 

and other promoters are reversible. he life cycle of 

a cell proceeds through an orderly progression from 

birth to death, leaving no progeny. If the promoting 

inluence is removed from normal tissue, proliferation 

stops, cells progress through their life cycle and die, 

thus hyperplasia can regress. In contrast, the progeny 

of transformed (initiated) cells stimulated to undergo 

unrestrained proliferation do not die but accumulate 

until clinically detected as a tumor. 

As the transformed cell proliferates in deiance of 

DNA repair and normal cell cycle controls, it accu-

mulates additional DNA damage that further aug-

ments its aggressive behavior. A transformed clone 

overgrows its neighbors, takes up essential nutrients, 

and prospers at the expense of the organism. Several 

physiological changes are characteristic of the mu-

tant clone: (1) self-suiciency in growth signals, (2) 

insensitivity to growth inhibitory signals, (3) evasion 

of apoptosis, (4) defects in DNA repair, (5) limitless 

replicative potential, (6) sustained ability to stimulate 

ingrowth of new blood vessels (angiogenesis), and (7) 

ability to evade immune defenses and rejection. As 

the mutant clone expands, it acquires subpopula-

tions with additional phenotypic attributes including 

altered hormonal responsiveness and reduced sus-

ceptibility to antineoplastic drugs (termed progres-

sion). hus, despite its origin as a single initiated cell, 

considerable genetic and phenotypic heterogeneity is 

observed in a tumor while it is still small and clini-

cally undetectable. Ominously, some transformed 

cells acquire the ability to invade and metastasize at 

an early, undetectable stage. 
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RISK DUE TO CARCINOGENS, PROMOTERS,  

AND ANTICARCINOGENS IN FOOD

Environmental carcinogens, including chemicals, ra-

diation and viruses, have potential to damage DNA 

and transform cells leading to cancer in animals. While 

some of the most potent carcinogens are produced in 

the extraction and incomplete combustion of fossil fu-

els, or are synthetic products created by industry, an 

enormous number of potentially carcinogenic chemi-

cals are produced naturally by plants as defense against 

predators, as by-products of food processing, and by 

microorganism consumed in food. Because obesity 

results from storage of food ingested in excess of re-

quirements, the obese subject may be at greater risk 

for cancer secondary to ingestion of a greater quantity 

of carcinogens in the food supply. At the same time, 

social, psychological, and biological factors that inlu-

ence food intake can result in consumption of foods 

that contain high levels of carcinogens. 

Some of the more common carcinogens in food 

include nitrostable amines and nitrates used to pre-

serve food. Sodium nitrite is used to preserve bacon 

and processed meats such as ham and salami and is 

converted by gut bacteria to N-nitroso-compounds, 

carcinogenic in all species studied. Alatoxin pro-

duced by the fungus Aspergillus flavus grows on im-

properly stored grains, nuts, and legumes and has 

been implicated as a hepatocarcinogen. Additionally, 

food preparation methods that expose food to high 

heat for a long time is known to alter protein struc-

ture and create carcinogenic heterocyclic amines, 

lipid peroxides and other mutagens. Meat also con-

tains heme iron and other components implicated 

in production of endogenous N-nitroso compounds 

and in increased risk for several cancers including 

prostate, colon, and rectum. 

Dietary fat is also implicated in cancer risk. In 

1982, the National Academy of Sciences reviewed 

studies relating tumor growth to diet in experimental 

animals and large population studies demonstrating 

increased rates of breast, colon, prostate, and endo-

metrial cancers correlated with per capita animal 

fat consumption. Based on this evidence, guidelines 

recommending reduction of fat intake to 30 percent 

of daily calorie intake were developed. Since then, a 

large body of experimental evidence has revealed that 

the relationship of dietary fat to cancer is more com-

plex than originally thought. 

he inluences of total fat intake and total energy 

intake have not been irmly distinguished in animal 

models or in human studies, nor have the carcino-

genic efects of red meat been separated from the ef-

fects of meat fat. Additionally, individual dietary fatty 

acids, even within a fatty acid type, may have difer-

ent efects on carcinogenesis, tumor growth, and me-

tastasis. Dietary fatty acids modulate cancer risk and 

metastasis through their role as substrate for local 

synthesis of eicosanoid metabolites such as prosta-

glandins and leukotrienes. hese hormones modulate 

processes such as tumor-endothelial cell adhesion, 

proteolytic enzyme activity, and other biological cas-

cades that facilitate tumor growth and spread. 

While the mechanisms through which a speciic 

dietary fatty acid type modulates risk have not been 

fully elucidated, the eiciency of membrane fatty acid 

conversion to eicosanoids may be involved. Fatty ac-

ids of the omega-6 type, derived from grains, produce 

eicosanoids implicated in cancer risk. In contrast, 

fatty acids of the omega-3 type, derived from green 

plants and cold-water ish, replace omega-6 fatty ac-

ids in the cell membrane. Eicosanoids produced from 

diferent fatty acids have diferent structure and may 

account for the observed diference in cancer risk. 
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Other dietary components also inluence risk. Over 

250 epidemiologic studies conducted in numerous 

countries with diverse diets support the association 

between fruit and vegetable consumption and reduced 

risk. In addition to fruits and vegetables, other whole 

foods including whole grains, legumes, tea, cofee, and 

chocolate contain a myriad of components including 

carotenoids, vitamins C, E, and K, dietary iber, lava-

noids, indoles, procyanidins, isoprenoids, and other 

bioactive components. Phytochemicals as well as sub-

stances in animal products are under intensive inves-

tigation for their ability to reduce DNA damage, mod-

ulate cell cycle activity, modify detoxifying enzymes 

that convert procarcinogens to ultimate carcinogens, 

mimic estrogens and other hormones by binding their 

receptors, and other activities that inhibit the initia-

tion, promotion, and progression of cancer. 

RISK FROM CHRONIC POSITIVE ENERGY BALANCE

he possibility that chronic caloric overload in-

creased risk for cancer has been investigated for 

over 50 years. Experiments with overfed animal 

models demonstrated increased numbers of cancers, 

while chronically restricted animals lived longer and 

were cancer free. Epidemiological studies that mea-

sured body size and height subsequently revealed 

that growth exerts a modest inluence on risk for all 

cancers, especially for hormone-dependent breast, 

uterine, and prostate cancer. Possible mechanisms 

for this increased risk include growth promoters 

and stimulatory hormones such as sex hormones, 

glucocorticoids, and insulin, as well as inlammatory 

mediators associated with obesity. 

Obesity has been generally associated with insulin 

resistance and elevated plasma insulin levels. Experi-

mental and epidemiologic studies support the hypothe-

sis that the growth promoting efects of insulin increase 

risk for colon carcinogenesis. Insulin may directly acti-

vate its own receptor, or the receptors for insulin-like 

growth factor (IGF) expressed on normal colorectal 

cells and on cancer cells. Since insulin is only weakly 

mitogenic, its action is likely to be indirect, mediated 

through the growth-promoting efect of nonesteriied 

fatty acids released from adipose tissue, which potenti-

ate insulin resistance. Alternatively, elevated insulin lev-

els may lead to increased concentrations of IGF and its 

binding proteins. hese peptides are involved in regula-

tion of cell growth and proliferation as well as cell trans-

formation and death. hus, the interactions of insulin, 

IGF, and IGF-binding proteins provide a mechanism 

linking excess energy intake with processes underlying 

the development and spread of cancer. 

Obesity and chronic hyperinsulinemia are also as-

sociated with changes in total and bioavailable plasma 

sex steroid levels in both pre- and postmenopausal 

women. Increased bioavailability of sex steroids, es-

pecially estrogens, may result from several interac-

tions with insulin and IGF. Increase in insulin and 

bioactive IGF concentrations in the obese organism 

inhibit the hepatic synthesis of sex-hormone–binding 

globulin (SHBG). 

Insulin and IGF can also enhance the synthesis of 

androgens by the gonads and adrenal glands. Finally, 

androgens undergo increased conversion to estro-

gen metabolites by aromatization in adipose tissue. 

hus, in postmenopausal women, the body mass 

index (BMI) is positively related to plasma levels of 

estrogen metabolites as well as to levels of bioavail-

able estrone not bound to SHBG. he “unopposed 

estrogen” hypothesis proposes that mitogenic efects 

of estrogens, when insuiciently counterbalanced by 

progesterone can result in growth promotion in hor-

mone dependent tissues. Recent investigations have 

revealed that estrogen can also act as a “complete” 

carcinogen, capable of inlicting DNA damage by 

oxidative mechanisms. 

Finally, adipose tissue accumulation is associated 

with the production of several proinlammatory fac-

tors including tumor necrosis factor alpha (TNF-α), 

interleukin-6 (IL-6), monocyte chemotactic protein 

1, inducible nitric oxide synthase, and transforming 

growth factor ß1. Macrophages enter adipose tissue 

where they scavenge large dying adipocytes and release 

reactive oxidative products and other mediators. 

While the link between chronic exposure to in-

lammatory mediators and cancer has not been clear-

ly developed, inlammatory peptides induce rapid 

cell proliferation and produce DNA-damaging free 

radicals. Rapid cell division increases the likelihood 

of replication errors and inefective DNA repair at 

critical regulatory sites. In an inlammatory environ-

ment, key enzyme cascades are upregulated, resulting 

in synthesis of inlammatory eicosanoids and other 

mediators known to facilitate tumor growth, inva-

sion, and metastases. One molecular basis for this 

relationship is through the nuclear factor kappa beta 
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(NF
K
β) pathway that regulates apoptosis, cell prolif-

eration, and cell growth arrest and enhances growth 

of new blood vessels by inducing vascular endothelial 

growth factor expression. 

Clinical evidence for the link between chronic in-

lammation and cancer is seen in the development of 

hepatic cancer in chronic hepatitis and colon cancer 

in chronic colitis, and in the inverse association be-

tween long-term use of nonsteroidal antiinlammato-

ry drugs (NSAID) and reduced risk of several cancers. 

In the endometrium, unopposed estrogens, as well as 

other established risk factors, induce an inlammatory 

efect. Insulin and estrogen exposure, in conjunction 

with inlammatory mediators, have been implicated 

in the development of endometrial cancer. A proin-

lammatory milieu can initiate and promote neoplas-

tic transformation directly. It can also increase estro-

gen production, which may facilitate carcinogenesis 

by disrupting the estrogen-progestogen balance.

In summary, increased body size (BMI) and obe-

sity is associated with moderately increased risk for 

cancers of all types. he data are confounded by dii-

culties in measurement and the multifactorial nature 

of the risk factors. he food supply contains both car-

cinogens and anticarcinogens, thus the choices made 

by the obese subject may play a major role in actual 

risk. Accumulation of metabolically active adipo-

cytes and associated macrophages have a signiicant 

impact on whole body homeostasis. Further, there is 

evidence that dietary and lifestyle patterns modify the 

inluence of adipose tissue on metabolic parameters. 

Mechanistic and clinical investigations are needed to 

guide recommendations. 

SEE ALSO: Breast Cancer; Colon Cancer; Endometrial and 

Uterine Cancers; National Cancer Institute; Ovarian Can-

cer; Prostate Cancer; Uterine Cancers.
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Obesity and Drug Use

IN GENERAL, THE majority of obese adults tend not 

to be substance abusers. In fact, the diagnosis of a 

mental health disorder such as depression or anxiety 

tends to be higher for the obese population, whereas 

a lifetime risk of a substance use disorder tends to be 

relatively low. Alcohol abuse is relatively low in the 

adult obese population, as is marijuana, cocaine, and 

heroine abuse. It appears that for obese individuals, 

the drug of choice is food. he statistics point to an 

increase in substance use over the past decade in 

the obese adolescent population. Exact percentages 

of substance use, substance abuse, and dependency 

regarding obese adults, adolescents, or younger chil-

dren are relatively scarce. 

In general, 8.2 percent of the U.S. population aged 

12 and older are illicit drug users. Of this number, 2.7 

percent abuse prescription drugs. here are three cat-

egories of prescription drugs most commonly abused. 

he irst category is opioids. Opioids are most com-

monly prescribed for pain and include oxycontin, vi-

codin, and demerol. he second category of abused 

prescription drugs includes central nervous system 

depressants. hese drugs are primarily prescribed 

for sleep disorders and anxiety and include valium, 

xanax, nembutal, and mebaral. he last category of 

prescription drugs that tends to be highly abused by 

obese adults is stimulants. Stimulants are most com-

monly prescribed for obesity, attention deicit hyper-

activity disorder (ADHD), and narcolepsy and include 

adderall, ritalin, dexadrine, and meridia. Stimulants 

including adderall and ritalin are being used by some 

pediatricians in the treatment of childhood obesity. 

he Food and Drug Administration, however, has 

not approved this “of-label” use of stimutants for the 

treatment of childhood obesity. 

Similarly, of-label use of other medications, such 

as antidepressant medications that have weight loss 

side efects, may be prescribed to obese children 

and adults. he prescription use of stimulant drugs 

to treat adult obesity is more common. Physicians 

are required, though, to monitor adult patients tak-

ing obesity-related medications on a monthly basis. 

Legislation is currently looking into ways to monitor 

the abuse of prescription medications. Prescription 

drug abuse is becoming a large societal problem as 

abusers search for means to obtain their drug, from 
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stealing prescriptions to having multiple physicians 

prescribe them. 

here are many causes of obesity, including a genetic 

predisposition, metabolism, a medical condition, a life-

style issue, or any combination of the above. Another 

cause is thought to be brain chemistry and its link to 

addictive and compulsive behavior. Serotonin levels in 

the brain afect mood. Serotonin also causes the body 

to crave carbohydrates. Carbohydrates, in conjunction 

with the smell or taste of food, can stimulate dopamine 

which is the reward system in the brain. Dopamine is 

a naturally occurring substance that regulates feelings 

of pleasure. Reduced activity of dopamine in the brain 

may contribute to addictive behavior and obesity. 

Compensating for low levels of serotonin, indi-

viduals consume more foods high in carbohydrates 

to temporarily feel better. his process slows down 

dopamine and the individual needs more of the same 

substance to feel pleasure. As a result, the individual 

begins to gain weight. Viewed from an addiction per-

spective, obesity has similar characteristics to other 

addictive disorders including drug addiction and com-

pulsive gambling. hese similarities include cravings 

for, obsessive searching for, and overconsumption of 

the substance (food). Research has demonstrated that 

obese adolescents admitted to a rehabilitation facility 

for drug dependence gained an average of 11 pounds 

after 60 days in treatment.

New research is now focusing on the notion of ad-

diction transfer. Many compulsive eaters who have 

undergone bariatric surgery can no longer consume 

the large portions of food they were previously able to 

consume prior to their weight-loss surgery. Accord-

ing to addiction transfer, if food cannot be consumed, 

the addictive behavior will be transferred to a difer-

ent substance or behavior. Addiction transfer specii-

cally refers to patients who have undergone bariatric 

surgery and have developed new addictions to shop-

ping, gambling, alcohol, or some other substance. 

Anywhere from 5 to 20 percent of post-bariatric sur-

gery patients develop new compulsive behaviors. Re-

search has found that after bariatric surgery, transfer 

of addiction from food to other substances, including 

alcohol and other drugs, does tend to increase. 

he incidence of alcohol abuse tends to be the high-

est after bariatric surgery compared to other substanc-

es. Following gastric bypass surgery, many individuals 

are unable to tolerate alcohol as a result of the physi-

ological changes from the surgery. With several types 

of bariatric surgery, a large portion of the stomach is 

bypassed resulting in the creation of a small pouch. 

When alcohol is consumed, it passes through this 

pouch to the intestines and is absorbed more quickly 

into the bloodstream. his may result in more rapid 

high blood alcohol levels and intoxication.

One component of treatment for individuals with 

addiction is to engage them in regular exercise. Exer-

cise increases the number of dopamine receptors and 

the individual naturally feels good. he added bonus 

for the obese is that exercise is an efective way to lose 

weight and can decrease appetite.

Diet pills are advertised on television and sold on 

the Internet. At varying prices, anyone can purchase 

“Chinese diet pills,” “Brazilian diet pills,” Hoodia Gor-

donii, and so forth. hese pills claim to produce quick, 

long-lasting weight loss. he obese consumer is eager 

to try anything to see quick results and will spend tre-

mendous amounts of money in desperation. Without 

any type of federal regulation, consumers have no 

guarantee as to the contents of these “diet pills” or 

their potential harmful side efects. A safer method 

is through careful monitoring of a drug therapy pro-

gram with a physician specializing in obesity. 

Drug therapy is recommended for individuals who 

have a BMI of at least 30 and no obesity-related com-

plications, or those with a BMI of at least 27 with two 

or more obesity-related complications. Currently, 

there are two long-term weight-loss drugs approved by 

the Food and Drug Administration for treating obesi-

ty—orlistat and sibutramine. he newest drug, orlistat, 

works as an inhibitor of pancreatic and gastrointestinal 

lipases. Orlistat, also known as Xenical®, blocks the ab-

sorption of approximately 30 percent of dietary fat. Or-

listat tends to have a low abuse potential because it is 

not a central nervous system anorectic agent. Orlistat 

is also the only drug used speciically for obesity that is 

not currently a controlled substance. Weight loss asso-

ciated with this medication is linked to a reduction in 

blood pressure. Sibutramine, also known as Meridia®, 

was introduced in 1997. It inhibits norepinephrine and 

serotonin neuronal reuptake. Originally developed as 

an antidepressant, it was found efective in reducing 

body weight and appetite, as well as increasing satiety. 

here are three approved short-term medications 

currently on the market for obesity. All three are ap-

petite suppressants. hey are classiied as stimulant 
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drugs that afect neurotransmitters in the brain, name-

ly dopamine, epinephrine, and norepinephrine. Dieth-

ylpropion is also known as Tenuate® or Tenuate Do-

span®. Phendimetrazine has trade names of Bontril®, 

Plegine®, Prelu-2®, X-Trozine®, and Adipost®. Phenter-

mine is also known as Adipex-P®, Fastin®, Ionamin®, 

Oby-trim®, Pro-Fast®, and Zantryl®. Phentermine is 

half of the “fen/phen” combined drug previously used 

for weight loss that was taken of the market several 

years ago due to serious heart and lung complications 

experienced in patients. All three drugs are designed 

to be used for only two to three weeks. he average 

weight loss for individuals using these types of obesity 

medications is an average of 5–22 pounds. Some stud-

ies report up to a 10 percent loss from their baseline 

body weight following the use of these medications. 

he growing understanding of the physiological 

mechanisms that regulate body fat content will allow 

for the development of new drugs to combat obesity. 

Currently, there are two new drugs in clinical trials. 

Rimonabant, which afects brain chemistry, and cili-

ary neurotrophic factor, which afects hormone levels 

to control appetite. Meanwhile, the primary focus is 

on the prevention of obesity. he management of obe-

sity remains a multidisciplinary intervention: dietary 

management, an exercise program with regular fol-

low-up, and pharmacological agents. Drug therapy is 

decided upon on an individual basis. 

SEE ALSO: Drug Targets that Decrease Food Intake/Appe-

tite; Drugs and Food; Drugs that Block Fat Cell Formation; 

Orlistat (Xenical); Pharmacological Treatment of Child-

hood Obesity; Rimonabant; Sibutramine (Meridia).
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Obesity and  

Socioeconomic Status

OBESITY FOLLOWS A socioeconomic gradient in which 

disease burden is greatest among those with limited 

economic resources. Regardless of race or ethnicity, 

obesity disproportionately afects individuals of lower 

socioeconomic status (SES). Findings from the Nation-

al Health Interview Survey, reported that 26 percent of 

the population below the poverty level is obese, com-

pared with populations in the highest income bracket, 

which had a 15 percent prevalence of obesity.

he inverse relationship between SES and obesity 

begins in adolescence and continues through the life 

span. In limited-resource women, the weight gradient 

actually increases with age. Limited-resource women 

tend to gain more weight each year than comparable 

populations of women with higher SES. A number of 

potential mechanisms have been suggested to explain 

the relationship between limited-resource individuals 

and obesity, including overconsumption of inexpensive, 

high-energy foods; periods of overeating followed by 

periods of deprivation, also known as the “food stamp 

cycle”; and limited access to recreational resources. 

OVERCONSUMPTION OF INEXPENSIVE FOODS

In terms of total food purchases, limited-resource 

families spend nearly 34 percent of their disposable 

income on food, compared with 8.7 percent spent by 
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higher-income families. he disparity between the 

percentage of money spent by limited-resource pop-

ulations compared with higher-income populations 

is great enough such that food spending efectively 

functions as an indicator of aluence. Although lim-

ited-resource families spend a higher percentage of 

their incomes on food, these families actually spend 

less total money on food. If limited-resource families 

spent as much per person on food as their higher-in-

come counterparts, they would outlay more than 54 

percent of their total disposable income on food alone. 

Instead, limited-resource families appear to maximize 

their money by purchasing less costly foods. 

It is well established that higher diet quality is as-

sociated with higher incomes and with lower rates of 

obesity. When inancial resources are lacking, nutri-

tion and health tend to function in a secondary role 

to economic considerations. Households reduce food 

spending by changing the quality or variety of foods 

consumed before they reduce the quantity of food 

eaten. As a result, while families may get enough food 

to avoid feeling hungry, they may be poorly nourished 

because they cannot aford a consistently adequate 

diet that promotes health and averts obesity. he need 

to satisfy hunger overrides considerations for health. 

INEXPENSIVE FOODS: ENERGY DENSE 

AND LESS NUTRITIOUS

Energy density is deined as the quantity of energy per 

unit of edible weight and is often expressed in kilocal-

orie per kilogram (kcal/kg) of food. he energy den-

sity of foods is a function of their water content. Low 

energy-dense foods are heavily hydrated and tend to 

be rich in nutrients. hese include lean meats and 

fruits and vegetables. High energy-dense foods are 

dry, contain large quantities of fat and sugar and tend 

to be nutrient poor. Examples include reined grains, 

most fast foods, soft drinks, and snack foods, such as 

potato chips and cookies. 

High energy-dense foods usually cost less than low 

energy-dense foods. A unit of energy from high-fat, 

high-sugar foods, such as potato chips and cookies, 

tends to be less expensive than a unit of energy from 

fruit and vegetables. For example, consider the rela-

tionship between energy density (kcal/kg) of the fol-

lowing foods and their “energy cost” as expressed in 

kcal/$. he energy cost of potato chips is 1,200 kcal/$ 

and the energy cost of soft drinks is 875 kcal/$. In 

contrast, the energy cost is approximately 250 kcal/$ 

for fresh carrots and approximately 170 kcal/$ for fro-

zen orange juice. he diference in cost per calorie be-

tween the high energy-dense foods and those of lower 

density is more than sixfold.

High energy-dense foods provide a consumer with 

more calories per dollar than low-calorie food choic-

es. he discrepancy in pricing increases between low 

and high energy-dense foods can be attributed to U.S. 

agricultural policy. Energy-dense foods, such as corn 

(added sugars) and soy (added fats), tend to be much 

more heavily subsidized than low energy-dense foods 

such as fresh produce. Fruits and vegetables are not 

governed by the same farm polices that encourage the 

overproduction of corn and soybeans. he result of 

subsidization of particular crops is relected in retail 

trends. Pricing increases are lower for sugars/sweets 

and fats and oils than for fruits and vegetables. 

ENERGY-DENSE FOODS CONTRIBUTE TO OBESITY

Consumers of higher SES have higher quality, health-

ier, and more varied diets which include more high-

quality meats, seafood, fruits, and vegetables. Lower 

SES diets tend to include more low-cost meats, inex-

pensive grains, added sugars and added fats, and few 

fruits and vegetables. For example, limited-resource 

shoppers on average pay less per pound for ground 

beef, yet they shop in stores where ground beef is 

costlier. (Ground beef costs are directly related to 

its quality and fat content.) his discrepancy can be 

explained by recognizing that limited-resource shop-

pers tend to buy low-quality, high-fat beef, because 

they cannot aford more expensive cuts. Despite the 

beneits of increased fruit and vegetable consumption 

in combating obesity, individuals with lower house-

hold incomes (below 130 percent poverty) consume 

the fewest fruits and vegetables of any SES group. 

Even individuals taking part in government sup-

plemented food programs consume less than the rec-

ommended servings of fruits and vegetables a day. 

As such, limited-resource populations fail to meet 

recommendations made by U.S. Department of Agri-

culture’s (USDA’s) Dietary Guidelines Advisory Com-

mittee to consume a minimum of three servings of 

vegetables and two servings of fruits each day and the 

National Cancer Institute’s 5-a-Day for Better Health 

Campaign, which recommends eating at least ive 

servings of fruits and vegetables each day. 
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Limited-resource populations consume more 

calories per dollar than higher-income populations. 

he consumption of high energy-dense foods can 

contribute to weight gain and obesity. his is so, be-

cause individuals eat a constant weight of food. If 

individuals consume foods that contain a greater 

amount of energy per unit of weight, the result may 

be an overall increase in energy intake that can re-

sult in subsequent weight gain. Reined grains, add-

ed sugars, and added fats are among the lowest-cost 

sources of dietary energy, but tend to be nutrient 

poor. hese foods tend to be low cost, taste good, 

and are convenient. 

ACCESS TO HEALTHY FOODS

Income can be associated with both the location of 

food outlets as well as the selection of food that is 

available. Both of these factors inluence an individ-

ual’s ability to follow dietary recommendations put 

forward by the USDA. 

Higher SES neighborhoods tend to have greater ac-

cess to supermarkets, convenience stores, and more di-

verse food choices than their lower SES counterparts. 

Consequently, individuals living in low SES neighbor-

hoods are more reliant on smaller shops, convenience 

stores, and bodegas to acquire food. Not only do these 

smaller stores ofer a more limited selection of foods, 

but their prices are typically higher than those of larger 

supermarkets. he presence of large neighborhood su-

permarkets is associated with better diet of neighbor-

hood residents. Moreover, more healthful products in 

stores are associated with increased consumption of 

more healthful foods by individuals living near to the 

stores. hose who live and shop in wealthier neighbor-

hoods tend to be less obese than those who shop in 

more limited-resource areas. 

Many limited-resource populations reside in urban 

centers. Urban dwellers tend to pay more for food in 

their local community compared to suburban resi-

dents, who buy the same goods at larger supermar-

kets for a lower cost. Due to the higher food prices 

and limited resources, inner-city residents may seek 

less expensive food outside of their neighborhoods. 

Unfortunately, these groups can experience greater 

diiculties obtaining access to large (and distant) 

shopping facilities because they may lack private 

transportation or live in areas where public transpor-

tation is inadequate or nonexistent. 

ACCESS TO RECREATION FACILITIES

Obesity is a result of not only consuming excess calo-

ries, but also of expending too few calories through 

activity. SES is related to obesity and physical activity. 

Limited-resource populations tend to be less physi-

cally active and more obese than their more advan-

taged counterparts. Commonly, lower SES popula-

tions have reduced access to recreational facilities. 

Reduced access to recreational facilities is frequently 

associated with decreased physical activity and in-

creased probability of obesity. Other factors that in-

luence a community’s engagement in physical activ-

ity include afordability, quality and accessibility of 

facilities, crime, safety, social cohesion of the neigh-

borhood, street connectivity, sidewalks, and number 

of recreation areas. 

SEE ALSO: Access to Nutritious Foods; Food Insecurity 

and Obesity; Income Level.
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Obesity and Sports

PHYSICAL ACTIVITY DECREASES in direct relation-

ship to the degree of obesity. Obesity has been deined 

as being 20 percent or more overweight, using the con-

cept of relative weight. Obesity in younger individuals 
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is generally characterized by elevated levels of fat mass 

and fat-free mass, whereas obesity in the older adults 

is relective of high levels of body fat, but low quan-

tiles of fat-free mass. here is positive energy imbal-

ance between energy intake and energy expenditure in 

obese individuals and the most variable component of 

the daily energy expenditure is the physical activity. 

Although the etiology is multifactorial, it is readily 

accepted that low levels of physical activity are one of 

the leading risk factors for the development of obesity 

and its attendant comorbidities. Many obese individu-

als are sedentary, have little training or skills in physi-

cal activity, and are diicult to motivate toward incre-

asing their activity. Young children who have a family 

history of obesity and also have low levels of physical 

activity are at increased risk for development of child-

hood obesity he loss of fat-free mass and gain in body 

fatness—preferentially stored in central regions of the 

body—in the adults are at least partially attributable 

to physical inactivity. he decline in physical activity 

may accelerate the accumulation of central body fat in 

women during the menopause transition. 

Exercise and sports can be described as a subcate-

gory of physical activity deined as any voluntary mo-

vement produced by the skeletal muscles that results in 

increased energy expenditure. Although the line betwe-

en sports and exercise is certainly not clear, exercise is 

planned, structured, and repetitive movements and 

sport is a physical activity or skill carried out by a set of 

rules and engaged in recreatively or competitively. 

Physical activity, regardless of what kind, expends 

energy. he average sedentary person usually expends 

only 300–800 calories a day in physical activity, most 

of this from informal, unplanned types of movement. 

On the other hand, athletes usually match their res-

ting metabolic rate energy expenditure through hard, 

intense exercise. Increased levels of physical activity 

are associated with decreased risks for obesity. ho-

se engaging in vigorous exercise that causes heavythat causes heavy 

sweating or large increases in breathing or heart rate, 

one to three hours a week, or walking for more than 

four hours a week, are better able to ward of weight 

gain than their more sedentary counterparts.  

 Physical activity can reduce the risk for obesity 

for several reasons. First, it can vary widely from 

person to person, and thus when it is increased or 

decreased, it can have large inluences on total ener-

gy expenditure, and consequently, energy balance.  

Second, physical activity can increase the amount of 

fat free mass FFM (or lean muscle mass) that one has. 

FFM is the primary determinant of resting metabo-

lic rate, and has long-term consequences for energy 

balance. hird, exercise training can inluence subs-

trate (nutrient) utilization, thereby playing a role in 

how ingested nutrients are partitioned into fat and 

FFM. Finally, there is some suggestion that exercise 

can increase endorphins and mood, and reduce fe-

elings of hunger in the short term, so an increase in 

exercise might lead to reduced energy intake. 

In recent studies it is reported that the risk of obe-

sity determined by body mass index in certain sports 

such as football and wrestling is higher, whereas those 

sports such as tennis, volleyball, baseball, and softball 

have no signiicant association with overweight. he 

sports require knocking opponents down, encoura-

ge the youth to maintain a large body mass index as 

a playing advantage. Additionally, the risk of being 
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overweight is lowest among males who play two or 

more sports. A high body mass index in those studies 

may represent a high muscle mass rather than fat. 

he determination of the optimal exercise dose for 

preventing and treatment of obesity is of primary im-

portance. How much, what modality, or what intensity 

of exercise is most eicacious in people with obesity of 

any age? he high intensity of the exercise, and the re-

sulting increases in muscle tissue, may lead to favorab-

le changes in body fat. It is reported that walking and 

high-intensity activity are signiicant negative predic-

tors of weight gain, but group sports and job activity are 

not. Aerobic exercise signiicantly accelerates weight 

loss when combined with a reducing diet; however, the 

extra weight lost is small when compared to that caused 

by the diet. Rather, aerobic exercise improves cardiores-

piratory endurance, blood lipid proile, psychological 

state, and decreases risk of obesity-related diseases. 

Physical activity should be an integral part of we-

ight-loss therapy and weight maintenance. Initially, 

moderate level of physical activity that causes only lightthat causes only light 

sweating or slight-to-moderate increases in breathing 

or heart rate for 30–45 minutes, three to ive days per 

week, should be encouraged. Physical activities invol-Physical activities invol-

ving vigorous intensity is generally not recommended 

for severely obese people because of existing comorbid 

conditions. Initial activities may be increasing small 

tasks of daily living such as taking the stairs or brisk 

walking or swimming or cycling at a slow pace. 

With time, depending on the progress, the amount 

of weight lost, and functional capacity, the person may 

engage in more strenous activities. he person can 

start by walking 10 minutes, three days a week, and 

can build to 30–45 minutes of more intense walking 

at least three days a week and increase to most days. A 

regimen of daily walking is an attractive form of phy-

sical activity. Reducing sedentary time is also another 

approach to increasing activity. Strength training may 

increase fat oxidation and therefore be helpful in mi-

nimizing the increase in adiposity in the older obese 

adults because fat oxidation is principally determined 

by fat-free mass which decreases in older ages. 

A primary goal of obesity treatment is to create a ne-

gative energy balance. Obese individuals are often not 

able to expend a signiicant number of calories in a gi-

ven exercise session, particularly at the beginning of the 

program, because their level of itness and excess we-

ight limit both duration and intensity of activity. Howe-

ver, because obese individuals weigh more than lean in-

dividuals, and consequently have more muscle mass as 

well, there metabolic rate will naturally be higher. his 

essentially means that if an obese individual walks for 

30 minutes at moderate intensity, they will expend more 

calories than if a lean person were to walk for 30 minu-

tes. hus, a small amount of movement, compared to a 

completely sedentary life, can make a large diference in 

overall energy balance if it is carried out long-term.

Heat intolerance, diiculty breathing, movement 

restriction, musculoskeletal pain and injury, local 

muscular weakness, and balance anxiety are exercise 

precautions for the obese, and their importance inc-

reases with the increasing degree of obesity. 

Long-term maintenance of weight loss is a primary 

goal in the treatment of obesity. hefore, education, de-

veloping good rapport, reviewing the expected course 

and outcomes, individual-provider alliance building, 

and group activities are very efective strategies for pro-

moting adherence and addressing important psychoso-

cial barriers to exercise for obese people. 

SEE ALSO: Exercise; Obesity; Physical Activity.
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Obesity and the Brain

OBESITY, OR EXCESSIVE body fat, is the result of 

a chronic surplus in energy intake in relation to the 

body’s energy requirements. his thermodynamic 

deinition of obesity implies that obesity occurs when 
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eating behavior is not homeostatically regulated. he 

control of eating behavior, as with any other behavior, 

is complex and involves multimodal communication 

between various organs of the body and the central 

nervous system (CNS). his communication is medi-

ated by neural and blood-borne signals. 

More than a century ago, the role of the hypothala-

mus as the brain region fundamentally involved in the 

pathogenesis of obesity was suggested by two case re-

ports on obesity associated with lesions of the hypo-

thalamus. Over time, brain lesioning and stimulation 

studies pointed to the ventromedial hypothalamus as 

the “satiety center” and to the lateral hypothalamic 

area as the “hunger center.” However, only with the 

discovery of leptin in 1994, the essence of the central 

control of eating behavior began to be understood. 

Leptin is mainly secreted by adipocytes and cir-

culates in the body in proportion to body fat. It is 

the primary homeostatic signal for the CNS, inform-

ing the brain on the amount of energy stored in the 

body as fat. In fact, leptin modulates neuronal activ-

ity in several regions of the CNS, primarily in the 

hypothalamus, which integrate responses to meal 

consumption, by enhancing the sensitivity to blood-

borne and neurally mediated satiety signals, includ-

ing cholecystokinin (CCK), glucagon-like peptide-1 

(GLP-1), and peptide YY
3-36 

(PYY
3-36

). Within the 

CNS, leptin modulates the tone of peptidergic path-

ways by inhibiting orexigenic transmitters, including 

the neuropeptide Y (NPY) and agouti-related pep-

tide (AgRP) and stimulating anorexigenic transmit-

ters, including the proopiomelanocortin (POMC). 

In this way, the negative feedback of excessive food 

consumption is exerted. 

For example, when an individual is in negative ener-

gy balance, the bioavailability of leptin decreases with 

the consequence of a reduced activation of POMC 

neurons and a reduced inhibition (= activation) of 

AgRP and NPY neurons in the arcuate nucleus (which 

is part of the ventromedial region) of the hypothala-

mus. In turn, POMC and AgRP/NPY neurons project 

to other hypothalamic regions, including the lateral 

hypothalamus where melanin-concentrating hor-

mone (MCH) neurons, among others, are represent-

ed. MCH is thought to be an orexigenic signal, based 

on the phenotype of mice lacking or overexpressing 

MCH and the observation that food intake reduction 

and leptin deiciency stimulate its expression. 

he above few examples of the peptidergic path-

ways involved in the control of energy intake and 

body weight in the hypothalamus of rodents are 

only intended to ofer a perspective on how the 

classic topographic distinction of hunger and sati-

ety regions of the hypothalamus has been revised 

in light of molecular scale information accrued in 

the last decades with animal models of obesity. he 

translation of these models to the understanding of 

human obesity and potential therapeutic applica-

tions is one of the challenges that clinical research 

currently faces. 

It is known that in some monogenic forms of human 

obesity the absence or functional inability of anorexi-

genic signals are associated with extreme phenotypes 

of obesity. his conirms that learnings from animal 

models can be translated to humans and ofered the 

possibility of very successful therapies. he example 

of leptin is enlightening. In a few human cases with 

severe hyperphagia and massive obesity, the absence 

of leptin has been documented and the phenotype of 

leptin-deicient individuals reversed by leptin replace-

ment therapy. In these extreme cases, leptin shows its 

maximum eicacy as an anorexigenic signal. 

Common forms of obesity, however, are character-

ized by high plasma concentrations of leptin, consistent 

with excess body fat. In these cases, leptin seems to be 

inefective as an anorexigenic signal and the control of 

body weight seems to escape the principles of a nega-

tive feedback circuit. As a corollary to this, leptin resis-

tance is now accepted as a phenotypic trait of common 

forms of obesity. he molecular mechanisms of leptin 

resistance are unclear, but candidate hypotheses in-

clude a defect in leptin transport across the blood brain 

barrier as well as the impairment of leptin-dependent 

signaling pathways. Put in terms of a concentration-

eicacy relationship, the anorexigenic efect of leptin 

is maximal at low concentrations, as characteristic of 

leptin deiciency or starvation. It reaches a plateau (i.e., 

anorexigenic insensitivity) at the high concentrations 

characteristic of the obesity state, although across a 

wide span of interindividual variability. 

Besides the homeostatic level of control of eating 

behavior, hedonic aspects of food consumption are 

regarded as primary determinants of overeating and 

consequently overweight and obesity. It is a common 

observation that the expectation and/or experience of 

pleasure and reward derived from food ingestion are 
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potent drivers of the search for food, the approach to 

it and the consumption of it. his is regarded today as 

the main motivational trigger of the world wide pan-

demics of obesity—the hedonic salience of food con-

sumption often overrides its homeostatic value either 

as the initiating or the terminating factor of a meal. 

he sensory experience of food consumption is the 

irst contributor to the hedonic appreciation of food 

and usually involves sight, olfaction, taste, and tac-

tile stimulation of the mouth. Sensory information is 

received by the brain in primary, secondary, and ter-

tiary processing regions which integrate multimodal 

sensory signals and ofer the combined sensory ap-

preciation of food. Remarkably, several of these brain 

regions are also involved in processing the reward 

value of sensory and cognitive experiences, including 

the insula, anterior cingulate cortex, anteromedial 

temporal lobe-amygdala, and orbitofrontal cortex. 

All these regions receive dopaminergic aferent i-

bers, consistent with the experimental evidence that 

indicates that dopamine is the main neuromediator 

of reward. However, it is still unclear whether dopa-

mine is only involved in the anticipation of reward 

and motivation to eat (“wanting”) or if it is also in-

volved in the receipt of reward and the pleasure de-

rived from the consumption of food (“liking”). he 

latter function has been repeatedly linked to opioid 

neurotransmission in animals, but a recent positron 

emission tomography study in humans reported do-

pamine release after consumption of a favorite meal 

in proportion to the self-reported pleasantness of the 

meal. Besides evidence linking dopamine release to 

dynamic contexts of motivation to eat as reported in 

response to the sensory experience of food or to the 

pleasure of an actual meal consumption, dopamine 

has also been related to overeating and obesity by a 

study, which reported a reduced dopamine type 2 re-

ceptor (DRD2) binding in obese compared to normal-

weight individuals in resting conditions. 

Functional neuroimaging has also shed some pre-

liminary light on the regional cerebral diferences be-

tween obese and normal weight individuals in response 

to the termination of a meal as compared to fasting. A 

wide array of limbic and paralimbic regions, including 

the orbitofrontal and insular cortices, anterior cingu-

late, hippocampus, and hypothalamic region reduce 

their neural activity after eating more in obese than in 

normal-weight individuals, whereas prefrontal areas 

increase their neural activity after eating more in obese 

than in normal-weight individuals. 

Consistent with these indings, a model has been 

proposed where the prefrontal cortex signals satiation 

by sending inhibitory inputs to the limbic/paralimbic 

areas, thus suppressing hunger. It has been speculated 

that in obese individuals, this top-down control exer-

cised by the prefrontal cortex over hyperactive orexi-

genic areas might require more neural activation to 

stop meal consumption. Cross-sectional comparisons 

among obese, normal weight and formerly obese indi-

viduals (“postobese”) have also ofered a preliminary 

insight on the existence of brain regions that might 

play a role in the predisposition to obesity. In fact, 

subregions of the insular cortex and hippocampus, 

which have also been involved in anticipation and re-

ward (insula), learning/memory (hippocampus), and 

food craving (both), have been reported in postobese 

individuals to exhibit obese-like changes of neural ac-

tivity in response to the sensory perception of food 

and consumption of a meal, respectively. 

Far from ofering a conclusive understanding of 

which neural abnormalities are associated with over-

eating and obesity, functional neuroimaging has 

played an instrumental role in documenting that sev-

eral distinct regions of the brain, including cortical 

and subcortical areas, are involved in eating behavior 

and harbor possible neurobiological aberrations un-

derlying weight gain and obesity. his is consistent 

with the notion that eating behavior is an idiosyncrat-

ic combination of decisions and actions which do not 

address only the homeostatic need to eat but also and 

mostly the hedonic and cognitive value of eating. 

herefore, not just the hypothalamus and brain-

stem, but also brain regions involved in processing 

reward and cognition are now gaining momentum in 

clinical research on the pathophysiology of obesity. 

It is not by chance that the most promising centrally 

acting antiobesity drugs act on neurotransmitter 

systems and receptors which are widely distributed 

across many diferent regions of the brain and are 

primarily involved in mood regulation, stress, emo-

tional and reward processes, including the sero-

toninergic, dopaminergic, opioidergic, and cannabi-

noidergic systems.  

SEE ALSO: Amphetamine; Anxiety; Appetite Signals; Can-

nabinoid System; Central Nervous System; Cholecysto-
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kinin; CNS/Hypothalamic Energy Sensing; Depression; 

Dopamine; Drug Targets that Decrease Food Intake/Ap-

petite; Fenluramine; Flavor: Taste and Smell; Food Re-

ward; Ghrelin; Gustatory System; Humoral Factors and 

Satiety; Liking vs. Wanting; Hypothalamus; Melanocor-

tins; Monogenic Efects that Result in Obesity; Mood and 

Food; NPY (Neuropeptide Y); Nutrient Reward; Opioids; 

POMC Proopiomelanocortin.
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Obesity and the Immune System

OBESITY, THE STATE of having excess body fat rela-

tive to lean body mass, alters the immune system of 

the individual who sufers from this condition. Obe-

sity leads to the chronic active stimulation of the im-

mune system from within the adipose or fat tissue, in 

the lymphoid tissue (where adipose tissue and lymph 

nodes sit in proximity to one another), and through 

distant messaging systems. Adipocytes (fat cells) and 

the immune system are in frequent communication 

with each other, leading to inlammation and modu-

lation of signaling that has ultimately been implicated 

in the pathogenesis of diseases related to obesity. 

An efective immune response to injury is critical 

to species survival. Typically, this response is swift and 

strong, dealing quickly with insults. However, with 

obesity, the hypothesized insult is stress on the organ-

ism from excess fatty acid accumulation and chronic 

oxygen insuiciency as the expanding fat mass out-

strips its blood vessels (by which the tissue gets oxygen 

and nutrients). he result of this chronic inlammatory 

state is diseases such as heart disease, diabetes, asthma, 

high blood pressure, and osteoarthritis.

he immune system is an intricate network of cells 

that communicate through cell-to-cell and protein-

to-cell messaging systems that afect clearance of in-

sults to an organism. Classically, injury such as a cut 

leads to recruitment of ighter cells and repair mecha-

nisms whose calling cards are protein messengers sent 

out by the injured cells like SOS signals. Researchers 

looking at adipose tissue (an organ unto itself ) have 

found that adipose or fat tissue is sending out the very 

same calling cards, eliciting the help of the immune 

system. Unlike in the case of a cut, however, the fat 

mass often continues to grow and therefore continues 

to send out these signals, resulting in a chronic stimu-

lation of the immune system. 

Lymph nodes located throughout the body act 

as ilters and sites of concentrated immune activity 

where lymphocytes (white blood cells that are primed 

or already trained to recognize foreign invaders such 

as bacteria and viruses) reside, and respond as the 

organism’s blood stream comes into contact with in-

fectious organisms. Surrounding the lymph nodes are 

layers of fat cells or adipocytes that collectively are 

called adipose tissue. Lymphoid tissue and adipose 

tissue reside together in the bone marrow (the adult 

site of blood cell production), in the apron-like sheet 

of fat covering the abdomen called the omentum, and 

in other concentrated sites such as the axilla (under 

the underarm), groin, popliteal fossa (behind the 

knee), and cervical regions (near the neck). 

here appear to be many functions of this spatial 

relationship, including the provision of energy for the 

lymph tissue in the form of fatty acids from the adipo-

cytes. For example, a foreign invader such as the break-

down product of bacteria (speciically called lipopoly-

saccharide which is the outer membrane of certain 

bacteria) is recognized by the lymph cells in the lymph 

node. hey make cytokines (chemical signals indicating 

they are responding to an insult). he adipocytes inter-

cept these help signals and provide fatty acids as energy 

for the battle. Inlammation (the multiplication of cells 

that respond in a speciic fashion to the insult and the 

further manufacture of cytokines to kindle the ire and 

signal other tissues to send in backup supplies) results. 

In response to mild inlammation, the adipocytes are 

depleted of their fatty acids stores and decrease in size. 
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However, there are signals to produce more fat cells 

and the number of layers of fat cells grows, increasing 

the number of fat cells surrounding the lymph node 

when there is chronic active inlammation. 

he type of fatty acid that accumulates in the fat 

cells alters the immune response, providing one ex-

ample of how nutritional composition in an organism 

modulates the immune system. Dendritic cells process 

the foreign invader and present it to the lymphoid tis-

sue facilitating the activation of an immune response. 

In the example of bacteria—they present the lipopoly-

saccharide which is highly immunogenic (provides a 

high degree of immune stimulation and activation of 

immune cells). he number of dendritic cells increases 

in response to an increase in dietary lipids (sunlower 

oil, trans-fats, saturated fats), and decrease in response 

to ish oil. Interestingly, dendritic cells multiply to a 

greater degree in response to the fatty acids than they 

do to a low dose of lipopolysaccharide. 

he number of dendritic cells also increases when 

the organism develops ongoing chronic active im-

mune stimulation. Because the dendritic cells inter-

act with many other immune cells including lympho-

cytes, their activation has the potential of modulating 

the immune response in as-yet unappreciated ways. 

While the extent of dietary nutrient composition’s 

impact on the immune system has not been fully elu-

cidated, the response of dendritic cells to dietary lipid 

content is one example of how the metabolic and im-

mune systems impact one another.

Infectious agents themselves have previously been 

implicated in the development of obesity due to the el-

evation of inlammatory markers seen in virally infected 

organisms and in obese subjects. Certainly, as noted 

above, active inlammation can cause the replication 

and increase in number of adipocytes. However, viruses 

can also stimulate excess leptin production which is a 

proinlammatory hormone that causes an increased 

production of inlammatory cytokines and chemokines 

(small cytokines that send messages to nearby cells). 

However, there is another recently discovered cross-

roads which could connect an infectious pathogen, ex-

cess lipid intake and or obesity, and the induction of 

an inlammatory response—the toll-like receptor. his 

receptor can recognize a variety of stimuli, including 

pathogens, certain lipids, and has even been implicated 

in autoimmune phenomenon (when an individual’s im-

mune system reacts against itself as if it were foreign). 

hese primitive cell receptors trigger the immune sys-

tem and provide key evidence for the intersection of 

metabolic and pathogenic pathways leading to the pro-

liferation of common inlammatory molecules.

Adipocytes make a number of proinlammatory 

molecules including leptin (a hormone), tumor necro-

sis factor alpha, and interleukin-6 (cytokine) that are 

seen systemically in states of inlammation and injury. 

In addition, as the fat tissue increases, macrophages 

(cells that recruit more immune cells, plus engulf and 

digest cell debris, defending the organism as part of the 

immune system) iniltrate proportionately, and manu-

facture even more immune-stimulating signals. 

Looking at just one of the cytokines produced, inter-

leukin-6 (IL-6) provides some insight as to why its secre-

tion in response to nutrient over intake was considered 

novel. Along with tumor necrosis factor alpha (TNF-

alpha), its discovery led to looking at the implications 

of nutrient excess in stimulating the immune system 

and leading to a chronically active inlammatory state. 

IL-6 is classically made by T lymphocytes and macro-

phages in response to tissue damage, but also in the 

host response to foreign invaders such as a bacterium 

called Streptococcus pneumonia. It mediates fever and 

the acute phase response (in which proteins are made 

in response to inlammation). It supports increasing 

metabolism to generate energy to ight threats to the 

organism and, in so doing, increases body temperature, 

often leading to fever. While further investigating the 

origin of IL-6, researchers found that approximately 30 

percent of the body’s IL-6 is, in fact, made by the fat tis-

sue. Clearly, the adipose tissue is a highly metabolically 

active tissue that interacts with the immune system.

he full extent to which obesity stimulates and 

modulates the immune system has yet to be fully elu-

cidated. What we know is more than can be expound-

ed above, but clearly the adipose or fat tissue and the 

immune system are interrelated, proliferate a similar 

set of inlammatory chemicals leading to a chronic 

inlammatory state in the setting of excess lipids and 

nutrition and are modulated by what we eat. here is 

much left to be investigated, but undoubtedly, the two 

systems have considerable interconnectedness.

SEE ALSO: Adipocytes; Obesity and Inlammation.
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Obesity and the Media

MEDIA IS A broad term that refers to forms of pub-

lic communication designed to provide information 

to large groups of people. Common forms of media 

include newspapers, magazines, billboards, art, radio, 

television, and the internet. 

he media not only conveys information relec-

tive of cultural ideals, values, and current events, but 

it also dramatically inluences public opinion and 

cultural norms. With regard to weight, mainstream 

media in Western cultures broadcasts pejorative 

messages about fat and obesity and laudatory mes-

sages about itness, thinness, and muscularity. he 

purposes of this entry are (1) to review sociocultural 

messages conveyed by mainstream Western media 

about weight, and (2) to explore the inluence of ex-

posure to these messages on attitudes about fatness 

and obesity, psychological health, and eating behav-

ior in media consumers.

MESSAGES ABOUT WEIGHT AND 

APPEARANCE IN WESTERN MEDIA

Mainstream Western media presents powerful infor-

mation about weight and cultural ideals of appear-

ance to the public at large. Western media refers to 

media originating from or relective of the major-

ity cultures of the United States, Canada, Australia, 

and Western Europe. A quick inspection of a fash-

ion magazine, series of commercials, or billboard 

advertisement from Western media makes obvious 

dominant cultural attitudes about weight and ideals 

of appearance. With almost no exception, the ideal 

female is depicted with lawless skin, lowing hair, a 

thin waist, light-colored eyes, and long legs and the 

ideal man is muscular, it, tall, and lean with broad 

shoulders and a well-developed chest. 

Presentations of the ideal weight and appearance of 

men and women are omnipresent in Western media 

and have become increasingly extreme over the last 

few decades. For women, media representations have 

become exceedingly thin. Whereas Marilyn Monroe’s 

voluptuous igure represented the classic ideal of 

beauty 50 years ago, emaciated, underweight mod-

els now dominate fashion media. Playboy and Miss 

America Pageant contestants are almost all under-

weight, with about 25 percent meeting weight criteria 

for anorexia nervosa (body mass index [BMI = weight 

(kg)/height (m)2] < 17.5). 

For men, models are increasingly more muscular 

and less fat. In a study of Playgirl centerfolds mod-

els from the 1970s to the 1990s, the average male 

model lost 12 pounds of fat and gained 27 pounds 

of muscle. Research documenting trends in action-

igure toys marketed to boys (e.g., GI Joe) found that 

action igures grew signiicantly larger in size, more 

muscular, and less fat from the 1970s to the 1990s. 

When extrapolated to human size, the bodies of 

male action igures are as unattainable for boys as 

the Barbie doll is for girls. 

here are few media representations of female and 

male models that do not promote and relect the ul-

trathin, ultramuscular ideals. Overweight and obese 

individuals are extremely underrepresented in the 

media, particularly in fashion- and beauty-oriented 

outlets. In prime-time ictional television shows, for 

example, obese women only represent about three 

percent of characters, whereas about 33 percent of 

actors are underweight. his is in stark contrast to 

the current American population, in which almost 

one-third of individuals are obese and two-thirds 

are overweight. 

When overweight individuals are presented in the 

media, they are generally presented with particular 

personality and demographic characteristics. Over-

weight and obese individuals are more likely to be the 

subject of ridicule and comic relief in television pro-

grams. Overweight women are less likely to have a ro-

mantic partner, have strong friendships, or be physi-

cally afectionate in mainstream media. Additionally, 

overweight actors are rarely presented in ways that 

do not draw attention to, mock, or utilize their bodily 

size and appearance in some speciic way.
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ATTITUDES TOWARDS OBESITY AND FATNESS

Media idealization of thin women and muscular men, 

combined with stigmatization of fatness, is believed 

to dramatically inluence people’s views about obe-

sity. he media not only promotes an aesthetic pref-

erence, but it also ascribes morality and social value 

to individuals who meet the ideal. hose who meet 

the physical ideal for their gender are deemed desir-

able and socially valued, whereas the obese are reviled 

and socially rejected. In this way, the media promotes 

negative stereotyping and stigmatization of obese and 

overweight individuals. 

Obesity stigma, deined as the social unaccept-

ability of obesity and fatness, is prevalent to the de-

gree that it has been called the last socially accept-

able form of discrimination in the United States. 

Overweight and obese people are more frequently 

described as lazy, stupid, weak, sloppy, ugly, and less 

desirable as friends than their average- or under-

weight counterparts. hey are more likely to be the 

target of interpersonal and institutional discrimi-

nation. Obese children are often shunned by their 

peers and regular targets of bullies. hese prejudi-

cial and discriminatory attitudes against overweight 

and obese children, adolescents, and adults have 

been demonstrated in diverse community samples 

and among nurses, psychologists, physicians, and 

social workers alike. 

Media messages about the ideal appearance also 

suggest that individuals should obtain and maintain 

a slender, it frame through whatever means are avail-

able and necessary. he media presents the ideal ap-

pearance as one that is readily attainable for anyone 

who works hard enough. Should one decide that one 

would like to attain the thin, muscular ideal, the me-

dia promotes numerous means of weight loss and 

muscle gain. 

Products and services regularly marketed in the 

media include diet aids, exercise programs, drug 

use, special foods, over-the-counter pills, and plastic 

surgery. For example, diet foods, low-fat, and no-fat 

foods combined with weight-loss programs includ-

ing the plethora of diets that emerge each year (e.g., 

South Beach Diet, Zone Diet, Atkins Diet, Weight 

Watchers) are increasingly more popular in the 

United States today. he dieting industry, promoted 

heavily in the media, has become a $50-billion-per-

year business.

EFFECTS OF MEDIA MESSAGES ON  

PSYCHOLOGICAL HEALTH 

Numerous survey, correlational, and experimental re-

search studies have examined the inluence of expo-

sure to Western media messages of appearance on the 

psychological health of media consumers. Although 

undoubtedly a multidirectional, complex relationship 

inluenced by numerous personal and environmental 

factors, the media can be viewed as one of many forms 

of socialization that inluences psychological health and 

individual preferences, beliefs, attitudes, and identities. 

One of the most profound ways that the media 

afects psychological health is by fostering body im-

age disturbance in obese, normal-weight, and un-

derweight individuals alike. heoretically, when 

individuals are exposed to Western media images 

promoting a thin, it ideal, they are likely to engage 

in an upward social comparison whereby they think 

about their physical appearance in comparison to the 

idealized models found in magazines, television, the 

internet, and movies. However, because few (if any) 

individuals view themselves as meeting the extremely 

rigid but highly valued cultural ideal, such compari-

sons often lead them to feel dissatisied with their 

bodies and appearance. In turn, body dissatisfaction, 

deined as a negative subjective evaluation of one’s 

physical appearance, is one of the strongest empiri-

cally supported risk factors for the development of 

disordered eating; it has been found to predict diet-

ing, binge eating, purging, excessive laxative use, and 

cessation of all eating.

Numerous studies document the efects of expo-

sure to idealized images of female models on women’s 

body image. Experimental studies testing acute ex-

posure to idealized media representations of female 

models indicate that viewing thin models increases 

body image disturbance and mood disturbance in 

adult women. Furthermore, women report signii-

cantly more body image disturbance after viewing 

thin models than after viewing average-size women, 

overweight women, or control objects. 

Although much less studied to date, research also 

documents the inluence of the media on body image 

in men. In line with ideals espoused by the media, men 

often strive for muscularity and low body fat. Men of-

ten report feeling undesirable, unattractive, and non-

masculine when they do not believe they have met the 

societal ideal. Emerging research suggests that males 
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may experience body image disturbance at compa-

rable rates to those of women. Given that the goal of 

many media images is to capture one’s attention and, 

through a process of social comparison, instill a de-

sire to purchase a particular product or attain a given 

outcome, the fact that humans compare themselves 

to models within media images is not surprising.

Exposure to Western media messages of appear-

ance can also have an inluence on afect and self-es-

teem. Some individuals report higher levels of stress, 

guilt, shame, sadness, and insecurity after viewing 

idealized media images of models. Increased symp-

toms of anxiety and depression have been reported 

following media exposure. 

Although the media is strongly implicated in per-

petuating body image problems and mood distur-

bance, there are a number of mediating and moder-

ating factors that will inluence the degree to which 

exposure to media information inluences body im-

age. he degree to which an individual engages in so-

cial comparison with models, consumes media mate-

rials (e.g., the number of hours of television watched 

a day, number of magazine subscriptions), and inter-

nalizes the appearance of models as normative, read-

ily attainable, and personally desirable will inluence 

the efects of media exposure on body image and psy-

chological health. For example, internalization is the 

extent to which an individual subscribes to the socio-

cultural ideals and participates in behaviors in pursuit 

of approximating these ideals. he more one is aware 

of mainstream ideals of appearance perpetuated by 

the media and aspires to attain them, the more one is 

likely to be afected by exposure to media messages. 

Multicultural factors, such as gender, race, ethnic-

ity, socioeconomic status, level of acculturation, and 

culture of origin, may also have a dramatic inluence 

the degree to which one is inluenced by media mes-

sages. Attitudes toward obesity and the centrality of 

appearance to one’s self-worth and self-deinition 

appear to vary signiicantly by ethnicity and gender. 

For example, African-American women are generally 

more tolerant toward obesity, idealize a larger physi-

cal ideal, have less rigid standards of physical appear-

ance, and are less likely to ascribe negative stereo-

types to obese individuals than white, Euro-American 

women. In traditional Mexican-American culture, 

larger, curvier women are viewed as more attractive 

and economically stable than thin women. Histori-

cally, appearance is less central to the social value of 

men because of traditional Western gender roles. It is 

critical to consider these multicultural factors when 

examining the role of the media on individuals. 

INFLUENCE OF MEDIA ON EATING BEHAVIOR 

In addition to inluencing people’s attitudes about obe-

sity and psychological health, much research posits that 

mainstream Western media encourages unhealthy eat-

ing behaviors. One way this is evidenced is in the types 

of foods that are commonly advertised in the media. 

Most of the research on the efect of food advertising 

has been conducted with children. For example, more 

than 90 percent of all advertisements aimed at children 

feature candy, fast food, soft drinks, and sugar-illed 

cereal. Fast-food outlets alone spend an estimated $3 

billion a year in television advertisements aimed at 

children. Comparatively, advertisements for healthy 

foods, such as fruits and vegetables, are rare. 

Another way the media inluences eating behavior 

is through the use of media icons, celebrities, and pop-

ular characters to promote certain brands and types 

of foods. For example, fast-food restaurants regularly 

market “kid’s meals” to children that feature speciic 

widely publicized cartoon or movie characters. his 

cross-marketing of food products with well-liked 

characters can lead individuals, particularly children, 

to want to buy and consume the advertised products. 

In fact, individuals may even erroneously believe that 

despite being high-calorie, low-nutrient foods, many 

advertised foods (e.g., fast foods) are healthier than 

home-cooked food because the models advertising 

the products are inevitably it, thin, and attractive. 

A third way the media is thought to inluence eat-

ing behavior is by increasing food intake during me-

dia use. People are more likely to snack during media 

use. Additionally, increased television use has been 

correlated with higher energy intake, particularly for 

foods high in fat, sugar, and salt. Furthermore, when 

individuals who generally exhibit control over their 

eating view diet commercials and other thin-ideal 

promoting media, women are likely to overeat. 

Finally, the media may inluence eating behavior is 

by encouraging a sedentary lifestyle. Although watch-

ing television and an active lifestyle are not mutually 

exclusive, sitting in front of a television for hours a day 

is in and of itself is a sedentary activity that decreases 

energy expenditure and increases high density food 
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intake. Furthermore, television advertising increases 

preference for food types promoted in the advertise-

ments—typically nonnutritive, high-density foods. 

Sitting and watching television or playing video games 

can lower one’s metabolic rates. 

SUMMARY AND CONCLUSIONS

In recent years, increased attention has been paid 

to sociocultural messages about weight and appear-

ance promoted and perpetuated through mainstream 

Western media. With almost no exception, main-

stream Western media idealizes thin women and 

muscular men. Overweight and obese individuals 

rarely appear in the media and, when they do, they 

are presented in a derogatory manner compared to 

their it, thin counterparts. Should an individual not 

meet the extremely rigid, virtually unattainable West-

ern appearance ideals, the media provides consumers 

with a barrage of diet plans and weight-loss products 

to help them better approximate the ideal. 

Media messages about weight can detrimentally af-

fect social attitudes toward obese individuals, thereby 

fueling obesity stigma. Although some subcultures in 

the United States and abroad do not view obesity in 

a negative light (e.g., African-American culture, vari-

ous native cultures around the world), obesity stigma 

and weight discrimination are growing national and 

international problems. 

For obese and overweight individuals living in 

Western culture, the efects of the media on self-con-

cept, self-worth, and body image may be even more 

detrimental than for normal-weight individuals be-

cause of the overwhelming amount of weight preju-

dice and discrimination. Being overweight or obese 

is not only seen as a failure to be good looking and 

attractive, but is an indication of one’s personality, so-

cial desirability, and cultural value. 

SEE ALSO: Appearance; Disordered Eating; Eating Dis-

orders and Obesity; Fast Food; Obese Children in the 

Media; Obese Women and Social Stigmatization; Weight 

Discrimination. 
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Obesity and Viruses

SINCE 1980, THE prevalence of obesity among chil-

dren and adults continues to increase worldwide. he 

implications for the health of obese or overweight 

individuals are tremendous. Some of the potential 

complications include hypertension, Type 2 diabetes, 

coronary heart disease, stroke, osteoarthritis, gallblad-

der disease, sleep apnea, and cancer (breast, uterine, 

colon). he economic burden caused by obesity and 

its complications is reaching alarming proportions. 

herefore, it is important to evaluate all possible causes 

of such persistent obesity epidemic to ofer efective 

treatments. Although viral causes of obesity remain a 

very controversial idea, the growing number of studies 

suggests a link between a common virus and obesity. 

here are complex regulatory pathways in the hu-

man body that inluence body weight. Certain hor-

mones produced in the body can signal the brain to af-

fect our appetite and energy expenditure. In addition, 

genes and environment are important causes of obe-

sity. Heredity, including a number of inherited genetic 

disorders (such as Prader-Willi syndrome and Bardet-

Biedl syndrome), and gene mutations may contribute 

to rising incidence of obese individuals. However, 

more popular view is that of the environmental fac-

tors being the most important causes of obesity. hese 
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factors include diet, portion size, physical activity, cul-

tural, social, economical, and educational inluences. 

Infectious agents, such as viruses and bacteria, are 

increasingly linked to many common chronic diseas-

es. Bacteria are microscopic organisms (organisms 

that can be seen only through a microscope) that are 

composed from one cell and can cause disease or per-

form an important role as part of the human body 

(help with digestion). Viruses are infectious particles; 

they are not made of cells, but contain a shell with 

their DNA (hereditary information) inside. Viruses 

can reproduce and function only when they invade 

other cells. he treatment for bacterial infections of-

ten includes antibiotics. Vaccines ofer a good protec-

tion against viruses.

Because obesity is such an important risk factor for 

many chronic conditions, studies have originated to 

explore a possibility of an infectious agent being as-

sociated with obesity. In the past two decades, it has 

been observed that certain viruses are associated with 

increased incidence of obesity in animals. hese vi-

ruses were diferent strains of a common virus found 

in humans, called adenovirus. his virus is often as-

sociated with the common cold, lu, meningitis (in-

lammation of the membranes covering the brain), 

and diarrhea in some cases. Interestingly, the link 

between this virus and obesity in animals was discov-

ered around the same time as the prevalence of obe-

sity began to increase (1980).

Specifically, a strain of virus, called adenovi-

rus-36 (Ad-36), has been shown to cause obesity 

in chickens, mice, and nonhuman primates. Re-

searchers found that Ad-36 may increase the num-

ber of fat cells, which makes the animal store more 

fat. Recently, it was also discovered that obese or 

overweight individuals have a higher prevalence 

(20 to 30 percent) of the virus than slim or nor-

mal-weight individuals (11 percent). Infection with 

Ad-36 presents with only mild cold-like symptoms 

that may last one or two days. The presence of the 

virus grants some positive outcomes. It has been 

observed that in animals with Ad-36 virus, the lev-

els of low-density lipoprotein cholesterol (LDL-C) 

(the “bad cholesterol” that accumulates deposit in 

the arteries) were decreased.

A clear causality between Ad-36 and human obesity 

has not yet been established. Many questions remain 

as to how these viruses function and how they may 

cause obesity in some animals/humans but not in oth-

ers. However, if such discovery was to occur, it would 

provide a great potential for developing a vaccine 

against virally induced obesity. In addition, screening 

tests may be developed to determine the presence of 

the virus in general or selected population. 

SEE ALSO: Appetite Control; Bardet-Biedl Syndrome; LDL 

Receptors; Prader-Willi Syndrome; Viral Causes.
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Obesity as a Public Health Crisis

THE UNITED STATES is not alone in the obesity epi-

demic. Worldwide, children and adults are chronical-

ly overweight and obese. he World Health Organi-

zation (WHO) estimates that in 2005, approximately 

1.6 billion adults across the globe were overweight. In 

the WHO estimate, adults were considered to be peo-

ple ages 15 years and above. Over 400 million adults 

worldwide were considered obese that same year. Ev-

ery year, the number escalates. 

In the United States, the Centers for Disease Con-

trol and Prevention (CDC) monitor annual obesity 

rates by state. Within the CDC, the National Center 

for Chronic Disease Prevention & Health Promotion 

maintains a Behavioral Risk Factor Surveillance Sys-

tem (BRFSS), a telephone survey system in operation 

since 1984. he BRFSS collects data on health issues 

such as diabetes and obesity. Obesity is determined 

by a person’s Body Mass Index, or BMI. BMI takes 

into account an adult’s height and weight. It is calcu-
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lated by dividing weight in kilograms by the square of 

the height in meters. For most people, a BMI falling 

in the range of 18 to 25 is healthy. Between about 25 

and 30 is considered overweight; BMI values exceed-

ing 30 are in the obese range. Importantly, BMI values 

are valid for men and women, but are to be calculated 

for adults only. he WHO is currently working on a 

standard BMI scale for infants and children. 

As of 2006, the state with the most obese popula-

tion was Mississippi, with 31.4 percent of its adults in 

the obese range, while the least obese population was 

in Colorado, at 18.2 percent. 

State  Percent Obese

Alabama  30.5

Alaska  26.2

Arizona  22.9

Arkansas  26.9

California  23.3

Colorado  18.2

Connecticut  20.6

Delaware  26.0

Florida  23.1

Georgia   27.1

Hawaii  20.6

Idaho  24.1

Illinois  25.1

Indiana  27.8

Iowa   25.7

Kansas  25.9

Kentucky  28.0

Louisiana  27.1

Maine  23.1

Maryland  24.9

Massachusetts 20.3

Michigan  28.8

Minnesota  24.7

Mississippi  31.4

Missouri  27.2

Montana  21.2

Nebraska  26.9

Nevada  25.0

New Hampshire 22.4

New Jersey  22.6

New Mexico  22.9

New York  22.9

North Carolina 26.6

North Dakota 25.4

Ohio   28.4

Oklahoma  28.8

Oregon  24.8

Pennsylvania  24.0

Puerto Rico  24.7

Rhode Island 21.4

South Carolina 29.4

South Dakota 25.4

Tennessee  28.8

Texas  26.1

Utah   21.9

Vermont  21.2

Virginia  25.1

Virgin Islands 26.1

Washington  24.2

Washington, D.C. 22.5

West Virginia 31.0

Wisconsin  26.6

Wyoming  23.3

 

here are many theories that account for the prev-

alence of overweight status and obesity in the United 

States and abroad. he fact is that an individual is 

overweight because he or she takes in more energy 

than he or she expends. he reasons for this energy 

imbalance are not always clear. Certainly some people 

eat too much and exercise too little. Some people have 

hormonal or other physiological imbalances that pre-

vent their bodies from maintaining a proper weight. 

A popular theory tackles the rising obesity epidemic 

among youths—children growing up do not learn 

healthy eating and lifestyle habits. 

Rising obesity levels have given cause to rising 

health costs, as well as to increased rates of morbid-

ity and mortality. Many diseases are related to over-

weight status and obesity, including diabetes, cardio-

vascular problems such as cardiovascular disease, 

osteoarthritis and other skeletal problems, and even 

certain cancers. hese health problems are directly 

related to obesity and being overweight; many more 

disorders, some doctors believe, could be resolved by 

a person’s maintaining his or her weight.

SEE ALSO: Addictive Behaviors; Appetite Control; Body 

Mass Index; Centers for Disease Control.
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Obesity in Schools

PREVALENCE RATES OF overweight children have 

doubled in the last 20 years. In 1980, 7 percent of 6- 

to 11-year-olds were overweight compared with 18.8 

percent in 2004. In the past 20 years, the prevalence 

rate for adolescents aged 12–19 years has tripled from 

5 percent to 17.1 percent. Approximately 80 percent 

of obese adolescents will become obese adults. Chil-

dren who are overweight by the age 8 are more likely 

to become morbidly obese in adulthood. Roughly 50 

percent of all youth aged 12–21 years are physically 

active, and only 20 percent of adolescents in the Unit-

ed States eat the recommended daily servings of fruits 

and vegetables. hese two factors are major contribu-

tors to the epidemic of obesity in the United States. 

Obesity in childhood and adolescence contributes 

to many serious physical and emotional consequences. 

It is estimated that at least 61 percent of young people 

who are overweight have at least one additional risk 

factor with heart disease, high blood pressure, or high 

cholesterol. Obesity beginning in childhood is linked to 

many other diseases and ailments in adulthood, includ-

ing bone and joint problems, sleep apnea, eating disor-

ders, infertility, asthma, eye disorders, diabetes, certain 

types of cancers, gallbladder disease, and stroke. Many 

obese children sufer from hypertension, gallbladder 

disease, osteoarthritis, and menstrual irregularities in 

their youth. here has been a dramatic increase in pe-

diatric Type 2 diabetes in the general population, with 

much of this increase being almost entirely attributed 

to the rise in childhood obesity. Children with obesity 

are nine times more likely to have persistent high blood 

pressure. High blood pressure in childhood is the stron-

gest predictor of adult high blood pressure, signiicantly 

increasing the risk of adult cardiovascular disease. 

Approximately 30 percent of morbidly obese chil-

dren sufer from sleep apnea, a disorder where breath-

ing during sleep becomes briely interrupted. Sleep 

apnea is associated with depression, and memory, 

learning, and concentration problems. Although rare, 

some obese children are at risk for obesity hypoventi-

lation syndrome. his is a life-threatening syndrome 

in which insuicient amounts of oxygen are breathed 

in while asleep and awake. Less common problems in 

obese individuals include slipped capital epiphyses 

and Blount’s disease. hese medical conditions may 

result in bowed bones, hip and knee pain, and altered 

gait. hirty percent of women diagnosed with poly-

cystic ovary disease, commonly associated with men-

strual diiculties and infertility, are obese.

Being overweight brings about serious emotional 

and psychological consequences. Overweight chil-

dren are much less likely to describe themselves as 

happy or conident. hey are much more likely to de-

scribe themselves as lonely, sad, fearful, and diferent. 

Overweight children are ive times more likely to say 

their self-conidence is poor compared to average-

weight students. Overweight children, regardless of 

the topic, tend to have more worries than average-

weight children, including worries about the future. 

Obesity is linked to a number of psychological dii-

culties. Regardless of age, individuals who are obese 

tend to be at higher risk for depression, eating dis-

orders, distorted body image, low self-esteem, and 

anxiety. Obese adolescents report more sadness, 

loneliness, and anxiety. Childhood obesity is linked to 

oppositional deiant disorder in adolescence.

Many obese children are victims of bullying. Bul-

lying may take the form of teasing, name-calling, 

threats, rejection, sexual harassment, and physical 

harm. Bullying behavior against girls may be more 

covert, through manipulation or control. hreats to 

withdraw friendships or rumor-spreading are com-

mon. Girls display bullying behavior through aggres-

sion in relationships compared to boys. As they reach 

adolescence, these obese children can become the 

perpetrators because of their size. Being victimized in 

the bullying process brings with it additional psycho-

logical and emotional consequences. 

At an age where reliance on peers for social support, 

self-esteem, and identity is high, social development 

may be hindered. Both children and adults character-

ize obese children as having problems at school. For 

younger obese children, they are more likely to be the 

victims of bullying for their appearance. Older obese 
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boys tend to bully because of their size and physical 

dominance within their peer group. Being overweight 

and obese has a negative efect on high school perfor-

mance and college entrance. 

In 1995, annual healthcare costs related to obesity 

were about $52 billion. Today, approximately 300,000 

people die prematurely from obesity and healthcare 

costs have dramatically increased to over $100 billion 

annually for treatment of obesity-related diseases. 

Including lost wages, this number reaches over $117 

billion. In the last 20 years, the costs of obesity-re-

lated illnesses in children have risen from $35 million 

to $127 million. hese numbers relect a 228 percent 

increase in gallbladder disease and a 436 percent in-

crease in sleep apnea related to childhood obesity. It 

is apparent that prevention of obesity needs to begin 

at an earlier age. Because children spend one-third 

of their waking lives in school, school-based obesity 

prevention programs can do well implemented in 

this setting. In the school environment, children are 

a captive audience. Children are receptive to school-

based interventions and research demonstrates that 

these types of programs receive positive responses 

from students as long as the information is provided 

in a supportive manner and geared toward meeting 

the concerns of the obese child.

Successful school-based interventions targeting 

obesity have several common elements. Key to any 

program is the focus on promoting healthy weight 

rather than targeting a speciic weight-loss goal or fo-

cusing on weight loss. Successful interventions focus 

on healthy eating habits and healthy lifestyle choices 

such as increasing physical activity. Successful pro-

grams utilize a combination approach to combat obe-

sity that includes behavior management, nutrition 

education, physical activity, and family involvement.

he behavioral component focuses on the immedi-

ate surroundings of the obese child. his includes the 

physical and social environment as well as the child’s 

own thoughts and behaviors. he purpose of this be-

havioral approach is to learn healthy behaviors that 

can replace unhealthy ones and can be continued into 

adulthood. Speciic behavioral techniques utilized 

include self-monitoring, which helps the obese child 

monitor his or her eating and exercise habits; operant 

conditioning, in which goals can be reinforced; stimu-

lus control, or changing the antecedents to eating and 

sedentary behaviors (e.g., parking the car farther away 

so that the family has to walk more); and eating man-

agement, instituting strategies during meals to reduce 

intake (e.g., putting smaller portions on the plate).

Nutrition education is vital for obese children. Daily 

caloric intake, nutritional values in foods, and the food 

pyramid are basic information that obese children 

need to understand to assist them in making healthy 

food choices. Interventions that focus on providing 

this basic information and teaching children how to 

prepare healthy snacks and meals can reinforce that 

healthy eating can taste good, be fun to make, and can 

get the entire family involved in meal planning.

Common school-based interventions for increas-

ing physical activity typically focus on increasing 

time in physical education classes. his does not 

promote lifelong changes in physical activity. Addi-

tional behavioral interventions are needed to intro-

duce activities that children ind enjoyable and will 

continue participation in as adults. Interventions 

that introduce obese children to a variety of physi-

cal activities are important. Because of their excess 

weight, obese children do not have the capacity to 

engage in strenuous exercise; therefore, caution and 

close monitoring is advised when engaging obese 

children in any physical activity.

Parent involvement is the most crucial element 

to any successful obesity intervention with children. 

Parents can be educated to assist their children with 

implementing new behaviors. Parents can reinforce 

increased activity levels, engage in physical activity 

with their children, plan healthier meals for their en-

tire family, and model good eating habits.

he Centers for Disease Control and Prevention 

(CDC) has published speciic guidelines for school 

polices and procedures that promote physical activ-

ity and healthy eating. his well-thought-out strategy 

for promoting good health in the school enlists the 

support of parents and the community. Ten key strat-

egies are addressed. 

First, the CDC suggests having a Coordinated 

School Health Program (CSHP) to address physical 

activity and nutrition. CSHP is a systematic approach 

to promoting student health emphasizing the assess-

ment of needs, planning, analysis of redundancies 

and gaps, and evaluation. CSHP integrates the eforts 

of the school community that afect student health: 

health and physical education; health and nutrition 

services; counseling, psychological and social ser-
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vices; healthy school environment; promotion of staf 

health; and involvement of family and community. 

he focus of CSHP is to improve the quality of each 

of the above components and improve collaboration 

among the people working within each component.

Second, the CDC recommends a school health 

coordinator and active school health council (SHC) 

be designated. he school health coordinator is re-

sponsible for coordinating and managing policies, 

programs, and activities related to school health. he 

SHC would represent school staf and administration, 

parents, healthcare and social service professionals, 

and civic and religious community leaders. he SHC 

is responsible for providing guidance to the coordina-

tor on activities to incorporate into the school health 

program and support for the programs initiated by 

the coordinator.

hird, it is recommended that each school’s SHC 

examine his or her health policies and develop a 

plan for improvement. he CDC has developed a 

School Health Index: A Self-Assessment and Planning 

Guide (SHI) which assists schools in identifying both 

strengths and weaknesses in their current health poli-

cies. his instrument contains eight modules that as-

sess the components of the CSHP, and assist schools 

in prioritizing changes, with focus on activities that 

promote nutrition and physical activity.

Fourth, schools are encouraged to strengthen 

their physical education and nutrition policies. It is 

recommended that these policies be distributed to 

the school’s community for additional support. Re-

search shows that not eating breakfast afects chil-

dren’s school performance, and as children get older, 

fewer eat breakfast. In terms of dietary intake, many 

children and adolescents do not eat enough fruits, 

vegetables, and iber. hey tend not to meet the di-

etary guidelines for saturated fat and calcium. Over 

the last 25 years, the consumption of soft drinks has 

doubled for adolescent females and tripled for adoles-

cent males. Although physical activity is crucial in the 

maintenance of normal body weight, participation in 

physical activity steadily declines with age. Fifty-four 

percent of students in high school attend physical ed-

ucation classes. Of this number, 84 percent actually 

exercise or play some sort of sport for 20 minutes or 

longer in their physical education classes.

Fifth, it is suggested that a health promotion pro-

gram be implemented for school staf that focuses on 

improving overall performance, attendance, and mo-

rale. his program can be geared toward giving staf 

the tools to use for becoming role models for students 

in becoming healthy adults.

Sixth, the CDC recommends establishing a high-

standard health education curriculum aimed at im-

proving health behaviors in students. Components of 

this curriculum include teaching students the skills 

needed to adopt new behaviors, examining the barri-

ers that hinder adopting new behaviors, and provid-

ing numerous and varied opportunities to practice 

these new behaviors.

Seventh, a high-standard physical education cur-

riculum is needed in schools. he CDC views physi-

cal education classes like other courses of study that 

are based upon strict national standards that dictate 

what students need to know. he CDC has outlined 

essential elements of this physical education curricu-

lum. hey include knowledge and skills for lifelong 

participation in physical activity; enjoyable activity 

that meets the needs of all students; class time that in-

volves less inactivity; and instruction not only in mo-

tor, itness, and sports skills, but also in self-manage-

ment. It is proposed that elementary students engage 

in 150 minutes of physical education class per week 

and secondary school students engage in 225 minutes 

of physical education class per week.

Eighth, the CDC suggests providing students with 

additional opportunities outside physical educa-

tion classes for physical activities. his may include 

unstructured play during recess at the elementary 

school level, or intramural sports, after-school sport 

clubs (e.g., ski club), and physical activity clubs (e.g., 

a running club at the secondary school level). Teach-

ers now incorporate physical activity into daily lesson 

plans by using movement to teach concepts in many 

academic subjects.

Ninth, in terms of nutrition, the CDC proposes that 

schools have a sound meal program in which food 

service personnel are highly trained and have oppor-

tunities for professional development. In 1996, major 

changes were made in the federal school meal program 

that made school meals more nutritious. Schools can 

continue to make eforts to improve their own pro-

gram by making the eating environment safe and clean 

and providing students with suicient time to eat.

Last, it is recommended that schools provide healthy 

alternatives to junk food and soft drinks outside the 
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school meal program, including vending machines, 

at concession stands, at school parties, fund-raising 

campaigns, after-school programs, and school stores. 

Current federal regulations limit “minimal nutritional 

value” foods and beverages in cafeterias during meal 

times, including soft drinks, gum, and candy. Schools 

make their own regulations as to whether these foods 

and beverages will be allowed on school grounds. 

he U.S. Department of Agriculture, the U.S. De-

partment of Human Services, and the U.S. Depart-

ment of Education have published Making It Hap-

pen: School Nutrition Success Stories. his publication 

outlines six strategies that schools can implement to 

help make a more nutritional environment. hese 

strategies include: making more healthy foods and 

drinks available; inluencing food and drink contracts 

to promote health choices; establishing standards of 

nutrition for the school to be followed; marketing 

healthy choices at school; limiting the amount of time 

students have access to non-meal program foods and 

drinks; and utilizing fund-raising activities to pro-

mote student health.

he CDC program is concise, with numerous sup-

port resources for schools to enlist for assistance. Most 

schools do not have the internal funds or state funding 

to implement such a program as they struggle to meet 

the pressures of standardized testing. Childhood obe-

sity is at epidemic proportion in the United State, and 

prevention at the school is a logical treatment environ-

ment. Funding will need to become a national priority or 

schools will need to learn how to acquire their own out-

side funding to ight their own school’s obesity battles.

SEE ALSO: Obesity and Academic Performance; Physical 

Activity in Children.
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Ob/Ob Mouse

THE OB/OB MOUSE is a genetically mutated mouse 

that is unable to produce the hormone leptin. he 

ob/ob mouse is diferent from the db/db mouse, 

which is able to produce leptin, but has an improper-

ly working leptin receptor. he ob/ob mouse overeats 

and becomes severely obese during the course of its 

lifetime. here is a single gene that is mutated in this 

mouse which prevents the normal synthesis of leptin. 

Leptin is a hormone that is produced by fat cells, and 

it plays a role in eating and energy utilization. Leptin 

was irst discovered in 1994 at Rockefeller University 

as the compound that was responsible for the obe-

sity observed in the ob/ob mouse. he ob/ob mouse 

is one of several diferent animal models that are 

used to study obesity. Other mouse/rat models that 

are used to study obesity include the db/db mouse, 

Zucker rat, Zucker diabetic fatty rat, tubby mouse, 

and the agouti-yellow mouse.

here are many physiological and metabolic de-

fects that are found with the ob/ob mouse. hese in-

clude overeating, obesity, elevated insulin and glucose 

levels, hyperplasia (enlarged growth) of the cells in-

side the pancreas, insulin resistance, Type 2 diabetes 

mellitus, decreased growth hormone levels, impaired 

thyroid hormone levels, decreased body temperature, 

and infertility. he defective ob/ob gene can appear 

on several diferent strains (types) of mice and the 

554 Ob/Ob Mouse



deleterious efects from the lack of leptin vary from 

strain to strain. For example, some strains of mice 

have moderately elevated insulin while other strains 

may have severely elevated insulin.

he ob/ob mouse has been used in numerous re-

search studies to further understand how certain 

diseases develop. For example, the heart disease that 

results from Type 2 diabetes mellitus in the ob/ob 

mouse is very similar to the heart disease that devel-

ops from Type 2 diabetes mellitus in humans. his 

similarity has been useful in understanding the pro-

gression of the heart disease as well as in treatment 

development. Another area the ob/ob mouse has 

been incredibly useful in studying is the regulation of 

how/why people eat. Leptin is produced in fat cells 

and once these fat cells are illed to capacity, leptin 

sends a message to the brain to tell it that the body 

is no longer hungry. Leptin does this through the ac-

tions of some other neuropeptides (proteins in the 

brain). For example, leptin inhibits neuropeptide Y 

and agouti-related protein (which normally tells the 

body that it should eat) and by increasing the levels 

of alpha-melanocyte stimulating hormone (which 

normally tells the body to stop eating). 

Treating ob/ob mice with leptin, improves all of 

the physiological and metabolic problems with which 

they are alicted. For example, female ob/ob mice 

that are treated with leptin will have an increase in 

their follicle stimulating hormone and luteinizing 

hormone and thus have a return of their normal re-

productive function. As long as these female ob/ob 

mice receive leptin, they will be able to get pregnant 

and have ofsprings.

Several of the new treatments for Type 2 diabe-

tes mellitus are the result of research from the ob/ob 

mouse. Incretins are hormones that are produced 

in the body’s digestive system. hey play a role in 

telling a person to stop eating as well as maintain-

ing normal blood sugar and insulin levels. A new 

class of compounds known as incretin mimetics 

is being used as medicine in patients with Type 2 

diabetes mellitus. A recent study found that use of 

incretin mimetics in ob/ob mice greatly alleviated 

some of the complications associated with diabetes. 

hiazolidinediones (TZD) are another class of com-

pounds that are used as diabetic medication. hey 

function by activating peroxisome proliferators acti-

vated receptors (PPAR). Ob/ob mice that are treated 

with TZDs have had improvement in some of their 

diabetes complications. 

While the ob/ob mouse is useful in studying how 

leptin deiciency relates to obesity, the data need to be 

interpreted with caution. Leptin deiciencies are very 

rare in humans. here are an incredibly small num-

ber of patients who are leptin deicient and they ex-

hibit the symptoms described above. his deiciency 

can be identiied early in a person’s life and treatment 

with synthetic leptin will alleviate any complications. 

Paradoxically to what researchers hypothesized, most 

overweight and obese people actually have very high 

levels of leptin. It is now believed that these people 

may be leptin resistant and continue to eat despite 

their body telling them they are full. hus, the db/db 

mouse might be a better mouse model to relate to 

human obesity because of normal leptin synthesis in 

the body despite impaired leptin functioning.

SEE ALSO: Db/Db Mouse; Leptin.
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Obsessive-Compulsive Disorder

OBSESSIVE-COMPULSIVE DISORDER (OCD) is an 

anxiety disorder characterized by intrusive thoughts 

and/or repetitive behavior that interfere with daily 

functioning. he obsessive thoughts and repetitive 
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behaviors in OCD are found in often overweight or 

obese individuals whose obsessive thoughts compel 

them to overeat or binge. Both OCD and obesity may 

be treated by increasing serotonin levels in the brain.

SYMPTOMS

he obsessions experienced in OCD are intrusive, 

negative thoughts that have no basis in reality and 

only serve to create anxiety. he obsessions are out of 

character for the individual even though the individ-

ual recognizes the obsessions as self-generated, com-

ing from his or her own mind. Common obsessions 

include contamination, harming oneself or others, 

the need for symmetry, behaving unacceptably, mak-

ing a mistake, and sexual or religious obsessions. 

To relieve the anxiety caused by the obsessions, the 

individual performs compulsions, or repetitive behav-

iors, also called rituals. Rituals are not useful tasks and 

the preoccupation with performing the rituals inter-

feres with daily life. Rituals can be physical behaviors 

such as washing, hoarding, checking, asking for reas-

surance, arranging, or organizing. A common exam-

ple of a physical ritual is washing the hands until they 

are raw. Rituals can also be mental behaviors such as 

counting, repeating words in the mind, and attempt-

ing to neutralize the obsessive thoughts. A common 

example of a mental ritual is counting the number of 

steps between places. Performing the ritual only tem-

porarily relieves the anxiety caused by the obsession, 

forcing the individual to perform the ritual multiple 

times a day or whenever anxiety from the obsessions 

becomes too much to handle.

CLINICAL DIAGNOSIS

OCD can develop at any time during the life span. In 

children, the symptoms are noticeable around age 6 

or 7. Most cases of OCD develop by the age of 21. 

Women are only slightly more likely to develop OCD 

than men. Many individuals with OCD do not receive 

treatment because of the shame and humiliation of 

admitting they have a problem.

OCD is diagnosed using the following criteria from 

the Diagnostic and Statistical Manual of Mental Dis-

orders, 4th edition (DSM-IV):

• Having either obsessions or compulsions. Obses-

sions are deined as (1) recurrent and persistent 

thoughts that are intrusive and induce anxiety; 

(2) not excessive worries about real-life problems; 

(3) attempts are made to ignore or suppress the 

thoughts; and (4) the thoughts are recognized as 

a product of the person’s own mind. Compulsions 

are deined as (1) repetitive behaviors or mental 

acts that the person feels driven to perform, and 

(2) aimed at reducing anxiety or preventing an 

event even though the thoughts and events are not 

connected in a realistic way.

• Recognizing that the obsessions or compulsions 

are unreasonable.

• Obsessions or compulsions are time consuming or 

interfere with normal functioning.

• If another disorder is present, the obsessions or 

compulsions are not restricted to it (e.g., preoccu-

pation with food when the individual has an eating 

disorder).

• he obsessions or compulsions are not drug 

induced or caused by a medical condition.

CAUSES

he cause of OCD is not known; however, there are 

genetic, biological, and psychological factors linked 

to its development. Genetics may play a role in OCD. 

Prader-Willi syndrome, a genetic disorder involving 

chromosome 15, is characterized by food preoccupa-

tions, rituals, and compulsiveness, with the majority 

of afected individuals sufering from obesity by ado-

lescence or early adulthood. 

There are numerous biological factors linked to 

OCD. The condition may develop after brain dam-

age or trauma, especially if injury occurs to the bas-

al ganglia, which controls movement, or the pre-

frontal cortex, which is involved in planning and 

forming strategies. There have also been reported 

cases of OCD developing after a streptococcal in-

fection such as strep throat. The antibodies that 

attack the strep may also affect brain function in 

some individuals, resulting in OCD. Finally, the 

most accepted biological factor is a lack of sero-

tonin in the brain. 

Serotonin is a neurotransmitter that helps regu-

late mood, eating behavior, sleep, arousal, and pain. 

Serotonin plays a major role in the medical treat-

ment of OCD.

he psychological view of OCD is based on the idea 

that behaviors and thought processes are learned over 

the course of the lifetime. OCD may also develop af-

ter a traumatic experience such as a sexual assault. he 
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unlearning of the negative thoughts and behaviors play 

a major role in the psychological treatment of OCD.

TREATMENT

Two types of therapy are typically employed to treat 

OCD. he irst is drug therapy. Selective serotonin 

reuptake inhibitors (SSRIs) and tricyclic antidepres-

sants are commonly used to increase the amount of 

serotonin in the brain. Other drugs such as antipsy-

chotics and anticonvulsants may be prescribed if the 

individual has an adverse reaction to serotonergic 

drugs. he second therapy employed is cognitive-

behavioral therapy. his therapy uses various tech-

niques to change thought and behavior patterns to 

impact emotions. For example, an individual with a 

hand-washing ritual may be told to touch something 

dirty, such as the loor, and refrain from washing their 

hands. During the process, the individual will retrain 

his or her own thought processes to get rid of the fear 

of contamination. Drug therapy and cognitive-behav-

ioral therapy may be used independently or concur-

rently, with the greatest success seen using a combi-

nation of the therapies.

LINK TO OBESITY

Many overweight and obese individuals experience 

compulsions in the form of overeating and report eat-

ing to reduce anxiety. Although many obese individu-

als are not diagnosed with OCD, the similar thought 

and behavior patterns suggest a link between the two. 

In addition, drugs that act on serotonin may also act 

as appetite suppressants and have been suggested for 

use to treat obesity. 

SEE ALSO: Binge Eating; Cognitive Behavior herapy; Prad-

er-Willi Syndrome; Serotonergic Medication.
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Office of Dietary Supplements

THE OFFICE OF Dietary Supplements (ODS) was cre-

ated in 1994, as authorized by the Dietary Supplement 

Health and Education Act of 1994 (Public Law 103-417). 

It is located within the Oice of Disease Prevention, Of-

ice of the Director, within the National Institutes of 

Health (NIH). he responsibilities of ODS are to explore 

the role of dietary supplements to improve healthcare, 

to promote scientiic research on the beneits of supple-

ments, to coordinate research within NIH regarding 

supplements, to collect and compile the results of scien-

tiic research concerning supplements, and to act as an 

adviser on issues concerning supplements.

ODS provides research funding largely through col-

laboration with NIH Institutes and Centers, because 

the ODS itself does not have granting authority. Pro-

gram areas within ODS include evidence-based re-

views of the eicacy and safety of supplements, dietary 

research on botanicals, training and career develop-

ment for scientists interested in studying supplements, 

development of databases of dietary supplement in-

gredients, development of analytical methods and ref-

erence materials, and creation of educational and in-

formational materials for the general public, including 

the Dietary Supplement Fact Sheets which are avail-

able for download from the ODS Web site. 

ODS has developed several bibliographical tools to 

facilitate dissemination of information about supple-

ments. he Computer Access to Research on Dietary 

Supplements (CARDS) database, available through the 

ODS Web site, contains information about federally 

funded research concerning dietary supplements. he 

International Bibliographic Information on Dietary 

Supplements (IBIDS), also available through the ODS 

Web site, contains bibliographic citations and abstracts 

from published international and scientiic research 

concerning supplements. ODS is currently developing 

a database that will provide the composition of dietary 

supplements, as derived from analytical chemical data; 

this information will be combined with information 

from food composition databases to estimate nutrient 

intakes from foods and dietary supplements. 

ODS has published an Annual Bibliography of Sig-

nificant Advances in Dietary Supplement Research 

each year since 1999 (the most recent available year 

is 2005). hese publications, which are available for 

download from the ODS Web site, include abstracts 
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of 25 scientiic research papers selected as outstand-

ing by a team of internationally recognized scientists, 

and citations of articles which appeared in previous 

annual bibliographies. ODS also maintains a listserv 

and publishes an electronic newsletter, ODS Update, 

which includes information about ODS activities and 

other projects and initiatives related to supplements. 

he goals and initiatives of the ODS for the years 

2004–09 are published in the document Promoting 

Quality Science in Dietary Supplement Research, Ed-

ucation and Communication, available for download 

from the ODS Web site. Goals cited in this document 

include evaluation of the role supplements play in 

disease prevention, fostering research evaluating the 

role of supplements in optimal performance, support-

ing research in the biochemical and cellular efects of 

supplements, promotion of the development of im-

proved methodologies for studying supplements, and 

expanding educational and outreach activities to the 

general public, healthcare providers, and scientists. 

SEE ALSO: Government Agencies; National Institutes of 

Health; Supplements and Obesity. 

BIBLIOGRAPHY. Oice of Dietary Supplements, http://ods.

od.nih.gov (cited February 2007); Oice of Dietary Supple-

ments, “Government releases ive-year strategic plan for 

dietary supplements,” San Fernando Valley Business Jour-

nal (v.9/21, 2004)

Sarah Boslaugh

BJC HealthCare

Office of Minority Health

THE OFFICE OF Minority Health (OMH) was created 

in 1986 by the U.S. Department of Health and Human 

Services (DHHS). he mission of OMH is to develop 

health policies and programs to eliminate health dis-

parities and thus improve the health of racial and eth-

nic minorities. OMH advises the Secretary of DHHS 

and the Oice of Public Health and Science concern-

ing public health activities that afect minorities, in-

cluding American Indians and Alaska Natives, Asian 

Americans, African Americans, Hispanics, and Na-

tive Hawaiians and other Paciic Islanders. 

Several committees and oices within OMH attend 

to speciic tasks focused on improving minority health. 

he Advisory Committee on Mental Health was cre-

ated in 1998 by the Health Professions Education Part-

nerships. It advises DHHS on the development of goals 

and speciic program activities for OMH. he Regional 

Minority Health Consultants work for OMH within 

each of the 10 DHHS regional oices and focus on 

building networks of consumers and professionals who 

are working on minority health issues. 

he OMH Resource Center, established in 1987, 

provides information and referrals on minority health 

issues for professionals, community groups, consum-

ers, and students. he Resource Center also provides 

capacity development services to community-based 

organizations, including assistance in cultural compe-

tency, community outreach, communications, program 

design, and training. he Center for Cultural and Lin-

guistic Competence in Health Care supports research, 

demonstrations and evaluations of innovative models 

to increase understanding of health risks and develop-

ment of successful interventions for minority popula-

tions, and acts as a resource to address cultural and 

linguistic barriers to healthcare delivery and increase 

healthcare access for people with language barriers.

OMH has developed a number of campaigns to pro-

mote health prevention activities and draw attention to 

health disparities. Closing the Health Gap, which began 

in 2002, focused on increasing awareness of health is-

sues among African Americans through a partnership 

with ABC Radio Networks. his campaign focused on 

providing health information to minority groups and 

stimulated interest in community health events includ-

ing free health screenings and workshops. 

Celebra la Vida con Salud (Celebrate a Healthy Life) 

is a program within Closing the Health Gap which helps 

link Latinos to health services and promotes prevention 

activities through a number of activities including placing 

public service announcements and programs focused on 

Latino health on radio programs and organizing a trav-

eling health fair. Take a Loved One for a Checkup Day, 

also part of Closing the Health Gap, has been held on the 

third Tuesday in September since 2002, and encourages 

people to make an appointment for a health screening or 

help a friend or relative do the same. he Know What to 

Do for Life campaign focuses on reducing racial dispari-

ties in infant mortality through education, research coor-

dination, and community risk reduction programs. 
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SEE ALSO: African Americans; Department of Health 

and Human Services; Ethnic Disparities among Obesity 

in Women; Ethnic Disparities in the Prevalence of Child-

hood Obesity; Ethnic Variations in Obesity-Related Health 

Risks; Hispanic Americans.

BIBLIOGRAPHY. homas LaVeist, Minority Populations 

and Health: An Introduction to Health Disparities in the 

U.S. (Jossey-Bass, 2005); Oice of Minority Health, www.

omhrc.gov/ (cited February 2007).

Sarah Boslaugh

BJC HealthCare

Olfactory System 

THE OLFACTORY SYSTEM is in charge of the sense 

of smell, aids in taste, and is involved with memory. 

Olfaction is the sense of smell, which is the detection 

of chemicals dissolved in the air. his body system 

involves the nose, nasal passages, and lining epithe-

lial cells (some 50 million receptor cells in the human 

nose). hese epithelial cells transfer odorant mol-

ecules in the air to the olfactory bulb, and eventually, 

to the brain, where they can be interpreted. he sense 

of smell is closely linked to the gustatory system, or 

sense of taste. In fact, the lavor in foods we consume 

is largely due to the sense of smell (about 95 percent), 

whereas a much smaller part of lavor in foods is con-

veyed by the sense of taste (about 5 percent). Because 

both sense of taste and smell are inextricably linked 

to the enjoyment of foods and beverages, they are 

also related to the development of obesity. Olfaction 

can drive hunger, particularly when one perceives a 

an aroma of a pleasurable food, such as fresh-baked 

cookies, or a meat on a barbeque grill. If either the 

biological systems that control smell or taste are dam-

aged or function improperly, obesity can result.  

he two main functions of the olfactory system are 

to distinguish one odor from another, and to make 

some judgment about the intensity or concentration of 

that odor. In addition to this function, the olfactory sys-

tem also distinguishes “new odorants” that one comes 

across from background odors in the environment. Fi-

nally, an additional function of this system is to make 

connections between odors/aromas and memory, as the 

olfactory system innervates parts of the brain involved 

with this function.Indeed, olfaction and memory are 

linked—to what extent and in what chemical pathways 

are all still being elucidated in academic research. How-

ever, it is known that olfaction allows people to iden-

tify food, potential mates, predators, and provides both 

sensual pleasure, such as the smell of lowers, as well as 

warnings of danger such as spoiled food.

To accomplish all of these tasks, olfaction must irst 

start with an odor. A chemical odorant must possess 

certain molecular properties to provide sensory in-

formation for the brain. he odorant must have water 

solubility, a suiciently high vapor pressure, low polar-

ity, and some ability to dissolve in fat and surface ac-

tivity. hese qualities are needed for the odorant to be 

dissolved in the air and for the olfactory system to de-

tect it. he olfactory sense is able to distinguish among 

a potentially ininite number of chemical compounds. 

he olfactory system involves the limbic system, 

amygdala, and cortex in the central nervous system 

(CNS). he amygdala is a small area in the brain that has 

two almond shaped sides with bundles of neurons locat-

ed deep within the temporal lobes of the brain. Most re-

search has shown that the amygdala processes memory 

and emotional reactions to life events and involve it with 

the limbic system. he limbic system is a set of struc-

tures throughout the brain that generate feelings, emo-

tions, motivations, and help in learning and memory. 

Lesions of the amygdala have long been known to 

produce overeating and obesity in some animals. here 

are possibilities that a sex diference in results can be 
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observed. For example, female rats with amygdala le-

sions may show a greater weight gain compared with 

male rats. However, the site of the lesion does play a 

role in how it afects eating habits. For example, some 

evidence reports that feeding behavioral changes can 

be due to a disruption of olfactory input altogether. 

Further research on the matter may be able to show 

more of a relation to the amygdale and obesity. 

SEE ALSO: Appetite Control; Central Nervous System; Fat 

Taste; Flavor: Taste and Smell.

BIBLIOGRAPHY: Catherine Rouby, Benoist Schaal, and Dan-

iele Dubois, eds., Olfaction, Taste, and Cognition (Cam-

bridge University Press, 2005).
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Opioid Receptor

OPIOID RECEPTORS ARE a group of G protein cou-

pled receptors which are the binding sites of opioids. 

here are three types of opioid receptors: mu (μ), 

kappa (κ), and delta (δ). Opioids act on the brain and 

body by attaching to speciic opioid receptors, which 

are found in the brain, spinal cord, and gastrointesti-

nal tract. When opioids attach to certain opioid re-

ceptors, they can block the perception of pain. Opioid 

receptors are also deined by their blockage with nal-

oxane. Agonists for mu receptors include morphine; 

enkephalin is an endogenous opioid and is selective 

for delta receptors; and dynorphin is another endog-

enous opioid which is selective for kappa receptor. 

Opioid receptors are found in high concentration 

throughout the brain; they are found in presynaptic 

terminals where binding with opioids inhibit release 

of neurotransmitters. Other areas in the brain with 

a high concentration of opioids and opioid receptors 

include periaqueductal gray, nucleus raphe magnus, 

nucleus reticularis, paragiganticellularis, and dorsal 

horn of the spinal cord especially lamina II known 

as substantia gelatinosa. Although the main action 

of opioids on opioid receptors is pain control, many 

other efects have been reported. One such efect is an 

increase in food intake upon stimulation. Morphine is 

associated with an increased food intake particularly 

stimulating fat consumption. Other opioid agonists, 

including mu, delta, and kappa agonists, also increase 

food intake while in the short term, opioid antagonists 

decrease food consumption. Mu receptors appear to 

modulate the eiciency of energy storage during high-

fat diets through the regulation of energy partitioning. 

Mu receptors enhance intake of high fat via their stim-

ulation within the nucleus accumbens in the brain. 

Endogenous opioid peptides are also known to be 

involved in the modulation of feeding behavior. Endog-

enous opioids within the ventral striatum of the brain 

may participate in the mechanisms controlling prefer-

ences for highly palatable foods, especially those rich 

in fat. Opioid antagonists decrease the intake of foods, 

especially those rich in sugar and fat, without afect-

ing hunger and satiety. It is thus suggested that the use 

of antagonists may result in a decrease in diet-induced 

obesity. Studies performed in rats suggest antagonists 

of the opioid receptors increase metabolic energy con-

sumption, and reduce weight in obese rats while main-

taining muscle mass. hus, the opioid system could 

serve as target for the control of feeding behavior and 

management of obesity. However, the search for an ef-

fective antagonist that has an overall beneit to the pa-

tient and has minimal side efects continues. 

SEE ALSO: Opioids; Palatability.

BIBLIOGRAPHY. P. A. Jarosz, “he Efect of Kappa Opioid 

Receptor Antagonism on Energy Expenditure in the Obese 

Zucker Rat,” Biological Research for Nursing (v.8/4, 2007); 

L. F. Tseng, et al., eds., ”Opioids and Opioid Receptors,” 

Journal of Biomedical Science (October 2000).

John M. Quinn, M.P.H.

University of Illinois at Chicago

Opioids

HUMANS CAN DEVELOP or be trained to like or dislike 

various foods by repeated exposure. he efect of this 

repeated exposure can lead to enhanced liking or even 

craving for a particular food. his is particularly true 

for sweet foods and fatty foods, the typical snack or 

junk foods, and appears to be centered in the nucleus 
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accumbens and ventreal pallidum where opioids ap-

pear to increase the liking or craving mechanism. It 

is also likely that interconnection with other brain re-

gions enhances this efect. he hypothalamus regulates 

short-term and long-term dietary intake by the synthe-

sis of neuropeptides that have an orexigenic, increased 

eating efect, or anorectic, decreased eating efect. 

When food is consumed, peripheral neuropeptides 

such as cholecystokinin, ghrelin, peptide YY, amylin, 

and bombesin provide feedback to the central nervous 

system to control gastrointestinal motility, enzyme 

secretion, and nutrient absorption in the short term, 

while leptin and insulin regulate nutrient absorption 

and storage in the long term. his complicated mech-

anism may help in the selection of foods, for example, 

sweet or fatty foods to satisfy one’s opioid receptors.

Animal research has found that in obese mice and 

rats that a diaryl ether derivative of nicotinamide, a 

mu-opioid receptor antagonist has an anorectic ef-

fect. his was particularly pronounced in animals with 

deicient mu-opioid receptors. Antagonism of kappa-

opioid receptors in rats led to decreased food intake, 

decreased energy expended, decreased core tempera-

ture, and a slight reduction in body weight, but the 

weight loss was directly related to decreased intake not 

as increased activity or metabolic rate. Rat studies have 

demonstrated that a high-fat diet can induce obesity 

and is associated with increased hypothalamic mu-

opioid receptors. When these rats were infused with 

a mu-opioid agonist, they had higher systolic blood 

pressure and heart rates, a common inding in obesity. 

When they were infused with a mu-opioid antagonist, 

there was no increase in blood pressure or heart rate. 

he same has been shown for kappa-opioid receptors.

Human research suggests that endogenous opioids 

have a role in glucoregulation and the pathogenesis of 

obesity. hese may be linked to the metabolic chang-

es seen in obesity, insulin resistance, and polycystic 

ovary syndrome. Altered opioid levels seen in hyper-

insulinemia and the increased opioid activity in post-

menopausal women combined with increased central 

body fat distribution further suggest a role for opioids 

and selected foods in the obesity epidemic.

SEE ALSO: Opioid Receptor; Palatability.
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in Appetite Regulation and Obesity—A Review,” Neuro-
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Optifast

OPTIFAST IS A proprietary weight-loss program devel-

oped by the Novartis Nutritional Corporation, which is 

a member of the Partnership for Healthy Weight Man-

agement. Optifast is a comprehensive weight-loss and 

weight-maintenance program available only through 

licensed programs ofered through hospitals and medi-

cal clinics in the United States and Canada. he Opti-

fast program uses meal replacement formulas, medical 

monitoring, and lifestyle education from counselors 

and nutritionists to help people lose weight or manage 

their weight. Some Optifast clinics also ofer bariatric 

surgery support, and although the Optifast system was 

developed for adults, some clinics also ofer the Ado-

lescent Weight Loss Education program. 

he Optifast program is primarily intended for 

obese people, meaning those with a body mass in-

dex (BMI) over 30, and for overweight individuals 

with a BMI in the 25–29.9 range who have medical 

problems caused by their excessive weight. Individu-

als beginning the program receive an initial medical 

and lifestyle evaluation and ongoing medical moni-

toring. he dieting aspect of the Optifast system rests 

initially on the use of Optifast meal replacement ma-

terials, with the later reintroduction of normal food. 

For the initial phase of treatment, typically two to 
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four months, patients are assigned low-calorie diets, 

typically 800, 950, or 1,200 calories per day; the irst 

category qualiies as a very-low-calorie diet. Dieters 

in the irst phase consume Optifast liquid formula 

meal replacements and may also consume Optifast 

food bars, but not normal food, and attend a weekly 

group lifestyle modiications class. In the second 

phase of the program, which usually lasts four to 

six weeks, normal foods are reintroduced. he third 

phase of the program, weight maintenance, has no 

prescribed time period.

Novartis describes the use of its liquid formula diet 

as being like a “vacation from food” in which the di-

eter is provided with a nutritionally complete, calori-

cally controlled diet which temporarily relieves them 

of the responsibility to make food choices. During 

this period, the individual is intended to lose weight 

and improve his or her health, both of which are self-

reinforcing, and also to learn new activity and life-

style habits which will be maintained when he or she 

resumes eating normal food. he maintenance diet 

followed by participants when food is reintroduced 

is typical of that recommended by many health ex-

perts, and is based on fruits and vegetables, grains, 

and low-fat protein. 

The educational component of the Optifast 

system includes personal counseling from physi-

cians, dieticians, and counselors, and small group 

presentations and discussions. Modules on many 

educational topics are provided, including stress 

management, shopping, maintaining health while 

traveling, and building support. Participants are 

also expected to increase their activity levels, and 

devising an appropriate exercise plan in conjunc-

tion with medical and behavioral counseling is part 

of the Optifast program.

In 2002, Novartis Nutrition began offering a Bar-

iatric Surgery Support program which is available 

at some Optifast clinics. This program offers the 

Optifast meal replacement and education program 

to people scheduled for bariatric surgery for six to 

eight weeks prior to surgery. A major advantage of 

following this program is that it promotes presur-

gical weight loss, which can improve the patient’s 

health, reduce risk of complications, and promote 

faster healing after surgery. In addition, use of a 

liquid diet before surgery may make it easier to 

adapt to the restricted diet necessary after bariat-

ric surgery, and to identify problems patients may 

encounter in following such a regimen. In addition, 

Novartis produces a number of products designed 

for people who have had bariatric surgery, all sold 

in the Optisource product line; these include a vi-

tamin and mineral supplement, a nutrition bar, and 

a high-protein drink. 

Because Optifast was one of the irst comprehen-

sive, commercial weight-loss programs, it has been 

extensively studied since its inception in 1974. As 

with any diet program, results must be interpreted 

with caution because they typically represent only 

results from people who stuck with the program, 

who were probably more successful than those who 

dropped out. 

Wadden, et al., evaluated 517 Optifast partici-

pants at 18 sites, and found that just over half com-

pleted the 26-week Optifast core program. Men 

who did complete the program lost an average of 70 

pounds and women who completed it lost an aver-

age of 48 pounds. A one-year follow-up study of 118 

patients found that they maintained on average 33 

pounds of their original 54 pound average weight 

loss. A separate study by Wadden and Frey (1997) 

found that three years after completion of the Op-

tifast Core Program, 73.3 percent of men and 55.1 

percent of women maintained at least a ive-percent 

reduction in their initial weight, which is the mini-

mum proposed for a successful weight-loss program 

by the Institute of Medicine. 

SEE ALSO: Body Mass Index; Cost of Medical Obesity 

Treatments; Liquid Diets; Low-Calorie Diets; Very-Low 

Calorie Diets.
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28, 2007); T. A. Wadden, et al., “A Multicenter Evaluation 

of a Proprietary Weight Reduction Program for the Treat-

ment of Marked Obesity,” Archives of Internal Medicine 

(v.152, 1992); T. A. Wadden and D. L. Frey, “A Multicenter 

Evaluation of a Proprietary Program for the Treatment of 

Marked Obesity: A Five Year Follow-Up,” International 

Journal of Eating Disorders (v.22, 1997); Leslie G. Womble, 

et al., “Commercial and Self-Help Weight Loss Programs,” 

Handbook of Obesity Treatment (Guilford, 2002). 

Sarah Boslaugh

BJC HealthCare

562 Optifast



Orlistat (Xenical)

OBESITY POSES A serious threat for health, being a risk 

factor for the development of heart diseases, Type 2 dia-

betes mellitus and associated insulin resistance (meta-

bolic syndrome), dyslipidemia, tumors, and reproduc-

tive function failure. he increasing prevalence of obesity 

and obesity-related disorders makes it a key discussion 

and research topic in several disciplines, including health 

and social sciences as well as in other disciplines such as 

physical education. Treatment of overweight or obese 

patients with drugs may be an important component of 

weight management, along with diet, exercise, and be-

havior modiication, because many are unable to achieve 

a meaningful weight loss with lifestyle measures alone.

Orlistat (Xenical) is a drug used in the manage-

ment of obesity, as an adjunct in weight management. 

It is indicated for obese patients with body mass in-

dex (BMI) of at least 30 and patients with BMI of at 

least 27 in the presence of other risk factors for arte-

riosclerosis such as high blood pressure, diabetes, and 

elevated blood cholesterol or triglycerides. 

Orlistat promotes weight loss by preventing the di-

gestion and absorption of dietary fat. It works by in-

hibiting the gastric and pancreatic enzyme known as 

lipase, which breaks down triglycerides in the intestine. 

Because the inactivated enzymes are unable to hydro-

lyze (split) the dietary fat in the form of triglycerides 

into absorbable free fatty acids and monoglycerides, the 

unabsorbed fat is then excreted as such in the stools.

Orlistat was approved for use in the United States 

by the Food and Drug Administration (FDA) in 1999. 

In most areas, orlistat is available by prescription only. 

Approval of an over-the-counter (OTC) formulation 

to be marketed under the name Alli™ was granted to 

the manufacturer in February 2007. his OTC formu-

lation is now available only at half the dosage of the 

prescription medication.

Orlistat is taken by mouth three times daily, one 

hour after or during a meal containing fat. It is avail-

able in the form of a capsule at a dose of 120 milligrams. 

Doses greater than 120 milligrams, three times daily, 

have not been shown to have any beneicial efect or 

increase the weight loss. If a meal is missed occasion-

ally or consumed without fat, the dose of orlistat can 

be omitted. Orlistat must be used with a nutritionally 

balanced, reduced-calorie diet that contains no more 

than 30 percent calories from fat.

Orlistat appears to be very efective when it comes 

to weight loss. Studies on orlistat have shown that 

individuals receiving orlistat lost signiicantly more 

weight compared to placebo. However, a signiicant 

number of subjects regained the weight after they 

stopped using orlistat. In addition to its well-estab-

lished eicacy in achieving moderate weight loss, 

orlistat has been shown to improve blood sugars in 

obese individuals with Type 2 diabetes mellitus as 

well as some features of metabolic syndrome. Recent 

data have also suggested that orlistat has been shown 

to improve hormonal and metabolic proile in women 

with polycystic ovarian syndrome after six months of 

treatment, independently of BMI changes.

Orlistat is generally well tolerated. Most of the side 

efects seen with orlistat are related to the reduced ab-

sorption of fat from the diet. hese include oily spot-

ting on the underwear, abdominal pain or discomfort, 

latulence, fecal urgency, fatty or oily stools, oily evacu-

ation, and increased defecation and stool incontinence. 

To reduce the occurrence of these side efects, meals 

should contain no more than 30 percent fat. Nongas-

trointestinal side efects include headache, back pain, 

arthritis, upper respiratory infection, menstrual irreg-

ularities, fatigue, and anxiety. Patients with a history of 

calcium oxalate kidney stones may develop increased 

levels of oxalate in their urine, which may increase the 

risk of kidney stones when receiving orlistat. Individu-

als who should not take this drug include those who 

have binge eating disorder, bulimia nervosa, malab-

sorption syndromes and reduced gallbladder function, 

for example, after cholecystectomy, and in individuals 

with certain kidney problems.

Fat-soluble vitamins such as vitamins A, D, E, K, 

and beta-carotene are not absorbed and are eliminat-

ed in the stool in increased amounts along with the 

fat when orlistat is taken. herefore, patients on orli-

stat should take a multivitamin containing fat-soluble 

vitamins at least two hours before or several hours 

after the orlistat to ensure adequate amount of the 

vitamins available for absorption. Besides the dietary 

supplements as mentioned above, orlistat may inter-

act with other drugs such as warfarin, cyclosporine, 

pravastatin, and drugs used to treat diabetes. Patients 

on warfarin therapy who begin orlistat must have their 

blood clotting monitored closely because orlistat may 

cause levels of vitamin K to decline, which plays a role 

in the blood-thinning efect of warfarin.
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Safe use of orlistat during pregnancy has not been 

established and hence it is not recommended during 

pregnancy or when trying to get pregnant. 

CONCLUSIONS

Appropriate management of obesity and prevention 

of obesity-related diseases is of great importance for 

public health. Multiple cardiovascular and metabolic 

risk factors, including Type 2 diabetes mellitus, hy-

pertension, dyslipidemia, and cardiovascular disease 

are increased by excess weight, particularly abdomi-

nal obesity. Orlistat may be a useful adjunct to life-

style measures and has the potential to signiicantly 

contribute to weight reduction and risk factor im-

provement for overweight and obese individuals.

SEE ALSO: Fenluramine; Pharmacological Treatment of 

Childhood Obesity; Rimonabant; Sibutramine (Meridia).
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Osteoarthritis

OSTEOARTHRITIS (OA) IS the most common type of 

arthritis. It can afect any joint in the body, but the 

hips, knees, hands, and spine are frequently involved. 

Among adults over 60 years of age, 17 percent of men 

and 30 percent of women sufer from the debilitat-

ing efects of the disease. It results from degeneration 

of the joint cartilage and changes in the surrounding 

bones, muscles, and soft tissue. Obesity and osteoar-

thritis coexist in a large segment of the population. 

Obesity plays an important role in the etiology and 

progress of osteoarthritis because of the impact on 

weight-bearing joints. Management of obesity signii-

cantly improves symptoms of osteoarthritis and is a 

key element in the treatment plan.

TYPES OF OSTEOARTHRITIS 

Primary osteoarthritis is the result of age-related de-

generation in the joint. his type is seen in the elderly 

and involves multiple joints. What makes the joint 

cartilage susceptible to faster breakdown is the pro-

gressive loss of water content along with changes in 

the protein composition. Secondary OA is seen in 

younger individuals who have previously had a trau-

ma or surgery. his type may afect just one or two 

joints. Younger individuals with congenital or devel-

opmental disorders of the bone or joint can develop 

symptoms of OA before the age of 40.

RISK FACTORS

Several factors predispose to osteoarthritis. Genetic 

factors have been noted to be important in hip osteoar-

thritis and hand joint arthritis in women. Being obese 

or overweight is strongly related to the risk of having 

knee arthritis. Some studies have also linked obesity 

to hip and hand arthritis, although the association is 

not as strong. Having a higher body mass index (BMI 

greater than 25) before the age of 30 increases one’s 

chance of developing arthritis of the knee by age 60. 

In fact, the risk is threefold higher among overweight 

and obese young men and nine times among women 

as compared to their normal weight peers. Other risk 

factors for developing OA are previous joint surgery, 

injury to a joint, diabetes, and excessive strain as a re-

sult of work. 

HOW OBESITY CAUSES OSTEOARTHRITIS 

Even though OA is often thought of as “wear and 

tear” arthritis, there is a complex interaction between 

mechanical and chemical factors within the joint. he 

joint cartilage in overweight individuals is subjected 

to greater mechanical stress and can undergo faster 

breakdown. his is especially true in the weight-bear-

ing joints with a more marked efect on the knees 

than the hips. 

Obese individuals have a higher incidence of OA 

in joints that are nonweight-bearing as well, for ex-

ample, the hands. his has led to theories of chemi-

cal substances playing a role. hese chemicals called 

cytokines are released from the fat cells and can alter 
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the synthesis and breakdown of the proteins that sup-

port the cartilage. High levels of insulin as seen in in-

dividuals with diabetes may also be important in the 

evolution of OA.

SYMPTOMS OF OSTEOARTHRITIS

he most common symptom of OA is pain. It is worse 

with activity and relieved with rest. Pain can lead to 

signiicant impairment in the ability to carry out daily 

activities. With long-standing disease, however, pain 

may be absent, although there may be signiicant de-

formity. Slight stifness is another common complaint, 

often experienced in the morning or after a prolonged 

period of rest to the joint. 

Long-standing disease resulting in severe malfor-

mation of the joint may require surgery. Often, there 

is a loss of stability and a feeling of the joint “giving 

way.” Osteoarthritis of the hands can also lead to nod-

ules over the knuckles. 

DIAGNOSTIC TESTS

Doctors make the diagnosis of OA based on symp-

toms of pain along with certain indings on physical 

exam. X-rays help conirm the diagnosis. Occasional-

ly, it may be necessary to aspirate luid from the joint 

to diferentiate OA from other types of arthritis when 

the diagnosis is unclear. 

TREATMENT OF OSTEOARTHRITIS 

The treatment of osteoarthritis depends on the se-

verity of symptoms. For mild OA, topical analgesic 

creams that contain the compound capsaicin may 

be used. Oral medications for mild to moderate dis-

ease include acetaminophen, NSAIDs (nonsteroidal 

antiinflammatory drugs), and opioids. The popular 

NSAIDs are ibuprofen and naproxen. COX-2 in-

hibitors are a class of NSAIDs that are less likely 

to produce stomach ulcers. Celecoxib (Celebrex®) 

is available in the U.S. market, whereas rofecoxib 

and valdecoxib (Bextra®) have been withdrawn af-

ter reports of increased heart attacks and strokes 

among users.

Medications such as steroids and hyaluronic acid 

are often given as direct injections into the joint to 

provide pain relief. Physical therapy and exercises 

to strengthen the anterior thigh muscles are impor-

tant. In overweight individuals, studies have shown 

that the progression of symptoms and deterioration 

of joint function can be remarkably slowed down by 

weight loss.

SURGICAL TREATMENT OF OA

Apart from relieving pain, treatment of OA involves 

correcting malformations and factors that afect joint 

stability. Surgery is done in patients who continue 

to sufer from symptoms despite maximal medical 

therapy. It may involve joint replacement, joint fusion 

(which is rarely done now), osteotomy (removing a 

part of the bone within the joint), or arthroscopic re-

moval of debris. 

Arthroscopy is a procedure by which a small iber-

optic telescopic device is inserted into the joint. his 

allows the surgeon to directly visualize the inside of 

the joint and remove broken pieces of bone or car-

tilage. Outcome after joint replacement surgery for 

osteoarthritis is worse in obese individuals.

WEIGHT LOSS IN OSTEOARTHRITIS

It is well documented that weight loss can lead to sig-

niicant reduction in the pain and overall improve-

ment in the quality of life. he impact of exercise may 

lead to further stress on the joint. herefore, prior to 

an exercise program, weight loss can be achieved by 

dietary restrictions and medications for weight loss if 

prescribed by a doctor.

Strengthening exercises of the anterior thigh mus-

cles (called the quadriceps muscles) help to improve 

knee function. Water therapy exercises, which are 

pool based, provide much of the beneits of regular 

exercise without as much impact on the spine. It pro-

vides a gentler environment for stretching and can 

eliminate the efect of gravity. Tai chi, an oriental 

form of exercise, and yoga, an ancient form of exer-

cise that originated in the Indian subcontinent, are 

other exercise modalities that can provide relief in 

individuals with OA.

CONCLUSION

Obesity and osteoarthritis are common and often co-

existent problems in a large number of people in the 

United States and worldwide. he treatment of obesity 

is key in the management of obese patients who sufer 

from OA. It not only helps ameliorate the symptoms 

of joint pain in OA, but can also slow the worsening 

of joint degeneration. Weight loss and exercise should 

always be part of the care plan of osteoarthritis.
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Childhood Obesity in the United States.
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Osteoporosis

OSTEOPOROSIS IS A systemic skeletal disorder char-

acterized by a low bone mineral density (BMD) and 

microarchitectural deterioration of bone tissue, lead-

ing to enhanced bone fragility and susceptibility to 

fracture. Osteoporosis may be asymptomatic for 

many years and does not manifest until later in life. 

he irst symptoms are usually pain due to a fracture, 

postural changes, and/or loss of height due to spinal 

compressions. hese fractures typically occur in the 

hip, spine, and wrist. Fractures due to osteoporosis 

are a major public health hazard with high morbidity, 

mortality, and social costs. 

he etiology of osteoporosis involves many fac-

tors. he role of the skeleton as a mineral storehouse 

is dependent on the proper functioning of a number 

of systemic or circulating hormones, such as parathy-

roid hormone and calcitonin that respond to changes 

in blood calcium and phosphorus. If serum calcium 

or phosphorus is low, the removal of these minerals 

from bone will ultimately weaken it. Many factors can 

interfere with the development and maintenance of 

a healthy skeleton including genetic abnormalities, 

which can produce small, weak bones, or bones that 

are too dense. Many hormonal disorders can afect 

the skeleton. Nutritional deiciencies can result in the 

formation of poorly mineralized bone or excessive 

loss. Lack of exercise, immobilization, and smoking 

are also be detrimental to bone. 

Measurement of BMD is currently the single most 

important screening determinant for low bone mass, 

fracture risk, and to identify individuals who are can-

didates for therapeutic intervention. Bone densitom-

etry studies show that for every decrease in BMD of 1 

standard deviation (SD), the relative risk of fracture in-

creases 1.5- to threefold. he World Health Organiza-

tion has established BMD diagnostic guidelines for the 

interpretation of bone mass measurement in Caucasian 

postmenopausal women. Dual energy X-ray absorpti-

ometery (DEXA) measures BMD and is expressed as 

“T scores”—the number of SDs above or below average 

in young normal adults (gender-matched). 

• Normal bone mass: T score at least –1.0

• Low bone mass (or osteopenia): T score –2.5 to 

–1.0

• Osteoporosis: T score less than –2.5

However, it is recommended that low BMD should 

not be viewed as the only indicator of fracture risk and 

that other factors should be considered such as age, 

family or personal history of fracture, low body weight, 

race, lifestyle (i.e., history of low calcium intake or sed-

entary activity), medication use (i.e., thyroid hormone, 

glucocorticoids, etc.), and the presence of a previous 

fragility fracture (fracture that occurs spontaneously or 

following a minor trauma, such as a fall from stand-

ing height or sitting position). Central (hip and spine) 

measurements by DEXA should be used for both risk 

assessment and follow-up, as they provide the most ac-

curate and precise measurements of BMD. 

Patients should have an adequate total intake of cal-

cium (1,200 mg per day for postmenopausal women) 

and of vitamin D (at least 400 to 800 IU per day) and 

participate in weight-bearing exercise—interventions 

that are safe and inexpensive. Osteoporosis drugs can 

substantially reduce the risk of fracture in patients at 

high risk for osteoporosis on the basis of BMD and oth-

er factors. Calcium and vitamin D are recommended as 

mandatory adjunct therapy to the main pharmacologi-

cal interventions (antiresorptive and anabolic drugs). 

EFFECT OF EXCESS WEIGHT ON BONE

Obesity is generally protective against osteoporosis, 

with a direct relationship between body weight and 

bone mass. A low body weight in older individuals is 

a major risk factor for fracture. Mechanisms that may 

be contributing to the increased BMD in obesity in-
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clude greater or diferent mechanical stimulation and 

the hormonal/metabolic environment. he increase 

in bone mass with obesity may simply be due to in-

creased mechanical loading. he loads on bone are 

derived from the forces imposed by the muscle tissue. 

Bones adapt to stronger or bigger muscles associated 

with obesity because there is increased weight bear-

ing with daily activity. 

In addition, the altered hormonal proile of the obese 

may also play an important role in regulating bone. In 

obesity, there is the secretion of bone-active hormones 

(i.e., estrogens, leptin, and adiponectin) from the adi-

pocyte, the gut (i.e., ghrelin that stimulates growth 

hormone), and the pancreas (including insulin and 

amylin). In addition, obese individuals show lower lev-

els of serum 25-hydroxyvitamin D. here is reported 

secondary hyperparathyroidism in the morbidly obese. 

Chronically altered levels of certain cytokines in obe-

sity may also inluence bone mass. 

WEIGHT REDUCTION AND BONE

Weight loss increases bone turnover markers and has 

been shown to reduce bone mass. Calcium intake typ-

ically decreases with energy restriction and Calcium 

supplementation can suppress a rise in bone turnover 

during energy restriction in older women. In addition, 

a reduced Calcium absorption during caloric restric-

tion may contribute to increased bone mobilization 

and loss. It is likely that multiple endocrine changes 

during weight reduction contribute to bone loss, but a 

decrease in estrogen levels appears as one of the most 

relevant candidates. In addition, a decrease in calcium 

absorption during energy restriction may play a role in 

reducing calcium availability, raising parathyroid hor-

mone to ultimately result in bone loss. Finally, reduc-

tion in weight bearing due to weight loss or disuse are 

likely important regulators of bone metabolism dur-

ing weight loss, and an increase in physical activity has 

been shown to be beneicial to bone. 

Lean or overweight women who are close to meno-

pause also respond to weight reduction by showing 

signiicant bone loss. Weight loss studies in premeno-

pausal women show either a small decrease in bone 

mass, or no bone changes in controlled trials. Howev-

er, more severe weight loss (at least 14 percent) in all 

age groups results in signiicant bone loss. Moderate 
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weight reduction in men (middle aged) has not been 

shown to cause signiicant bone loss, yet weight loss in 

elderly men (about 70 years) is an important predictor 

of bone loss and increased incidence of osteoporosis. 

In summary, while there seems to be agreement that 

bone loss occurs with weight loss in older women and 

in elderly men, it remains unclear whether there is 

any detriment to bone health in younger individuals. 

Hence, weight reduction should be encouraged to re-

duce the comorbid conditions associated with obesity 

in all individuals with advice to participate in physical 

activity and consume adequate calcium and vitamin 

D in order to minimize the risk of osteoporosis.

SEE ALSO: Adipocytes; Calcium and Dairy Products; Cyto-

kines; Dual Energy X-Ray Absorptiometry; Ghrelin; Hor-

mones; Leptin; Menopause.
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Ovarian Cancer

OVARIAN CANCER IS the second most common gy-

necological cancer among women. Because the tumor 

is not detected until late in its development, usually 

not until after it has spread beyond the ovary, it is dif-

icult to treat. hus, ovarian tumors are often fatal and 

account worldwide for almost half of the deaths from 

cancer in the female reproductive tract. Tumors of the 

ovary are classiied by the cell type of origin—surface 

epithelium, germ cells, and stromal tissue. Metastat-

ic ovarian cancer is also common. Most (around 90 

percent) ovarian tumors arise from the ovarian sur-

face epithelium (OSE) and produce relatively mild 

symptoms until the disease is far advanced. Symp-

toms include abdominal pain and distention, urinary 

and gastrointestinal tract symptoms resulting from 

compression by the tumor or invasion into adjacent 

organs, and vaginal bleeding. At late stages, tumors 

cause progressive weakness and unintended weight 

loss. Carcinomas extending beyond the ovary tend to 

seed the peritoneal cavity, covering the serosal surface 

difusely with small (0.1–0.5 cm) surface implants and 

causing massive luid accumulation (ascites). he ive-

year survival rates are poor (30 to 40 percent), thus, 

prevention and early detection are of high priority. 

Family history of ovarian cancer is a major risk fac-

tor in 5 to 10 percent of cases. Risk increases from 1.4 

percent in the general population to 8 percent in women 

with two afected irst-degree relatives. Strong associa-

tions with familial breast cancer, and a lesser association 

with familial colon and endometrial cancer are known. 

Biomarkers for early detection include CA-125, a high 

molecular weight glycoprotein present on more than 80 

percent of epithelial ovarian tumors, and osteopontin, 

expressed at high levels in ovarian cancer patients. Pro-

teomic assays that examine the patterns of circulating 

proteins in patients compared with nonafected controls 

are being conducted, but require validation before they 

can be used as screening modalities. Current screening 

strategies for at-risk women, assessed by positive fam-

ily history, include testing for mutations in germ line 

tumor suppressor genes such as BRCA1 and BRCA2. 

Prophylactic removal of the ovaries is current practice 

for women at high risk, but the impact of these strategies 

on ovarian cancer death rate has not been determined. 

he processes leading to ovarian tumor develop-

ment are similar to processes for cancer initiation, 

promotion, and progression described in the “Obesity 

and Cancer” entry in this encyclopedia. he stationary 

ovarian surface epithelium (OSE) is a lat to cuboidal 

layer of epithelial cells with few distinguishing attri-

butes. While on the ovarian surface, the OSE trans-

ports materials to and from the peritoneal cavity and 

takes part in cyclical follicle rupture and ovarian sur-

face repair. Sometimes, in the process of follicle rup-

ture, epithelial cells become entrapped in the under-

lying stroma. hrough the years, after many cycles of 

rupture and repair, epithelial cells can become incor-

porated into the stroma. Normally, trapped epithelial 

cells diferentiate and become incorporated into the 

ovarian stroma as stromal ibroblasts. Some epithelial 
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cells are unable to diferentiate into ibroblasts, retain 

their epithelial phenotypes and aggregate within the 

stroma as inclusion cysts. While on the ovarian sur-

face, epithelial cells do not express membrane-bound 

markers; however, epithelial cells in inclusion cysts 

are known to express a variety of markers including 

CA-125. It is these trapped epithelial cells that have a 

high potential to transform into cancer cells.  

he complex processes that regulate cyclic follicle 

rupture and repair involve pituitary gonadotropins 

and sex hormones, primarily estrogens and andro-

gens, as well as insulin and insulin-like growth fac-

tors and inlammatory mediators. Available research 

suggests that imbalance of regulatory mediators may 

increase risk for ovarian cancer. Epidemiological 

studies have shown that nulliparous women are at in-

creased risk for ovarian cancer. he risk decreases in 

multiparous women, women 40–59 years of age who 

have taken oral contraceptive agents, and those who 

have undergone tubal ligation. 

While the observed reduction in risk due to preg-

nancy and oral contraceptive use could relate to re-

duction in ovulation with subsequent reduced ovarian 

damage, observed risk suggests that other factors are 

involved. Dr. Harvey Risch conducted a comprehensive 

review of evidence from epidemiologic and experimen-

tal studies and suggested that pregnancy and interrup-

tion of ovulation alter exposure of the epithelial cells to 

sex hormones, especially androgens and progesterone, 

and that this altered hormonal exposure is implicated 

in the pathogenesis of ovarian cancer.  

Risch presents evidence that ovarian epithelial 

cells, both on the surface and within stromal inclu-

sion cysts in the premenopausal women, are normally 

exposed to higher plasma concentrations of andro-

gens, including androstenedione, testosterone, and 

dehydroepiandosterone, than estrogens such as estra-

diol and estrone. Androgens are also the principle sex 

steroid synthesized in ovarian follicles. Only when 

a follicle enlarges and prepares for ovulation does it 

convert from androgen to estrogen synthesis. hus, 

epithelial cells, especially those in stromal inclusion 

cysts, are exposed to high concentrations of paracrine 

and endocrine sources of androgens. Postmenopausal 

ovaries are thus highly androgenic. Epithelial cells are 

also known to express androgen receptors. Although 

androstenedione only weakly binds, epithelial cells 

are able to convert this steroid to testosterone, which 

does bind to receptors. Androgen binding has been 

shown to sustain growth in ovarian epithelial cells in 

culture, and in animal models, testosterone stimulates 

growth of ovarian epithelial tumors. 

Epidemiologic evidence also supports the relation-

ship of high androgen exposure and ovarian cancer. 

Of interest is the increased risk for ovarian cancer 

seen in patients diagnosed with polycystic ovary 

syndrome, known to result in elevated androstene-

dione and testosterone levels. Reduced risk during 

pregnancy may result from the massive progesterone 

production supplied irst by the ovary, and later the 

placenta. During pregnancy, the placenta extracts ad-

renal androgens as substrate for estrogen conversion. 

Oral contraceptive agents appear to reduce risk rela-

tive to their ability to suppress ovulation and reduce 

androgen exposure. 

he risk for ovarian cancer due to obesity is less 

well deined. While both insulin and IGF enhance 

normal ovarian progesterone production and stimu-

late ovarian aromatase to convert androgens to es-

trogen, obesity is associated with the development of 

insulin resistance, hyperinsulinemia, and decreased 

production of sex hormone-binding globulin with 

subsequent reduced capacity to bind plasma testos-

terone. hus, even moderate obesity is associated with 

increased serum total and free testosterone. Central 

adiposity, assessed by waist–hip ratio and associated 

with visceral obesity, may confer greater risk due to 

its association with increased androgen exposure. 

 Studies relating body mass index as indicator of 

obesity are equivocal; however, few studies have con-

trolled for parity, visceral obesity, and risk from both 

plasma androgen exposure and ovarian androgen 

synthesis. Investigations controlling for these factors, 

as well as known genetic mutations that increase risk 

for ovarian cancer, and the presence of biomarkers 

are urgently needed. 

SEE ALSO: Obesity and Cancer; Polycystic Ovary Disease; 

Prevalence of Obesity in U.S. Women; Uterine Cancers.
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Ovarian Cysts

OVARIAN CYSTS ARE luid-illed sacs usually found 

of the surface of an ovary. Ovarian cysts occur in 30 

percent of females with regular menstrual cycle and 

in 50 percent of females with irregular menstrual 

cycles. here are many diferent types of cysts, each 

with a diferent underlying cause. he most common 

type is a functional cyst which forms during the nor-

mal menstrual cycle. Two types of functional ovarian 

cysts may develop; during the irst two weeks of the 

cycle follicular, cysts occur and corpus luteal cysts oc-

cur in the later half of the cycle. he cysts usually dis-

appear within 8–12 weeks and are common in women 

of childbearing age. 

he other types of cysts include endometriomas, 

cystadenomas, dermoid cysts, and polycystic ova-

ries. Endometriomas are cysts formed when endo-

metrial tissue grows in the ovaries. Cystadenomas 

develop from cells on the outer surface of ovary. 

Cystadenomas of the serous type are illed with wa-

tery luid, while the mucinous is illed with sticky, 

thick luid; both types are usually benign. If a neo-

plasm begins in a germ cell, a dermoid cyst may de-

velop. Dermoid cysts are structures that are illed 

with pieces of bone, teeth, hair, and skin; they can 

become malignant. Polycystic ovaries are caused by 

hormone imbalances which causes multiple func-

tional cysts to develop.

Ovarian cysts can be divided into three main clas-

siications: functional, benign, and malignant. How-

ever, most ovarian cysts are benign in nature and are 

usually asymptomatic. When symptoms do occur, 

they include pain, particularly if it is associated with 

rupture (may cause peritonitis and shock), perfora-

tion into nearby structures, torsion of nearby struc-

tures, for example, to fallopian tube, and hemor-

rhage. Pain may radiate but is usually located within 

the pelvis. Strenuous activities, such as exercise or 

sexual intercourse (dyspareunia), may precede cyst 

rupture. he pain may become worse during bowel 

movements and during the course of the menstrual 

cycle. Other symptoms of ovarian cysts include ab-

normal uterine bleeding and abdominal enlargement, 

breast tenderness, change in frequency of urination 

due to pressure on bladder, nausea, vomiting, fatigue, 

increased levels of testosterone, hirsutism, and infer-

tility. Risk factors for developing cysts include obesity, 

early menarche, hypothyroidism, and also the use of 

tamoxifen therapy.

Treatments for cysts depend on the size of cyst and 

symptoms experienced. Treatment for pain includes 

pain relievers such as nonsteroidal inlammatory 

drugs. Obesity is a signiicant risk factor for develop-

ment of cysts particularly in women sufering from 

polycystic ovarian syndrome. hese women have a 

slower metabolic rate than their normal counterparts 

and, hence, face diiculty in losing weight. Upper ab-

dominal obesity in these patients can lead to insulin 

resistance and hence the resulting hyperinsulinemia 

leads to altered hormone metabolism and the even-

tual development of the disease. 

In patients with polycystic ovaries who are obese, 

dietary restriction generally improves endocrine-

metabolic parameters such as a decrease in free tes-

tosterone, hence decreasing the risk of hirsutism. 

Weight loss in patients with the disease who are obese 

is associated with a return of ovulatory cycles in 30 

percent of women. A daily decrease in 500–1,000 cal-

ories deicit and 2.5 hours of exercise per week can 

cause ovulation in women. 

he type of diet of an individual can inluence the 

development of cysts. It is reported that women who 

have a high intake of beef and cheese in their diet 

experience a greater frequency of ovarian cysts. In 

contrast, the intake of green vegetables reduces the 

frequency and is also protective. Patients are advised 

to eliminate cafeine, alcohol, reduce carbohydrate 

intake, and increase intake of vitamins A and B. Oral 

contraceptive pills are reported to have some use in 

preventing formation of functional cysts. Limit of 

strenuous activity reduce risk of cyst rupture. Surgery 

is employed in serious cases to remove the cysts. he 

prognosis of ovarian cysts is variable and depends on 
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the type and size of tumor, associated complications 

and, patient’s age.

SEE ALSO: Menstrual Problems; Polycystic Ovary Disease. 
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Overall Diet Quality

THE INTRIGUING ASSOCIATIONS between diet and 

health have been the focus of research for many years. 

One way of looking into these associations is to exam-

ine the individual nutrients such as vitamins (e.g., vi-

tamin A or C), minerals (sodium, calcium, etc.), fats, 

proteins, or carbohydrates and their relationships 

with various health conditions or diseases. However, 

people consume these nutrients in a number of dif-

ferent combinations rather than eating each nutrient 

separately. Interactions of various nutrients can have 

a diferent inluence on the health status, and small-

er, undetectable efects of various nutrients may add 

up to a much larger inluence on health and disease. 

Further, taking into consideration as many potentially 

important aspects of a diet is likely to produce a more 

accurate proile regarding the dietary intake patterns 

and their associations with health status. To that end, 

various methods to examine the overall dietary pat-

terns and quality have been developed. 

Before looking into the measures of dietary qual-

ity, criteria to determine the dietary quality must be 

discussed. Interestingly, there is not a single criterion 

that is shared by various measures of dietary quality. 

Instead, a collection of factors such as diets meeting 

the speciic nutrient needs, or dietary patterns that are 

likely to prevent certain diseases or that comply with 

generally recommended dietary guidelines are used 

to determine dietary quality. In some instances, these 

criteria are relatively subjective because researchers 

have to group a variety of foods into more manage-

able, lesser number of categories to be able to conduct 

statistical analyses. Indices to measure dietary quality 

are often calculated by using the predetermined nu-

trition-related criteria mentioned above. Alternatively, 

dietary intake patterns are identiied by using statisti-

cal procedures based on the collected dietary intake 

data in a given population, and then further analyses 

are performed to determine the diet quality of each 

pattern. Recently, some researchers also started using 

a combination of these two approaches. 

In general, as highlighted in a review by Ashima Kant, 

overall dietary quality measures are based on either nu-

trients, foods/food groups, or a combination of nutrients 

and foods/food groups. he following sections provide a 

brief overview of various measures of dietary quality.

MEASURES OF DIETARY QUALITY  

BASED ON NUTRIENTS

Most of the earlier indices were based on nutrient 

intakes. Some of these indices include nutrient ad-

equacy ratio (NAR), mean adequacy ratio (MAR), 

dietary rating, nutritional score, diet quality scores, 

DINE score, food quality index, and nutritional qual-

ity index. he NAR uses the ratio of a nutrient intake 

in relationship to the recommended dietary allow-

ances (RDAs, which are national recommendations 

for various nutrients), and the MAR is the average 

of a collection of NARs. Another approach similar to 

this one is the dietary rating, which rates the nutrients 

separately but by the same scale (excellent, good, fair, 

etc.) and comes up with an overall rating for the diet. 

Several versions of nutritional or diet quality scores 

use a ixed cutof point (e.g., two-thirds) of RDAs, and 

some indices incorporate additional factors such as car-

bohydrates, iber, energy (e.g., DINE score), alcohol, and 

various types of fat intakes to determine the diet quality.

Food quality and nutritional quality indices take into 

account the nutrient density (amount of nutrients for a 

given level of energy) of the foods and diet, respectively. 

MEASURES OF DIETARY QUALITY  

BASED ON FOODS OR FOOD GROUPS

Dietary diversity score (DDS) and recommended 

foods score (RFS) are examples of indices that use 

foods and/or food groups to determine the dietary 

quality. he scores are assigned depending on the 
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consumption of foods from ive major food groups 

(fruits, vegetables, meat, dairy, and grains) at least at 

the nationally recommended amounts and the com-

pliance with the recommended dietary guidelines 

such as consuming low-fat dairy, lean meats, and 

whole grains. 

Aside from using the nationally recommended 

guidelines in determining a dietary quality score or 

index, another method of examining dietary qual-

ity involves using statistical methods such as factor 

analysis or cluster analysis to come up with speciic 

dietary intake patterns. his method is distinctively 

diferent from the previously mentioned indices be-

cause dietary intake patterns are formed by using the 

dietary intake data collected in the studied popula-

tion. In other words, data determines the intake pat-

terns versus index scores are based on predetermined 

nutrition knowledge and guidelines. Hence, detected 

dietary patterns are speciic to each population, and 

they may be quite diferent for another population. 

Factor analysis is one of the statistical techniques to 

determine dietary intake patterns. his method pri-

marily identiies the foods that correlate well with one 

another (e.g., foods that are consumed together) and 

provides newly formed groups of foods. Because the 

number of food items that can be entered into such 

an analysis is limited, researchers may have to sub-

jectively presort some of the foods such as combining 

similar vegetables in one category, but once they are 

entered into the statistical model, the food groupings 

are formed objectively based on their correlations with 

one another. After this point, it is up to the researchers 

to look at the foods in each group and to decide what 

that group represents. his approach enables research-

ers to determine the types of overall dietary intake pat-

terns that may further be examined in relationship to 

disease risk or other health outcomes in determining 

what constitutes a higher quality diet. 

One example of this approach is the “prudent” 

and “Western” dietary intake patterns that are 

found to be related to chronic disease risk. The pru-

dent pattern was characterized by greater intakes of 

fruits, vegetables, legumes, fish, poultry, and whole 

grains, while the Western pattern was character-

ized by higher intakes of red and processed meats, 

sweets, desserts, fried foods, and refined grains. 

People who were in the top 25 percentile of the 

Western dietary pattern score were significantly 

more likely to develop Type 2 diabetes compared 

to those who were in the lowest 25 percentile of the 

scores for this type of a diet. 

Another statistical approach that is used to deter-

mine the dietary intake patterns is cluster analysis. 

Diferently than factor analysis, cluster analysis iden-

tiies groups of people, rather than foods, who are 

similar in their food intake patterns. hen, the dietary 

intakes of these distinctive groups of people can be 

analyzed to determine how the diet quality difers be-

tween groups, or whether the intakes of these groups 

it into any of the established dietary guidelines for 

public recommendation purposes. 

A newer statistical approach in this area is using 

reduced rank regression (RRR) or maximum redun-

dancy analysis. his method allows for combining the 

prior knowledge about the disease-related nutrients 

with statistical prediction of food intake patterns, and 
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further research is needed to explore the potential of 

this technique. 

MEASURES OF DIETARY QUALITY  

BASED ON NUTRIENTS AND FOODS

Indices such as Diet Quality Index (DQI), and Diet 

Quality Index-International (DQI-I), which is de-

signed to be used internationally, utilize both nutri-

ents and food groups to assign a score toward the 

overall quality of the diet. DQI-I takes into account 

the variety across and within protein sources, ad-

equate intakes of fruits, vegetables, grains, and iber, 

moderation of total fat, saturated fat, cholesterol, so-

dium, and foods with a low nutrient density (high in 

energy and low in nutrient content), and the overall 

balance of macronutrients (carbohydrates, proteins, 

and fats) in the diet. 

Another index that uses both nutrients and foods 

is the Healthy Eating Index (HEI). he original HEI, 

which was developed by the United States Depart-

ment of Agriculture, assigns equally weighted scores 

for consuming the ive major food groups from the 

Food Guide Pyramid for meeting the intake recom-

mendations for total fat, saturated fat, sodium, and 

cholesterol, and for consuming a variety of foods. he 

HEI was revised in 2005 to comply with the new Di-

etary Guidelines for Americans. his revised version 

uses a nutrient density approach by assigning scores 

based on calories. 

For example, maximum score for fruit intake is as-

signed for eating 0.8 cup equivalent or more fruits 

per 1,000 kilocalories consumed. he 2005 HEI also 

incorporates the dietary variety into each food group 

by assigning separate scores for whole fruits in the 

fruit group, dark green and orange vegetables and le-

gumes in the vegetable group, and whole grains in the 

grains group. In addition to the categories for fruits, 

vegetables, milk products, meats, oils, saturated fats, 

and sodium, a new category for solid fats, alcohol, and 

added sugars (SoFAAS) is also included in the 2005 

HEI. he SoFAAS category carries a higher scoring 

weight relative to the individual weight of other cat-

egories within the index.

he alternate HEI (AHEI) is another diet quality 

index, which includes scoring for fruits and vegeta-

bles, cereal iber, nuts and soy protein, trans and other 

types of fat intakes, the ratio of white to red meat, and 

multivitamin and alcohol use. 

STRENGTHS AND LIMITATIONS

Using diet quality indices that are based on a single 

or a collection of nutrients have certain limitations. 

For example, if energy intake is used as the measure 

of quality, people who eat greater amounts of foods 

might end up having a better dietary quality. On the 

other hand, if a large proportion of energy intake is 

coming from alcohol and other drinks and foods with 

a low nutrient density, people would be misclassiied 

as having a higher quality diet. 

Usefulness of certain nutrient-based dietary quality 

measures such as the MAR is limited because nutri-

ents with high intake levels and those with low intake 

levels can even out when averaged into one score for 

the overall diet. Also, nutrient-based indices usually 

include only a limited number of nutrients. herefore, 

they may not completely relect the inluence of myr-

iad of other nutrients and nonnutrient components 

of foods, and they usually are not powerful tools to 

relect the overall diet quality. However, using overall 

dietary quality indices or scores usually produce more 

steady associations with disease-related outcomes in 

comparison to examining these relationships using 

single nutrients or foods. 

One of the limitations of determining the dietary 

intake patterns using factor or cluster analyses comes 

from the fact that these techniques are data driven. 

Although some aspects of dietary intake may be the 

same across diferent populations, other dietary pat-

terns are likely to difer between various populations 

depending on their demographic, socioeconomic, 

cultural, and ethnic characteristics. herefore, gener-

alizability of the detected dietary intake patterns are 

limited. Possibly due to these potential inluences, di-

etary patterns determined by factor and cluster analy-

ses usually do not explain a large proportion of the 

variation in dietary intake. Unlike statistically deter-

mined dietary patterns, dietary indices that are based 

on predetermined criteria are easier to be applied in a 

variety of populations. 

Another limitation of using the statistical approach-

es is the fact that they only determine the distinctive 

food or food group patterns, and inding out about the 

efect of a single nutrient becomes problematic. Addi-

tionally, translating the statistically determined scores 

into practical food recommendations for the general 

public is rather complicated. On the other hand, di-

etary indices that utilize the current knowledge and 
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nutritional recommendations are easier to interpret 

because they are already based on certain levels of 

food and/or nutrient intakes. 

It must also be noted that because dietary qual-

ity indices are based on the current knowledge and 

guidelines regarding the roles of nutrients and foods 

on health and disease, these indices cannot make 

up for what is not currently known or not included 

in the nutritional guidelines. Statistically deter-

mined patterns, on the other hand, do not depend 

on previous knowledge or guidelines as much, and 

they can detect the statistically significant correla-

tions even if the potential effect of a certain food is 

not currently known or not recognized within the 

present guidelines. 

DIETARY QUALITY AND OBESITY

he current literature supports the relationship between 

a healthier dietary intake pattern (e.g., high iber, low fat, 

low soft drink, and low reined grains) and lower weight 

gain over the years or lower body mass index, which is 

a measure of overweight and obesity. Despite the fact 

that there are numerous measures of dietary quality, 

published studies show that a greater dietary quality, 

measured by several indices such as the DDS, RFS, DQI, 

HEI, and AHEI, is related to gaining less weight over the 

years or to having lower body mass index. 

Although there has been some inconsistencies 

regarding the detected associations between di-

etary intake patterns and BMI or obesity, these may 

be partially due to the fact that dietary patterns are 

population speciic and can be inluenced by cultur-

al, socioeconomic, gender, or age diferences in the 

studied populations. Measurement errors must also 

be considered. 

Possibly stimulated by the general desire of all peo-

ple to have simple solutions to the health problems, 

at times, attention is given to one or two components 

of an overall diet. A typical example of this trend can 

be found in preference to eat low-fat foods while dis-

regarding all the other dietary characteristics of these 

foods. Certain low-fat foods might be high in added 

sugars and calories, and obviously, a person who is 

trying to control his/her weight would not gain much 

beneit toward that goal by just paying attention to the 

fat content of the foods. he concept of dietary qual-

ity is a potential solution to help resolve this problem 

by providing guidance on the overall diet. 

SEE ALSO: Food Intake Patterns; Healthy Eating Index; Va-

riety of Foods and Obesity; Western Diet.
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Overweight Children and  

School Performance

WITH OBESITY BECOMING more prevalent among 

children, the potential impact of obesity on school 

performance has been receiving increased attention. 

A recent review by Howard Taras and William Potts-

Datema described nine articles (three of which were 

conducted in the United States), which suggest that 

childhood obesity is negatively associated with school 

performance. In addition, overweight children have 

been found to score lower on measures of intelligence 

compared to normal weight counterparts. here is 

also evidence that overweight students are twice as 

likely to be placed in special education or remedial 

classes. Despite emerging evidence demonstrating 

an association between obesity and academic per-

formance, few studies have examined the potential 

causes of this relationship.

It appears that several variables such as psycholog-

ical distress, physical health consequences of obesity, 

and weight-related stigmatization may mediate the 

relationship between obesity and school performance. 

Psychological distress (e.g., depression, anxiety, lower 

self-esteem, and body image concerns), which may be 
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associated with being overweight, may interfere with 

children’s ability to concentrate and learn in class. 

Physical health may be another important mediating 

variable, as physical health problems associated with 

obesity (e.g., sleep apnea, asthma) could afect school 

performance by leading to absenteeism or diiculty 

concentrating while in class. 

Weight-based stigmatization likely also negatively 

efects school performance through several mecha-

nisms. For instance, weight-related stigmatization is 

one potential cause of psychological distress, which 

negatively inluences school performance. Marlene 

Schwartz and Rebecca Puhl reported in a recent re-

view that children develop pervasive negative beliefs 

about obesity as early as 3 years of age, including be-

liefs about overweight children’s school functioning 

and intellectual capacity. his bias appears to worsen 

as children get older and may lead to the teasing or 

bullying focused toward overweight children often 

observed in school. 

Weight-related stigmatization might also inluence 

school performance through a self-fulilling prophecy. 

For example, there is evidence suggesting that over-

weight children are more likely to consider themselves 

“poor students” compared to average weight children. 

Stigmatization may also negatively afect teachers’ ex-

pectations and behavior toward overweight students. 

Indeed, educators have been found to hold negative 

views about overweight children’s academic abilities, 

which could lead to lower student performance. his 

would be consistent with the Pygmalion efect, which 

is a theory that posits that teacher’s expectancies, ei-

ther positive or negative, of children’s academic abili-

ties can inluence the children’s actual performance. 

Further, overweight children may internalize the low 

expectations that teachers have, which may also lead 

to poorer school performance.

Several studies have suggested that gender may 

moderate the relationship between obesity and school 

performance. For instance, Roland Datar and Ashlesha 

Sturm recently found that overweight girls appear to 

have greater school performance-related consequenc-

es than overweight boys. After controlling for demo-

graphic diferences, they reported that gaining weight 

in elementary school for girls was related to lower 

math and reading test scores, more teacher-reported 

externalizing problems, and lower teacher-rated self-

control, interpersonal skills, and learning behaviors 

(i.e., attentiveness, task persistence, eagerness to learn, 

learning independence, lexibility, and organization), 

but not for boys who gained weight during this time. It 

may be that girls are more afected by weight gain com-

pared to boys, potentially related to a greater emphasis 

on physical appearance for females.

here is somewhat limited, but consistent, evidence 

indicating that obesity negatively impacts school per-

formance in children. Research suggests that psycho-

logical factors and physical health may mediate the 

relationship between obesity and school performance 

and that weight-based stigmatization also may nega-

tively afect school performance. Overweight girls 

appear to be particularly at risk for poor school per-

formance. Further research is needed to better un-

derstand the causes of the obesity and school perfor-

mance relationship. 

SEE ALSO: Obesity and Academic Performance; Obesity 

in Schools.

BIBLIOGRAPHY. Ashlesha Datar and Roland Sturm, “Child-

hood Overweight and Elementary School Outcomes,” Inter-

national Journal of Obesity (v.30/9, 2006); Marlene Schwartz 

and Rebecca Puhl, “Childhood Obesity: A Societal Problem 

to Solve,” Obesity Reviews (v.4/1, 2003); Howard Taras and 

William Potts-Datema, “Obesity and Student Performance 

at School,” Journal of School Health (v.75/8, 2005).

Rebecca A. Krukowski

Kelli E. Friedman

Duke University Medical Center

Overweight Children  

and the Media 

CHILDHOOD OBESITY IS prevalent at epidemic pro-

portions. According the Centers for Disease Control 

and Prevention, national rates of overweight in the 

United States have tripled in adolescents and more 

than doubled in children aged 6–11 since 1980. Si-

multaneously, media targeting children have dramati-

cally increased, leading the average child living in the 

United States to consume up to six hours of media per 

day. Given the rise of childhood obesity coupled with 

the extensive amount of time children are exposed to 
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media messages, the purpose of this entry is (1) to ex-

amine the messages promoted by mainstream Ameri-

can media about overweight children and (2) to evalu-

ate the inluence of exposure to these messages on the 

psychological health of children.

MEDIA MESSAGES ABOUT OBESE CHILDREN

he term media describes the various types of pub-

lic communication that convey information to large 

audiences through mediums such as newspapers, 

magazines, direct mail, billboards, bus signs, radio, 

television, and the Internet. Mainstream American 

society exposes children to endless amounts of me-

dia, particularly through television programs, video 

games, internet sites, and movies. For example, the 

average child in the United States views 10,000 ad-

vertisements a year. Of those aimed at children, more 

than 90 percent are for candy, fast food, soft drinks, 

and cereal. 

hese media present speciic information about 

weight, food, and appearance. While children are 

bombarded with advertisements for unhealthy foods 

high in sugar and caloric density, they are simulta-

neously bombarded by images of idealized boys and 

girls. he ideal female has lawless skin, lowing hair, a 

thin waist, light-colored eyes, and long legs, whereas 

the ideal male is muscular, it, tall, and lean. Given 

these physical ideals, it is not surprising that the me-

dia rarely contains images of overweight children. 

Overall, the media broadcasts very negative mes-

sages about being overweight or obese.

Fatness is negatively stigmatizes to the degree that 

obesity stigma has been referred to by some scholars 

as the last socially acceptable form of discrimination 

in the United States. Negative stereotypes about over-

weight people are prevalent in children’s television 

shows, movies, and literature. For example, in the Har-

ry Potter series, the overweight Dudley is portrayed as 

greedy, mean, lazy, and piggish. In Willie Wonka and 

the Chocolate Factory, the only overweight child is de-

picted as greedy and is the irst child disqualiied in the 

con test because he is too preoccupied with food to 

stop from gorging himself and listen to the adults. Jake 

Harper from the television show Two and a Half Men 

is constantly preoccupied with food and the object of 

ridicule about his low intelligence. 

Literature for children under age 6 also contains 

negative attributions about being overweight. In he 

Hungry Pig, the main character sneaks around and 

cheats to eat more food. In Mr. Greedy, children learn 

that the overweight main character loves to eat and 

learns not to be greedy as he loses weight. Some even 

critique Disney for its stereotypical cartoon render-

ings of overweight people as stupid and lazy. 

INFLUENCE OF MEDIA  

PORTRAYALS ON OBESE CHILDREN

he messages about obese children perpetuated by 

Western media can detrimentally inluence children’s 

beliefs, feelings, and attitudes about overweight indi-

viduals and themselves. here has been an increase in 

negative stereotyping of overweight children by other 

children in the last few decades. For example, in 2003, 

children rated drawings of overweight children as be-

ing less likable than had children of the same age in 

the 1960s. Overweight children and adults are often 

described in negative terms and believed to have neg-

ative characteristics such as being lazy, sloppy, dirty, 

naughty, cheats, liars, argues, mean, ugly, stupid, and 

perpetually focused on food. Negative attributions 

about overweight people begin as young as age 3 and 

get stronger with age.

he stigma associated with being overweight also 

negatively inluences children’s emotional well-being. 

Peers are more likely to harass overweight children. 

Some research even suggests that being obese is posi-

tively associated with teen suicide. Furthermore, when 

overweight children internalize these negative attribu-

tions about people who are overweight, many experi-

ence low self-esteem, sufer from social isolation and 

teasing, and experience body dissatisfaction. 

Internalization or personalization of mainstream 

media messages about weight can also lead normal-

weight and overweight children to serious psycho-

logical problems. Researchers propose that children 

often compare their appearance to idealized images 

of models displayed prominently in the media. he 

fact that humans compare themselves to media im-

ages is not surprising given that the goal of many me-

dia images is to capture one’s attention and, through 

a process of social comparison, instill a desire to pur-

chase a particular product or attain a given outcome. 

Such comparisons most likely lead to negative self-

evaluation because few, if any, kids view themselves as 

better than the rigid ideals portrayed in mainstream 

American media. Repeated negative self-evaluation 
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with regard to one’s appearance, in turn, is likely to 

lead to increased body image disturbance, which is 

the most empirically supported risk factor for eating 

disorder development. 

CONCLUSIONS AND SUMMARY

Recently, there has been considerable focus on the 

role of the media on children’s weight problems. 

American media perpetuates negative attributions 

about overweight children, which can detrimentally 

inluence children’s beliefs, feelings, and attitudes 

about overweight individuals and themselves. Teach-

ing children media literacy and encouraging them to 

actively evaluate media messages about appearance 

will not only promote tolerance of individuals of all 

sizes, shapes, and backgrounds, but also help protect 

them from potential negative psychological conse-

quences of media exposure. 

SEE ALSO: Disordered Eating; Eating Disorders and Obe-

sity; Obesity Action Coalition; Obesity and the Media; 

Obese Women and Social Stigmatization. 
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Oxytocin and Food Intake

OXYTOCIN IS A mammalian hormone that also be-

haves as a neurotransmitter in the brain. his neu-

rohypophysial hormone was the irst peptide hor-

mone to have its structure identiied and the irst to 

be chemically synthesized in its biologically active 

form. Oxytocin has several functions in the body. It 

plays an important role in the expression of central 

functions, such as maternal behavior, sexual behavior, 

yawning, memory and learning, tolerance and depen-

dence mechanisms, feeding patterns, grooming, trust 

formation, bonding, cardiovascular regulation, and 

thermoregulation. However, its roles in postpartum 

uterine contractions and feeding behaviors are the 

most relevant when discussing the hormone’s rela-

tionship to obesity. 

Oxytocin is a nine-amino acid peptide that is synthe-

sized in neurons in the hypothalamus and is transport-

ed down axons to the posterior pituitary for secretion 

into the blood. In the pituitary gland, oxytocin is pack-

aged in large, dense-core vesicles, where it is bound to 

neurophysin I. Neurophysin I is a large peptide frag-

ment of the precursor molecule from which oxytocin is 

derived. Oxytocin and vasopressin are the only known 

hormones released by the human posterior pituitary 

gland to not act at a distance from its point of origin. 

In pregnant women, oxytocin is released mainly af-

ter dilation of the cervix and the vagina during labor to 

facilitate birth, and after stimulation of the nipples to 

facilitate breastfeeding. Studies have shown that dur-

ing pregnancy, body weight, and particularly adiposity, 

increase, due to increased food intake as opposed to 

decreased energy metabolism. his adaptation pro-

vides the growing fetus with adequate nutrition and 

prepares the mother for the metabolically demanding 

lactation period after birth. During feeding in nonpreg-

nant rats, oxytocin neurons become strongly activated 

indicating their role in meal termination. However, in 

mid-pregnancy the excitability of these neurons is de-

creased, oxytocin release is inhibited, and patterns of 

oxytocin receptor binding in the brain alter. hus, an 

increase in food intake occurs. 

Oxytocin release during breastfeeding causes mild 

but painful uterine contractions during the irst few 

weeks of lactation. hese contractions facilitate in 

maternal postpartum weight loss. Studies have shown 

that the longer mothers breastfeed, the greater weight 

loss they experience and they are more likely to return 

to their prepregnancy weight. he indings from these 

studies and many others have been used to encour-

age women to practice optimum breastfeeding, not 

only to ensure adequate nutrition for their infants, 

but also to decrease postpartum weight retention. If 

adequate breastfeeding practices are maintained as 

well as physical activity levels, risk of obesity in later 

adulthood dramatically decreases. 
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Oxytocin has been studied in nonpregnant animals 

as well. It is considered to be a “satiety” hormone be-

cause it has been shown to reduce food consumption 

when administered peripherally and centrally in rats. 

Also, the inhibition of food intake is not directly asso-

ciated with circulating oxytocin. When rats were ad-

ministered with anorexigenic treatments such as cho-

lecystokinin, hypertonic saline, and lithium chloride, 

pituitary secretion of oxytocin resulted and caused a 

greater increase in inhibition of food intake occurred. 

hese data suggest that nausea and satiety induce a 

common hypothalamic oxytocin pathway that results 

in the inhibition of digestion. Another study showed 

that oxytocin reduced food consumption and the 

time spent consuming food, and it also increased the 

time before irst meal in fasted rats. Conversely, when 

treating the rats with an oxytocin antagonist, their 

food intake increased.

How exactly does oxytocin mediate its inluence 

on consumption behaviors? Some studies show that 

oxytocin enhances the efects of anorexigenic mod-

ulators as mentioned above and others show oxyto-

cin may regulate the efect of leptin, a hormone that 

acts on the hypothalamus to suppress appetite. Data 

show that leptin secretion is inhibited by oxytocin in 

normal weight individuals, suggesting a likely role of 

oxytocin in the regulation of leptin. It was also discov-

ered that this oxytocin-leptin regulatory system was 

disrupted in obese individuals, indicating a possible 

contribution to their weight gain. It has also been pro-

posed that oxytocin could either act to modulate the 

activity of intrinsic brain stem relex arcs or apply a 

direct control over vagal eferent nerves that regulate 

the gut and reduce the gastric motility. However, the 

exact mechanism is unclear. 

SEE ALSO: Hormones; Leptin Supplements.
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Palatability

PALATABLE IS DEFINED by Webster’s Dictionary as 

“agreeable to the taste, hence, acceptable, pleasing.” 

Palatability is then the attribute of being palatable. his 

entry will consider various deinitions and operations 

for measuring palatability, the neural mechanisms that 

underlie it, and its potential contribution to obesity. 

Arguments among specialists abound in whether 

palatability inheres in the food or beverage being tast-

ed, the reaction of the subject, or an interaction of the 

two. It has been stated that hunger widens the range 

of acceptability, thereby making foods more palatable. 

However, hunger may not change the actual pleasure 

from consuming the ingesta, but only the subject’s mo-

tivation to consume. Technically, there may be more 

than one kind of palatability and several modulators of 

the word have been proposed to distinguish between 

the mechanisms by which changes in the subject or 

food result in changing intake. At least three modu-

lators of palatability should be considered. First is 

intrinsic palatability, which attributes the responsive-

ness of subjects under constant conditions to chang-

es inhering in the food or beverage. he property of 

tasting sweet is likely to be such an attribute because 

newborns show immediate acceptability responses to 

sweet tastes, although arguably, this could have been 

acquired in utero, because it is known that amnionic 

luid is imbibed by the fetus. Organismic palatabil-

ity is a label that has been appended to the change in 

acceptability that comes with changes in the state of 

the organism being tested. For example, reduction 

in blood glucose can make sweet-tasting foods taste 

sweeter. Palatability has also been described as either 

absolute or relative. Absolute refers to measures of 

palatability of a single item at a time, whereas relative 

palatability refers to a hierarchy among two or more 

items. Finally, palatability is probably largely learned 

as the result of pairing the stimuli in food with gas-

trointestinal, metabolic, or neurotransmitter system 

after-efects of consumption.

Palatability of foods and luids is a quality which 

makes them particularly useful in reward paradigms 

in which efort to obtain food is used to assess the 

rewarding properties and is particularly useful in 

studying the neural basis of palatability. In the para-

digms, an animal or person must perform some task 

for which it periodically receives a small piece of food 

or drop of luid. In such a situation under unchanged 

deprivation or physiological state, reward value or 

palatability is greater for more efort expended, faster 

response rate, or toleration of impediment. 

Two major neurotransmitter systems, opioid and 

dopamine participate in the control of palatability 

and it has been proposed that they control separate 

aspects of reward. “Liking” indexed by the opioid sys-

tem is the label for the hedonic or pleasure-inducing 

efects of rewards, whereas “wanting,” indexed by the 

P



dopamine system is the label for “incentive salience” 

or the quality of the reward that impels the individual 

to pursue it. Alternatively, dopamine may function as 

neurotransmitter that stamps in the memory of the 

association of an action with the stimulus. 

Palatability is measured by diferences in intake, 

diferences in response rates or facial expressions, or 

diferences in ratings made with appropriate scaling 

metrics between foods or individuals. Measurement 

of intake leads to circularity when it is argued that 

what is palatable is what is eaten in greater quantity, 

so that the confounding of various controls of intake 

with palatability cannot be ruled out. Hence, measures 

that are independent of intake would be preferred. 

Such measures as rate of eating, running down alleys, 

choices in T-mazes, lick bursts and interlick intervals, 

pressing levers on various schedules of reinforcement 

have all been used as alternatives to amount consumed 

in animals. However, no measure is without its own 

problems. In animal studies, drugs presumed to afect 

the rewarding value may also afect motor responses, 

which could interfere with performance.

Palatability of foods has been proposed as both a 

cause of obesity and a method for controlling it. Obese 

individuals may consume more because they like cer-

tain nutrient combinations more than do nonobese 

individuals; hence, reducing palatability by providing 

standard amounts of formula diets whose palatability 

has been reduced to help reduce intake is often efec-

tive in reducing weight. For individuals who can toler-

ate reduced palatability in foods, this could be an efec-

tive long-term solution to keeping weight of. Problems 

in the scales used for palatability have confounded ef-

forts to determine whether palatability contributes to 

weight diferences among groups.

SEE ALSO: Food Preferences; Food Reward; Neurotrans-

mitters; Nutrient Reward.
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Parental and Home  

Environments

A NUMBER OF factors related to home and parental en-

vironment may have an efect on children’s eating habits 

and consequent weight status. Many studies have dem-

onstrated a signiicant heritable component of eating 

habits and body weight. However, changes in popula-

tion genetics could not occur rapidly enough to fully ex-

plain the dramatic increases in rates of obesity in recent 

years. hus, environment seems to play a critical role in 

the development of obesity. Home and parental envi-

ronment have received much attention by researchers 

investigating factors related to development of obesity, 

because it is in the home that most early experiences 

with food and physical activity occur.

Some demographic variables of the home have 

been found to relate to children’s eating, level of phys-

ical activity, and weight status. While evidence on the 

impact of socioeconomic status is mixed, many stud-

ies suggest an association between low income and 

increased rates of obesity. his may be due to a num-

ber of factors. In lower-income households, higher 

weights in early childhood may be considered a mark 

of good health, foods such as fruits and vegetables 

may be less available or considered to be too expen-

sive, and the environment may be less stimulating 

and conducive to physical activity. Parental education 

may also play a role. Lower levels of parental educa-

tion have been linked with childhood obesity. Further, 

children of parents who are lacking in nutritional ed-

ucation tend to have greater caloric and fat intake and 

less fruit and vegetable consumption. 

Also related to childhood obesity is a single-parent 

home environment. Children from single-parent homes 
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tend to eat fewer meals but more snacks. his erratic 

eating schedule may be result from the single parent’s 

need to work long hours as the sole household provider 

and may be responsible for the increased obesity risk. 

Parents’ work schedules appear to impact children’s risk 

of obesity. Increases in the number of mothers in the 

workforce have often been blamed for poorer household 

eating habits; however, there is no evidence that mater-

nal employment afects dietary quality. hat said, the 

number of hours that parents work may afect a child, 

such that children of parents who work longer hours 

are at increased risk for obesity. his is likely due to de-

creased availability of these parents to provide healthful 

food choices and set meal schedules for children. 

The quality of the food and drinks available in 

the home environment can have an impact on a 

child’s weight outcome. Consumption of certain 

foods, such as fruits and vegetables, foods high 

in fiber, and dairy products has been linked to fa-

vorable health outcomes, while other foods (e.g., 

high-fat foods) and drinks (e.g., soft drinks) have 

been linked with increased risk of obesity. There 

is evidence to suggest that the availability of and 

familiarity with healthy and unhealthy foods may 

influence a child’s weight. Fruit and vegetable in-

take, as well as soft drink and snack consumption 

has often been linked with the availability of these 

foods within the home environment. 

hese indings may simply result from convenience 

factors. Children often report eating whatever is 

available and accessible in the home. However, espe-

cially in younger children, familiarity is strongly re-

lated to food preference and increased exposure to a 

food leads to increased acceptance of the food. his 

indicates children may eat more of what is available 

at home not just because it is easier, but also because 

they come to prefer the foods that are commonly 

available to them. herefore, by making healthier op-

tions available for children in the home, parents may 

positively afect long-term eating habits. 

Evidence also suggests that children are able to 

regulate dietary intake with a good deal of accuracy 
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if a number of nutritious options are available. How-

ever, in the presence of many highly-palatable, high 

energy-density foods, desire to consume such foods 

can override natural regulatory abilities, thus result-

ing in overeating. herefore, by providing a number 

of nutritious foods with lower energy-density (e.g., 

vegetables) in addition to nutritious foods of higher 

caloric value, parents may help children to regulate 

their energy intake more eiciently.

Simply consuming more meals at home can af-

fect children’s weight. Children and adolescents who 

eat more meals with the family at home tend to have 

healthier eating habits. Meal consumption at home is 

associated with increased fruit, vegetable, dairy, and 

vitamin and mineral intake and decreased intake of 

soft drinks and fried foods. Meals allow parents a fo-

rum to provide children with healthier food choices 

and to model healthy eating behaviors. 

However, within recent years, eating has been tak-

ing place outside of the home environment more fre-

quently, and children and adolescents have been mak-

ing more decisions regarding family food selection and 

meal preparation, perhaps due to increases in parent 

time spent at work. Meals eaten outside of the home, 

such as in fast-food venues or restaurants, tend to be 

higher in fat and energy content and serve larger por-

tions. Additionally, when adolescents are responsible 

for their own food decisions, they are more likely to 

engage in erratic eating patterns (e.g., skipping meals) 

and to eat more junk foods. Family meals provide a 

protective environment against such factors.

Another variable related to the home environment 

that has been found to relate to obesity is the availability 

and utilization of technology that promotes sedentary 

behavior (e.g., television, video games, etc.). In particu-

lar, television viewing has been linked with the devel-

opment of obesity. Research has consistently found an 

association between the amounts of time spent watch-

ing television and rates of obesity. his relationship is 

likely to be determined through a number of causes. If 

individuals are spending many hours watching televi-

sion, less opportunity for physical activity is available. 

hus, by opting for sedentary, rather than active pas-

times, an individual may not be allowing suicient en-

ergy output to counterbalance caloric intake. 

Additionally, television watching is associated with 

poorer eating habits. Television viewing has been 

found to promote greater caloric intake, as well as 

greater intakes of fat and nonmilk caloric beverages. 

People tend to snack more while watching television. 

Research has found that those who watch television 

during meals consume less fruit, vegetables, and juice 

than those who abstain from mealtime viewing. Tele-

vision also allows a greater opportunity for exposure 

to food and beverage advertisements. he foods ad-

vertised on television can often be high in fat and 

sugar and low in nutritive value. Studies demonstrate 

that children tend to request the foods that they see 

on television, which may therefore lower the quality 

of their diet. he last several decades have shown a 

dramatic increase in television viewing and the num-

ber of televisions typically available in the household. 

his may be one factor that has contributed to the in-

creasing rates of obesity.

Parents’ attitudes and behaviors toward eating and 

physical activity can have a signiicant efect on those 

of their children. Parents’ energy, fat, fruit and vegeta-

ble, snack, and soft drink intake and level of physical 

activity have been consistently positively associated 

with that of their children. Parental disordered eating 

behaviors, such as food restriction and disinhibition 

while eating, are often mirrored in their children’s 

eating habits. While much of this may be related to 

similarity of genetic makeup and resource availability, 

research demonstrates that parent modeling of eating 

and exercise behaviors impacts children’s habits. 

For instance, children are more likely to sample 

a novel food item if they see their mother consume 

this object. hey are more likely to accept a food 

if they are ofered the food by their mother, as op-

posed to an adult stranger. Additionally, parental 

involvement in physical activity often predicts the 

child’s engagement in such activities. his efect can 

be long lasting. Some research indicates that par-

ents’ level of activity is associated with level of ac-

tivity in children even into early adulthood. In this 

way, parents may promote healthy eating and physi-

cal activity habits in their children by engaging in 

such healthy practices themselves.

Much evidence suggests that parental approaches 

to feeding their children can have a direct or indirect 

efect on a child’s eating and weight. he parent feed-

ing variable most consistently related to childhood 

overweight is that of dietary restriction. In other 

words, parents who restrict their child’s access to 

foods or otherwise impose strict limits on their child’s 
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eating may be inadvertently encouraging habits that 

lead to increased risk of obesity. 

here are a number of explanations for this con-

nection. Studies have demonstrated that restricting 

a child’s access to a palatable food can increase the 

desirability of and preference for the food. Children 

will therefore consume more of the food when re-

strictions are removed. hus, by restricting a child’s 

access to certain foods, parents may actually be caus-

ing the child to want the food more. Additionally, by 

placing a high level of restriction around feeding, par-

ents may be encouraging children to pay more atten-

tion to external cues, rather than their internal sense 

of hunger and satiety. As previously noted, children 

generally have an innate ability to accurately regulate 

their energy intake; however, those whose parents 

demonstrate higher levels of restriction have poorer 

regulatory abilities and are more likely to eat in the 

absence of hunger. hese behaviors put the child at 

risk for becoming overweight. 

he efect of parental restrictive feeding practices 

may be most profound in samples of children who are 

already overweight. Parents are more likely to place 

restrictions on their child’s eating if the child is over-

weight, presumably in an efort to help the child to lose 

weight or curtail continued weight gain. However, this 

practice may be especially detrimental. Studies have 

shown that overweight girls whose mothers place re-

strictions on their eating eat more in the absence of 

hunger than leaner counterparts whose mothers place 

restrictions on eating, as well as peers whose mothers 

do not place restrictions on eating (whether overweight 

or lean). Parents are therefore encouraged to promote 

overall healthy eating practices, geared toward con-

suming nutritious foods and focusing on internal hun-

ger/satiety cues, instead of being overly restrictive of 

child’s intake or placing the child on a diet.

Other variables relating to parental feeding style 

have been found to relate to children’s eating hab-

its. Pressuring a child to eat in response to the mere 

presence of food (e.g., requiring a child to “clean the 

plate”), rather than in response to internal hunger and 

satiety cues is associated with greater caloric intake, 

as well as greater energy intake from fat, snack foods, 

and high-calorie beverages. his parent feeding tech-

nique has also been found to lead to disinhibited eat-

ing behaviors in children. Children’s food preferences 

may be inluenced by parents’ presentation of the 

foods. For instance, if a food is given as a reward or 

paired with attention, preference for the food tends 

to increase. On the other hand, if a food is presented 

as a contingency for another behavior (e.g., “If you 

eat your vegetables, you may go out and play”) or if a 

parent otherwise uses coercion to get a child to eat a 

food, preference for the food generally decreases. 

Parent behavior can also have a signiicant afect on 

children’s level of physical activity. Parents can reinforce 

the value of physical activity through encouragement, 

support, and praise of children’s engagement in sport 

or exercise. Children are more likely to be physically ac-

tive if parents sign them up for sports team and provide 

transportation to venues for physical activity. However, 

when parents place too much pressure on a child’s par-

ticipation in a sport, children tend to experience burn 

out. herefore, encouragement, not coercion is advised. 

Additionally, children are more likely to be physically 

active if parents take time to engage in physical activity 

with them and if parents generally discourage sedentary 

behaviors, such as television watching, at home. 

he relationship between general parenting style 

and variables relating to child’s eating, physical activ-

ity, and weight has received less attention. However, 

there is suggestion that a parenting style character-

ized by support, communication, and responsiveness 

coupled with clear limit setting may lead to healthier 

eating and increased physical activity in children. 

Additionally, extreme disorganization, neglect, and 

abuse in some cases have been linked with the devel-

opment of severe obesity and eating disorders.

Parents’ attitudes toward their child’s weight may 

also have an impact on the child’s eating behaviors 

and weight. Children who receive negative comments 

regarding their weight at home or who perceive their 

weight as being very important to their parents tend 

to engage more in dieting and unhealthy weight con-

trol behaviors. hese behaviors, in turn, increase the 

child’s risk for development of obesity and eating dis-

orders. Additionally, overweight children report ben-

eiting from parental support, rather than dieting ad-

vice. Researchers suggest that parents focus more on 

encouraging healthy eating in children, rather than 

promoting a particular body weight or shape.

SEE ALSO: Accessibility of Foods; Family Behavioral In-

terventions; Family herapy in Treatment of Overweight 

Children; Genetics; Maternal Inluence on Child Feeding.
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Patient Sensitivity

IN DEALING WITH the overweight, obese, or mor-

bidly obese patient, practitioners must be fully aware 

of the patient’s mind-set and the patient’s lived expe-

rience. hey need to be fully cognizant of the many 

dimensions of this experience, and the depth to which 

it permeates every iber, experience, and aspect of the 

patient’s life. Patients with weight issues sufer daily 

from the culturally and socially integrated biases, ste-

reotypes, and perceptions that label them as unwor-

thy, invaluable, substandard, and defective. 

Practitioners should recognize some of the more 

common stereotypes related to people with weight 

issues: lowered intelligence; socially awkward; less 

desirable in love relationships; lazy; stupid; no self-

control; bookish; jolly; good cooks; food obsessed; 

available to pick up slack for others; uninvolved in so-

cial activities; women are fat; men are “big guys”; and 

laugh easily at themselves and are not bothered by it

Related to stereotypes are labels, title, generaliza-

tions, and assumptions that are made or applied by 

the general populace to those with weight issues.

Labels (from others or society as a whole) include: 

hypochondriac; whiner; wimp; unworthy; trouble-

maker; burden; defensive; and defective.

Titles (from self or internalized from others) in-

clude: Rock of Gibraltar; herapist and Fixer; Ev-

eryone’s Backup; Mrs. (assume woman is married); 

Mom; and Tough guy.

Generalizations (from society as a whole) may in-

clude: lack self-discipline; lack self-respect; lack abil-

ity and desire for perfection; weak; pitiful; unfriendly; 

moody or sullen; uncooperative; and not credible.

Assumptions (from society as a whole) include: are a 

parent; married; had sex; had relationships; dated; hav-

ing nothing else to do but meet your needs; noncompli-

ant; have held a job; do not have much education; and 

have not tried very hard to lose the weight before now.

Practitioners should be mindful not to perpetuate 

any of these stereotypes, labels, titles, generalizations, 

or assumptions, and should take the time for person-

al introspection about personally held beliefs as they 

relate to those with weight issues. Practitioners who 

identify and confront their own biases and percep-

tions of persons with weight issues will be less likely 

to engage in or promote pigeonholing roles, situa-

tions, or behaviors as well. Pigeonholing is deined as 

roles and situations into which obese and morbidly 

obese people are thrust and trapped by others with 

whom they interact. 

Examples of “pigeonholing” obese patients.

• Standardized charts, tests, measures
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•  Others’ expectations and perceptions

•  Others’ values and morals

• “You’re just a weight issue to me and nothing 

more”

• Jobs that do not go anywhere

• Particular types of jobs

• Parent roles

• “You’re just additional work for me”

• “You’re just a number or a ile”

Related to all of the foregoing is prejudice and 

discrimination. Prejudice is the prejudging of a per-

son or situation based on attitudes, not perceptions. 

Discrimination is behavior for or against a person or 

situation. Practitioners should be extremely mind-

ful of their internal prejudices, and do not engage in 

discriminatory practices. his includes the conscious 

or unconscious use of particular words or language 

when addressing obese patients.

Many professionals working with obese patients 

have come to this ield from other areas of healthcare 

or social service. hey have brought with them their 

experiences, knowledge base, and vocabulary. Where 

these have all served them well in other aspects of 

their professional lives, they can now become a liabil-

ity instead of an asset.

Obese patients are very, very sensitive to the spe-

ciics of language. Words have been used against 

them all their lives. What was once a label for a 

member of the bovine species became a derogatory 

term for a fat woman—a cow. What was created as a 

simple term for deining the state of having fat cells 

over a certain amount has become a term slung at 

people as more of an accusation and condemnation 

of their character than simply as an actual descrip-

tion of their status—you are obese. It is not even a 

word that sounds nice. Cancer, a factual statement 

of a medical condition, has the connotation that 

something has happened to you. Obesity has the 

connotation that you did something to yourself, and 

thus you are at fault. 

It is diicult for patients who have been mistreat-

ed, dismissed, and abused by society and the medical 

community all their lives to suddenly grow a callous 

to the previously hurtful nature of the terms used to 

describe them. Although most bariatric professionals 

use terms such as obesity, morbid obesity, supermor-

bid obesity, body mass index, and fat in their clinical 

terms, patients hear them and feel them like hurtful 

little barbs of condemnation. Language selection can 

cause huge resistance issues. he goal is to overcome 

resistance, reduce fears, and facilitate people’s jour-

ney toward a healthier lifestyle, not to win a war of 

words so the practitioner can claim victory for the use 

of their terms. 

In addition to what has been outlined above, prac-

titioners should employ patient sensitivity measures 

that include creating efective trust relationships, act-

ing with integrity and competence, consistency, loy-

alty, and openness. It is imperative that practitioners 

also treat the whole person and not just a particular 

problem or symptom. he obese population is a high-

ly complex population that is unlike any other patient 

population at all. Emotional scars run deep and afect 

every aspect of the patient’s personality, behaviors, 

perceptions, and choices. Practitioners are encour-

aged to continue their research and understanding 

about the nature and needs of obese individuals, and 

to respond with appropriateness, kindness, under-

standing, and empathy.

SEE ALSO: Anxiety; Appearance; Body Dysmorphic Disor-

der; Body Image; Depression; Fat Acceptance; Loneliness; 

Mood and Food; Obese Women and Social Stigmatization; 

Quality of Life; Self-Esteem and Obesity; Self-Esteem in 

Obese Women; Stereotypes and Obesity; Stigmas against 

Overweight Children; Weight Discrimination.
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Peer Influences on  

Obesity in Children

PEER INFLUENCES MAY impact the development of 

obesity in childhood. Peers can exert inluence through 

their attitudes and behaviors toward food, exercise, and 

weight status in ways which may promote or, alterna-

tively, discourage healthy behaviors related to eating 

and physical activity. Peer inluence is of appreciable 

importance in childhood and adolescence. Most chil-

dren spend as much or more time in school and en-

gaged in after-school activities with their peers as they 

do at home with their family. Peer group has been found 

to signiicantly inluence many health-related behaviors 

throughout childhood, such as smoking and sexual be-

havior. Additionally, children share at least one meal, 

in addition to potential snacks, with peers during the 

average weekday and typically engage in physical edu-

cation together through school curriculum. herefore, 

it seems likely that eating and physical activity habits 

would be afected by peer group to some extent.

One way in which peers may afect the develop-

ment of obesity in childhood is by afecting children’s 

eating habits. Little research exists regarding social 

inluence on infant and toddler populations. his is 

presumably due to the fact that eating is largely con-

trolled by parents during this developmental stage. 

While in very young children (2 years of age and un-

der), peer inluences on food preference might not be 

strong, for children in preschool environments with 

ample interaction with peers are strongly inluenced 

by their classmates choice of foods.  

Studies have demonstrated that food preference, se-

lection, and intake can be afected by that of one’s peers 

at this age. Witnessing another child selecting, eating, 

and enjoying a food has been found to make the food 

more desirable and acceptable to a young child. his 

inding is corroborated by parental report. Parents 

tend to report that children of this age begin request-

ing foods based on what they report others are eating 

at school. his inluence of peer modeling on the food 

preferences of young children appears to be maintained 

over time and, thus, may permanently afect children’s 

dietary selection. 

Some peers may be more inluential than others in 

altering food choice. According to existing research, 

peers who are prestigious, well-liked, and nonaggres-

sive are the most likely to afect the eating behavior of 

other children. Older children appear to exert consid-

erable inluence on the food choices of younger chil-

dren, likely because younger children look up to them 

as role models. Additionally, females may be more in-

luential models of eating behavior than males. Some 

argue that this is because children are used to looking 

to female igures within their families, namely their 

mothers, for cues on how to eat. his efect may also 

be a relection of a temperament, as girls tend to be 

less aggressive than their male peers, which may in 

turn make them more desirable models of behavior. 

here is less evidence to suggest that peers signii-

cantly impact on the eating behavior in middle child-

hood and preadolescence (ages 6–12). Several stud-

ies demonstrate that peer modeling efects on food 

choice are stronger in younger subsets of children. 

his is likely because food preferences have become 

more stable by this time and, therefore, less suscep-

tible to outside inluence. 

Individual friends do not appear to inluence 

choice, preference, or overall fat or energy intake of 

middle school children. However, general normative 

attitudes of a peer group may still be inluential. In 

addition, even if peers’ food choices do not directly 

afect children’s eating habits, peers may still have 

an indirect efect at this time. For instance, middle 

school children report that fruit and vegetable intake 

is generally discouraged by peers. While children may 

not report that this directly afects intake of these 

foods, it may afect children’s attitudes toward these 

food items, which may then afect their likelihood of 

incorporating them into their diet. 

As in middle childhood, in adolescence, friends 

do not appear to directly afect overall dietary pref-

erence, choice, or intake. However, peers do seem to 

inluence snack food intake at this time. his seems 

logical because adolescents are more likely to eat 

snacks with friends than meals. his is also signii-

cant because during adolescence, food is increasingly 

obtained from outside the home, often from sources 

such as fast-food restaurants, convenience stores, and 

vending machines. Accordingly, snack food selec-

tions tend to be high in calories and lacking in nu-

tritive value. herefore, peer efects on snacking may 

impact the likelihood of unhealthy food selections 

and thereby weight gain. Additionally, research dem-

onstrates that friend selection and social status may 
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afect adolescents’ eating attitudes and habits. Ado-

lescents who aggregate toward more academically 

focused social groups report healthier food choice se-

lections and more dieting, while more popularity-fo-

cused adolescents report making poorer food choices 

but exercising more. Adolescent groups that tend to 

get into more trouble and engage in riskier behavior 

report making poorer food choices and engaging in 

more eating disordered behavior.

Overweight children, in particular, may be sensi-

tive to peer inluences on eating habits. Research 

demonstrates that overweight children eat greater 

quantities with other overweight children than with 

leaner peers. his may indicate a tendency to restrict 

themselves in the presence of thinner peers and/or a 

tendency to overeat as a display of camaraderie with 

peers of a similar size. his inding could also demon-

strate a greater level of comfort with similarly over-

weight peers. In fact, there is some suggestion that 

overweight children are drawn to friendship with 

peers who share similar risk for obesity. 

Additionally, peer perceptions of and attitudes 

toward overweight peers can have a profound efect 

on eating behavior. Overweight children may receive 

stronger social pressure to alter their eating. Over-

weight girls are less likely to be talked out of dieting 

by friends and consequently report more attempts 

to engage in dieting behaviors. his tendency places 

overweight children at risk as dieting in childhood and 

adolescence is associated with the emergence of eat-

ing disordered behavior and continued weight gain. 

Further, overweight children (and underweight peers 

to a lesser degree) are more likely to be teased about 

their weight and appearance. Weight-related teasing 

by peers is associated with poor body image, dieting, 

binge eating, purging, and other extreme weight-con-

trol behaviors. hus, the efects of peer inluence may 

place overweight children at risk for development of 

eating disorders and obesity in adulthood. 

Another way in which peers signiicantly afect the 

development of obesity is through their inluence on 

children’s level of physical activity. Results are more 

consistent regarding peer inluence on exercise and 

physical activity than on eating habits. Research has 

consistently demonstrated that social support strongly 

inluences children’s engagement in physical activity. 

Friends’ praise of and encouragement for participation 

in physical activity are related to increased engagement 

in such activities. Children are more likely to partici-

pate in a sport or a itness class if a friend also joins or 

to engage in physical activity if a friend invites them 

to. Additionally, perceptions of peers’ attitudes toward 

exercise can afect children’s attitudes toward exercise, 

consequently afecting their activity levels.

his may also put overweight children at a disad-

vantage. Research indicates that overweight children 

are more socially isolated, are more often excluded 

from exercise- and sport-related activities, and less 

likely to receive support of physical activity than nor-

mal-weight peers. his can lead to decreased oppor-

tunity for shared physical activity and less interest in 

engaging in exercise. Further, social isolation and ex-

clusion can lead to depression and loneliness, which 

are associated with decreases in activity level. 

Bullying and teasing about weight are also asso-

ciated with increases in depression, anxiety, and so-

matic complaints, and decreases in physical activity. 

Further, overweight children are more likely to be 

criticized about their weight by peers while engaging 

in physically activity (e.g., during gym class). his de-

creases the reinforcing aspect of the exercise and can 

cause embarrassment, thus increasing desire to avoid 

such activities. However, research indicates that over-

weight children can overcome the deleterious efects 

of teasing on physical activity level by using problem-

focused and avoidant coping techniques. 

Research on the impact of peer groups on the de-

velopment of obesity-promoting behaviors can be 
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informative to the development of new interventions 

for the prevention and treatment of obesity in child-

hood, particularly those applied to school settings. 

SEE ALSO: Morbid Obesity in Children; Obesity in Schools; 

Physical Activity in Children; School Based Interventions 

to Prevent Obesity in Children; Stigmas against Over-

weight Children.
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Perilipins

PERILIPIN IS A protein involved in the formation and 

stabilization of lipid droplets in mammalian adipose 

cells. Perilipins are expressed only in adipocytes and 

steroidogenic cells and they are centrally involved in 

both lipid storage and degradation. he regulation of 

lipid droplets is currently poorly understood, and fu-

ture studies in this area are critical in order to realize 

its implications in weight gain, obesity, and associated 

potential treatments. 

Lipid droplets are the main energy depots in the 

body and they contain primarily triacylglycerols. 

hese stores are formed during periods of energy sur-

plus and the release of fatty acids from these droplets 

occurs when energy is in need through lypolysis (hy-

drolysis of lipids). Phospholipids form a layer which 

surrounds and protects the lipid droplet from hydro-

lysis. Perilipin is the most abundant protein associ-

ated with this phospholipid layer.

During periods of stress or low blood sugar, the 

hormone catecholamine is released from the adrenal 

gland. When cells are exposed to catecholamine, a li-

polytic response is initiated. his response begins with 

G protein stimulation and through a series of reac-

tions activates protein kinase A (PKA). PKA can then 

phosphorylate and activate both hormone-sensitive 

lipase (HSL) and perilipin. Phosphorylated perilipin 

is necessary for normal lipolytic response because it 

facilitates the interaction of the HSL with lipid drop-

lets. When HSL interacts with the lipid droplet, it be-

gins hydrolysis of triacylglycerol, releasing fatty acids 

which can then be used as energy. 

In addition to assisting in lipid degradation, perili-

pin regulates the storage of triacylglycerols by provid-

ing a barrier against lipolysis and thereby preventing 

the interaction of HSL with triacylglycerol. 

here are two forms of perilipin in the body: per-

ilipin A and B. hese isoforms are transcribed from 

the same gene and are alternatively spliced to form 

functionally diferent proteins. he most common 

isoform, and the one mainly responsible for the lipid 

regulation, is perilipin A. Perilipin B does not pro-

tect against HSL hydrolysis and may act only to per-

mit a basal level of lipolysis to provide a constant 

level of fatty acids. 

here have been recent studies showing the re-

lationship between perilipin expression and body 

weight maintenance. A perilipin knockout mouse 

model had 60 to 70 percent less adipose tissue com-

pared to the control mouse. his dramatic diference 

in adiposity is likely because of an increase in hydro-

lysis of triacylglycerol in the adipocytes due to the 

lack of perilipin protection. 

SEE ALSO: Hormone Sensitive Lipase; Protein Kinase.
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Peripheral Nervous System 

THE PERIPHERAL NERVOUS system (PNS) con-

nects the central nervous system (CNS) to sensory 

organs (such as the eye and ear), other visceral organs 

of the body, muscles, blood vessels, and glands. he 

peripheral nerves include the 12 cranial nerves, the 

spinal nerves and roots, and autonomic nerves that 

are concerned speciically with the regulation of heart 

muscle, the muscles in blood vessel walls, and other 

glands. he PNS sends nerve impulses for the periph-

ery and trunk to the CNS in relation to hormonal and 

homeostatic controls. Indeed, the PNS is crucial in 

the regulation of energy balance in the body. 

Obesity concerns the PNS in many facets such as 

cases of atrophy and necrotic tissue in extremities to 

complete loss of sensory and motor function when 

diseases such as diabetes mellitus are not properly 

treated or diagnosed. he PNS serves as the main 

conduit for all messages coming to and from the ex-

tremities to the CNS for processing. 

he PNS regulates many hormones for body func-

tion. For example, the endocrine pancreas relies on 

the PNS to help control some metabolic processes. 

he function of the pancreas is to make insulin so that 

the body can use free glucose in the blood from food 

for energy. he pancreas also makes enzymes that help 

the body digest food. Spread all over the pancreas are 

areas called the islets of Langerhans. With these islets 

are cells that make chemical compounds such as glu-

cagon, which raises the level of glucose in the blood 

while others make insulin. A third type of cell pro-

duces somatostatin which is a hormone that controls 

the rate of nutrient absorption into the bloodstream. 

hese cells receive information from the PNS and 

CNS via neuronal connections to the pancreas that 

originate in the ventral hypothalamus, an area of the 

brain important to glucose regulation and body en-

ergy balance with metabolism.

For example, some such studies include animals 

and look at the genetic propensity to develop diet-in-

duced obesity (DIO) by observing a reduced respon-

siveness to signals such as leptin and insulin. Obesity 

and Type 2 diabetes are on the rise in the United States 

and are major health concerns. Leptin and insulin are 

hormones that circulate in the blood in proportion 

to body fat stores and interact with their respective 

receptors expressed in key brain areas such as the hy-

pothalamic arcuate nucleus (ARC) that regulate food 

intake and glucose metabolism. 

he arcuate nucleus is a collection of neurons 

present in the hypothalamus, the center of and main 

CNS operator with masses of neurons that can send 

messages to other areas of the brain and body. When 

activated, these masses of neurons can produce rav-

enous eating desires and may be regulated by glucose, 

insulin, and leptin. he PNS plays a role in this signal-

ing. hus, arcuate neurons in the CNS are respond-

ing to information on whether the body has suicient 

calories and nutrients and acting on needs of the 

body. Any malfunctions with the above homeostaticAny malfunctions with the above homeostatic 

mechanism can lead to obesity. 

he concept of feedback from the pancreas to the 

hypothalamus via insulin for the regulation of food 

intake and energy expenditure. his idea of a periph-

eral metabolic signal for the brain has been given a big 

boost recently with the discovery of the ob gene and 

its circulating adipose tissue hormonal gene product, 

leptin. Interestingly, leptin and insulin both appear to 

regulate the same neural circuit, the synthesis and re-

lease of neuronal NPY in the arcuate nucleus.

SEE ALSO: Autonomic Nervous System; Central Nervous 

System; Sympathetic Nervous System.
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Personal Relationships  

and Obesity

DECADES OF RESEARCH have documented the ways 

in which personal relationships, including family 

ties, friendships, and romantic relationships, can be 

beneicial to health and well-being. Social networks 

 Personal Relationships and Obesity 589



can provide companionship, foster self-acceptance 

and esteem, give help and support in times of need, 

and motivate people to be their best. However, per-

sonal relationships can also be sources of negativity 

through strain, conlict, increased obligations, criti-

cism, and rejection. One may question whether obe-

sity makes any diference in personal relationships. 

hat is, whether obese people have as many personal 

relationships as others; whether their relationships 

serve the same functions; whether these relationships 

are likely to be of higher, lower, or similar quality; and 

whether any of these factors change from childhood 

and adulthood. 

RELATIONSHIP QUANTITY AND FORMATION

here is some evidence that obese people have few-

er personal relationships compared to people who 

are not obese. his diference tends to emerge in 

childhood when obese children have greater dii-

culty making friends and are likely to be less popu-

lar, are lonelier, and even endure victimization by 

other children through teasing and bullying. Negative 

treatment from peers often continues through ado-

lescence, a time when self-consciousness increases 

along with the perceived importance of conformity 

and peer acceptance. While many teenagers develop 

resilience and strategies to bufer themselves, teasing 

and rejection by peers can contribute to body dissat-

isfaction and unhealthy weight control practices can 

occur, such as taking diet pills and symptoms of eat-

ing disorders. here is some evidence that the relative 

dearth in friendships improves as adolescents age.

Overweight adolescents are less likely to partici-

pate in romantic relationships and dating activities 

in part because of the large emphasis on physical at-

tractiveness. his diference is most pronounced for 

obese young women, who often begin dating at an 

older age and date less frequently. Obese individuals 

are somewhat less likely to marry and tend to do so 

later in life. here is also evidence that obese adults 

are more likely to marry other adults who are heavy. 

Family relationships, including bonds with par-

ents, siblings, and extended family members, vary 

less with weight status. here is great social pressure 

to maintain family ties out of obligation, even if they 

can be a source of conlict and negativity. However, 

because there is a strong genetic component to obe-

sity, and because family members typically live in the 

same environment, family members are often obese 

themselves, and may be especially sympathetic and 

supportive. Even so, family members also have the 

widest latitude and may be the sources of damaging 

negativity. Family ties, and especially parents, inlu-

ence psychological development, shape patterns of 

interaction with others, and contribute to the devel-

opment of exercise and eating habits.

RELATIONSHIP FUNCTIONING AND QUALITY

here is some evidence that obese children and adults 

may have weaker, antagonistic, lower quality friend-

ships. Stereotypes about obese people may contribute 

to negative interactions with peers, but peers’ nega-

tive expectations can actually lead obese individuals 

to communicate less efectively, thus inadvertently 

conirming the negative expectation. Internalizing 

criticism, teasing, and negativity from peers helps to 

explain why overweight is associated with poorer psy-

chological well-being. Stigmatizing experiences early in 

life can lead obese youth and young adults to distance 

themselves from social interactions. Obese individuals 

may come to expect rejection and become less willing 

to take risks on new relationships. Even so, most obese 

people ind sympathetic friends who can provide com-

panionship and help bufer against negative interac-

tions, although the overall numbers may be smaller. 

Although obese adults are slightly less likely to marry, 

there is little evidence that their marital relationships are 

of lower quality compared to the relationships of others. 

A few studies report increased levels of dissatisfaction, 

conlict, and marital problems, but many others ind no 

diferences. Indeed, obese couples do not have an in-

creased risk of marital separation or divorce. 

Childhood obesity can be a symptom of family 

strain and conlict as well as a cause. Parents may see 

their children’s weight status as a sign of personal fail-

ure and a source of embarrassment, in addition to be-

ing concerned about children’s long-term health and 

well-being. Arguments over food choices, physical 

activity, and weight control may undermine the qual-

ity of the parent–child relationship. Family members 

tend to be the most frequent sources of weight-relat-

ed stigma because they have such prolonged, exten-

sive contact, but they can also be sources of support, 

companionship, and motivation.

Weight status, eating habits, and exercise habits can 

be targets for negative exchanges among family mem-
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bers across the life span. he emotional issues and 

physical limitations associated with obesity and may 

also pose challenges that evoke can more negative in-

teractions with loved ones. Relationship partners may 

resent being caretakers and providing concrete and 

psychological support through these challenges. 

PERSONAL RELATIONSHIPS AND  

WEIGHT CHANGES

Personal relationships can inluence health behavior, 

including diet, exercise, and weight loss eforts in a 

number of ways. Close connections can become sup-

porters and saboteurs of healthy habits, and some-

times both simultaneously. 

Weight gain over the irst years of marriage is typi-

cal and may even be an indicator of relationship stabil-

ity. Marked weight loss, in contrast, can be evidence 

of marital problems, although it can have positive 

ramiications for the relationship in terms of increased 

social activity and sexual function. It may be that mod-

est weight gain relects stability and harmony, and pro-

nounced weight loss or gain can signal problems.

Friends, romantic partners, and family members 

may feel an obligation to try to directly change their 

obese loved ones’ habits, either for altruistic or selish 

reasons. hese attempts may take the form of moni-

toring, criticizing, and nagging, but they can also 

entail more constructive behaviors such as modeling 

healthy habits, working together, and encouraging. 

Spouses’, supportive friends’, and family members’ 

involvement in weight-control eforts can be helpful. 

Working together can be superior to individual-fo-

cused interventions, especially for women who are 

trying to lose weight.

RELATIONSHIP MAINTENANCE

People enter into friendships and romantic relationships 

voluntarily, whereas family relationships tend to be sus-

tained to a greater extent by obligation. Body weight 

may have a stronger inluence on the continuation of 

voluntary relationships because there is an expectation 

that family ties will be maintained regardless of quality. 

If obese people are being treated badly, they may dis-

solve problematic friendships and romantic relation-

ships. However, if obesity leads people to discount their 

worth and value themselves less, they may persevere in a 

lower quality relationship because of the perception that 

there are no higher quality alternatives.

It is more likely, however, that obese individuals 

choose to selectively maintain relationships. Sup-

portive, fulilling relationships with sympathetic, 

nonjudgmental others may endure as more conlict-

ridden, problematic relationships end. 

SEE ALSO: Appearance; Obese Women and Social Stigma-

tization; Parental and Home Environments.
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Pharmacological Treatment of 

Childhood Obesity

OBESITY IS THE most prevalent nutritional disorder 

among children in the United States. he number of 

obese children has risen signiicantly over the past two 

decades, likely due to inactive lifestyles and poor eating 

habits. Obesity in children is deined using body mass 

index (BMI), which is a calculation that uses a patient’s 

height and weight to estimate the amount of body fat. 

After the BMI is calculated, it is plotted on the appropri-

ate BMI-for-age growth chart (chart used difers based 

on sex and age). Children with a BMI above the 95th per-

centile are considered overweight. Patients with a BMI 

above the 95th percentile are considered obese. BMI is 

used as a screening tool for obesity, but other factors 

must be taken into consideration. hese factors include 

diet, physical activity, family history, and other appro-

priate health screenings. Childhood obesity increases 

the patient’s risk for several future problems including 

adult obesity, diabetes, high blood pressure, disease of 

the heart and blood vessels, lung diseases, and cancer. 

herefore, it is very important that childhood obesity is 

managed appropriately. 
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he best treatment option for children with obe-

sity is an age-appropriate behavior modiication pro-

gram consisting of exercise and dietary counseling. If 

behavioral modiication fails, pharmacological treat-

ment may be indicated for select patients based on 

the magnitude and extent of other medical conditions. 

However, research involving the management of child-

hood obesity with medications is very limited and the 

patient should be referred to a specialist before begin-

ning therapy. Available medications for the treatment 

of obesity work by reducing food intake and increasing 

energy use or by preventing fat absorption. 

Most appetite suppressants reduce food intake due to 

their efects on the brain. he brain triggers the release 

of norepinephrine, a hormone released in the blood 

stream. he body’s response to norepinephrine is to 

increase blood pressure and heart rate, release glucose 

from storage centers, and break down fat stores. Most ap-

petite suppressants including phentermine, diethylpro-

pion, benzphetamine, and methamphetamine are only 

approved for short-term use and most of these drugs are 

limited to patients 16 years old or older (benzphetamine 

is approved in children 12 years old or older). Addition-

ally, these drugs increase blood pressure and heart rate, 

increasing the risk of developing heart disease. 

Sibutramine (Meridia®) is the only appetite suppres-

sant approved for longer use (up to two years use per 

the manufacturer). Sibutramine works diferently than 

the other appetite suppressants by blocking the reab-

sorption of norepinephrine, serotonin, and dopamine. 

However, similar problems limit its use including side 

efects of increased blood pressure and heart rate and 

it is only approved for children 16 years old or older. 

Other limitations for sibutramine’s use include risk of 

serotonin syndrome, a rare but life-threatening adverse 

event that results from the presence of too much sero-

tonin in patients on other drugs (including some anti-

depressants) which increase serotonin, weight loss lev-

els of after approximately four to six months’ use, and 

long-term continuation of the medication is needed to 

keep of the weight. 

he drug orlistat (Xenical®) works by preventing 

the absorption of fat. Speciically, orlistat prevents 

the actions of chemicals in the stomach, thus prevent-

ing the fat from entering the body and increasing the 

amount that is removed. Orlistat has been efective in 

adults at decreasing body weight as well as decreasing 

cholesterol and risk of developing diabetes. However, 

in the United States, orlistat is only approved for chil-

dren 12 years old or older. he use of orlistat in ado-

lescents resulted in similar weight loss as adults, but 

adolescents had diiculty taking the medication due 

to known side efects. If dietary fat is not reduced, gas 

and diarrhea can be very bothersome for the patient. 

Additional issues with this medication include the 

risk of vitamin A, D, and E deiciencies even with daily 

supplementation, weight loss levels of over time, and 

long-term continuation of the medication is needed 

to keep of the weight.  

Other agents that have shown some beneits in-

clude metformin and leptin. Metformin is an oral 

agent used in the treatment of diabetes to decrease 

the production of glucose by the liver, decrease ab-

sorption of dietary sugar, and improve the body’s abil-

ity to use sugar. In obese adolescents, metformin de-

creased food intake, increased weight loss, decreased 

fat stores, improved cholesterol levels, and decreased 

the risk of developing diabetes. Although studies have 

shown metformin to be beneicial in childhood obesi-

ty, it is not approved for this use at this time. Leptin is 

a hormone in our bodies which has several important 

roles. Leptin helps our bodies maintain body weight 

and break down and utilize food for energy. Leptin 

deiciency is a rare genetic disorder, but in patients 

with this disorder, treatment with leptin leads to dras-

tic weight reduction. 

In conclusion, the role of medications for child-

hood obesity is very limited. Diet and exercise should 

be irst-line therapy for childhood obesity and medi-

cations should only be used after failure of behavioral 

modiication in patients at high risk for developing 

weight-related medical conditions. Very few antiobe-

sity medications are approved in children due to lack 

of research. However, orlistat is appropriate in chil-

dren as young as 12 years old and sibutramine can 

be considered in adolescents at least 16 years old. 

he side efects and long-term efectiveness of these 

medications also limit their clinical use. If pharma-

cological treatment of childhood obesity is started, it 

must still be combined with behavioral modiications 

including diet and exercise. Further research is need-

ed to determine if any additional medications are safe 

and beneicial for childhood obesity. 

SEE ALSO: Leptin Supplements; Metformin; Obesity and 

Drug Use; Orlistat (Xenical); Sibutramine (Meridia).
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Physical Activity and Obesity

PHYSICAL ACTIVITY IS deined as bodily movement 

(any form) produced by the contraction of skeletal 

muscles that increases energy expenditure above the 

basal level, and can be categorized in various ways, 

including type, intensity or strenuousness and pur-

pose. Obesity is a condition describing excess body 

weight in the form of fat, with a body mass index 

(BMI) of 30 or greater. Obesity is often multifactorial, 

based on both genetic and behavioral factors. Physi-

cal inactivity has been found to associate with obe-

sity because obesity arises from a mismatch between 

energy intake and energy expenditure that results in 

a net accumulation of energy stores, mainly as fat, 

in the body. Persuasive evidence indicates that both 

increased adiposity and reduced physical activity are 

strong and independent predictors of death. 

PHYSICAL ACTIVITY AND ENERGY EXPENDITURE

Humans oxidize (metabolize) carbohydrate, protein, 

and fat (and alcohol) to produce energy that can be con-

sumed in various forms of mechanical and chemical 

work and heat. he main component of the daily energy 

turnover in a typical subject is the energy expenditure 

for maintenance processes (resting energy expenditure). 

he remaining components are diet-induced energy 

expenditure and activity-induced energy expenditure. 

Diet-induced energy expenditure is less than 10 percent 

of total energy expenditure, depending on the macronu-

trient composition of the food consumed. 

Activity-induced energy expenditure is the most 

variable component of the daily energy turnover, 

ranging between an average of 25 to 35 percent, up 

to 75 percent in extreme situations during heavy, sus-

tained exercise as physical activity levels in free-liv-

ing humans vary from day to day, seasonally, and in 

response to environmental factors. 

he physical activity involves mechanical work, 

which must be performed by the muscles to move the 

center of mass of the segment. During the movement, 

energy expenditure will increase to propel body seg-

ments from one position to another in which me-

chanical work will be produced proportionally. hus, 

work eiciency (the amount of work-/activity-in-

duced energy expenditure) is one of major factors to 

determine activity-induced energy expenditure. he 

total amount of energy required by individuals de-

pends on the level of activity, on work eiciency and 

on their body weight. he more active, heavier, and 

less eicient they are, the more energy they require. 

he rates of activity-induced energy expenditure vary 

depending on intensity, duration, and frequency of 

the activity and on the body mass and itness of the 

person performing the activity. 

here is currently a secular trend toward decreased 

physical activity in work time, which means that ac-

tivity-induced energy expenditure during leisure time 

is becoming more dominant in determining total 

energy expenditure. hus, physiology, behavior, and 

lifestyle play major roles in determining energy ex-

pended in activity.

PHYSICAL INACTIVITY AND MORBIDITY

Physical activity is a fundamental part of human life. 

It is a primary link with the environment around us. 

We can explore, interact with, and change our envi-

ronment through physical activity. his inluences 

our mental and physical health, which in turn inlu-

ences our capacity to move. 

Regular physical activity is associated with a de-

creased risk of all-cause mortality. Cross-sectional 

epidemiological studies and controlled experimen-

tal investigations have suggested that physically ac-

tive persons, in contrast to their sedentary counter-

parts, tend to develop and maintain a higher level of 

metabolic itness.

Metabolic syndrome is deined as comprising three 

of ive lipid and nonlipid risk factors of metabolic ori-

gin (large abdominal circumference, hypertriglycide-

mia, low high-density lipoprotein (HDL), high blood 

pressure, and high fast blood glucose). Physical activ-

ity diminishes the magnitude of all ive risk factors. 

 Physical Activity and Obesity 593



Existing data from multiple studies also have dem-

onstrated the clear signiicance between physical in-

activity and risk of several chronic diseases, including 

coronary heart disease, hypertension, noninsulin-de-

pendent diabetes mellitus, osteoporosis, cancers, and 

anxiety and depression. As many as 250,000 deaths 

per year, approximately 13 percent of total deaths, are 

attributable to lack of regular physical activity. 

A low level of physical activity is a major risk fac-

tor for excess fat gain, and increased participation 

in physical activity is associated with a reduced 

risk of obesity. Obese persons engage in low lev-

els of habitual physical activity compared to their 

nonobese counterparts. The available data seem to 

indicate a secular decline in overall physical activ-

ity that has occurred at the same time, or possibly 

before, the temporal increase in obesity. It is likely 

that physical inactivity contributes significantly to 

the development of obesity.

PHYSICAL ACTIVITY MEASUREMENT

Determination of the amount of physical activity 

needed to derive speciic health beneits requires ac-

curate and reliable methods of measuring energy ex-

penditure in free-living individuals. Currently a num-

ber of methods have been utilized to assess physical 

activity and its contribution to energy expenditure 

during physical activities. hese vary signiicantly in 

their approaches, accuracy, and usefulness. 

Direct observations provide a comprehensive and 

accurate physical activity assessment tool that allows 

characterization of habitual physical activity either 

directly or after review of ilm or videotape and di-

verse dimensions related to physical activity can be 

quantiied, and involve little interference with the 

participant’s routine. his technique can be used as 

a criterion method for validating other measures of 

physical activity, and can be used for short-to-mod-

erate time periods in a variety of settings. However, 

it is time consuming, is not practical for large-scale 

investigation, and may lead to alterations in normal 

behavior. Results are also diicult to quantify and to 

compare between subjects. 

Physical activity index (PAI) composite score is 

calculated by summing the number of hours spent 

in each activity intensity level and multiplying by a 

respective weight factor derived from the estimated 

oxygen consumption requirement for each intensity 

level. PAI is frequently used to analyze data in large-

scale epidemiologic studies. PAI is useful in energy 

balance studies and can be used as a measure for vali-

dating physical activity survey questionnaires. How-

ever, individual variability in physical activity and 

energy expenditure patterns reduces the accuracy of 

physical activity index. Accuracy of physical activity 

index in estimating daily energy expenditure also de-

pends on recorded details and the reference energy 

cost of each activity used to develop the composite 

physical activity scores.

Survey questionnaires and interviews are designed 

to assess physical activity by self-reported responses 

or interviewer-completed assessments. Survey ques-

tionnaires or interviews provide a large volume of 

information on a variety of physical activity relative 

to their cost and time invested. Survey instruments 

are easy to administer and are unobtrusive. For these 

reasons, they are perhaps the most popular types of 

physical activity assessment tools for epidemiologi-

cal study. One universal drawback of surveys is the 

changeable nature of individual physical activity. 

Recall questionnaires assess “usual” or actual phys-

ical activity participation during the previous one to 

four weeks. Many such questionnaires have been val-

idated against measures of aerobic itness, total and 

HDL cholesterol levels, body composition, physical 

activity and food records, and motion detector read-

ings. he principal advantages of recall questionnaires 

are that they provide information about speciic types 

of physical activity performed, are easy to complete, 

and allow quantiication of physical activity during the 

period assessed. However, an important limitation is 

that physical activity recalled from a previous week 

or month may not accurately represent an individual’s 

true year-round activity pattern. 

here are mechanical and electronic devices for 

objective recording of physical activity. A pedometer 

is a small, simple, and noninvasive mechanical move-

ment counter that is clipped to a belt at the waist or 

worn on the ankle. Pedometers tend to underestimate 

distances walked at slower speeds and overestimate 

distances during fast walking or running. he main 

shortcoming of pedometers is that they are insensi-

tive to gait diference such as stride length, which can 

vary signiicantly among activities and from person 

to person. he large-scale integrated motor activity 

monitor (LSI) is a simple device that uses a mercury 

594 Physical Activity and Obesity



switch sensitive to a 30-degree tilt in a single axis. 

he LSI was used to distinguish between groups of 

adults who difer signiicantly in physical activity 

status. However, LSI readings correlate poorly with 

estimated energy expenditure levels during walking, 

running, and bicycle riding. Similar devices such as 

wrist/ankle watches and actometers also exist. Be-

cause most of these devices used switches as sensors, 

their “on” or “of” categories of information can only 

give qualitative type of results with limited informa-

tion on the intensities of physical activity. Electronic 

load transducers and foot contact monitors were re-

ported which could be inserted into the heels of shoes 

to monitor loads held, lifted, or carried, and walking 

activity. However, due to technical and practical limi-

tations of these measuring techniques, these devices 

have not been used widely in epidemiological re-

search, and little information is currently available on 

their accuracy in assessing habitual physical activity 

status and daily energy expenditure. 

Modern accelerometers use piezoelectric or piezo-

resistive rods to sense accelerations in three-dimen-

sional space. Because the electric signal output from 

the sensor(s) is proportional to its acceleration, it is 

possible to quantify the intensity of movement. Most 

devices operate by embedding one set of sensor(s) 

(one to three axes) in an enclosure together with cir-

cuitry, and attaching the enclosure to a single location 

on the body, usually on the waist (most common be-

cause it is closest to the center of body mass) or on 

an ankle or wrist. In several validation studies using 

these monitors, correlation values of r ranged from 

0.65–0.92 between energy expenditure measured by 

indirect calorimeter and accelerometer readings dur-

ing various activities, where level walking showed the 

highest correlation with the waist-worn triaxial accel-

erometers after individual calibration (r = 0.99). his 

indicates the excellent reproducibility of the device. 

he advantages of this class of devices include small 

size, noninvasiveness, low cost, and minimal intrusion 

on normal subject movements during daily activities. 

he duration, frequency, and to some extent, intensity 

are also measurable. 

he major problem is that the device only detects 

moving or shaking of the sensor that is attached to 

a single part of the body. It is not “smart” enough to 

know what type of physical activity is performed. 

herefore, these devices cannot determine related 

mechanical work, power, and energy expenditure of 

the activity. he single sensor location does not allow 

the device to detect movement coordination of the 

limbs or to determine postures. Sensor output could 

be higher for a person driving a car than that of the 

same person riding a bike. 

Heart rate monitors present a simple and objec-

tive method for the estimation of energy expenditure 

during certain levels of physical activity/exercise and 

can provide minute-by-minute data for up to several 

days. Results from treadmill and bike tests showed a 

close-to-linear relation between energy expenditure 

and heart rate over the range from moderate to rela-

tively intensive physical activity levels. However, vari-

ous factors can inluence heart rate in the absence of 

physical activity but not proportionally change ener-

gy expenditure. Fatigue, state of hydration, body tem-

perature, substances such as cafeine and ephedrine, 

and emotional state (startle, panic) all afect the heart 

rate–energy expenditure relationship. he heart rate–

energy expenditure correlation values range between 

0.7 and 0.8. In addition, heart rate monitors cannot 

distinguish accurately between light and moderate 

intensity activities, 

Doubly labeled water (DLW) is an alternative ap-

proach for estimating energy expenditure in humans 

and is applicable for use in both laboratory and ield 

studies. DLW estimates energy expenditure by mea-

suring CO
2
 output in the free-living state and has 

been frequently used as a gold standard under free-

living conditions. he validity of the DLW technique 

for measurement of energy expenditure under con-

trolled conditions appears satisfactory. However, it 

is expensive and takes at least three days to get only 

average daily energy expenditure without detection of 

type, onset, duration, and intensity of components of 

physical activity and their energy cost. 

Pressure insoles were designed to provide a plan-

tar pressure distribution, which is used to decide 

the physical activity. Plantar pressure measurement 

systems ofer the researchers a high degree of por-

tability, permitting utilization among multiple clinic 

sites. Although in-shoe data collection would appear 

to be a good choice for the clinician, there are sev-

eral problems associated with this technique. Because 

the number of sensors that can be incorporated into 

the pressure sensor insole is less than the possible 

number of sensors used in a force platform system, 
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the resolution is usually diminished. he sensor in-

soles are more susceptible to mechanical breakdown 

because transducer cables connecting the sensors to 

the computer can be bent or stretched as they exit 

the shoe. Individual sensors can also be damaged by 

continuous repetitive loading. In addition, the hot, 

humid, and usually contoured environment within 

the shoe can afect the reliability and validity of mea-

surements of the sensor’s performance. As the sensor 

insole can only measure “normal” force because of the 

position of the insole sensor within the shoe relative 

to the supporting surface, the measurement of “true” 

vertical does not occur during the initial and late por-

tions of the walking cycle.

Multiple sensors system use multiple sensors 

placed on diferent locations of body. he multiple 

sensors system is able to integrate information from 

multiple sensors and provide direct results—the type, 

frequency, duration, and intensity of physical activity 

and the estimation of energy expenditure, which are 

easier to understand and use. he inconvenience of 

wearing multiple sensors is a major limitation for the 

application. In addition, the high cost and less reliable 

nature of the system has prevented its use in the large 

population study.

OBESITY AND MORBIDITY

Since the 1980s, there has been a doubling of the 

prevalence of obesity among adults, and a tripling of 

the number of children who are overweight. At pres-

ent, 31 percent of adults are obese and 16 percent of 

children are overweight. 

Morbidity-associated obesity is striking. Obesity 

is a risk factor for Type 2 diabetes mellitus, gallblad-

der disease, hypertension, dyslipidemia, insulin re-

sistance, breathlessness, sleep apnea, coronary heart 

disease, osteoarthritis, hyperuricemia, gout, cancer, 

and several other medical conditions. 

he risk of diabetes increases as BMI increases, 

with the relative risk of diabetes increasing by about 

25 percent for each unit of BMI over 22. Overweight 

and obesity are also associated with increased morbid-

ity and mortality from coronary heart disease (CHD). 

here is a threefold increase in rate of coronary heart 

disease in women with BMIs of 29 or greater com-

pared with women with BMIs less than 21, and a 10 

percent increase in coronary events in men with each 

BMI unit above 22. 

Hypertension prevalence increases from 16 to 18 

percent to 32 to 38 percent as BMI goes from less 

than 25 to greater than 30, and a similar relationship, 

although not as dramatic, is seen between BMI and 

high blood cholesterol. hese problems can be ame-

liorated, or sometimes reversed, through weight loss.

PHYSICAL ACTIVITY IN THE PREVENTION  

AND TREATMENT OF OBESITY

Physical activity is the only component of total en-

ergy expenditure that can be voluntarily modified. 

Therefore, it is a reasonable behavioral target for 

the prevention and treatment of obesity. Chronic 

changes in physical activity can produce changes 

in energy requirements, which if not compensated 

for, can lead to changes in the levels at which body 

weight and body composition are maintained over 

time. This is especially true for understanding the 

etiology of obesity because physical activity can 

significantly affect energy intake, energy expendi-

ture, and body composition. 

Combining changes in diet and exercise can lead 

to greater short-term weight loss than changes with 

restriction in energy intake alone. Continued physical 

activity/exercise after a weight-loss program is prob-

ably the most efective way of controlling the rapid 

postprogram weight regain. 

As one of three principal components of lifestyle 

modiication (diet, physical activity, and behavior 

therapy), the physical activity has been promoted in all 

prevention and treatment programs of obesity. How-

ever, the optimal level of physical activity and dose-

response efect of physical activity is still controversial 

as a higher level of physical activity is not necessary to 

negate the risk associated with adiposity.

It is comprehensive task to adopt physical activity in 

the prevention and treatment of obesity. he wiliness 

and persistence over long period of time for participants 

to follow the physical activity guideline is irst key fac-

tor for success. he method for efective and accurate 

assessment and measurement of physical activity is an-

other challenge. he most diicult part of prevention 

and treatment of obesity is to develop an efective activ-

ity plan, which includes frequency, intensity, duration, 

and type of activity. he CDC and the American College 

of Sports Medicine recommend at least 30 minutes of 

moderate-intensity physical activity on most, preferably 

all, days of the week, while compelling evidence that 
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prevention of weight regain in formerly obese individu-

als requires 60–90 minutes of moderate intensity activ-

ity or lesser amounts of vigorous activity.

Although it is abundantly clear that public health 

recommendations must focus on the beneits of both 

a healthy weight and regular physical activity, when 

it comes to a simple question—“How much physical 

activity do we need to prevent obesity and how much 

physical activity do we need to treat obesity?”—de-de-

initive data are lacking.

he 1996 Surgeon General’s Report on Physical 

Activity and Health concludes that physical activity 

is important for weight control, primarily because of 

the positive indings from studies testing the efects of 

physical activity on weight loss. However, the report 

also stated, “It is commonly believed that physically 

active people are less likely to gain weight over the 

course of their lives and are thus more likely to have a 

lower prevalence of obesity than inactive people: ac-

cordingly, it is also commonly believed that low levels 

of physical activity are a cause of obesity. Few data, 

however, exist to evaluate the truth of these supposi-

tions.” he research to determine the most important 

features of physical activity that confer speciic health 

beneits is in urgent need.

Education about the long-term health conse-

quences and risks associated with obesity and how 

to achieve and maintain a preferred weight is neces-

sary. While many individuals attempt to lose weight, 

studies show that within ive years, a majority of 

them regain the weight. To maintain weight loss, 

good dietary habits must be coupled with increased 

physical activity, and these must become permanent 

lifestyle changes. It is still not clear, however, which 

behavioral approaches are best for achieving these 

changes, particularly long term. A 1998 National 

Heart, Lung, and Blood Institute workshop on Main-

tenance of Behavior Change in Cardiorespiratory 

Risk Reduction concludes that additional research 

is needed to examine factors associated with long-

term maintenance of weight loss, long-term main-

tenance of increased physical activity levels, and the 

relationship between the two. 

he question of whether physical activity enhances 

long-term maintenance of weight loss has not been 

formally examined in randomized trials. he relation-

ship between physical activity and obesity appears to 

be complex and requires further study.

SEE ALSO: Physical Activity in Children; Physical Activity 

Patterns in the Obese.
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Physical Activity in Children

THE PREVALENCE OF childhood obesity is rising dra-

matically in the United States as well as in many other 

countries. Compounding the problem is the fact that 

children are not as physically active as they were in de-

cades past. Although physical activity has been shown 

to decline throughout the lifespan, the decline in physi-

cal activity is greatest during adolescence. In addition, 

girls are less active than boys at all ages. Children can 

beneit from regular physical activity, structured exer-

cise, and speciic exercise training regimens. However, 

the volume and intensity of exercise in which children 

participate needs to be monitored, because children 

are at greater risk for musculoskeletal injury, heat dis-

orders, and emotional distress than adults. Injury pre-

vention can best be achieved by encouraging children 

to participate in exercise for fun, at moderate intensi-

ties, and in moderate environments. 

Recent research suggests that as children grow and 

mature, their level of daily physical activity decreases. 
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Boys and girls between 9–13 years old show a dra-

matic decline in physical activity. When comparing 

chronological ages, boys’ decline in physical activity 

is less pronounced than girls. However, when com-

paring the genders by biological age, the gender dif-

ferences in physical activity disappear. However, both 

genders show a similar decline in physical activity 

with biological maturity. It is not diicult to surmise 

that as these young people continue on through high 

school, their physical activity levels will continue to 

decline, when considering only 33 percent of high 

school students participate in physical education.

here has been a recent upsurge in the number of 

children who are contracting Type 2 diabetes, previ-

ously know as adult-onset diabetes. Type 2 diabetes is 

a disease that previously was only rarely seen in adults 

under 40 years old. More children are being diagnosed 

with Type 2 diabetes, most between 10–19 years old, 

the same age where physical activity and participation 

in physical education declines. Because regular physi-

cal activity increases insulin sensitivity, the declining 

number of physically active children is thought to be 

a major contributor to this trend in the prevalence of 

Type 2 diabetes in children.

Because the rise in the prevalence of obesity in 

children is a relatively new phenomenon, the body of 

research that deals with pediatric exercise prescrip-

tion is relatively scant. Up until now, the need for de-

liberate exercise programming for children has been 

minimal, because historically, children have been 

quite physically active. While it is generally accepted 

that conventional aerobic exercises such as running, 

swimming, and cycling are beneicial for children, 

misconceptions surrounding the eicacy and safety of 

strength training for children unfortunately persist. 

he most common concern regarding strength train-

ing or resistance training and children involves the risk 

of damage to underdeveloped or immature tissues. It is 

generally agreed that incorporating resistance training 

exercises that do not use maximal loads will not result 

in trauma to these tissues. In fact, according to the Na-

tional Strength and Conditioning Association, there 

are no justiiable safety reasons to preclude prepubes-

cent individuals or adolescents from participating in 

a properly designed and supervised resistance train-

ing program. Resistance training in children has been 

shown to increase strength beyond what is expected 

during normal growth and development. In adults, re-

sistance training increases the strength of ligaments, 

tendons, and bones, which decreases the risks of in-

jury. It is likely that these same protective efects occur 

in children as well. he beneits of resistance training 

for obese adolescents have also been documented. 

Obese adolescents who undergo several weeks of 

circuit-type resistance training program show a re-

duced body fat and normalized vascular blood low. 

Reductions in body fat following resistance training 

are likely brought about due to an increase in muscle 

mass which leads to an increase in one’s metabolic 

rate. Resistance training has also been shown to im-

prove insulin sensitivity and glucose tolerance in pa-

tients with Type 2 diabetes. 

Properly designed resistance training programs 

for children should target all the major large muscle 

groups, and should incorporate multijoint exercises 

such as the barbell squat, dead lift, and bench press. 
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Training intensity should initially be light but prog-

ress toward loads that allow for the completion of six 

to 15 repetitions. Training should occur two to three 

times per week on nonconsecutive days, with one to 

three sets per exercise. 

he current position of the National Strength and 

Conditioning Association is that a properly designed 

and supervised resistance training program

1. is safe for children;

2. can increase the strength of children;

3. can help to enhance the motor itness  

 skills and sports performance of children; 

4. can help to prevent injuries in youth sports

 and recreational activities;

5. can help to improve the psychosocial well- 

 being of children; and

6. can enhance the overall health of children. 

Many children and adolescents participate in orga-

nized sports and personal itness programs designed 

to develop athletic skills and increase itness. How-

ever, new injury patterns are developing as the focus 

of these programs shifts from free play to regimented 

competition. An estimated 50 percent of all injuries 

or harm sustained by children and adolescents while 

playing organized sports are preventable. he major 

portion of responsibility for safe participation in ex-

ercise and sport for youth lies not with the youth, but 

with adults. To provide the safest environment for 

children participating in exercise and sport, adults 

need to understand how and when children are most 

susceptible to exercise-induced harm. 

Exercise harm for youth can be classiied into two 

categories: physical injuries and emotional distress. 

Children are most susceptible to physical injuries 

during growth periods, and most of these injuries 

are related to the shearing forces that act upon the 

musculoskeletal system during intense exercise. he 

growing bones of children are at greater risk for me-

chanical injury than mature bones of adults because 

the ends of the growing bones are less dense and rel-

atively weak. In addition, the ends of the bones are 

more prone to joint injuries because of undeveloped 

cartilage and tendons, which are connective tissues 

that connect bone to bone and muscles to bone. his 

risk can be overcome by not having children partici-

pate in heavy strength training and intense prolonged 

aerobic training. 

Another physical problem that children face is their 

inability to dissipate heat, which puts them at greater 

risk for heat disorders than the exercising adult. his 

problem can be avoided by not allowing children to 

participate in prolonged intense exercise in hot, hu-

mid environments. Children should also be encour-

aged to drink plenty of luids during physical activity, 

even when they are not thirsty. 

Many children are specializing in sports at an early 

age and train year-round to compete at a higher level. 

he ever-increasing requirements for success create 

a constant pressure for athletes to train longer and 

harder. Pressure to win or perform at a high standard 

is probably the greatest stressor inducing psychiatric 

illness in young athletes. he focus of sport for chil-

dren should not be competition and children should 

not specialize in sports until after adolescence. 

SEE ALSO: Physical Activity and Obesity; Physical Activity 

Patterns in the Obese.

BIBLIOGRAPHY. A.D. Faigenbaum, “Strength Training for 

Children and Adolescents,” Clinics in Sports Medicine 

(v.19/4, 2000); Toivo Jurimae and Jaak Jurimae, Growth, 

Physical Activity, and Motor Development in Prepubertal 

Children (Informa Healthcare, 2001); Sylvia Rimm and Eric 

Rimm, Rescuing the Emotional Lives of Overweight Chil-

dren: What Our Kids Go hrough—And How We Can Help 

(Rodale Books, 2005).

Wayne C. Miller 

Todd A. Miller 

Ivan Guillory

George Washington University Medical Center

Physical Activity Patterns  

in the Obese

THE PREVALENCE OF obesity in the United States is ris-

ing at the same time that participation in physical activ-

ity is declining. Although exercise can reduce obesity, 

most Americans cannot or will not exercise enough to 

achieve a normal weight. However, the health beneits 

of exercise can be achieved without weight loss. 

he Centers for Disease Control and Prevention re-

ports that over 50 percent of U.S. adults do not get the 
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recommended amount of physical activity, while 24 

percent get no physical activity at all. It is reported that 

from 1980 to 2004, obesity increased in adults aged 

20–74 years from 15 to 33 percent. It seems the rise in 

obesity is simply a relection of our sedentary lifestyle. 

In 2005, the three states with the highest rates of obe-

sity—Mississippi, West Virginia, and Louisiana—were 

also among the highest for rates of physical inactivity. 

When considering the recommended 30 minutes or 

more of moderate physical activity per day, these three 

states report that about 60 percent of their adult popu-

lation fall below the recommendation. 

he news is just as disheartening for children 

and adolescents. Since 1980, the percentage of chil-

dren who are classiied as overweight has tripled. 

Today, 16 percent of children between ages 6–19 

are considered overweight. More than one-third of 

adolescents between grades 9 and 12 get no regu-

lar vigorous physical activity. Participation in high 

school physical education classes has dropped from 

42 to 33 percent between 1991 and 2005. hese 

numbers are worrying because research has shown 

that obese adolescents have a 70-percent chance of 

becoming obese adults. Adult obesity increases the 

risk of high blood pressure, diabetes, heart disease, 

and some cancers. Clearly, it is imperative that the 

message of the role of daily physical activity in the 

lives of the obese, as well as normal-weight popula-

tion, be made a priority by the American health and 

medical professions today. 

Little information exists that focuses on the factors 

that inluence the exercise behaviors of obese indi-

viduals. Intuitively, one might expect that increasing 

body fatness might be a motivating factor to increase 

one’s physical activity. However, an equally plausible 

opposing view might be that an increase in body fat 

might cause one to be more self-conscious or em-

barrassed about one’s appearance, resulting in a de-

creased desire to exercise, especially in public. 

Still another argument might be made that obesity 

per se may not inluence exercise behavior at all, and 

that the exercise behaviors of obese individuals are 

no diferent than those of normal-weight individuals. 

With regard to exercising in public, research shows 

that one’s intention to exercise at a health club is sig-

niicantly reduced as one’s body mass index (BMI) 

increases. hat is, as people become fatter, they have 

lower intentions of exercising at a health club. In-

terestingly, this signiicant negative relationship be-

tween body fatness and intention to exercise at a club 

disappears when one’s perception of one’s health is 

factored into the equation along with BMI. 

In short, obese people who equated being over-

weight with poor health are more likely to report 

a lower intention to exercise at a health club, while 

obese people who perceive themselves as being in 

good health are just as likely to exercise in a club as 

nonobese people. Similarly, normal-weight people 

who perceive themselves as being unhealthy also re-

port lower intentions to exercise at a health club than 

those seeing themselves as healthy. 

On the other hand, it is unknown whether people 

who currently exercise in a health club are more likely 

to perceive themselves as being in good health, or 

whether perceiving oneself as being in good health is 

what motivated one to exercise in a club. It is likely 

that both factors inluence each other in a positive-

feedback cycle; exercising at a club improves one’s 

perceived and actual health, which in turn increases 

one’s intention to exercise. hus, an obese person’s 
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self-perception may be the dominant factor in his or 

her exercise participation. 

Previously, obese individuals who maintain a re-

duced body weight report that regular exercise is the 

greatest factor responsible for their prolonged weight 

maintenance. Research has determined that for a 

previously obese person to maintain a reduced body 

weight, he or she needs to perform moderate inten-

sity exercise for 80 to 90 minutes a day. his translates 

into burning approximately 700 kilocalories each day 

in exercise. Unfortunately, to expend 700 kilocalories 

in exercise, a person needs to walk or jog about seven 

miles. his amount of exercise is beyond the reach of 

most obese people, and presents a tremendous barrier 

to long-term weight control. Moreover, many obese 

individuals do not exercise at all, or may have medi-

cal conditions that preclude or limit exercise participa-

tion. hus, the expectation of obese people exercising 

enough to obtain and maintain a normal body weight 

seems unrealistic. 

On the other hand, obese individuals can receive 

the beneits of regular exercise, even if their body 

weight does not normalize. Exercise lowers blood 

pressure, lowers cholesterol, and improves blood glu-

cose control in the obese, even without weight loss. 

Furthermore, these health beneits of exercise are 

manifest in as few as seven days with only 30 to 60 

minutes a day of moderate intensity exercise. 

Although the obese individual may have more 

health problems than his or her normal-weight coun-

terpart, obesity per se does not alter the physiologic 

response to exercise. At the same relative intensity—

meaning the same percent of maximal capacity—the 

obese person’s body responds the same as a normal-

weight person. hus, in most situations, the healthy 

obese person can follow the same exercise guidelines 

as the nonobese. 

Research also shows that the obese person can 

improve his or her itness level without weight loss. 

When obese individuals participate in a itness train-

ing program, they improve at the same rate and de-

gree as previously sedentary nonobese individuals. 

his includes all indicators of itness (except weight): 

aerobic capacity, muscular strength and endurance, 

and lexibility. 

SEE ALSO: Physical Activity and Obesity; Physical Activity 

in Children.
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Physician-Assisted Weight Loss

THE PREVALENCE OF obesity has reached mammoth 

proportions with over 60 percent of the U.S. popu-

lation being overweight or obese. It is well known 

that being obese or overweight increases the chances 

of developing heart disease, cancer, gallstones, high 

blood pressure, diabetes, obstructive sleep apnea, and 

arthritis, to name a few. In fact, more than 400,000 

annual deaths can be attributed to obesity-related 

medical conditions. Obese and overweight people 

are thus more likely to seek medical care and be hos-

pitalized. Physicians who take care of these patients 

are best suited to motivate, advise, and follow up on 

weight-loss eforts of their patients. Several weight-

loss therapies also require physicians to monitor pa-

tients because of the risk of complications and even 

death during rapid weight loss.

HISTORICAL ASPECTS OF  

MEDICAL WEIGHT LOSS

Historically, several methods have been tried for 

weight loss. hyroid hormones and amphetamines 

both induce weight loss, but there was a tendency to 

regain weight after these medications were stopped. 

Moreover, the potential for abuse was high with am-

phetamines. hyroid hormones, act by increasing 

the body’s metabolic rate (rate at which body burns 

calories to provide energy). However, these hormones 

have side efects and can precipitate arrhythmias (ab-

normally fast or irregular heartbeat) and heart failure.

Phen-fen or phentermine and fenluramine were two 
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drugs approved by the Food and Drug Administration  

in 1996. his combination was withdrawn from the 

market after a number of alarming reports on the 

incidence of cardiac valve and lung problems among 

users. Phenteremine alone is still prescribed. Phen-

ylpropanolamine hydrochloride was also withdrawn 

after reports of bleeding in the brain (cerebral hem-

orrhage). Gastric vagotomy in which the vagus nerve 

supply to the stomach was cut, failed to produce ap-

pealing results and was abandoned.

PATIENT AND PHYSICIAN  

BARRIERS TO WEIGHT LOSS

It is a well-known fact that weight loss can have far-

reaching beneits. Despite this, overweight and obese 

patients do not always receive advice on healthy eat-

ing and exercise from their doctors. At least 40 per-

cent of obese patients are not told by their physicians 

to lose weight. Among those patients who are already 

on treatment for various disorders such as high blood 

pressure, diabetes, and heart disease, less than half 

are never counseled on weight loss. It has been shown 

that being advised by one’s physician is a potent stim-

ulus to attempt weight loss. In fact, obese subjects are 

up to three times more likely to lose weight if advised 

by their healthcare team.

he reluctance of physicians to counsel and assist 

in weight loss could be due to several reasons. Obe-

sity was originally considered a social problem result-

ing from overeating and a lack of willpower. It was 

not recognized for what it is now—a medical problem 

with a genetic basis that can be modiied by lifestyle 

factors such as stress, exercise, and eating habits.

Even today, despite the magnitude of the problem, 

doctors do not receive adequate training in weight-

loss management in medical schools or residency. 

Doctors often feel that patients may not act upon 

their advice to lose weight. In addition, most insur-

ance companies do not reimburse physicians for time 

spent on patient counseling.

Very often, patients who consult physicians for 

weight loss or for medical conditions associated with 

obesity are frustrated from previous failed attempts. 

Individuals who are successful at losing weight initial-

ly may be discouraged when they cannot lose more 

weight or the rate of weight loss slows down. his is 

usually referred to as a plateau phase. A signiicant 

proportion regains weight within a year of initial 

weight loss. A good discussion between patients and 

their doctors about these common problems can help 

patients better tackle them and not quit their eforts.

Depression exists in 20 to 30 percent of obese patients 

and is often a key factor that may be overlooked. Such 

patients are unlikely to beneit from the usual weight-

loss advice and programs if depression is not treated.

DIAGNOSING OBESITY

Recognizing and diagnosing obesity is the irst step. 

he current deinition of obesity is based on body mass 

index (BMI). Calculation of BMI can easily be done in 

a physician’s oice from a person’s height and weight. 

BMI above 25 is overweight, above 30 is obese, over 40 

is morbidly obese, and over 50 is super-obese.

An alternative way of deining obesity is by di-

rectly estimating body fat. here are several instru-

ments available on the market called bioimpedance 

analyzers (BIA) that can directly calculate body fat. 

BIA machines cause a small amount of electricity to 

pass through the body and directly display the per-

cent body fat. In men, a fat percent above 25 percent 

and in women over 30 percent is considered obese.

hese portable or handheld devices can have 

a margin of error but are suitable for use in health 

clubs, gyms, and doctor’s oices. Dual X-ray absorp-

tiometry (DEXA), which is popularly used to check 

bone density, is another method to accurately deter-

mine the body’s fat percentage.

Once a weight problem has been identiied, the 

physician should ind out the patient’s readiness 

to start a weight-loss program. In addition, speciic 

medical problems such as depression, medications 

that contribute to weight gain, unhealthy eating pat-

terns, and previously failed weight-loss attempts 

should be identiied and addressed. Patients undergo 

physical examination and blood tests to help identify 

conditions such as abnormal hormone production, 

and liver, kidney, and heart disease that can lead to 

weight gain. Such patients require management of the 

underlying medical problem and will not beneit from 

diet or exercise alone. 

FORMULATING A WEIGHT-LOSS PLAN 

During the initial weight-loss planning and also dur-

ing follow-up visits, physicians can ensure that a bal-

anced diet with all essential vitamins and minerals is 

being consumed. he percent intake of carbohydrates, 
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fats, and proteins in the diet should be tailored to the 

speciic patient’s need. Referral to a dietitian is partic-

ularly helpful for people with diabetes, hypertension, 

and heart failure. Another important role that doctors 

can play is to constantly encourage and reinforce pa-

tient eforts to lose weight and adopt healthy lifestyle 

changes. Continued encouragement has been shown 

to be a key factor in successful weight-loss programs. 

he National Institutes of Health recommends 

treatment for any patient with a BMI over 30 or for 

those with a BMI between 25 and 29.9 and two or 

more risk factors such as diabetes, coronary artery 

disease, hypertension, and so forth. Currently, the 

treatment modalities ofered to patients for weight 

loss are lifestyle changes, which include diet and ex-

ercise; weight-loss medications; and weight-loss sur-

geries. he advantages and disadvantages of each of 

these are discussed below.

POPULAR DIETS 

Physicians are often sought out by their patients to 

give advice when choosing a diet or deciding on a 

commercial weight-loss program. here are several 

weight-loss diets and programs available. Head-to-

head comparisons of the diferent programs have not 

been conducted.

he National Cholesterol Education Program, the 

American Heart Association, and the National Insti-

tutes of Health in 1984 promoted a low-fat, high-car-

bohydrate diet. here is controversy on whether this 

has inadvertently contributed to the current epidemic 

of obesity. 

Some of the popular diets are Atkins, South Beach, 

and Weight Watchers. he Atkins Diet is the most 

popular diet in the United States. Over 40 million 

people around the world have tried this diet. It per-

mits fat and protein intake, but discourages high car-

bohydrates in the diet. A lifetime approach to weight 

loss is the cornerstone of the weight-loss philosophy. 

When the Atkins Diet was introduced as a low-car-

bohydrate, high-protein diet, medical literature to 

support it was scarce. here is, however, mounting 

evidence that higher protein diets help in weight loss 

and improve muscle mass, blood glucose control, and 

blood cholesterol.

he South Beach Diet is similar to the Atkins Diet 

and is based on the premise of eliminating simple 

carbohydrates. It is not a low-carbohydrate or low-fat 

diet. A balanced meal plan incorporating vegetables, 

grains, fruits, and lean proteins can induce up to 8–14 

pounds of weight loss in two weeks.

The Mayo Clinic Diet (not endorsed by the Mayo 

Clinic) is a low-carbohydrate diet that encourages 

consumption of fatty foods and grapefruit. It is 

based on the premise that fatty foods cause early 

feeling of fullness. This would help restrict the total 

calories consumed.

he Mediterranean diet is lavorful and rich in 

fruits, breads, cereals, and olive oil. It has a low 

amount of saturated fatty acids and is high in mono-

unsaturated fats, primarily thought to be due to the 

use of olive oil.

Overeater Anonymous is a free, 12-step program 

that provides support to members especially those 

with binge eating and overeating related to stress. No 

diet plans are given and members usually follow their 

doctor’s advice.

VERY LOW-CALORIE AND HIGH-PROTEIN DIETS

Very-low-calorie diets can induce rapid short-term 

weight loss in individuals with a BMI above 30. It 

utilizes commercial bars or meals that have the rec-

ommended dietary quantities of micronutrient and 

vitamins. hese diets require physician supervision 

and can cause side efects which include gallstone 

formation, nausea, or in rare instances, even death. 

Medical supervision is mandatory in the United 

States, but regulations are less stringent in Europe 

and other countries. Very-low-calorie diets should 

not be started in pregnant women, cancer patients, 

psychiatric patients, and those who have recently re-

covered from a stroke or a heart attack. Information 

on very-low-calorie diets is available from the Na-

tional Institute of Diabetes and Digestive and Kidney 

Diseases Web site at http://win.niddk.nih.gov/publi-

cations/low_calorie.htm.

High-protein diets provide 30 to 50 percent of 

daily caloric requirements from protein. While these 

diets are useful for weight loss, there is also a higher 

chance of developing kidney stones and osteopenia 

(thinning of bones).

EXERCISE

he American College of Sports Medicine (ACSM) 

has speciied exercise guidelines for weight manage-

ment. he goal of exercise should be to attain a 10 
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percent weight loss over six months with a 1–2 pound 

loss per week. Incorporating a regular physical activ-

ity program is the best predictor of long-term weight 

loss and maintenance. Aerobic and resistance exer-

cises can both help in achieving weight loss. Before 

starting a regular planned exercise, it is sometimes 

necessary to estimate a person’s baseline exercise 

capability. Healthy individuals can start an exercise 

regimen without any formal testing, but those with 

medical disorders, for example, heart disease, lung 

disease, and so forth, should be tested before they can 

safely start exercising. If your physician deems it nec-

essary, you can be referred to an exercise physiologist 

or exercise specialist. hese are professionals who can 

evaluate people with medical conditions and deter-

mine their itness level before commencing exercise. 

hey can assist in designing a program that can it in-

dividual needs and goals.

Aerobic exercises such as running, swimming, 

brisk walking, and playing tennis improve your heart’s 

ability to deliver oxygen to the body cells. It also helps 

burn fat and induce weight loss. Resistance training, 

which involves improving muscle strength by subject-

ing muscles to resistance or force, for example, lifting 

weights, are also recommended. hese exercises de-

crease the body’s overall fat percentage and increase 

muscle mass. Building muscle increases the amount 

of energy burned by the body even at rest, thus help-

ing long-term weight loss and maintenance. Weight 

training is also proven to improve bone strength and 

may prevent the development of osteoporosis in both 

men and women.

MEDICATIONS FOR WEIGHT LOSS

Use of medications should be considered only after 

nondrug interventions have been attempted for at least 

six months. he total expenditure in 2002 on weight-

loss medications amounted to $362 million, with pa-

tients paying 26 percent out of pocket and insurance 

plans covering the remaining 74 percent.

Medications for weight loss act in three diferent 

ways. hey may act on the brain to suppress appetite, 

act on the intestines to reduce absorption of fat, or act 

to increase the energy burned by the body. 

Anorexiants are medications that suppress the ap-

petite by stimulating the release of the chemicals dopa-

mine and norepinephrine in the hypothalamus (part of 

the brain that controls feeding). Benzphetamine, dieth-

ylpropion, mazindol, phendimetrazine, and phenter-

mine are approved for weight reduction in the United 

States. However, phentermine (Adipex®, Lonamin®) is 

most often prescribed and is for short-term use only. 

As tolerance to the drug develops, eicacy is lost. It has 

amphetamine-like properties, but has low addictive 

potential. Side efects include dry mouth, nervousness, 

constipation, and high blood pressure.

Sibutramine (Meridia), on the other hand, is in-

dicated in the long-term treatment of obesity as its 

efect can last at least one year. It also inhibits the ap-

petite but by a diferent mechanism in the brain. It 

produces the best results when used in conjunction 

with low-calorie diets. It should not be used in those 

who have recently sufered a heart attack or stroke, or 

sufer from abnormal or irregular heart rhythms.

Orlistat (Xenical®) acts in the intestine to activate the 

enzymes that help in fat absorption. It can also be used 

for the long-term drug treatment of obesity. Weight loss 

with orlistat and diet has been shown to improve dia-

betes control. Because orlistat is not absorbed into the 

body, it does not cause side efects similar to the others 

mentioned. he main complaints are bloating, abdomi-

nal pain, and decreased absorption of fat-soluble vita-

mins A, D, E, and K. Caution is advised in those taking 

cholesterol-lowering medications called statins. Vitamin 

supplements are usually prescribed along with orlistat.

 Orlistat, sibutramine, and phentermine cost $120, 

$100, and $40 per month, respectively [igures from 

2007]. Rimonabant is a new drug that has been ap-

proved by the FDA for treatment of obesity but is not 

yet available on the U.S. market. It is available in the 

United Kingdom for treatment of obesity and smoking 

cessation. It blocks a speciic type of receptor, CB-1 or 

type 1 cannabinoid receptors. hese receptors are found 

in the brain and fat cells. hese receptors send signals 

that stimulate the body to overeat. Trials have shown 

that when used in obese individuals, rimonabant de-

creases appetite, leads to weight loss, helps in smoking 

cessation, and improves the high-density lipoprotein 

(HDL) cholesterol (aka “good” cholesterol). All these 

can reduce the chance of developing heart disease.

SURGICAL APPROACHES

Bariatric surgery is the term used to describe weight-

loss surgery. he method by which surgery works in 

weight loss is by decreasing the capacity of the stom-

ach to accept and store food. he two most common 
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methods are gastric laparoscopic (gastric lap) banding 

and gastric bypass. Surgery as a treatment modality 

for obesity is recommended when BMI is greater than 

40 or for those with a BMI over 35 if they have one 

or more medical conditions. hese conditions include 

diabetes, obstructive sleep apnea, severe hypertension, 

severe degenerative arthritis, and severe interference 

in the ability to carry out regular activities of living. 

Gastric bypass produces excellent weight-loss re-

sults. Parts of the stomach and small intestines are re-

moved. his reduces the appetite and can result in up 

to 50 to 75 percent weight loss. Gastric lap surgery is 

a reversible procedure that involves putting a restric-

tive band around the upper part of the stomach. Both 

procedures are equally efective. Gastric lap band re-

quires a shorter time to complete.

NONMEDICAL COMMERCIAL  

WEIGHT-LOSS PROGRAMS

hree of the largest nonmedical commercial programs 

are LA Weight Loss, Jenny Craig, and Weight Watch-

ers. hese programs include dietary advice, behavior 

counseling, and exercise recommendations. Weight 

Watchers-sponsored research trials show that people 

can lose and keep of pounds lost for up to two years af-

ter being on a Weight Watchers program. he estimat-

ed three-month cost of Jenny Craig is approximately 

$1,200 and Weight Watchers is approximately $167.

MEDICALLY SUPERVISED COMMERCIAL  

WEIGHT-LOSS PROGRAMS

Medically supervised weight-loss programs ofer a 

comprehensive team approach to weight loss and in-

cludes physicians, registered dietitians, and counselors. 

Optifast, Medifast, and Health Management Resources 

(HMR) are three programs that ofer physician supervi-

sion for weight loss. HMR and Optifast ofer a three-

phase weight-loss program: an initial 12–18 weeks of 

rapid weight loss, a three to eight week transition pe-

riod, and long-term maintenance. All three programs 

ofer low-calorie (800–1,800 kilocalories/day) and very-

low-calorie diets (<800 kilocalories/day) and meal re-

placement plans. Meal replacement plans include food 

products, protein bars, and energy drinks which par-

ticipants can buy directly from the companies. hey 

are expensive with the average initial three-month cost 

anywhere between $840 for Medifast and $2,000 for 

both Optifast and HMR [igures from 2007].

With Optifast and HMR, those who complete the 

program lose between 15 to 25 percent of their initial 

weight in the irst three to six months. In the mainte-

nance phase, 8 to 9 percent of weight loss is sustained 

at the end of the irst year, and 5 percent at four years 

of follow-up.

SUMMARY

Obesity is a chronic medical condition that has con-

tributed to inlating healthcare costs. Physicians along 

with exercise specialists, exercise physiologists, and 

dietitians have a vital role in assessing patients and 

devising weight-loss plans. Overcoming physician 

and patient barriers can help forge a team approach 

to the diagnosis and treatment of obesity. Diagnosis 

of coexisting medical problems as well as follow-up 

visits are essential to provide continued support to 

patients. Commercial physician-supervised programs 

are available, and although expensive, can be quite ef-

fective. Weight-loss medications and surgery are re-

served for patients who meet speciic criteria. he key 

to successful weight loss and prevention of weight re-

gain is a sustained lifestyle change that incorporates 

exercise and dietary modiications.

SEE ALSO: Atkins Diet; Body Mass Index; DEXA (Dual 

Energy X-Ray Absorptiometry); Dopamine; Exercise; High 

Protein Diets; Jenny Craig; Optifast; South Beach Diet; 

Very Low Calorie Diets; Weight Watchers.
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Physiological Aspects  

of Anorexia Nervosa

ACCORDING TO THE American Psychiatric Associa-

tion, the following criteria are used to diagnose an-

orexia nervosa: body weight under 85 percent of that 

expected for height (BMI of less than 17.5) accompa-

nied by an intense fear of gaining weight, denial of the 

dangers and implication of the low body weight, ex-

treme shape concerns, and loss of three consecutive 

menstrual periods, if menstruation has begun. here 

is a further breakdown into restricting type (charac-

terized by food restriction) and purging type (charac-

terized by some caloric restriction along with com-

pensatory behaviors such as overexercise or purging, 

for example, vomiting or laxative abuse). he physio-

logical consequence of the latter type may include the 

physiological consequences of both anorexia nervosa 

as well as those of bulimia nervosa. 

Anorexia nervosa is a serious psychological dis-

order with important and devastating physiological 

consequences. hese consequences are known to in-

clude infertility, low bone density, cardiac complica-

tions, and truncal fat deposition in refeeding. In ad-

dition, low blood pressure, low heart rate, increased 

heart rate variability, and arrhythmias can lead to 

cardiac failure both during and following anorexia 

nervosa. Dehydration and low blood pressure along 

with increased strain resulting from increased ketone 

bodies can lead to kidney failure. Liver failure can 

also result from malnutrition and dehydration. Fur-

thermore, anorexia nervosa can be associated with 

numerous hormonal changes including decreased 

levels of estrogen, estradiol, lutenizing hormone, L-

3,5,3’-tri-iodothyronine (T3), thyroxine (T4), thyroid 

stimulating hormone (TSH), leptin, and increased 

levels of cortisol. 

Anorexia nervosa afects approximately 1 percent 

of the female population and a small percentage of 

the male population. Despite the relatively low preva-

lence, the physiological consequences of anorexia 

nervosa make it one of the most costly and deadly 

psychological disorders. Partly due to the dire physi-

ological consequences, inpatient treatment for care 

can exceed $1,000 per day and months of inpatient 

treatment may be required to achieve medical stabil-

ity. he vast and potentially devastating physiologi-

cal consequences along with high suicide rate among 

persons with anorexia nervosa make this the deadli-

est psychological disorder.

Physiological consequences of anorexia nervosa 

can impact a variety of bodily systems and have last-

ing efects even if full weight recovery is achieved. 

Persons with anorexia nervosa often sufer from mal-

nutrition, vitamin deiciencies, and mineral deicien-

cies. he consequences of malnutrition manifest in 

muscle, bone, and organs. Persons with anorexia ner-

vosa are at risk for osteoporosis, infertility, and car-

diac, renal, and liver failure.

Changes in both the skeletal and muscular systems 

occur. Low body weight and the lack of nutrients seen 

in anorexia nervosa is associated with the premature 

development of osteopenia (low bone mineral density 

leading to increased likelihood of developing osteo-

porosis over time) and osteoporosis (thin and brittle 

bones associated with an increased risk breaking 

bones). Muscular changes can also occur. As the body 

enters into prolonged starvation, protein from dietary 

intake and muscle may be broken down as an energy 

source to supply the brain and other organs with the 

energy to keep functioning. As a result, muscle loss and 

weakness are likely to occur. he loss of lean body mass 

(LBM) may be accompanied by a decrease in resting 

energy expenditure (REE). he metabolic rate is likely 

to slow to conserve energy, especially if the anorexia 

nervosa is present for a prolonged period of time.

Organs try to conserve energy in anorexia nervosa. 

As mentioned before, anorexia nervosa is the deadli-

est psychological disorder. Many of the deaths from 

anorexia nervosa are a result of heart failure. Brady-

cardia, or very low heart rates, are commonly seen in 

persons sufering from anorexia nervosa. Tremendous 

strain is put on the body and heart as the heart rate 

drops below 60 beats per minute. In addition to the 

decreased heart rate, ejection fraction, stroke volume, 

and cardiac output are also lower, putting additional 

strain on the heart and other organs.

Along with low heart rate and heart rate variability, 

heart arrhythmias are also present in persons with an-

orexia nervosa. he most notable arrhythmia is likely 

QTc prolongations. Prolongations in the QTc interval 

are most likely to be found in persons who have hypo-

kalemia (low blood potassium) and may not be pres-

ent in persons with anorexia nervosa who are able to 

maintain normal potassium levels. In addition to QTc 
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interval prolongations, R-R abnormalities have also 

been observed. Heart arrhythmias may cause many 

of the cardiovascular episodes and deaths in anorexia 

nervosa especially as heart rate drops lower in pro-

longed anorexia nervosa. 

Additional cardiovascular problems result from 

changes in the heart muscle itself. Similar to decreased 

large muscle mass seen in anorexia nervosa, the heart 

muscle also experiences atrophy. As atrophy occurs, 

the heart weakens and increases the risk for heart 

problems and cardiac failure. Decreased left ventricu-

lar mass becomes problematic in anorexia nervosa es-

pecially when systolic function becomes afected.

Refeeding can pose additional strain to the heart, 

so care must be taken during the refeeding process. 

In the refeeding process, problems such as congestive 

heart failure and sudden cardiac death have been ob-

served. hus, when a person who has sufered from 

anorexia nervosa is entering into recovery, healthcare 

professionals must be careful to ensure that cardiac 

function is not further compromised.

Hypotension or low blood pressure and low core 

temperature are also a consequence of anorexia ner-

vosa. Lower systolic blood pressure is often seen in 

persons with anorexia nervosa. Orthostatic hypoten-

sion (low blood pressure upon standing) often oc-

curs. Low blood pressure can contribute to some of 

the cardiac abnormalities seen in anorexia nervosa. 

Several factors including low fat mass and low thyroid 

hormone could contribute to low core temperature. 

In attempts to counteract the low core temperature, 

persons with anorexia nervosa tend to grow ine hair 

(lanugo) to keep the body warm; this is one of the hall-

mark physical manifestations of anorexia nervosa. 

Along with cardiac failure, liver and kidney failure 

are seen in anorexia nervosa. Persons with anorexia 

nervosa often sufer from dehydration. Dehydration 

has adverse efects on both the liver and kidney. Low 

blood pressure and hypokalemia are damaging to the 

kidneys. Hypokalemia may result in nephropathy and 

eventual renal failure. In addition, decreased glomer-

ular iltration rates, high creatinine (likely due to in-

creased muscle breakdown), and high blood urea all 

cause kidney damage. Many persons with a history of 

anorexia nervosa will sufer from kidney diseases and 

renal failure. Liver damage may result from dehydra-

tion and malnutrition. Malnutrition seems to be the 

main cause of liver damage in anorexia nervosa. If 

liver failure does not occur, liver damage seems to be 

reversible with refeeding.

Hypoglycemia is common in anorexia nervosa. 

As blood sugar decreases, people may become shaky 

and irritable; fainting may occur. In the prolonged 

starvation seen in anorexia nervosa, the body will 

begin to produce ketone bodies as an alternate fuel 

source for muscle and organs, including the brain. 

hese ketone bodies are made by the liver and used 

systematically. Ketone bodies are quite acidic and ke-

toacidosis often result from prolonged increased ke-

tone body production. Consequences of ketoacidosis 

include acidic blood and dehydration, both of which 

cause further harm to the liver and kidneys. In addi-

tion, “cloudy” thinking or lack of concentration and 

focus is also seen in people in a ketonic state. his 

could pose additional diiculties for psychological 

treatment of anorexia nervosa.

Numerous hormonal abnormalities have been con-

sistently observed in persons with anorexia nervosa. 

One of the diagnostic criteria of anorexia nervosa is 

amenorrhea. Low estrogen, estradiol, and luteinizing 

hormone levels are present in persons with anorexia 

nervosa. Changes in reproductive hormones, mainly 

decreased production, can lead to the amenorrhea 

characteristic of anorexia nervosa. Infertility is often 

a long-term consequence of anorexia nervosa.

hyroid hormones, T3, T4 (both total and free), 

TSH response to thyroid releasing hormone, and thy-

roid binding hormone levels may all be decreased in 

anorexia nervosa. Hypothyroidism is associated with 

low REE, feeling cold, and muscle weakness which 

people with anorexia nervosa often experience. One 

of the most devastating consequences of low thyroid 

hormone is heart failure. As mentioned previously, 

cardiac concerns are great in this population.

Cortisol and leptin levels are altered in anorexia. 

hese can have both short- and long-term afects. 

Increases in cortisol are often seen in anorexia ner-

vosa. Initial increases in cortisol levels can help with 

fat mobilization and the sustainment of life; however, 

increased cortisol levels can be associated with in-

creased truncal fat deposition and associated health 

risks. Leptin level also decrease in anorexia nervosa 

presumably to try signal hunger.

Hence, anorexia nervosa has systemic physiologi-

cal impact on hormone levels, various organs includ-

ing bone, heart, kidney, liver, and reproductive organs 
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that may have both immediate and long-term health 

consequences.

SEE ALSO: Anorexia Nervosa; Caloric Restriction; Child-

hood Onset Eating Disorders; Genetic Inluences on Eat-

ing Disorders; Physiological Aspects of Bulimia Nervosa.
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Physiological Aspects of  

Bulimia Nervosa

BULIMIA NERVOSA IS characterized by continual 

binge/purge episodes in attempts to control weight. 

he American Psychiatric Association outlines the 

diagnostic criteria for bulimia nervosa as follows: 

binge eating with inappropriate compensatory be-

haviors (vomiting, laxative abuse, overexercise, fast-

ing, with holding of insulin, etc.) occurring at least 

twice a month for three months. he person must be 

overconcerned with body weight and shape and have 

a body mass index (BMI) above 17.5. 

While a binge is extremely hard to deine and may 

come in the objective (most would agree that the 

current episode qualiied as a binge) or subjective 

(the person could have eaten a few bites of some-

thing, possibly a forbidden food, feels out of control, 

considers the current eating occurrence a binge and 

compensates by engaging in purging behaviors), the 

diagnostic criteria for bulimia nervosa speciies eat-

ing at one sitting what most would consider much 

larger than average in that period of time. he per-

son must also experience a loss of control accompa-

nying this episode. 

Persons with purging type anorexia nervosa may 

also engage in some of the aforementioned purging 

episodes. Physiological consequences are likely to 

be seen systemwide. Initial signs of bulimia nervosa 

may include erosion of tooth enamel or enlargement 

of salivary glands. Gastrointestinal changes including 

esophageal narrowing or erosion, stomach or esopha-

gus ulcers or tears, and gastric relux may occur. In 

the colon nerve, damage and dependency on laxative 

may be long-term problems. Slowed gastric emptying, 

cholecystokinin, ghrelin, and peptide yy release in re-

sponse to food may encourage overeating. Electrolyte 

imbalances, which can result from purging along with 

luid shifts, carry severe consequences which could 

include heart attack and death. 

Bulimia nervosa has been a growing problem since 

the mid-1900s. Estimates of the prevalence of bulimia 

nervosa are 1 to 3 percent of the female population, 

but higher in the female college population. A small 

amount of males sufer from bulimia nervosa compris-

ing 5 to 10 percent of the total population with this dis-

order. Bulimia nervosa is costly to treat and can have 

long-term devastating physiological consequences.

Despite often being normal weight, people with 

bulimia nervosa still sufer devastating physiological 

complications and death. Tooth decay and loss of tooth 

enamel are some of the early complications of bulimia 

nervosa and may actually alert health professions to 

what is occurring with the individual. he acidic con-

tent of the vomit is able to wear away the enamel on 

teeth, especially the back of the teeth. he continual 

exposure to this stomach acid causes long-term tooth 

damage and dental staining. Gingivitis and cavities may 

also result from bulimic episodes. Cuts in the mouth 

may result from purging episodes. Damage to oral mu-

cosa can also occur from purging, dry mouth following 

purging episodes, and from poor dental hygiene often 

seen in persons with bulimia nervosa.

Along with tooth damage and decay, persons with 

bulimia nervosa often sufer from swollen glands 

(especially the parotid or salivary glands) and pufy 

cheeks. Parotid hypertrophy may result due to the in-

creased demands for saliva production following purg-

ing episodes. Additionally, high amounts of amalyase 

enzyme are present in persons with bulimia nervosa. 

Furthermore, increased production of amalyase does 

not come from pancreatic secretion. herefore, it is 

possible that increased need for amalyase to digest 

the large amounts of food being consumed is met by 

the parotid gland. his increased strain would help 

contribute to the hypertrophy noted in the parotid 

glands. Stones may form in the salivary ducts as a re-

sult of constant purging. In addition, over time, the 
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salivary glands may tire and begin to produce less 

saliva, resulting in dry mouth. In most cases, the pa-

rotid glands return to normal size when the bingeing 

and purging episodes have ceased.

he esophagus is often damaged in bulimia ner-

vosa. his occurs from the continual binging and 

purging episodes. he content of the vomit being 

purged is extremely acidic which can have several 

consequences to the esophagus. hese can be painful, 

permanent, and in some cases, require surgical inter-

vention. Esophagitis has been shown in persons with 

bulimia nervosa. his may lead to esophageal ulcers 

or erosion. While generally it is not as common as 

other consequences of bulimia nervosa, esophagitis 

has been associated with Barrett esophagus and even-

tual adenocarcinoma, which can result in death, mak-

ing this a severe consequence yet unlikely of bulimia 

nervosa. Esophageal ulcers can result from continual 

exposure to acidic vomit. 

In addition, ulcers or sores of the mucosa may oc-

cur in the duodenum due to binge/purge cycles. Small 

tears or ruptures in the esophagus and/or stomach 

often occur with repeated purging episodes. Esopha-

geal statures, or narrowing of the esophagus, has been 

noted along with erosive gastritis, inlammation, and 

deterioration of the stomach lining. Erosive gastritis 

is caused as a result of the increased stomach acid. 

While each of these problems has been described 

in the literature, it is important to note that studies 

have not consistently found many of these problems 

in populations studied. It may be the case that these 

occur in only some cases of bulimia nervosa, yet the 

signiicant consequences of these esophageal prob-

lems make them important to mention and important 

for healthcare professionals to consider when treating 

people with bulimia nervosa. Overall, repeated expo-

sure of the esophagus to stomach acid can lead to in-

creased pain and heartburn.

Alterations in gastric functioning and emptying 

have been observed in bulimia nervosa. Binge/purge 

cycles can result in delayed gastric emptying. Along 

with delayed gastric emptying, increased stomach 

capacity and less ability for gastric relaxation often 

occur. Furthermore, levels of cholecystokinin tend to 

be lower in persons with bulimia nervosa. Increased 

gastric capacity and delayed gastric emptying, in 

conjunction with lower and slower release of cho-

lecystokinin, are likely to result in decreased ability 

to feel satiated, which would lead to increased food 

consumption. Because these changes persist at least 

into initial recovery from bulimia nervosa, this could 

lead to increased weight gain or people must learn to 

cease eating before satiated. In addition, slower gas-

tric transit time could lead to feeling bloated, rectal 

distention, stomach pain, and gastric relux.

Short-term and especially long-term laxative abuse 

can cause irregular bowel movements and constipa-

tion. In the acute phase of bulimia nervosa, laxative 

abuse can lead to uncontrollable bowel movements. 

Often, people who sufer from bulimia nervosa will 

plan daily activities around laxative consumption. Of 

more physiologic consequence are the detrimental ef-

fects that laxative abuse can have on the body. Abuse 

of laxatives and diuretics can lead to extreme loss of 

water, leading to dehydration and severe electrolyte 

imbalances. hese electrolyte imbalances place people 

at increased risk for fainting and cardiac episodes, and 

dehydration places strain on the liver and kidneys. 

In the long-term, resumption of normal bowel move-

ments can take weeks or months to restore. Constipa-

tion is likely to occur as people stop taking laxatives. Due 

to the body’s grown dependence on laxatives, it is often 

suggested that people be gradually weaned of laxative 

to give the body, mainly the colon, time to adjust. Still, 

irregular bowel movements may be a chronic problem 

in many cases. In some dire instances, surgery may be 

necessary to repair colon damage. Nerve damage to the 

colon may result from long-term laxative abuse.

Along with decreased release of cholecystokinin, 

other hormonal changes are associated with bulimia 

nervosa. hese include higher fasting ghrelin levels, 

lower inhibition on ghrelin following a meal, and low-

er increase of peptide YY following a meal. Each of 

these could encourage higher food consumption, es-

pecially when coupled with the aforementioned gas-

trointestional abnormalities. In addition, increased 

cortisol levels in bulimia nervosa, especially during a 

rise in binge/purge episodes, may lead to health prob-

lems due to increased central fat deposition.

Electrolyte imbalance can occur from various 

forms of purging including vomiting and laxative and/

or diuretic abuse. Electrolyte imbalance can include 

the following, low potassium, low magnesium, and al-

tered sodium levels. Low potassium levels could have 

a devastating efect on the heart, causing arrhythmias 

and even death.
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Typically, purging in bulimia nervosa is thought of 

as vomiting, laxative or diuretic abuse, or overexercise. 

While these may be the most common, other forms 

of purges exist and can carry severe consequences. 

For example, persons with type 1 diabetes may mis-

use insulin by failing to take or underadministering 

insulin. his will result in weight loss because of the 

body’s inability to process glucose. As a consequence 

of insulin misuse, diabetic complications including 

nephropathy, nerve damage, and blindness often oc-

cur more quickly. Furthermore, cardiovascular dis-

ease may also result more quickly from the increased 

glucose levels.

hus, bulimia nervosa has systemic physiological 

impact on various organs including the esophagus, 

stomach, colon, heart, and kidneys that may have 

both immediate and long-term health consequences.

SEE ALSO: Bulimia Nervosa; Caloric Restriction; Child-

hood Onset Eating Disorders; Genetic Inluences on Eat-

ing Disorders; Physiological Aspects of Anorexia Nervosa.
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Pima Indians

THE PIMA INDIANS of the Gila River Indian Commu-

nity in Arizona have very high rates of obesity and 

Type 2 diabetes. Both genetic and environmental risk 

factors contribute to the high rates of diabetes in this 

community. One-half of adult Pima Indians over the 

age of 35 years have Type 2 diabetes and 95 percent of 

those with Type 2 diabetes are overweight. Collabora-

tion with the community in understanding the extent 

and cause of Type 2 diabetes and obesity in this popu-

lation has been ongoing since 1965. he National In-

stitute of Diabetes and Digestive and Kidney Diseases 

(NIDDK) has established a branch in the southwest 

(the Phoenix Epidemiology and Clinical Research 

Branch) speciically to work with the community to 

investigate the causes and complications of obesity 

and Type 2 diabetes. 

From this collaboration, risk factors for develop-

ment of weight gain and development of Type 2 dia-

betes have become clearer. Higher body weight itself is 

an important risk factor for Type 2 diabetes. Other im-

portant risk factors for diabetes include the decreased 

ability of insulin to metabolize blood sugar (insulin re-

sistance), family history of diabetes, exposure to diabe-

tes in utero, and mild elevation of blood sugars. 

Risk factors for weight gain in this population in-

clude lower insulin resistance (or higher insulin sen-

sitivity), lower metabolic rate measured at rest or over 

24 hours, lower activity of the sympathetic nervous 

system (thought to play an important role in the rate 

of body metabolism), and lower concentrations of 

thyroid hormone.

Complications from Type 2 diabetes, includ-

ing eye, kidney, and vascular disease, cause a sub-

stantial amount of morbidity for this population. 

In fact, mortality from cardiovascular and kidney 

disease are much higher in Pima Indians with dia-

betes compared to those without diabetes. here-

fore, treatment and prevention have also been main 

targets of research for the NIDDK. Members of the 

Gila River Indian Community participated as vol-

unteers in a large clinical trial (the Diabetes Preven-

tion Program) that has shown that lifestyle modii-

cation (modest weight loss of about 15 pounds and 

habitual physical activity of 150 minutes per week) 

can prevent or delay the development of Type 2 dia-

betes. Members of this community are also partici-

pating in a clinical trial to test the efect of weight 

loss on development of cardiovascular disease in in-

dividuals with Type 2 diabetes and a clinical trial to 

investigate the impact of medication to delay wors-

ening of diabetes-related kidney disease.

Collaboration with the Pima Indians of the Gila 

River Indian Community has improved our under-

standing of the causes of Type 2 diabetes and obesity, 

and has led to progress in diabetes prevention. hese 

advances have both directly, via participation in these 

intervention studies and subsequent programs mod-

eled on such studies, and indirectly, via advances in 

treatments based on indings from these studies, im-

proved care for Gila River Indian Community mem-

bers at risk for and with Type 2 diabetes. 
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SEE ALSO: Insulin; Native Americans; NIDDK; Type 2 

Diabetes. 
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Pituitary Gland 

THE PITUITARY GLAND is a small pea-sized protrusion 

from the base of the brain and sits on a bony pouch 

called the Turkish saddle (or sella turcica) on the sphe-

noid bone near the base of the brain. Also called the 

hypophysis, the pituitary gland is responsible for en-

docrine function from two major regions, an anterior 

and posterior, which secrete hormones regulating ho-

meostasis and which act on other endocrine glands 

throughout the body. It is directly connected to the hy-

pothalamus which is the main central nervous system 

(CNS) center and regulator. he hormones that the pi-

tuitary secretes help to regulate many body functions 

and an abnormality in this system can result in uncon-

trollable weight gain and lead to morbid obesity.

POSTERIOR PITUITARY

he posterior, or neurohypophysis, has a direct con-

nection with the hypothalamus via a stalk that re-

ceives chemical messengers directly which gives rise 

to a tuberoinfundibular pathway. Hormones are made 

in the actual nerve cell body that are positioned in the 

hypothalamus which travel down to the posterior 

lobe which ire into the blood supply of the pituitary 

gland. he two main hormones secreted by the poste-

rior pituitary are oxytocin and antidiuretic hormone 

(ADH), or vasopressin.

In women, oxytocin is released mainly after dis-

tension of the cervix and vagina during labor, and 

after stimulation of the nipples, facilitating birth and 

breastfeeding. Oxytocin is released during orgasm in 

both sexes. In the brain, oxytocin is involved in so-

cial recognition and bonding. Antidiuretic hormones’ 

(ADHs’) main action is to conserve body water by re-

ducing water loss in urine.

ANTERIOR PITUITARY 

he anterior, or adenohypophysis, is also loosely con-

nected with the hypothalamus via the hypophysial-

portal blood vessels. his vascular connection allows 

signals to be transmitted and either stimulate or inhibit 

certain body functions. he anterior lobe is genuinely 

glandular and is a major component of the endocrine 

systems. he main hormones released by the anterior 

pituitary are human growth hormone (hGH), prolactin, 

follicle-stimulating hormone (FSH), luteinizing hor-

mone (LH), thyroid-stimulating hormone (TSH), adre-

nocorticotropic hormone (ACTH), and endorphins. 

he sum of the calculated release of these hor-

mones are responsible for human growth, blood pres-

sure regulation, in women for pregnancy and child-

birth, breast milk production, sexual organ function, 

thyroid gland function, overall metabolism, and water 

regulation. If any of these mechanisms does not work 

properly, obesity and even excessive weight loss gain 

result. he pituitary regulates and controls cortisol 

production by the adrenal glands. 

An overproduction can be caused by a tumor in 

the pituitary gland. When a pituitary tumor secretes 

too much adrenal cortical tropic hormone (ACTH), it 

simply causes the otherwise-normal adrenal glands to 

produce too much cortisol. his type of Cushing syn-

drome is termed Cushing disease and it is diagnosed 

like other endocrine disorders by measuring the ap-

propriateness of hormone production. It is a disease 

that results from an increase in corticosteroid secre-

tion from the adrenal gland and leads to obesity.

SEE ALSO: CNS/Hypothalamus Energy Sensing; Cushing 

Syndrome; Corticotropin-Releasing Hormone; Ghrelin; 

Growth Hormone; Hormones; Hypothalamus; Oxytocin 

and Food Intake; POMC Proopiomelanocortin. 
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Policy to Prevent Obesity 

POLICIES DESIGNED TO prevent obesity are based 

in a public health prevention model of disease pre-

vention. Unlike public policies aimed at treating obe-

sity (i.e., by reducing body mass index [BMI]), obesity 

prevention policies seek to stop people from becom-

ing obese in the irst place and to prevent people who 

are already overweight or obese from gaining more 

weight. Obesity prevention policies tend to focus on 

changing the “toxic” food and physical activity envi-

ronment that contributes to obesity, such as making 

healthy foods less expensive and making it easier for 

people to engage in physical activity (e.g., installing 

bike paths for commuters). 

A prevention, rather than treatment, model for 

obesity is supported by data that suggest that long-

term weight loss is unrealistic and highly improbable 

for most people. Furthermore, there are signiicant 

hazards in using drugs or surgery to treat obesity. Giv-

en that obesity results in high social costs, associated 

diseases (e.g., diabetes), and early mortality, and that 

obesity will account for increasingly larger healthcare 

costs over time, many public health experts believe it 

may be the best use of public resources to focus on 

policies that will prevent obesity. 

Obesity prevention policies exist in the private sec-

tor and at all levels of government. In the private sector, 

many workplaces have sponsored healthy living initia-

tives that incorporate policies to prevent obesity in 

their employees, such as reducing the prices of healthy 

foods in their cafeterias, building exercise facilities, and 

subsidizing gym memberships. It is not known how 

many private corporations support wellness and obe-

sity prevention programs. However, there are data that 

support the fact that corporations only receive a return 

on their investment (in the form of lower healthcare 

costs) only over the long term. herefore, companies 

with high employee turnover and businesses with few-

er employees are less likely to implement workplace 

wellness and obesity prevention policies. 

he federal government’s obesity policies tend to 

focus more on weight reduction than prevention of 

future weight gain. It is estimated that there are over 

300 programs related to obesity within the purview 

of the federal government, many of which are con-

cerned with public education, such as the MyPyramid 

program through the U. S. Department of Agriculture 

(USDA), and the Centers for Disease Control and Pre-

vention’s (CDC’s) VERB youth media campaign de-

signed to encourage physical activity in adolescents. 

Although at the federal level, the obesity objectives 

outlined by the U. S. Public Health Service were giv-

en to the Department of Health and Human Services 

(DHSS), the actual implementation of these programs 

were scattered across at least nine federal agencies, 

such as the CDC, USDA, and the Food and Drug Ad-

ministration (FDA). Critics of the federal government’s 

approach to obesity prevention have highlighted the 

lack of concentrated and consistent leadership on this 

critical public health issue. An additional barrier re-

garding implementation of obesity prevention policies 

at the federal level concerns the lack of funding. Some 
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estimate that the United States spends less than an av-

erage of $3.00 per citizen on obesity prevention [igure 

is from 2007], which some argue is inadequate given 

the increasing enormity and gravity of the problem.

State obesity prevention policies vary widely. 

Some states, such as California and Arkansas, have 

enacted policies to prevent obesity in adults and chil-

dren to a greater extent than the federal government. 

As of 2006, 17 states and the District of Columbia 

have passed taxes on unhealthy foods and/or soda. 

Twenty-eight states have also received funds from 

the CDC to develop state “obesity plans” designed 

to prevent (and treat) obesity and promote wellness. 

Seven of these 28 states were also funded at the “basic 

implementation” level, meaning that they were given 

funds to implement their nutritional and physical ac-

tivity plans, and evaluate the progress and impact of 

their state plans. 

However, much of the obesity-prevention eforts at 

the state level have focused on school-based policies, 

such as setting nutritional standards for school meals 

that go beyond the federal standards, setting nutri-

tional standards for foods sold outside the cafeteria 

(i.e., “competitive” foods—which tend to be unhealthy 

beverages and snacks), limiting access to these com-

petitive foods, informing parents of the BMI of their 

children, and screening for diabetes. In general, state-

based obesity prevention policies, particularly those 

aimed at children, tend to be more progressive than 

federal policies.

Recent data suggest that awareness of obesity as a 

public health problem has increased along with pub-

lic support for obesity prevention policies. As of 2007, 

85 percent of adults supported tax breaks for employ-

ers who provided exercise space to employees and 72 

percent of Americans reported that they would sup-

port government-based policies that required health 

insurance companies to cover obesity prevention and 

treatment programs.

SEE ALSO: Built Environments; Center for Science in the 

Public Interest; Centers for Disease Control; Federal Initia-

tives to Prevent Obesity; Food Stamp Nutrition Education 

Program; Governmental Policy and Obesity.
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Polycystic Ovary Disease

POLYCYSTIC OVARY syndrome (PCOS), also known 

as Stein-Leventhal syndrome or functional ovar-

ian hyperandogenism, is a reproductive-age endo-

crine metabolic disorder of women. he prevalence 

of PCOS is 4 to 12 percent in the United States and 

6 to 18 percent worldwide. PCOS is associated with 

peripheral insulin resistance, hyperinsulinemia, dys-

lipidemia, and hyperglycemia. PCOS with obesity 

enhances other complications. he principal features 

of PCOS are lack of regular ovulation and excessive 

amounts or efects of androgenic hormones such 

as testosterone, androstenedione, and dehydroepi-

androsterone sulfate (DHEA-S). 

In 1990, the National Institutes of Health (NIH)/

National Institute of Child Health and Huma De-

velopment (NICHD) deined PCOS as women with 

the signs of androgen excess hormones and oligo-

ovulation. In 2003, the European Society for Human 

Reproduction & Embryology (ESHRE)/American 

Society of Reproductive Medicine (ASRM) deined 

PCOS as women having at least two out of three fac-

tors: oligoovulation and/or anovulation, excess an-

drogen activity, polycystic ovaries. he contributing 

risk in PCOS are acne; weight gain and have trouble 

losing weight; male pattern baldness or thinning hair 

on the scalp; hair growth on the face, back, or chest; 

high blood sugar (hyperglycemia); and endometrial 

hyperplasia and endometrial cancer (cancer of the 

uterine lining) are possible due to overaccumulation 

of uterine lining, and also lack of progesterone re-

sulting in prolonged stimulation of uterine cells by 

estrogen, high blood pressure, dyslipidemia (disor-

ders of lipid metabolism—cholesterol and triglycer-

ides), and increasing inlammatory mediators. he 

symptoms vary with each individual woman. 

he development steps of PCOS are increase of 

GnRH pulse frequency, LH over FSH dominance, 
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increase in ovarian androgen production, decreased 

follicular maturation, and decreased SHBG binding. 

Women with PCOS have a higher risk of miscarriage, 

irregular cycles and lack of ovulation. he major di-

agnostic tool is pelvic ultrasound with biochemi-

cal screening including two-hour glucose tolerance 

tests, and hormone levels and lipid panel will help 

to diagnose PCOS in reproductive women. hey can 

become normal with early treatment regimen (diet 

and drugs such as insulin-lowering medications, 

e.g., metformin hydrochloride [Glucophage®], pio-

glitazone hydrochloride [Actos®], and rosiglitazone 

maleate [Avandia®]). 

An alternative nutritional adjunctive therapy, 

chromium supplementation, may be efective for 

PCOS women with insulin resistance. Chromium is 

an essential trace mineral required to maintain insu-

lin health. Low-chromium status is associated with a 

number of metabolic syndrome risk factors. Recent-

ly, two pilot studies on chromium picolinate supple-

mentation to PCOS women have shown signiicant 

improvements in insulin sensitivity. Long-term stud-

ies are required to show their efect on other risk 

factors in the long run. Surgical treatments include 

laparoscopy electrocauterization or laser cauteriza-

tion, old procedure of ovarian wedge resection, and 

ovarian drilling.

SEE ALSO: Fertility; Pregnancy.
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POMC (Proopiomelanocortin) 

THE SENSATIONS OF hunger and satiety, which is 

the feeling of fullness after a meal, are regulated in 

the hypothalamus and pituitary of the brain. Proteins 

called neuropeptides are expressed by speciic groups 

of neurons in these regions of the brain. Each of these 

neurons interacts with each other to control the re-

sponse to hunger or satiety. Neurological or genetic 

defects in these neuropeptides or their respective 

precursors can lead to obesity, as was seen in knock-

out mice who were genetically manipulated such that 

they do not express the gene called proopiomelano-

cortin (POMC). 

POMC is a protein expressed in the arcuate nu-

cleus of the hypothalamus and is the precursor to 

nine biologically active peptides. Several of these are 

neuropeptides that play a vital role in regulating the 

response to hunger and satiety. his protein is a pre-

cursor to neuropeptides called melanocortins, spe-

ciically alpha-melanocortin (alpha-MSH) secreting 

hormone, beta-melanocortin (beta-MSH) secreting 

hormone, and gamma-melanocortin (gamma-MSH) 

secreting hormone. hese neuropeptides decrease 

energy intake and increase energy expenditure, that 

is, prevent the body from gaining weight by increas-

ing its metabolism. hey do so by binding to ive re-

ceptors called G-protein coupled receptors where an 

efect is initiated and completed within the cell using 

secondary signaling proteins.

Melanocortin-coupled receptor 3 (MCR-3) and 

melanocortin-coupled receptor 4 (MCR-4) are highly 

expressed in the central nervous system and are the 

most important in maintaining the balance between 

energy intake and expenditure. More focus has been 

placed on the melanocortin-coupled receptor 4 be-

ing that it has been previously shown to play a larger 

role in energy homeostasis. Mice and humans who 

lack this receptor are obese and hyperphagic, eating 
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frequently compared to people who have this recep-

tor. Alpha- and beta-MSH bind to the MCR-4 recep-

tor with higher ainity than gamma-MSH, thus this 

pathway has been investigated in more detail. 

In addition, mutations in the MCR-4 receptor and 

POMC results in severe obesity due to increased 

energy intake and reduced energy expenditure, the 

opposite of what they normally do to the body. Re-

cently, a speciic genetic mutation in the region of 

POMC that expresses beta-MSH was found to be 

more common in obese subjects in a small clinical 

study. Mutations in the POMC gene were screened 

in 538 Caucasian subjects from the United Kingdom 

with severe early-onset obesity. he mutation was a 

change in the amino acid tyrosine to cysteine that al-

ters the three-dimensional structure of the protein, 

reducing the ability of the protein to bind to its re-

ceptor and facilitate its action in the body. As a result 

of this study, the POMC gene expresses neuropep-

tides that maintain energy intake and expenditure to 

prevent the onset of obesity.

SEE ALSO: Genetic Inluences on Eating Disorders; Genet-

ic Mapping of Obesity Related Genes; Melanocortins. 
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Portion Control

PORTION CONTROL IS regulating the amount of 

food that is eaten. Controlling the number of calories 

ingested during one meal, within a wide and vary-

ing range of foods, along with providing an adequate 

amount of nutrition, can hold the body in a healthy 

and satisied state. Eating beyond the amount of calo-

ries or portions of food can contribute to weight gain 

and possible obesity. Unfortunately, the answer to cor-

recting obesity does not lie in simply eating a variety 

of healthy foods and exercising. For most individuals 

struggling with weight, the diiculty lies in the inabil-

ity to accurately know how much food is enough. A 

closer look at managing the amount of foods eaten 

can make the diference between normal body weight 

versus high body weight. 

OBESITY

Research indicates that 66 percent of adults are over-

weight or obese. Studies suggest controlling the por-

tion of food eaten is more likely to control weight gain 

and assist in weight loss, particularly in cases of obesi-

ty. Maintaining a normal body weight not only boosts 

self-image, but it can also help in controlling choles-

terol, blood pressure, and blood sugar. Weight-related 
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diseases, such as heart disease, diabetes, arthritis, and 

some cancers, may also be kept at bay by keeping the 

weight in a healthy range.

CONTROLLING PORTIONS OF FOOD

Meals eaten in moderation can lead to a normal 

weight that can be maintained. This may sound 

like a simple solution to obesity; however, it is not. 

Most individuals who eat large portions of food do 

not know how to gauge the amount of food need-

ed for each meal. In fact, individuals often rely on 

what is seen on the plate rather than a full signal 

from the stomach. 

Understanding serving size is the key to losing 

weight. A serving size is the speciic amount of food 

deined by common measurements, such as cups, 

ounces, or pieces. Often, one portion of food is com-

pared with one serving of food, which is not always 

correct information. A standard serving of food con-

tains a speciic amount of calories and nutrients. A 

portion of food many times is larger than one serving 

size. For starters, to understand portion control is to 

visualize serving sizes. Below is a list of foods to assist 

in visualizing this process:

• A medium apple or orange is the size of your ist.

• 3 ounces of meat is the size of a deck of cards.

• 1 tablespoon of peanut butter is the size of your 

thumb.

• 1 teaspoon of butter is the size of the tip of your 

foreinger.

• 3 ounces of grilled ish is the size of two ists togeth-

er side by side.

• A standard bagel is the size of a hockey puck.

he serving sizes listed on food labels are the 

amount of food based on the product’s nutritional 

analysis, not necessarily the recommended amount 

of food that equals a portion. he servings listed on 

the label are determined by the amount of a par-

ticular food people normally eat based on standard 

household measurements: cups, ounces, and pieces. 

Reading food labels to determine serving sizes can 

aid in reducing the sizes of portions consumed. Res-

taurants often serve a larger portion than the serving 

size recommended. To meet the appropriate portion 

standards, eat half the portions served and take the 

remaining part of the meal home in a takeout con-

tainer for another meal. 

PORTION CONTROL AND BINGE EATING

Breaking free of diet mentality and food rituals is a 

irst step in recovering from overeating and binge 

eating. It is not uncommon for overweight binge eat-

ers to have diiculty determining when they feel full 

or have had enough to eat, either during eating their 

meals or a binge. Binge eaters are often overweight. 

here is a strong association between binge-eating 

disorder and obesity. 

Binge-eating disorder is a relatively recently recog-

nized disorder, sometimes referred to as compulsive 

overeating. Some researchers believe it is the most 

common of the eating disorders afecting millions of 

Americans. Binge-eating disorder is a condition, not 

yet fully recognized as an eating disorder, involving 

consumption of large amounts of food without inap-

propriate compensatory behavior. Patients with BED 

do not use inappropriate compensatory behavior to 

control their weight such as self-induced vomiting, 

misuse of laxatives, or fasting and excessive exercise. 

Binge-eating disorder has been proposed for further 

study in the appendix of the fourth edition of the Diag-

nostic and Statistical Manual of Mental Disorders. Re-

search indicates more than 30 percent of patients who 

receive obesity treatment meet the criteria for binge-

eating disorder. 

Whether a person is sufering from obesity or 

binge-eating disorder, the simple solution to the 

weight aspect is to cut back on the intake of food. 

One of the reasons obesity is becoming more of an is-

sue today rests in the inability to gauge the adequate 

amount of food needed. In addition, meals outside 

the home tend to be double the needed amount. In 

the last 20 years, the average American meal eaten 

out of the home has more than doubled in size. Case 

in point, an average serving size of soda today is 20 

ounces compared to less than 8 ounces a few decades 

past. he Big Gulp-sized 64-ounce soda contains 

close to 800 empty calories. People are conditioned 

to expect large portions in restaurants and may ind 

it diicult to igure out what normal portions of food 

are. A small order of French fries today was at one 

time the only size available.  

Portion control is about controlling portions not 

about dieting. Unfortunately, weight loss through 

dieting is often regained. Calorie counting or mea-

suring foods can be a useful tool for determining the 

framework of normal eating. he normal amount of 
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calories per individual is dependent on many factors 

such as height, weight, and gender. It is projected an 

average 200 pound man or woman eats approximate-

ly 2,400 calories a day to maintain his or her current 

weight. Temporarily monitoring calories taken in on 

a given day can give a clear picture on whether too 

much or too little food has been eaten. It is suggested 

that a range between 1,500 and 2,500 calories a day 

would avoid over or under eating.

MINDFUL EATING

Understanding the basic principles to good nutrition 

can lead to healthy lifestyle change and often a natu-

ral healthy weight loss while controlling portions of 

foods eaten. Eating a wide variety of fruits and veg-

etables, along with lean proteins and increasing com-

plex carbohydrates high in iber, low-fat dairy foods 

and decreasing total fat intake can not only lead to 

weight loss, but also promote health and reduce risks 

for such illnesses as diabetes and cardiovascular dis-

ease. It is suggested meals are eaten at regular inter-

vals every four to ive hours. 

Combining mindful eating with portion control 

through a measuring system may be one strategy to 

maintain a healthy body weight and avoid obesity. 

For example, outlining breakfast, lunch, dinner, and a 

snack with controlled portions of speciic food groups 

eaten in four to ive hour intervals could provide the 

nutrients needed along with enough food to ofset 

hunger. he six food groups are protein, fruit, fats, 

vegetables, starch, and dairy. A suggested meal plan 

is as follows:

Breakfast:

• 2 poached eggs

• 1 cup of cooked oatmeal

• 1 teaspoon of coconut oil

• 1 medium orange

• 1 cup of skim milk

Lunch:

• 2 cups mixed raw or cooked vegetables

• 4 ounces of salmon

• 1 cup of brown rice

• 1 teaspoon of olive oil

Dinner:

• 4 ounces of lean steak

• 2 cups of raw spinach and tomatoes

• 6 ounce of sweet potato

• 1 teaspoon of olive oil

Snack: 

• 1 cup of plain low-fat yogurt

• 1 cup of frozen blueberries

CONCLUSION

A healthy weight can be maintained by controlling 

the portion of food ingested. Attention to the sizes 

of portions and types of foods eaten directly afects 

the amount of nutrients and calories taken in. Avoid 

large portions of high-calorie foods and focus on 

low-calorie natural foods such as lean protein, fresh 

vegetables and fruit, low-fat dairy, whole grains to 

naturally reduce the number of calories consumed, 

obtain the right nutrients the body needs, and to 

feel satisied. 

SEE ALSO: Binge Eating; Caloric Restriction.
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PPAR (Peroxisome Proliferator-

Activated Receptors)

PPAR ARE TYPES of nuclear receptors. his means 

that PPAR can regulate the expression of diferent 

genes in the body. PPAR work through dietary fatty 

acids. After a person has ingested food, some of the 

fatty acids may travel to the peroxisome within the 

cell and then bind to the PPAR. Once a fatty acid 

has attached itself to the PPAR, the fatty acid-PPAR 

complex will travel to the nucleus and attach itself to 
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part of the DNA within the nucleus. Depending on 

the type of fatty acids or PPAR, diferent genes will 

be afected and subsequently the expression of dif-

ferent compounds will either increase or decrease. 

There are several different types of PPAR. These 

include PPAR-alpha, PPAR-gamma, and PPAR-

delta. PPAR-alpha is mainly expressed in the liver, 

but has also been found in the kidney, heart, skel-

etal muscle, and brown adipose tissue. PPAR-alpha 

plays a role in activating genes to increase fatty acid 

oxidation. It increases the expression of many of 

the enzymes that are necessary for fatty acid oxida-

tion to occur. Additionally, it increases the levels 

of transport proteins which help deliver fatty ac-

ids into the cell and into the mitochondria for fatty 

acid oxidation. 

There are two types of PPAR-gamma. The first is 

known as PPAR-gamma-1 and is found in very low 

levels throughout the body. Its function is not cur-

rently known. The second is known as PPAR-gam-

ma-2. PPAR-gamma-2 is found in adipose tissue 

(fat tissue) only. This entry will refer to PPAR-gam-

ma-2 as PPAR-gamma. PPAR-gamma will activate 

genes that will help synthesize new adipocytes (fat 

cells) in the body. It will also increase the expres-

sion of genes to increase fat storage in the body 

(i.e., lipoprotein lipase), fatty acid synthesis (i.e., 

acyl-CoA synthase), and glucose (sugar) transport 

(i.e., GLUT4). PPAR-gamma may also decrease the 

levels of leptin, a hormone that enhances fat use. 

The third PPAR, PPAR-delta, is sometimes referred 

to as PPAR-beta. This PPAR is found in most of the 

tissues and organs in the body. Its function is not 

completely understood, but it is believed to help 

increase HDL levels (good cholesterol).

Diferent types of fatty acids will activate PPAR at 

varying rates. Saturated fatty acids, such as fatty acids 

that you may ind in meat or dairy products, are not 

very efective at activating PPAR. Polyunsaturated fat-

ty acids, such as the fatty acids that you ind in plants 

and ish, are very good at activating PPAR. Two types 

of polyunsaturated fatty acids that exist are omega-3s 

and omega-6 fatty acids. Omega-3 fatty acids, which 

can be found in both plants (i.e., laxseed) and ani-

mals (i.e., fatty ish), are even better than the omega-6 

fatty acids at activating PPAR.

Because of their ability to afect the expression of 

many genes that pertain to diseases such as heart 

disease and diabetes mellitus, PPAR have been stud-

ied to be used as pharmaceuticals. he rationale for 

this is that a medicine could bind to PPAR and then 

travel to the nucleus to either increase or decrease 

certain compounds in the body. he irst class of 

pharmaceuticals to be discovered was the ibrates. 

Fibrates are drugs that play a role in lowering tri-

glycerides and cholesterol. Fibrates work by binding 

to PPAR-alpha, which in turn promotes fatty acid 

utilization. If more fatty acids are being used in the 

body, then triglycerides and cholesterol levels in the 

blood will decrease.

Another exciting use of PPAR as a pharmaceuti-

cal is the treatment of diabetes mellitus. Scientists 

were trying to discover other cholesterol-lowering 

medications (like fibrates). During this time, they 

discovered a class of medicines known as thia-

zolidinediones (TZDs). These drugs were shown 

to lower blood glucose (sugar) levels and improve 

insulin sensitivity. TZDs activate PPAR-gamma. 

PPAR-gamma was responsible for activating genes 

that make new fat cells. It is hypothesized that 

TZDs function by increasing the body’s ability to 

store fat, which in turn would lower the levels of 

fatty acids in the blood. 

With lower fatty acids in the blood, glucose 

(sugar) can be used more effectively by the body 

and thus the symptoms of Type 2 diabetes mellitus 

become lessened. One side effect of TZD is an in-

crease in body weight, despite an improvement in a 

person’s diabetes mellitus. 

SEE ALSO: Db/Db Mouse; Metabolic Disorders and Child-

hood Obesity.
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Prader-Willi Syndrome

THE PRADER-WILLI SYNDROME (PWS), caused by the 

absence of certain paternal genes, is the most com-

mon genetic cause of obesity. It is estimated that 

375,000 people worldwide sufer from PWS and it is 

seen one in every 125,000 live births. It is a complex 

of cognitive disabilities, short stature, incomplete 

sexual development, and chronic hunger that can 

lead to overeating and obesity. here are no risk fac-

tors for developing PWS and PWS afects men and 

women equally.

PWS is attributed to genomic imprinting disor-

der. In 70 percent of PWS cases, there is a paternal 

deletion of genes in the long arm of chromosome 15. 

In 28 percent of cases, two maternal copies of the 

genes are expressed. In less than 1 percent of cases, 

there is a mutation in the imprinting control center. 

While PWS usually arises sporadically, the type of 

mutation present determines the recurrence risk in 

future generations. In paternal deletion or maternal 

disomy, there is less than a 1 percent risk of recur-

rence. However, if PWS arises from chromosomal 

translocation, there is a 25 percent risk of recur-

rence. An imprinting control center mutation pre-

dicts a 50 percent risk of recurrence.

Indications for screening for PWS include de-

creased muscle tone with feeding diiculties as a tod-

dler, developmental delay and overeating as a child 

and obesity, behavior problems, and sexual imma-

turity as an adolescent. Major criteria for diagnos-

ing PWS include decreased muscle tone, neonatal 

feeding problems, characteristic facial features, sex-

ual immaturity, developmental delay, and overeating. 

Minor criteria for diagnosis include infantile lethargy, 

characteristic behavior problems, sleep apnea, short 

stature, and hypopigmentation. To be diagnosed with 

PWS, children must fulill several major and minor 

criteria. Characteristics facial features include narrow 

face, almond-shaped eyes, and down-turned corners 

of the mouth. Characteristic behavioral problems in-

clude temper tantrums, violent outbursts, and obses-

sive-compulsiveness. Diagnosis and etiology is con-

irmed by molecular testing.

In infancy, decreased muscle tone may lead to dif-

iculty breathing and poor suck, which creates feed-

ing diiculties and a failure to thrive. However, in early 

childhood, overeating results in obesity. Compared to 

other obese children, PWS children have increased fat 

mass and reduce muscle mass. Menarche and testicu-

lar descent can be signiicantly delayed. Adult compli-

cations are related to obesity and include sleep apnea, 

heart failure, diabetes, and atherosclerosis. Osteoporo-

sis results from incomplete sexual development. People 

with PWS demonstrate a decreased ability to vomit and 

an increased pain tolerance that can promote bingeing.

Treatment of PWS involves growth and sex hor-

mones to treat short stature, sexual immaturity, obe-

sity, and osteoporosis. Calcium and vitamin D are 

used to prevent osteoporosis. Management also in-

cludes treating complications. Food intake is carefully 

limited to prevent obesity while preventing cognitive 

delays due to lack of nutrition.

SEE ALSO: Behavioral Treatment of Child Obesity; Binge 

Eating; Childhood Onset Eating Disorders; Genetic Map-

ping of Obesity Related Genes; Implications of Restriction 

of Foods on Child Feeding Habits.
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Pregnancy

THE PANDEMIC OF obesity afects women of all age 

groups in the United States. he impact of overweight 

and obesity on women in the reproductive age group 

is particularly alarming because of the health risks 

to the pregnant mother and the baby. Complications 

such as gestational diabetes (onset of diabetes for the 

irst time during pregnancy), high blood pressure, 

higher number of cesarean sections, and birth defects 

in the newborn add to the rising healthcare costs.

According to the National Health and Nutrition 

Examination Survey (NHANES) data for 2003–04, 
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61.8 percent of U.S. women are overweight (deined 

as body mass index [BMI] 25–29.9), 33.2 percent are 

obese (BMI 30–39.9), and 6.9 percent are extremely 

obese (BMI more than 40). In women of the child-

bearing age, between 20–39 years, 51.7 percent are 

overweight and 28.9 percent obese. he BMI crite-

ria to diagnose overweight and obesity are the same 

among pregnant women and nonpregnant women. 

GUIDELINES FOR WEIGHT GAIN  

DURING PREGNANCY

A normal pregnancy in humans is on an average 280 

days or 40 weeks. It starts with fertilization and im-

plantation and ends with the successful delivery of 

the baby. he entire duration of pregnancy is divided 

in three trimesters, each lasting 12 weeks. he chang-

es that occur in a woman’s body and her nutritional 

requirements depend on the trimester. 

he Institute of Medicine in 1990 issued guide-

lines on how much weight women should gain during 

pregnancy. Underweight women, with a BMI of less 

than 18 kg/m2 should gain between 28 to 40 pounds; 

normal weight women should gain 25 to 35 pounds; 

overweight 15 to 25 pounds; and obese women should 

restrict their weight gain to 15 pounds. During a nor-

mal pregnancy, the recommended weight gain is three 

to ive pounds in the irst trimester and one to two 

pounds per week thereafter. When carrying twins, 

a gain of 35 to 45 pounds is expected. Despite these 

guidelines, approximately over 40 percent of women 

gain more than the recommended weight.

So what constitutes the weight gain of pregnancy? On 

an average, the baby weighs six to eight pounds, uterus 

gains two to ive pounds, breast tissue two to three 

pounds, and maternal blood volume four pounds.

OBESITY AND FERTILITY

Obese women may experience problems when try-

ing to conceive. hey are much more likely to have 

irregular menstrual cycles and face anovulation (ova-

ries not releasing eggs during the menstrual cycle). 

hose who become pregnant are at increased risk 

of having a miscarriage early on. Doctors encourage 

obese women who are undergoing infertility treat-

ment to lose weight. Unfortunately, those undergoing 

infertility treatment are also more likely to have twin 

or multiple pregnancies. his by itself leads to excess 

pregnancy weight gain.

RISKS TO THE MOTHER

he uncomfortable symptoms of pregnancy such as 

back pain, leg swelling, bloating, shortness of breath, 

and fatigue can all be exaggerated in women who are 

overweight and those who gain excess weight during 

the course of pregnancy. Other complications that can 

afect the mother during pregnancy include high blood 

pressure, onset of diabetes during pregnancy (also called 

gestational diabetes), increased number of urinary in-

fections, preeclampsia (leg swelling, protein in the urine, 

and liver problems), and eclampsia (preeclampsia asso-

ciated with seizures). Women who develop gestational 

diabetes often have normal blood glucose levels after de-

livery. A small proportion, however, will go on to mani-

fest Type 2 diabetes within a few years of delivery. here 

is also a 60-percent chance that future pregnancies will 

be complicated by gestational diabetes.

 he risk of forming clots in the legs (called venous 

thrombosis) is higher among obese compared to non-

obese pregnant women. Epidural analgesia (a method 

by which anesthetic medications may be injected into 

the spinal canal) is commonly employed to reduce la-

bor pain. his technique has been shown to be not as 

efective in obese women.

RISKS TO THE BABY

Pregnancy in the overweight mother poses increased 

risks to the baby as well. Macrosomia or increased birth 

weight of the baby in excess of 4,000 grams, and birth 

malformations can be the result of the mother devel-

oping gestational diabetes. his can lead to fractures, 

birth injuries, and increased need for cesarean delivery. 

he usual detection of these abnormalities in the preg-

nant woman is by ultrasound. However, the quality of 

ultrasound images in the obese woman may not be ad-

equate to detect malformations early enough. 

Research studies have led to concerns that mater-

nal obesity may increase the child’s risk of develop-

ing heart disease in adult life. Other birth defects 

include spina biida (“split spine” in Latin, a develop-

mental abnormality of the spinal cord and vertebrae) 

and anencephaly (poorly developed fetal brain). An-

encephaly is incompatible with survival and can lead 

to death or death soon after delivery, whereas spina 

biida in its very mild form may not afect survival. 

Babies born to women who develop gestational dia-

betes are also at a higher risk of being obese in their 

adolescence and adult life. 
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INCREASED MEDICAL EXPENSES

Maternal and fetal complications can lead to more 

tests, need for early hospital monitoring, cesarean 

deliveries, and more admissions to the neonatal in-

tensive care unit. Together, they contribute to a sub-

stantial increase in medical costs.

FACTORS THAT PREDICT EXCESS  

WEIGHT GAIN DURING PREGNANCY

Being overweight or obese before conceiving increas-

es a woman’s risk of gaining more than the recom-

mended weight during pregnancy. hose who had 

gained excessively during previous pregnancies are 

also at a higher risk. Lower socioeconomic status, 

lack of awareness of the nutritional recommenda-

tions, and increased stress can lead to overeating, un-

balanced diets, and excess consumption of fatty and 

high carbohydrate meals. 

EATING DISORDERS AND PREGNANCY

Eating disorders are common in young women and 

adolescent girls. Two of the commonly known ones 

are anorexia nervosa and bulimia. Women with an-

orexia are malnourished and have very poor dietary 

intake. Women with bulimia tend to binge eat fol-

lowed by self-induced vomiting or purging with laxa-

tives. hey are often overweight. Binge eating during 

pregnancy can easily lead to excess weight. Night eat-

ing syndrome, though not formally recognized as an 

eating disorder, is another condition more common 

in obese individuals. In this condition, more than 

one-fourth of the daily calorie requirements are con-

sumed at night. hese conditions are frequently seen 

in obese and young women in the reproductive age 

group, but it is not known how common they are in 

pregnant women.

STRATEGIES TO PREVENT EXCESS WEIGHT GAIN

Women should not change their caloric intake dur-

ing the irst three months of pregnancy. hose who 

are obese or overweight when they conceive should 

talk to their doctor and get advice from a dietitian. 

Often, getting the correct nutritional advice can 

help women avoid overeating. Prenatal exercises, if 

done regularly, can be continued during the course 

of pregnancy and after delivery. However, attempt-

ing weight loss during pregnancy may not be safe 

and cannot be recommended. 

PREGNANCY AS A CAUSE OF OBESITY

Research studies have attempted to ind out the fac-

tors that contribute to weight gain and weight reten-

tion after pregnancy. An interesting study conducted 

in Stockholm, the SPAWN (Stockholm Pregnancy and 

Weight Development) study followed up women after 

their pregnancy for over 15 years. Changes in the body 

weight at diferent time intervals were measured.

he single best predictor of keeping the weight 

gained during pregnancy was being overweight at the 

end of the irst year after delivery. Being overweight 

or obese before conceiving does not by itself increase 

one’s long-term chance of overweight. In other words, 

whatever one’s weight before being pregnant, losing 

weight within one year after delivery is a good way to 

prevent pregnancy-associated obesity. 

WEIGHT LOSS DURING PREGNANCY

Dietary restriction and attempts to lose weight dur-

ing pregnancy may afect the development of the fe-

tus. here have been no studies to indicate that this 

may be safe. Current recommendations suggest that 

weight loss eforts should be made before or after, but 

not during pregnancy.

EXERCISE DURING PREGNANCY

he American College of Obstetricians and Gyne-

cologists have issued recommendations regarding ex-

ercise during pregnancy. In general, women who are 
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not on a regular exercise program should not initiate 

one after they conceive without approval from their 

healthcare provider. Walking and swimming are con-

sidered safe. he beneits of prenatal exercises are nu-

merous. hese include less pregnancy weight gain and 

back pain, lower stress and anxiety during pregnancy 

and labor, and less “postpartum belly.” he chances of 

surgical interventions are lower; progression through 

labor is faster; better digestion; and improved muscu-

lar and aerobic itness are all well-known beneits. 

After the irst three months, avoid exercises lying 

on the back. Excess rise in body heat during a work-

out can increase the risk of spontaneous miscarriage, 

particularly in the irst trimester. Exercise should not 

be done if a woman has been advised against exercis-

ing because she or her baby has a complication (e.g., 

high blood pressure, growth retardation in the baby). 

Women who exercise should also know warning 

signs that require them to stop exercise and consult 

their doctor. hese include unexplained belly pain, 

poor weight gain (less than two pounds/month in the 

last two trimesters), vaginal bleeding, severe or per-

sistent headaches, excess chest pain or palpitations 

(sensation of luttering in the chest), and swelling of 

hands, face, or legs in excess of expected.

he onset of belly contractions that last continuously 

for more than six hours is worrisome and may indicate 

premature labor (onset of labor before 37 weeks).

BARRIERS TO WEIGHT LOSS AFTER DELIVERY

One of the most important reasons why women are 

unable to lose weight after delivery is lack of sleep. 

Inadequate sleep and fragmented sleep patterns are 

associated with hormonal changes that contribute 

to increased appetite. Leptin, a hormone that inhib-

its appetite, is reduced in the blood, while ghrelin, a 

hormone secreted by the stomach, is increased. he 

efects of both hormones combine to create a craving 

for high carbohydrate, calorie-rich foods. 

Another factor is the level of physical activity. 

Women who exercise and make a conscious efort 

to lose weight are more successful at reducing their 

weight than those who do not increase their physical 

activity levels. With the added responsibility of tak-

ing care of the newborn, most women are unable to 

ind the time for a planned exercise program. Yet oth-

ers feel self-conscious when exercising with normal-

weight women.

Stress, postpartum depression (depression that is 

seen during anytime after delivery usually in the irst 

few weeks), smoking, and age can all have complex 

interactions on the hormonal and appetite regulatory 

system to promote weight gain.

BREAST-FEEDING AND POSTPARTUM  

WEIGHT LOSS

A woman burns more calories (approximately an ex-

tra 500 kilocalories/day) when she is breast-feeding 

than during her pregnancy (extra 200–300 kilocalo-

ries/day). Because of the added energy output during 

breastfeeding, it has been shown to promote maternal 

weight loss in the irst few months, unless it is contin-

ued for over a year. Obese women have been noted 

in several studies to be less likely to breastfeed their 

babies. his unfortunately increases the baby’s risk of 

developing obesity in adolescence and adulthood. It is 

thought that the hormone leptin present in the moth-

er’s milk protects against obesity in the infant.

CONCLUSIONS

he majority of the women in the reproductive age 

group in the United States are overweight or obese. 

he health-related complications to the mother and 

baby can be disastrous and lead to escalating medi-

cal expenses. Nutritional advice on eating a balanced 

diet may help women to prevent excess weight gain. 

Healthy eating habits and regular exercise before 

conceiving should be continued during pregnancy. A 

conscious efort to attain normal weight within a year 

of delivery helps prevent long-term weight gain as a 

result of the pregnancy alone.

SEE ALSO: Body Mass Index (BMI); Breastfeeding; Women 

and Dieting.
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President’s Council on Physical 

Fitness and Sports 

THE PRESIDENT’S COUNCILPRESIDENT’S COUNCIL on Youth Fitness was 

founded on July 16, 1956 by U.S. President Dwight 

D. Eisenhower with the aim of encouraging children 

to be healthy and active, and reducing the increasing 

prevalence of childhood obesity. he impetus for 

the council came from a report which indicated that 

young people in the United States were less physically 

it than their European counterparts. Some people 

had suggested that compulsory military service 

might encourage more young people to be it, but 

Eisenhower felt that the schemes to be promoted 

should be voluntary and should include girls. As 

a result, on June 19, 1956, Vice-President Richard 

M. Nixon announced that the council would be 

established at the end of the two-day Conference on 

Fitness of American Youth, held at the Naval Academy 

in Annapolis, Maryland. 

he initial aims were that all facets of the U.S. 

community were to have a role. hese would include 

schools, churches, social organizations, sporting 

groups, and government agencies, with girls being 

given the same attention as boys. Eisenhower consti-

tuted the council which consisted of members of cab-

inet and also a Citizens Advisory Committee “to alert 

America on what can and should be done to reach the 

much-desired goal of a happier, healthier and more 

totally it youth in America.”

he initial chairman of the irst meeting, held on 

July 16, 1956, was Vice-President Nixon, with Shane 

McCarthy appointed as the Executive Director, serv-

ing until 1961. In 1961, Charles “Bud” Wilkinson, a 

prominent American football player from Minneso-

ta, was appointed as a Consultant to the President on 

Physical Fitness. 

On January 9, 1963, President John F. Kennedy is-

sued an executive order by which he changed the name 

of the council to the President’s Council on Physical 

Fitness, with the aim of changing its focus from sole-

ly dealing with the youth to serving all Americans, 

placing the new council under the chairmanship of 

the Secretary of Welfare. hree years later, President 

Lyndon B. Johnson created the Presidential Physical 

Fitness Award, which was later changed to the Presi-

dent’s Challenge Youth Physical Fitness Awards Pro-

gram, and this resulted in the council being changed 

to the President’s Council on Physical Fitness and 

Sports, the name it still operates under.

Under Johnson, Stan Musial chaired meetings 

from 1964 until 1967, as Consultant to the President 

on Physical Fitness, with James A. Lovell serving as 

the chairman from 1967 until 1978. Carson Conrad 

served as Executive Director from 1970 until 1984. 

After Lovell, the council was chaired by Governor 

Jerry Apodaca (1978–80), George Allen (1981–

88), Arnold Schwarzenegger (1990–92), Florence 

Griith Joyner and Tom McMillen (cochairs from 

1993 until 1998 and 1997, respectively), and Lee 

Haney (1999–2002).

he major changes since 1968 involved the cre-

ation, by President Richard M. Nixon, of the Presi-

dential Sports Award Program, and in 1983, the U.S. 

Congress declared that May each year would be the 

National Physical Fitness and Sports Month. hirteen 

years later, in 1996, Audrey F. Manley, the acting Sur-

geon General, issued his Report on Physical Activity 

and Health, with the President’s Council, in the fol-

lowing year, publishing its report on Physical Activity 

and Sport in the Lives of Girls. he President’s Coun-

cil now maintains a Web site providing information 

on physical activity, and also promoting community 

leadership awards to promote physical itness as a 

way of combating obesity.

As now constituted, the President’s Council on Phys-

ical Fitness and Sports operates as an advisory com-

mittee consisting of volunteer citizens who advise the 

President through the Secretary of Health and Human 

Services about ways of improving physical activity, it-

ness, and the promotion of sports. he council has cer-

tainly been active in promoting physical itness and can 

take some credit for assisting with the introduction of 

programs to reduce the increasing prevalence of obe-

sity in U.S. society. Further impetus has also been given 

to the council by President George W. Bush when he 

issued Executive Order 13265 on June 6, 2002. his ap-

pointed Lynn C. Swann, a former professional football 
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player, a sports broadcaster, and a Republican, as chair-

man, a position she held until 2005; and Dorothy “Dot’ 

Richardson, the softball player who won a Gold Medal 

at the 1996 Olympics, and later an orthopedic surgeon, 

as the vice-chairman.

he programs suggested by the President’s Council 

include a plan to encourage people to eat a nutritious 

diet, to take part in physical activity each day, to make 

healthier choices in their lifestyle, and to get preven-

tive screenings on a regular basis. Known as Healthier 

US, the program was initially launched by President 

Bush on June 20, 2002, with a new initiative to help 

promote it further on April 15, 2003. his has led to 

a new national health promotion program known as 

Healthy People 2010. his focuses on 28 areas that 

have been identiied as ways of improving the health 

and itness of Americans. In 2005, John P. Burke, a 

businessman strongly associated with cycling, was 

appointed chairman of the President’s Council, with 

Melissa Johnson as the council’s executive director. 

SEE ALSO: Federal Initiatives to Prevent Obesity.
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Prevalence of Childhood Obesity 

in Developing Countries

THE PREVALENCE OF childhood obesity is increasing 

worldwide. In fact, some argue that rates of childhood 

obesity are increasing most dramatically in developing 

countries. he term developing country is deined by 

the World Bank as low- and middle-income economies, 

technically those with a Gross National Product (GNP) 

per capita of less than $3,465. Chronic undernutrition 

and infectious disease have long been associated with 

developing countries; however, in recent years many 

developing countries have shown a concurrent increase 

in both obesity and undernutrition often referred to as 

the “dual burden” of malnutrition. 

Globalization, economic development, and other 

factors such as commercialization of agriculture and 

urbanization have led to changing patterns of living, 

which can be viewed as part of the nutrition transi-

tion. Nutrition transition is generally deined as the 

shift away from diets high in iber and complex car-

bohydrates toward more energy-dense diets that are 

high in sugars, reined foods, and saturated animal 

fats, coupled with increasingly sedentary lifestyles. 

hese dietary and lifestyle shifts have been attribut-

ed to changes such as the low cost of highly reined 

oils and carbohydrates, the move toward motorized 

transportation, the increase in sedentary occupations 

as well as ownership of a television. 

While children are exposed to these inluences, it 

seems the impact of the nutrition transition increases 

with age, meaning that older individuals are more 

likely to become obese. In addition, the pattern of 

obesity within developing economies varies greatly 

according to class, gender, age, and region (urban–ru-

ral). For example, while certain countries, such as Bra-

zil, Mexico, and Chile, show an inverted relationship 

between social class and obesity, this pattern is not 

yet observed in India. Regardless of the distribution 

of obesity within country, in developing countries it 

has been recognized that rates of obesity are increas-

ing rapidly in children.

It must be acknowledged that these prevalence sta-

tistics should be read with awareness of their limita-

tion. Given the importance of monitoring overweight 

and obesity prevalence, it is remarkable that there is a 

general lack of precise data by country. Part of the ex-

planation for this is that obesity rates are increasing 

so fast that prevalence statistics become quickly out-

dated. In addition, it is diicult to make comparisons 

between studies because of a lack of consensus on the 

most appropriate way to deine obesity in childhood. 

For example, before 2000, there was no internation-

ally accepted deinition of childhood obesity. In adult 

populations, a body mass index (BMI) cutof has 

been selected to relect functional impairment and 

health risk; however, many of the detrimental health 

efects of childhood obesity appear in adult life, not 

necessarily in childhood. Prior to 2000, some studies 
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deined obesity in children as weight-for-height Z-

scores over two standard deviations above the World 

Health Organization (WHO)/National Center for 

Health Statistics (NCHS), while others used this cut-

of to deine overweight. 

In 2000, the International Obesity Task Force de-

vised a set of guidelines for deining overweight and 

obesity in childhood based on nationally representa-

tive cross-sectional surveys on growth from six coun-

tries (Brazil, Great Britain, Hong Kong, the Neth-

erlands, Singapore, and the United States). hese 

standards provide cutof points for BMI in childhood 

using data set-speciic centiles linked to adult cutof 

points of a BMI of 30 at age 18 years. However, given 

that functional impairments occur at diferent BMIs 

for diferent populations, some epidemiologists have 

argued that a lexible BMI standard should be used. 

In addition, there has been criticism that the six se-

lected countries are not applicable worldwide, which 

has meant that many countries have created their 

own deinitions and cutof points. Finally, BMI does 

not distinguish between fat mass and nonfat mass or 

give an indication of body fat distribution which both 

afect health risk. Other than deining childhood obe-

sity, another challenge with data reliability is that dif-

ferent studies use diferent age groups, which makes 

comparison diicult. Studies also vary in the time pe-

riod they were taken as well as in how obesity was 

assessed (externally measured versus self-reported 

anthropometric indicators). 

Regional trend estimates both quantitatively and 

qualitatively on the scale of childhood obesity can be 

illuminating. It is generally recognized that the high-

est rates of obesity occur in the Paciic region while the 

lowest rates are found in South Asia, closely followed by 

East Asia. Rates are also quite high in Middle Eastern 

and Latin American and Caribbean countries although 

both regions display considerable heterogeneity. Rates 

are not quite as high in the African region, but like the 

Middle East, Africa has variable rates. While it was ar-

gued in 2000 that obesity would not be a public health 

problem in children in developing countries, this as-

sessment did not take into account the rapid lifestyle 

changes that have occurred over the past seven years in 

all sectors of society in developing countries.

he accurate monitoring of childhood obesity 

prevalence is important for several reasons. First, this 

information can be used to identify populations at risk 

of becoming obese along with the associated health 

factors in adult life, such as cardiovascular disease 

and cancer. Second, reliable data can assist interna-

tional agencies, government oicials, and policymak-

ers with both the mobilization and adequate alloca-

tion of resources to address obesity. hird, knowledge 

of the extent to which obesity is afecting all regions 

of the world, albeit to varying degrees, can help build 

consensus on global strategies. 

Nutrition transition is related to the global capi-

talist system and associated neoliberal ideology, thus 

strategies to counter childhood obesity cannot only 

be addressed at the national level. International strat-

egies are necessary. Finally, as an increasing number 

of developing countries embark on national programs 

for the control of overnutrition, prevalence estimates 

provide baseline data for the monitoring of efective-

ness and impact. 

SEE ALSO: Ethnic Disparities in the Prevalence of Child-

hood Obesity; Prevalence of Childhood Obesity World-

wide; World Patterns.
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Prevalence of Childhood Obesity 

in the United States

MUCH LIKE ADULTS, children have experienced 

a rapid and dramatic increase in the prevalence of 

overweight during the last 30 years. his change has 

occurred among children of diferent ages, genders, 
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socioeconomic classes, and ethnic groups, although 

certain populations are at higher risk than others. 

Overweight children have an increased risk of be-

coming overweight adults, raising concerns about an 

increased burden of diseases such as diabetes, hyper-

lipidemia, and hypertension which are associated with 

obesity in adults. In addition, some of these complica-

tions of obesity are being seen more frequently even 

during childhood.

DEFINITIONS

Before discussing national trends, it is important to 

deine some terms. Obesity refers to a condition of 

excess body fat, or adiposity, usually expressed as a 

percentage of body fat. Body fat may be determined 

by measuring energy density via water displacement 

or by dual energy X-ray absorptiometry (DEXA) or 

estimated indirectly by measuring waist circumfer-

ence or triceps skin-fold thickness. By contrast, over-

weight refers to excess body weight. In the United 

States, overweight in adults is deined as a body mass 

index (BMI) greater than 25, and obesity is deined 

as a BMI greater than 30. Overweight in children, on 

the other hand, is usually determined by comparing 

the child to an existing set of standard growth charts 

created by the Centers for Disease Control and Pre-

vention. By convention, a child whose BMI falls above 

the 85th percentile on the chart is described as at risk 

for overweight, and a child whose BMI falls above the 

95th percentile is described as overweight.

Some critics have raised concern in the media and 

elsewhere about using BMI to determine risk for fu-

ture health problems in children. Because BMI is a 

measure of overweight (it is deined as weight in ki-

lograms divided by height in meters squared), it does 

not account for bone density or lean muscle mass and 

therefore might theoretically overestimate the num-

ber of children who are at risk of becoming obese. 

However, other measures of obesity discussed above 

are either diicult to perform in clinical settings or 

vary widely depending on the measurer. BMI, on the 

other hand, is simple, easily duplicated, and has been 

shown in several studies to have a high speciicity but 

a relatively low sensitivity. In other words, someone 

who is not obese is unlikely to be classiied as obese 

using this measurement, although it is possible that 

someone who is truly obese may be classiied as nor-

mal weight by mistake. Furthermore, an elevated BMI 

in adulthood is associated with a number of compli-

cations of obesity. 

TRENDS IN PREVALENCE OF  

OVERWEIGHT IN CHILDREN

Data regarding the prevalence of overweight in child-

hood in the United States is available through the 

National Health and Nutrition Examination Surveys 

(NHANES), a series of national surveys of representa-

tive samples of the entire U.S. population that have oc-

curred periodically since the early 1970s. hese surveys 

replaced the National Health Examination Surveys 

(NHES), which date back to the 1960s. hus, a repre-

sentative sample of weight in children in the United 

States can be followed for more than 40 years.

hese data show that the prevalence of overweight 

in children and adolescents was relatively stable dur-

ing the 1960s and 1970s and began to increase steadi-

ly during the 1980s and 1990s. In boys, the prevalence 

of overweight for adolescents aged 12–17 remained 

between 5.2 and 5.4 percent from 1963 until 1980, in-

creased to 12.8 percent in 1988–91, 14.8 percent in 

1999–2000, and 18.3 percent in 2003–04. In girls aged 

12–17, the prevalence of overweight varied between 

5.2 and 7.2 percent until 1980, increased to 8.8 per-

cent in 1988–1991, 14.8 percent in 1999–2000, and 

16.4 percent in 2003–04. Similar trends occurred for 

children of other age groups. he overall prevalence 

of overweight in children aged 2–19 was 17.1 percent 

in 2003–04.

hese trends represent more than just a shift in the 

normal distribution of weight among children. Not 

only are the percentages of children in the overweight 

category increasing, but also the entire population 

of children is skewing toward overweight, and those 

who are overweight have a higher BMI than ever be-

fore. In other words, those prone to overweight are 

becoming more overweight than in previous years 

and at higher rates.

his epidemic preferentially afects minority chil-

dren and those of low socioeconomic status. Mexican-

American children and adolescents are more likely to 

be overweight than white children, and black girls are 

more likely to be overweight than white girls. Twenty-

two percent of Mexican-American boys aged 2–19 

were overweight in 2003–04 along with 23.8 percent 

of non-Hispanic black girls. Unfortunately, because the 

survey includes only small numbers of children in each 
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of these subgroups, it is diicult to assess trends over 

time with statistical conidence.

Children of low socioeconomic status have a two 

to three times higher risk of obesity. While poverty 

increases the risk of overweight overall, it may not 

do so equally among diferent ethnic groups. Among 

White children, a higher income is associated with a 

lower prevalence of overweight. No such relationship 

occurs for black or Hispanic children. his inding is 

particularly disturbing because it suggests that race 

and ethnicity carry an increased risk of adverse health 

outcomes regardless of socioeconomic status.

POTENTIAL CONTRIBUTORS

he rapid change in the prevalence of overweight 

during the last 20 to 30 years is more than can be ex-

plained by a change in genetic factors alone. Recent 

studies suggest that between 25 and 40 percent of 

the risk of obesity can be attributed to genetic risk. 

A family history of obesity also confers a two to three 

times greater risk of obesity in a child. It seems logical 

that interplay between genetic susceptibility and en-

vironmental changes have combined to produce the 

current epidemic. 

Because overweight can ultimately be related to 

an imbalance between energy intake (i.e., the num-

ber of calories eaten) and energy expenditure (i.e., the 

number of calories used either through metabolism 

or physical activity), changes in the environment can 

be analyzed in much the same fashion. 

A number of trends in production and consump-

tion of food are possible contributors to the change in 

prevalence of overweight in children. Overall, more 

food is available in the United States at cheaper pric-

es than ever before. he actual cost of food produc-

tion has decreased compared to the cost of packag-

ing, marketing, and distribution. Perhaps as a result, 

portion sizes of commonly available convenience 

foods have increased, as have the portion sizes of soft 

drinks. Some evidence suggests that most adults and 

children given larger portion sizes will consume more 

calories over time. Some evidence also correlates 

consumption of sugared drinks (soda and juice) with 

prevalence of overweight.

Along with an increase in rates of obesity, the last 

30 years have seen an increase in the number of meals 

eaten outside of the home. Meals consumed away from 

home tend to have more calories. Over the same time, 

vending machines have made soft drinks and high-

calorie snacks more available to children in schools. 

Although no direct evidence ties these changes to in-

creases in the number of overweight children, these 

factors may contribute to an environment that en-

courages increases in caloric consumption.

Others have pointed to a more sedentary lifestyle in 

parents and children as a major culprit in the obesity 

epidemic. Several studies have focused on television 

watching as a major risk factor for overweight. Televi-

sion watching may displace more active pursuits and 

thus decrease energy expenditure, or it may encour-

age more energy intake either via food advertising or 

directly via food consumed while watching. Evidence 

has been mixed in connecting overweight to television 

time, although therapies aimed at decreasing television 

time have shown changes in rates of overweight.

Changes in the built environment have led to more 

automobile travel during the 1980s and 1990s. he 

percentage of children walking or biking to school has 

decreased over the last three decades. When asked 

why, most parents report that the school is too far or 

that there is no safe walking route. At the same time, 

schools have decreased the time allotted for recess 

and physical education. Although no evidence ties 

these trends directly to the prevalence of overweight, 

the fact that these changes have occurred at the same 

time as the occurrence of the obesity epidemic makes 

them possible contributors.

CONSEQUENCES

Given the increase in the prevalence of overweight 

in children, the question becomes, what is the sig-

niicance of these changes for the long-term health of 

children? First, we must understand how well these 

patterns track over time. Do overweight children be-

come overweight adults?

he vast majority of adults who are overweight 

were not overweight as children. Nonetheless, it is 

clear that being an overweight child increases the 

risk of being an overweight adult somewhat. For the 

youngest children (aged 1–2), there is little correla-

tion, and in these children, parental obesity is a better 

predictor of future risk than the weight of the child. 

After age 6, the risk of adult overweight increases, es-

pecially with rapid weight gain. During adolescence, 

the risk of adult obesity becomes much higher. Ac-

cording to one study, overweight 15- to 17-yearolds 
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are 17.5 times more likely to become overweight than 

those who are not already overweight.

Overweight adolescents have an increased risk of 

loss of socioeconomic status, physical illness, and 

even death as a result of their weight. Adult women 

who had been overweight adolescents have been 

shown to have higher rates of poverty, are less like-

ly to be married, and have completed fewer years of 

school, even after adjusting for their baseline socio-

economic status and aptitude scores. Over the long 

term, overweight in adolescence has been shown to 

increase the risk of all-cause mortality and cardiovas-

cular mortality in particular, although this result has 

not been conirmed in all settings.

Overweight adolescents face health risks not only 

in the future, but also in the present. Recent studies 

have shown a dramatic increase in the prevalence of 

Type 2 diabetes in children and adolescence, and in 

this age group, the disease is almost exclusively seen 

in the overweight. Furthermore, 28.7 percent of ado-

lescents meet the deinition for metabolic syndrome, 

a condition deined by a combination of high blood 

pressure, alterations in cholesterol and lipid levels, 

and elevated fasting blood sugar.

Obesity in adulthood is notoriously diicult to treat 

once it occurs. For this reason, much of the focus in 

health policy and elsewhere has shifted to obesity pre-

vention, especially in childhood. Given the dramatic 

increases in the prevalence of childhood obesity in the 

United States, policy makers may have to start earlier 

in childhood than they anticipated. he complex in-

terplay of genetic factors and changes in the environ-

ment may require a coordinated approach involving 

individuals as well as larger institutions. Given the 

potential health risks of obesity, such an investment 

would likely be well worth it in the long run.

SEE ALSO: Accessibility of Foods; Assessment of Obe-

sity and Health Risks; Body Mass Index; Breastfeeding; 

Built Environments; Childhood Obesity as a Risk Factor 

for Adult Overweight; Prevalence of Childhood Obesity 

Worldwide.
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Prevalence of Childhood  

Obesity Worldwide 

CHILDHOOD OBESITY IS a particular public health 

concern because excess weight in childhood is likely 

to lead to excess weight in adulthood and raise the risk 

of obesity-related chronic disease from an earlier age. 

Overweight children themselves may show the early 

signs of chronic disease and also sufer psychosocial 

problems due to their obesity. Virtually all countries 

with reliable data are showing rising trends in child 

obesity prevalence, and that in many economically 

developed countries, excess bodyweight is afecting 

more than a quarter of all schoolchildren. 

AGREEING STANDARD DEFINITIONS

An ideal measure of body fat should be accurate in its 

estimate of body fat; easy to obtain in terms of time, 

cost, and acceptable to the child; and well-documented 

with published reference values. Sadly, no existing mea-

sure satisies all these criteria. Measurement of fatness 

(adiposity) in children and adolescents occurs in a range 

of settings, using a range of methods, and compared 

against a range of diferent reference charts and tables. 

Direct measures of body composition, such as 

underwater weighing, magnetic resonance imaging, 

computed axial tomography scans, and dual energy 

X-ray absorptiometry are impractical for every-

day purposes such as checking children in a family 

doctor’s clinic or in a school survey. Much easier to 

measure, but less accurate, are waist, hip, and other 

girth measurements, skin-fold thickness, and height 

and weight. Height and weight taken together provide 

body mass index (BMI). Although it has its shortcom-

ings, BMI is by far the most commonly used method 

for assessing adiposity in children and in adults, and 

in this entry on obesity prevalence, the igures are 

based on BMI.
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Even with BMI, care has to be taken about how the 

information is collected. If a trained, experienced per-

son is measuring children, then the BMI will be as good 

as can be expected, but if children or their parents do 

the measuring, or if children are asked just to say what 

weight and height they believe they are, then the BMI 

will probably be rather inaccurate. Self-reported heights 

and weights are notoriously bad, with girls tending to 

underestimate their true weight, and boys tending to 

overestimate their true height, so that in both genders 

the BMI will be inaccurate. Typically, this can mean that 

quite a few children who would be classiied as over-

weight using measured BMI slip below the threshold 

and are classiied as normal weight based on their self-

reported BMI. In this entry, only measured BMI is re-

ported unless no other data are available.

With adults, it is generally accepted that the BMI 

thresholds of 25 and 30 2 are the thresholds for be-

ing overweight (BMI greater than 25) and obese (BMI 

greater than 30), although there is some discussion 

that lower values are more appropriate for some pop-

ulation groups. For children, the situation is difer-

ent. he BMI for a normal child changes as the child 

grows through infancy, childhood, and adolescence, 

and therefore, the thresholds of BMI 25 and 30 need 

to be adjusted to take into account these growth pat-

terns. here are several approaches that have led to a 

range of diferent reference charts and tables.

he irst approach is to use a survey from the na-

tional population taken before obesity was wide-

spread, and deine the top 10 percent, say, as being 

overweight and the top 3 percent, say, as being obese. 

his gives a set of values representing the top-ranking 

children at every stage. Separate sets can be deined for 

girls and boys, as growth patterns difer between the 

two sexes. here are two problems. he irst problem 

is that the thresholds of 10 and 3 percent, or any other 

pair of thresholds (some charts use 15 and 5 percent, 

for example), are arbitrary, whereas the adult BMI 25 

and 30 are based on a link to the raised health risks 

associated with being above each of those thresholds. 

he second problem is that the set of data used to de-

ine the top percentages is also arbitrary—should they 

be based on the national population 10, 20, or more 

years ago, or perhaps on another country’s data, or on 

some internationally agreed set of data?

A second approach is fairly similar to the irst, but in-

stead of using a standard percentage as a threshold, it 

uses a statistical deinition in terms of the distribution of 

a reference set of data, for example, two standard devia-

tions above the mean, or the mean plus 20 percent of the 

mean. he resulting threshold values are just as arbitrary 

in terms of their relationship to actual health outcomes. 

hey also sufer the same questions about the original 

data set from which the thresholds are taken. 

he third approach, and the one used here, is to create 

a large data set from across several diferent countries to 

set the BMI thresholds of 25 and 30 as applying at age 18, 

and then to plot backward from age 18 keeping the same 

proportion of children above the thresholds. hus, if, for 

example, the large combined data set showed 9 percent 

of children above BMI 25 and 4 percent above BMI 30 at 

age 18, these same percentages are tracked back through 

to a young age and the resulting set of BMIs at every age 

is used instead of the adult 25 and 30 igure. his calcula-

tion has been done and a set of cutof BMIs for children 

aged 2–18 years, for boys and girls separately, were pub-

lished in 2000, based on large national data set for six 

diferent countries. he cutofs are known as the Cole 

cutofs (after the main author) or the International cut-

ofs (IOTF, after the International Obesity Task Force, 

which promoted the idea). In this entry, the igures are 

all deined according to the Cole-IOTF cutofs.
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Readers should note that the United States has its 

own deinitions, based on a national set of igures, and 

its own terminology, sometimes referring to “at risk of 

overweight” and “overweight” for the top two tiers of 

adiposity, and sometimes to “overweight” and “obese.” 

he World Health Organization (WHO) has for 

many years recommended using a “2 standard devia-

tions” set of cutofs, based on reference data obtained 

from the United States, but more recently the WHO 

has been reviewing its recommendations. he WHO is 

concerned that the U.S. data included large numbers of 

formula-fed infants, which changes their growth pat-

terns and underestimates the true extent of overweight 

in younger children, and the WHO is now in the pro-

cess of producing a new “gold standard” set of refer-

ence data from healthy breast-fed babies. In principle, 

these could be used in conjunction with the Cole-IOTF 

methodology to produce a “gold standard” set of BMI 

cutofs similar to those already produced by Cole-IOTF 

but based on a more robust set of data.

Last, care should be taken when looking at preva-

lence igures for overweight and obesity. Some authors 

use “overweight” to deine all people with BMI above 

25, and some to deine all people with a BMI between 

25 and 30. hus, in some reports the prevalence of 

“overweight” people includes obese people and in other 

reports it does not. In the present entry, “overweight” 

includes obese, so the term should properly be under-

stood to mean “overweight including obese.”

Note that for young children, it has been common 

practice to use a diferent measure of fatness, namely 

“weight for height.” his came from the days when 

most researchers were concerned with underweight 

and stunting, and so “weight for age,” “height for age,” 

and ‘weight for height” were used to assess infant 

growth. his is still used in young children, usually 

with a threshold of 2 standard deviations above a ref-

erence mean as the criteria for excess weight for that 

child’s age. his approach is used in this entry only for 

children under age 5 where shown.

It should also be noted that the deinitions are very 

helpful for making comparisons between diferent 

groups of people, or comparing a group of people over 

time. Using these threshold deinitions is not recom-

mended for the clinical assessment of individual chil-

dren, where more careful examination of the child is 

needed to be sure that, for example, a high BMI is not 

due to extra muscle.

CHILD OBESITY PREVALENCE  

AROUND THE WORLD

Two problems have hindered a complete understand-

ing of the global circumstances surrounding obesity 

in children and adolescents: irst, the lack of compa-

rable representative data from diferent countries, 

and second, the use of varying criteria for deining 

obesity among diferent countries and researchers, 

referred to previously. 

Even where some data are available, they need to 

be treated carefully. First, were they collected using 

proper measurement procedures or are they self-

reported (or parent reported)? Are they nationally 

representative surveys or are they smaller surveys 

that do not represent national populations? And 

when comparing two surveys across a period of 

time, are the surveys properly comparable in terms 

of the children’s ages and locations, and so forth? 

he trend igures presented here are those based on 

the most objective, representative, and comparable 

surveys available.

Taking an estimate for the world as a whole, in 2004 

some 10 percent of school-age children (aged 5–17) 

were deined as overweight (including obese) (equiva-

lent to BMI >25) of which some 2 to 3 percent were 
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REGION* OBESE

OVERWEIGHT 

(INCLUDING 

OBESE)

Americas 15% 46%

Middle East 

and North 

Africa

12% 42%

Europe and 

former USSR
10% 38%

West Pacific 7% 27%

Southeast Asia 5% 23%

Africa >1% >5%

Table 1. Estimated Prevalence of Excess Bodyweight 

in School-Age Children by 2010

* Countries in each region are according to the World Health Organization.



obese (equivalent to BMI >30). his global average re-

lects a wide range of prevalence levels in diferent re-

gions and countries, with the prevalence of overweight 

in Africa and Asia averaging well below 5 percent and 

in the Americas and Europe above 20 percent. 

THE AMERICAS

he most comprehensive and comparable nationally 

representative data on trends in the prevalence of 

obesity are from the United State, from the National 

Health Examination Survey (NHES) I and II surveys 

undertaken in the 1960s and the series National Health 

and Nutrition Examination Surveys (NHANES) from 

1971 onward. he most recent data (for 2003–2004) 

show that 36 percent of children aged 6–17 were 

overweight, including 13 percent obese. hese igures 

are based on the international (Cole-IOTF) deini-

tions; using U.S. deinitions, the equivalent igures are 

36 percent and 18 percent, respectively. 

In Canada, the available data (from self-reported 

information) for 1996 show 33 percent of boys and 27 

percent of girls were overweight. In Brazil, the preva-

lence of overweight among school-aged children was 

14 percent in 1997. In Chile, in 2000, the prevalence of 

overweight among school children was 26 percent.

here are few data available for schoolchildren in 

most other South and Central American countries, 

but some data have been collected for preschool chil-

dren. In Bolivia, the prevalence of overweight (deined 

as 1 standard deviation above a reference mean) was 

23 percent in 1997, and in the Dominican Republic, 

it was 15 percent in 1996. In a few countries in the 

region, obesity prevalence has fallen—in Colombia, it 

fell from 5 to 3 percent between 1986 and 1995.

EUROPE 

A number of studies have examined childhood over-

weight and obesity prevalence in European coun-

tries. he highest prevalence levels are observed in 

southern European countries. A survey in 2001 found 

that 36 percent of 9-year-olds in central Italy were 

overweight, including 12 percent obese. In northern 

Greece in 2000, 26 percent of boys and 19 percent 

of girls aged 6–17 years were overweight, while data 

from Crete in 2002 show 44 percent of boys aged 15 

to be overweight or obese. In Spain, 35 percent of 

boys and 32 percent of girls aged 13–14 years were 

overweight in a survey in 2000. 

Northern European countries tend to have lower 

prevalence. In Sweden in 2000–01, the prevalence was 

18 percent for children aged 10 years. In the Neth-

erlands, the igures are remarkably low, with only 10 

percent of children aged 5–17 overweight, including 

only 2 percent obese, in a 1997 survey. In France, the 

igures are a bit higher, at 15 percent overweight and 

3 percent obese in a northern French survey in 2000, 

and in England higher still: with 29 percent over-

weight, including 10 percent obese, in a 2004 survey.

he reasons for a north–south gradient are not 

clear. Genetic factors are unlikely to be the explana-

tion, as the gradient can be shown even within a single 

country, such as Italy and all countries are showing a 

marked increase in prevalence. he child’s household 

or family income may be a relevant variable, possibly 

mediated through income-related dietary factors such 

as maternal nutrition during pregnancy, or breast- or 

bottle-feeding in infancy, as well as the quality of the 

diet during childhood. 

NORTH AFRICA, EASTERN MEDITERRANEAN, 

AND MIDDLE EAST 

Several countries in this region appear to be showing 

high levels of childhood obesity. In Egypt, for example, 

the prevalence of overweight (based on standard devia-

tion greater than 1) was over 25 percent in preschool 

children and 14 percent in adolescents. Similar igures 

are found in other parts of the region. A ifth of adoles-

cents aged 15–16 years in Saudi Arabia were deined as 

overweight (based on BMI greater than 120 percent of 

reference median value). In Bahrain, in 2002, 30 percent 

of boys and 42 percent of girls aged 12–17 were over-

weight, including over 15 percent obese in both groups.

ASIA AND PACIFIC 

he prevalence of obesity among preschool children 

is around 1 percent or less in many countries in the 

region, for example, Bangladesh (1.1 percent), the 

Philippines (0.8 percent), Vietnam (0.7 percent), and 

Nepal (0.3 percent), but it should be noted that no 

data are available for some countries in the region 

(e.g., the Paciic islands) where adult obesity preva-

lence rates are known to be high. 

In more economically developed countries the 

prevalence igures for preschool and school-age chil-

dren are considerably higher. Among Australian chil-

dren and adolescents aged 2–18, the prevalence of 
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overweight and obesity was over 20 percent in 1995 

and was likely to be around 28 percent by 2005. 

In mainland China, whose population accounts 

for one-ifth of the global population, the prevalence 

of obesity has been rising quickly in both adults and 

children during the past two decades. A survey in 

1997 showed the prevalence of overweight, including 

obesity, among schoolchildren to be 7.7 percent, but 

this represented an average of urban and rural popu-

lations: in urban areas the level was 12.4 percent, and 

showing how quickly the igures may soon change, 

among preschool children, the level was 29 percent.

It is worth noting that although the epidemic of obe-

sity seems to have afected a wide range of countries in 

this region, undernutrition is still a major problem. In 

China, the prevalence of underweight (less than 5th per-

centile BMI of the U.S. reference) was 9 percent among 

children aged 6–9 years, and 15 percent among children 

aged 10–18, in 1997. In Indonesia, over 25 percent and 

in Bangladesh and India over 45 percent of children un-

der 5 are underweight. hus, several of the most popu-

lous countries in this region are facing a double burden 

of continued undernutrition and rising overnutrition.

REGION: SUB-SAHARAN AFRICA

he burden of undernutrition remains very high in this 

region, with continuing poverty, war, famine, disease 

(especially human immunodeiciency virus [HIV]/ac-

quired immunodeiciency syndrome [AIDS]), and very 

high rates of child mortality. here are very few surveys 

from African countries that can provide prevalence 

igures for childhood obesity, as most public health nu-

trition programs have been focused on undernutrition 

and food safety problems. In general, the prevalence of 

childhood obesity remains very low in this region, ex-

cept for countries such as South Africa where obesity 

has become prevalent in adults, particularly among 

women, and where childhood obesity is also rising. 

Data from South Africa show the prevalence of over-

weight (including obesity) among young people aged 

13–19 years to be over 17 percent with boys generally 

less at risk (7 percent) than girls (25 percent). Preva-

lence was highest (over 20 percent for both boys and 

girls) in White and Indian population groups.

TRENDS OVER TIME

he prevalence of excess weight among children is in-

creasing in both developed and developing countries, 

but at very diferent speeds and in diferent patterns. 

North America and some European countries have the 

highest prevalence levels, and have shown high year-

on-year increases in prevalence. As can be seen from 

the examples in the table below, the prevalence of over-

weight is increasing rapidly in a number of countries. 

Data from Brazil and Chile are good examples to 

show that the rate of increase of obesity among chil-

dren in some developing countries is similar to or 

even faster than that in the United States or Europe. 

In Brazil, three nationwide, large-scale surveys were 

conducted in 1974–75, 1989, and 1997. he preva-

lence of overweight (including obesity) tripled be-

tween the 1970s and the late 1990s, increasing from 

4.1 to 13.9 percent among children and adolescents 

aged 6–18. In Chile, two large surveys conducted on 

6-year-old children showed a remarkable increase in 

childhood overweight (including obesity) between 

1987 and 2000, from 12 to 26 percent in boys and 

from 14 percent to 27 percent in girls. 

he rapid rise in the prevalence of overweight is 

shown in most developed economies, but an interest-

ing exception is Russia, where the economic down-

turn in the early 1990s may explain the decline in the 

prevalence of overweight children during the period.

INTERACTION OF NATIONAL WEALTH  

AND PERSONAL WEALTH

Examination of diferences in the distribution of 

overweight and obesity among children coming from 

diferent social classes (deined by family income lev-

els) shows an interaction. In the more economically 

developed, industrialized countries, it is children 

in lower socioeconomic groups who tend to show 

higher prevalence levels of overweight and obesity. In 

contrast, in countries that are not economically de-

veloped or are undergoing economic development, 

overweight and obesity levels are higher among the 

higher income sectors of the population and among 

urban populations rather than rural ones. 

In Brazil in 1997, 20 percent of children in higher 

income families were overweight or obese, compared 

with 13 percent of children in middle-income fami-

lies and only 6 percent of children in lower income 

families. In countries in Western Europe and North 

America, the trend is the other way, with children in 

lower income families more likely to be overweight or 

obese than those in higher income families. 
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he efect is likely to be closely linked to urban 

versus rural location. Children in urban areas in less 

developed countries tend to show higher prevalence 

levels of overweight and obesity, and to have higher 

levels of family income, compared with their rural 

counterparts. In North America and Western Europe, 

children in rural areas tend to have higher levels of 

overweight and obesity, and lower levels of family in-

come, compared with their urban counterparts. 

Underlying these interactions are several changes 

in the “obesogenic” environment experienced by chil-

dren which is closely linked to economic develop-

ment and urban–rural diferences. One is the change 

in physical activity levels, from hard agricultural la-

bor and domestic labor to television watching, and 

from active transport (walking, cycling) to motorized 

transport (especially the use of cars) even for short 

journeys such as getting from home to school or to 

shops. Another is the change in diet from traditional 

staples to a modern, processed diet with high levels of 

soft drinks, fast foods, snacks, and confectionery. As 

a country’s economy develops, these processed foods 

are initially relatively expensive and available only in 

urban areas. In a developed, industrialized economy, 

these foods are cheap sources of food energy and are 

easily found even in rural areas. 

THE NEED FOR SURVEILLANCE

he data shown in this entry give a picture of what is 

happening and the trends over time. hey show the ex-

traordinarily high levels of excess bodyweight among 

children in many regions of the world, and that these 

levels are rising rapidly. However, for many regions and 

large numbers of countries, there is very little informa-

tion and no way of telling whether the trends show a 

similar, slower, or even faster increase in child obesity. 

Nationally representative data in developing coun-

tries are particularly needed, especially for older chil-

dren (over 5 years old) and adolescents, and these 

data will be especially valuable for monitoring trends 

in obesity during periods of economic change and 

urbanization.

Surveillance is not only useful to identify trends 

and to compare diferent countries, but it also pro-

vides essential information to policy makers on what 

they should do. Without adequate surveillance, it 

would be very diicult to tell if an intervention, such 

as a program to improve school food services or to 

restrict advertising to children, is having an efect on 

obesity levels. 

To improve the situation, it is important for gov-

ernments to devote suicient resources to ensure that 

they can survey the status of their children and to re-

peat this surveillance at regular intervals to build up a 

pattern showing what is happening. 

Furthermore, there needs to be an accepted inter-

national deinition of child overweight and obesity, al-

lowing the trends and changes in diferent countries 

to be compared. Revised standards from the WHO are 

expected to be able to provide this, and some means 

of converting previous data to the new standards will 

need to be devised.

SEE ALSO: Prevalence of Childhood Obesity in Develop-

ing Countries; Prevalence of Childhood Obesity in the 

United States.
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Prevalence of Disordered Eating 

DISORDERED EATING IS a general term that describes 

the numerous types of abnormal or unhealthy eating 

behaviors experienced by people with and without 

an eating disorder. Some of the most common disor-

dered eating behaviors include binge eating, chronic 

dieting and restrictive eating, emotional eating, gen-

eral overeating, and night eating. 

Disordered eating is common in community and 

weight-loss seeking samples of overweight or obese 

individuals. he purpose of this entry is to provide 

a general overview of the types and prevalence of 
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disordered eating common to overweight and obese 

individuals. A brief review of disordered eating in 

children, ethnic minorities, and individuals of low so-

cioeconomic status is also presented.

BINGE EATING

According to the Diagnostic and Statistical Manual of 

Mental Disorders, 4th ed., Text Revision (DSM-IV-TR), 

binge eating is deined as eating an amount of food that 

is deinitely larger than most individuals would eat un-

der similar circumstances. he eating must occur in a 

discrete period of time which, although controversial, 

is generally operationalized as eating that occurs with-

in a two-hour period. he individual must also feel a 

loss of control or inability to stop eating. 

In addition to being a central diagnostic criterion 

for both bulimia nervosa and binge-eating disorder, 

binge eating is a common and serious problem in 

noneating disordered overweight and obese men and 

women. According to the National Comorbidity Sur-

vey conducted between 2001 and 2003, about 4.5 per-

cent of Americans binge eat. In overweight and obese 

individuals, binge eating tends to be more common 

among those in weight-loss programs; an estimated 

one-third of obese individuals engaging in some type 

of weight-loss treatment binge eat on a regular basis.

Although an individual must both feel a loss of 

control and consume a large amount of food in a 

short amount of time to technically have an objec-

tive binge, many obese individuals report subjective 

binge-eating episodes in which they overeat without 

a loss of control or feel a loss of control but do not 

eat an objectively large amount of food. hese subjec-

tive binge-eating episodes are often as distressing as 

objective binges and are likely extremely common in 

overweight and obese individuals.

Food consumption patterns and nutrient compo-

sition difer in obese individuals who binge eat from 

obese individuals who do not binge eat. Individuals 

who binge eat consume more kilocalories, a higher 

percentage of calories from fat, and less energy from 

protein than obese individuals who do not binge eat. 

Additionally, obese binge eaters often report eating 

continuously over time or “grazing” in which they feel 

out of control of their eating over an entire day. 

Given that many obese individuals who binge eat 

do not engage in healthy compensatory behaviors 

to reduce the calories ingested during a binge (e.g., 

through exercise), it is likely that binge eating contrib-

utes to increased weight gain and worsening comorbid 

physical and psychological conditions. Consequently, 

decreasing binge-eating behavior in obese individuals 

is important to efective weight-loss treatment. 

CHRONIC DIETING AND RESTRICTIVE EATING

Chronic dieting and restrictive eating are terms that 

refer to altering one’s food consumption patterns to re-

duce one’s overall energy intake. he aim of those who 

chronically diet is generally to lose weight or body fat. 

he American public is obsessed with weight-loss 

programs and dieting products. Diet aids, exercise pro-

grams, drugs, special foods, and over-the-counter pills 

dominate grocery store aisles, pharmacy shelves, and 

media advertisements. Popular diets of today range 

from severe caloric restriction to myriad fad diets that 

promote speciic dietary regimes, such as eating foods 

very low in carbohydrates, high in protein, or low in fat. 

Other types of diets include eating only foods grown 

under speciic conditions, such as macrobiotic diets, or 

eating only nonanimal products (e.g., vegan). Dieting is 

so popular and prevalent in the United States that it is 

now a $50 billion-per-year business.

Dieting is normative among obese, overweight, nor-

mal-weight, and underweight individuals alike. In a 

national survey of high school students, more than 40 

percent of girls reported that they were on a diet, many 

of whom did not believe they were overweight. he 

overwhelming majority of obese individuals, particu-

larly those seeking weight-loss assistance, report they 

have tried every method of weight loss possible with 

no long-term success. Unfortunately, research suggests 

that although obese individuals can lose weight while 

dieting, long-term, sustained weight-loss through 

calorie restricting dieting is not typical. More than 90 

percent of individuals who lose weight will regain it 

eventually and within ive years of being on a very-low-

calorie diet, about 40 percent of individuals actually 

weigh more than they did before they started dieting.

In fact, prolonged dietary restriction and chronic di-

eting may actually lead to unhealthy food consumption 

patterns, lowered metabolic rates, diiculty experienc-

ing feelings of satiety, and increased disordered eating 

behavior. Strict dietary restriction can actually place 

one at higher risk for increased future weight gain be-

cause resting metabolic rates decrease when energy 

intake is reduced. If an individual repeatedly restricts 
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his or her energy intake by dieting, weight gain may oc-

cur at a faster pace when regular eating resumes. Many 

individuals describe this commonplace dieting expe-

rience as “yo-yo” dieting or “weight cycling” because 

dieters will lose and gain weight in a patterned format 

characterized by periods of severe dietary restriction 

followed by attempts at healthy, normal eating that lead 

to weight regain. Dieting and restrictive caloric intake 

also often precede binge-eating episodes. 

In the case of obese individuals, inding interven-

tions and strategies that successfully facilitate long-

term weight loss have received considerable attention 

for obvious reasons. In general, individuals who en-

gage in chronic dieting and severe dietary restriction 

should consult health professionals to ensure that their 

dietary schedule contains adequate nutrients to main-

tain health. he most efective, long-term weight-loss 

diets are generally characterized by moderate, gradual 

weight loss through reduced portion sizes and limited 

consumption of high-calorie, low-nutrient foods. 

EMOTIONAL OVEREATING

Emotional overeating is simply eating to soothe emo-

tion. Most often, emotional overeating occurs when in-

dividuals feel angry, sad, lonely, tense, nervous, bored, 

or anxious. Research suggests that up to 75 percent of 

overeating may occur in the presence of strong emo-

tional states. For individuals who engage in emotional 

overeating, food often becomes a tool to cope with 

stress and daily life problems. Overeating can become 

a substitute for emotional connection, such as love and 

attachment. In fact, some obese individuals will report 

that although they would like to lose weight, being 

overweight serves as an important metaphorical physi-

cal and psychological barrier to emotions that would 

arise if they lost weight and confronted painful experi-

ences in their past and current lives. 

While overeating, many obese individuals report 

that food is comforting and soothing, often acting as 

a sedative and escape from negative emotion. Howev-

er, the temporary soothing of adverse emotion comes 

at a cost because the emotional relief gleaned from 

overeating is temporary and often leads to feelings of 

guilt and shame. In the long term, emotional overeat-

ing can lead to decreased self-eicacy, lowered self-

esteem, and emotional instability. 

Overweight individuals who chronically diet are at 

increased risk for emotional overeating. Experimental 

and correlational research suggests that chronic dieters 

who would ordinarily sustain control over their eating 

are much more likely to overeat when emotional.

Eating to regulate emotion is commonplace in obese 

individuals. It is likely that all individuals engage in 

emotional overeating on occasion. For those who regu-

larly overeat in the presence of strong emotional states, 

however, it can be a barrier to weight loss and psycho-

logical health. People who emotionally overeat must 

learn to experience their feelings and cope with emo-

tional discomfort in healthier, nonappetitive ways. 

SIMPLE OVEREATING

Simple overeating is deined as eating more calories 

than is recommended given one’s height and age. 

Most, if not all, overweight and obese individuals 

consume more food than would be dietarily recom-

mended on a regular basis. In general, obese indi-

viduals are more likely to engage in overeating dur-

ing mealtimes, periods of low arousal at which time 

they are not actively engaging in an activity, and when 

emotionally upset. 

One reason for the prevalence of overeating in 

the United States is environmental. Regular portion 

sizes have increased substantially over time. By the 

late 1990s, the average American ate about 500 more 

calories a day than he or she did in the 1950s. Restau-

rants regularly provide much larger portions of foods 

than recommended. Additionally, restaurant foods 

tend to be higher in fat, sugar, salt, and preservatives 

than home-cooked meals. 

What is clear is that consuming more calories than 

one expends will lead to weight gain. For obese and 

overweight individuals, successful weight loss will ne-

cessitate eating smaller portions of healthy food and 

avoidance of overeating.

BINGE-EATING DISORDER 

Binge-eating disorder is a psychological disorder par-

ticularly relevant to obese and overweight individu-

als because the overwhelming majority of individuals 

sufering with binge-eating disorder are overweight 

or morbidly obese. According to DSM-IV-TR, binge-

eating disorder is not a recognized psychiatric disor-

der per se, but rather, a proposed psychological disor-

der in need of further study.

According to the proposed diagnostic criteria, 

binge-eating disorder is characterized by binge-eat-

 Prevalence of Disordered Eating 635



ing episodes associated with three or more of the 

following: eating more rapidly than normal, eating 

until uncomfortably full, eating when not hungry, 

eating in secret due to embarrassment over the 

amount and types of food being consumed, and 

feelings of distress or disgust after eating. Unlike 

individuals diagnosed with other eating disorders 

such as bulimia nervosa, there are no compensatory 

behaviors (e.g., excessive exercise, purging, laxative 

use) to rid oneself of the calories ingested during 

binge-eating episodes.

Prevalence rates for binge-eating disorder vary. Ac-

cording to the National Comorbidity Survey, lifetime 

prevalence of binge-eating disorder is about 3 percent 

in the general American population. In obese indi-

viduals, prevalence rates in the United States are es-

timated to be about 2 to 4 percent. However, in treat-

ment centers and weight-loss programs, an estimated 

15 to 50 percent of obese individuals meet diagnostic 

criteria for binge-eating disorder. 

Individuals with binge-eating disorder difer from 

those with uncomplicated obesity in various ways. 

hey are more likely to sufer from other psychiatric 

disorders including major depressive disorder, anxi-

ety disorders, and personality disorders (particu-

larly borderline and avoidant personality). hey are 

also more likely to seek treatment for obesity, but 

are signiicantly more likely to regain weight after 

weight-loss treatment than obese individuals with-

out binge-eating disorder. Finally, there is a higher 

prevalence of individuals with binge-eating disor-

der who are severely obese (body mass index [BMI 

= weight (kg)/height (m)2] = 40) than those without 

an eating disorder. hat said, individuals with binge-

eating disorder are more likely to be morbidly obese 

and are, therefore, at risk for medical complications 

of obesity. 

NIGHT EATING AND NIGHT EATING SYNDROME 

Night eating is a term used to describe individuals 

who maintain relatively healthy eating patterns dur-

ing the day but are unable to stop themselves from 

eating at night. Night eating syndrome is a severe 

form of night eating. First described by Dr. Albert 

J. Strunkard, night eating syndrome describes in-

dividuals who severely restrict their eating during 

the morning hours to the degree that they may eat 

no food or negligible amounts of food early in the 

day. his period of restriction is followed by evening 

hyperphagia, deined as the consumption of more 

than 25 percent of one’s daily caloric intake after the 

evening meal. 

Individuals who engage in night eating generally 

wake with little or no appetite in the morning. Of-

ten, they eat more than half of their daily food intake 

between dinner and breakfast. Many individuals who 

engage in night eating report signiicant sleep impair-

ment and, in fact, may not have an awareness of their 

eating as it occurs or memory of their eating. When 

aware of their eating, however, night eating is associ-

ated with feelings of shame and guilt, not enjoyment. 

Prevalence estimates of night eating and night eat-

ing syndrome are preliminary because few outcome 

studies have been conducted. In community samples, 

an estimated 1 to 2 percent of the adult population in 

the United States engage in night eating. In obese in-

dividuals seeking weight-loss treatment, an estimat-

ed 6 percent struggle with night eating. In bariatric 

surgery patients, preliminary estimates vary widely 

and range from 8 percent to greater than 40 percent. 

Some researchers believe that more than 25 percent 

of people 100 pounds or more overweight have some 

night eating problems. 

Night eating and night eating syndrome are difer-

ent from other forms of disordered eating and eating 

disorders because they are considered to represent a 

unique combination of disordered eating behavior, 

mood dysregulation, and disordered sleeping pat-

terns. A thorough assessment and, when needed, in-

tervention that modiies eating and sleeping behav-

iors is important to curb night eating. 

SPECIAL POPULATIONS

he prevalence of overweight and obesity is increasing 

in all major age, socioeconomic, and ethnic groups. 

However, prevalence rates of disordered eating in 

children, ethnic minorities, and low-income groups 

deserve mention. 

he prevalence of obesity in children is notewor-

thy because childhood obesity is a risk factor for 

disordered eating and a wide range of psychosocial 

diiculties. In the United States today, approxi-

mately 15 percent of American teenage girls and 14 

percent of teenage boys are obese. An additional 30 

percent of girls and 28 percent of boys are some-

what overweight. 
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With regard to disordered eating, recent research 

suggests that up to 4 percent of obese children meet 

diagnostic criteria for binge-eating disorder. Ap-

proximately 20 to 60 percent for girls and 30 to 50 

percent for boys aged 6–11 report that they are cur-

rently on a diet. Additionally, adults with binge-eat-

ing disorder are more than three times as likely to 

have been overweight as children when compared 

to individuals with other, noneating-related psychi-

atric diagnoses. When working with children who 

engage in disordered eating, interventions should 

begin as soon as problematic eating is discovered to 

reduce the risk of psychiatric problems and obesity 

in adulthood. 

Although there is little written about issues related 

to obesity in ethnic minority and low-income groups, 

the prevalence of disordered eating and obesity in 

these populations is staggering. It is estimated that 

rates of obesity are 10 to 300 percent higher in ethnic 

minority individuals than in Euro-American Whites 

in the United States. he highest rates of obesity are 

observed in Native Hawaiians, Paciic Islanders, Afri-

can Americans, and Hispanics. In weight-loss seeking 

individuals, there may be issues related to ethnic ide-

als of appearance and cultural eating patterns, such 

as food preparation techniques, traditional recipes, 

and typical food groups, that warrant attention when 

working with obese individuals from diferent cultur-

al and ethnic group. 

Low-income communities tend to have higher 

rates of obesity than higher income areas in the Unit-

ed States. Healthy foods such as fresh fruits, vegeta-

bles, meats, and dairy products are more expensive 

than prepackaged meals and fast food. hey also take 

more time to prepare before eating. Issues related to 

the availability of inancial resources to purchase diet 

aids and healthier food, time to devote to preparing 

healthier food and exercise, health priorities, and re-

sources to promote weight-loss and physical health 

must be considered to adequately assist weight-loss–

seeking individuals from low-income communities in 

losing weight. 

SUMMARY AND CONCLUSIONS

Disordered eating behaviors including binge eating, 

chronic dieting and restrictive eating, emotional eat-

ing, general overeating, and night eating are common 

in obese and overweight individuals. Mainstream 

American culture, teeming with fast-food restaurants, 

snack foods high in sugar and fat, and stigmatization 

of fatness, is not conducive to weight loss for the mil-

lions of overweight and obese individuals living in 

the United States. Organizations such as Overeaters 

Anonymous have been created to help individuals de-

crease disordered eating in all its forms and aid obese 

and overweight individuals lose weight in healthy, 

sustainable ways. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Ner-

vosa; Compulsive Overeating; Dieting: Good or Bad?; 

Disordered Eating; Eating Disorders and Obesity; Food 

“Addictions”; Low Calorie Diets; Mood and Food; Night 

Eating Syndrome.
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Prevalence of Obesity  

in U.S. Women

OBESITY HAS BEEN identiied as a public health is-

sue of great concern in the United States with more 

nearly two-thirds of the population considered over-

weight or obese. Although obesity rates overall have 

been climbing at an alarming rate for the last 30 years, 

they appear to have leveled in the female population. 

However, over 30 percent of all women in the United 

States are obese, and factors such as socioeconomic 

status and race/ethnicity are related to disparities in 

prevalence, particularly for poor and minority wom-

en. Obesity is associated with health risks such as 

cardiovascular disease, diabetes, and cancer for both 

men and women, but women also experience addi-

tional health risks and complications from obesity 

related to reproduction, childbirth, and greater social 

stigma. Several initiatives and public health programs 

target women, and particular subsets of women, in 

the efort to reduce, prevent, and treat obesity. 

OVERALL PREVALENCE AND MEASUREMENTS OF 

OBESITY

Obesity has been labeled as a public health crisis in 

the United States. It is estimated that one-third of 

all adults in the United States are overweight and an 

additional one-third are obese. Since the 1960s, the 

number of individuals who are classiied as over-

weight or obese has increased at rapid and alarming 

rates. he prevalence of adult obesity (aged 20–74), 

for example, rose from 13.3 to 30.5 percent from 1960 

through 2002. he prevalence of extreme or severe 

obesity rose from 0.8 to 4.9 percent during the same 

time period. In fact, the fastest-growing group of 

obese individuals in the United States is the severely 

obese group (those with a BMI over 40). From 2000 

to 2005, for example, the prevalence of severe obesity 

increased by 50 percent. 

Body mass index (BMI) is the most commonly ac-

cepted measure used for categorizing individuals as 

under- or overweight, obese, or severely obese. BMI 

is calculated by dividing a person’s weight in kilo-

grams by his or her height in meters (weight [kg]/

height [m2]). BMI is not gender speciic and does not 

diferentiate the amount of weight from muscle mass 

versus fat, so very muscular individuals could be mis-

classiied by using BMI alone. A person with a BMI 

under 18.5 is considered underweight, while a healthy 

weight individual has a BMI in the range 18.5 to 25. A 

BMI of 25 to 30 indicates that a person is overweight. 

Individuals with a BMI of 30 or higher are considered 

obese. A person with a BMI of at least 40 (or at least 

35 with a signiicant comorbid condition) is classiied 

as morbidly or severely obese. Waist circumference or 

waist-to-hip ratio and percent body fat are also some-

times used to classify the degree of overweight and 

obesity. Women with a waist circumference of over 

35 inches are considered at risk for complications of 

obesity. A body fat range of 25 to 30 percent in women 

is considered a normal range; however, women who 

have over 30% body fat would be classiied as obese. 

Alternatively, an individual may be considered severe-

ly obese when he or she is 100 pounds or more over 

ideal body weight, as speciied by the Metropolitan 

Life Insurance Company standard height and weight 

tables for men and women. he tables were originally 

developed to indicate a range of desirable weights as-

sociated with the lowest mortality rates. 

PREVALENCE OF OBESITY IN U.S. WOMEN

Overall, approximately 62 percent of adult women 

(aged 20–74) in the United States are overweight, and 

over 30 percent of all women in the United States are 

considered obese. he prevalence of obesity in women 

increased during the late 1980s and 1990s; however, 

more recent data (1999–2004) indicate that the in-

crease in rates in women may be leveling of. Addition-

al data will need to be collected, however, to conirm 

whether these rates have truly stabilized. Women over-

all are more likely to obese than men, 33 percent versus 

28 percent, respectively; however, men are more likely 

than women to be classiied as overweight. 

he prevalence of obesity in women can also be 

categorized according to factors such as socioeco-

nomic status, race/ethnicity, age, and marital status. 

For women overall, individuals with a lower socioeco-

nomic status (income below 130 percent of the pov-

erty threshold) are more likely to be obese than those 

with a higher socioeconomic status. Minority women 

in the United States are more likely to be overweight 

or obese that white women. he prevalence of over-

weight and obesity combined (BMI of at least 25) is al-

most 82 percent for non-Hispanic black women, over 

75 percent for Hispanic women, and approximately 58 
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percent for non-Hispanic White women. When look-

ing at obesity (BMI at least 30) by itself, 38 percent of 

non-Hispanic Black women, 27 percent of Hispanic 

women, and 21 percent of non-Hispanic White wom-

en are obese. Furthermore, approximately 29 percent 

of American Indian or Alaska Native women are clas-

siied as obese. In terms of age, the prevalence of obe-

sity tends to increase as a person gets older and then 

levels of around age 60. For women aged 20–64, the 

prevalence of obesity is approximately 64 percent ver-

sus 47 percent for women aged 65 or older. Women 

who have never been married are the least likely to be 

overweight or obese. 

RISKS ASSOCIATED WITH OBESITY

Obesity is associated with a multitude of health risks 

and increased mortality in women. Although wom-

en are at risk for some of the same obesity-related 

conditions as men, such as cardiovascular disease, 

diabetes, and esophagus, colon, liver, pancreas, and 

kidney cancers, there are also many medical condi-

tions linked to obesity that afect only women or im-

pact them to a greater extent. For example, women 

who gain anywhere from 20–45 pounds or more from 

their late teens into midlife are thought to be at twice 

the risk for breast cancer than women who maintain 

a stable weight. For postmenopausal women, obesity 

also appears to be linked with higher rates of breast 

cancer. he risk of endometrial cancer is estimated to 

be three to four times higher for obese women. 

Obesity is also highly correlated with obstetrical 

and gynecological disorders such as menstrual abnor-

malities, infertility, and complications of pregnancy 

and birth defects. Obese women are three times more 

likely than women of healthy weight to experience 

abnormal menstrual periods or to have none at all. 

In addition, polycystic ovarian syndrome (PCOS) is 

also associated with obesity, given that about 50 per-

cent of women with PCOS are overweight or obese. 

PCOS is an endocrine disorder, characterized by en-

larged ovaries, which disrupts hormone cycles. It is 

hypothesized that PCOS may be related to the vis-

ceral or abdominal fat rather than gluteal fat distri-

bution, although this is not conclusive. Studies have 

demonstrated variability as to where fat accumulates 

(regional fat distribution) and its associated risks be-

tween males and females. Women tend to accumulate 

larger amounts of gluteal fat, resulting in a larger hip 

circumference (creating an “apple shape”), while men 

tend to store fat in the abdomen, resulting in a larger 

waist circumference (“pear shape”).

Obese women who are pregnant are at higher risk for 

preeclampsia (pregnancy-induced hypertension that 

may result in death), gestational diabetes, prolonged 

pregnancies, and cesarean delivery. Obese women are 

also more likely to experience wound and urinary tract 

infections and endometritis (inlammation of the inner 

lining of the uterus) after pregnancy. Maternal obesity 

is also thought to be associated with birth defects, par-

ticularly neural tube defects (NTDs). NTD is a condi-

tion where the neural tube in the developing embryo 

fails to close properly, most commonly resulting in 

anencephaly (absence of part of the brain, skull, and 

scalp) or spina biida (an incompletely formed spinal 

cord). In addition, obesity can reduce fertility levels in 

women, although this may be reversible with weight 
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loss. Research has demonstrated that infertile obese 

women are often able to become pregnant after weight 

loss and carry their pregnancies to full term with no 

negative outcomes to mother or child. 

Obese women are also at greater risk than obese 

men and healthy-weight women for other obesity-re-

lated conditions such as arthritis, gall bladder disease, 

and urinary stress incontinence (involuntary loss of 

urine). Obese women are more likely than obese men 

and healthy-weight women to develop osteoarthritis 

(also referred to as degenerative joint disease). Os-

teoarthritis is a painful condition afecting the ability 

to walk or even stand, resulting from the erosion of 

cartilage that cushions the joints. It is exacerbated by 

increased weight, and often muscles around the joints 

will begin to atrophy as a person becomes less physi-

cally active because of the pain. Obese women are at 

twice the risk of healthy-weight women for develop-

ing gall bladder disease, and are more likely to experi-

ence urinary stress incontinence. 

Research also demonstrates a correlation between 

body weight and deaths from all causes in women 

aged 30–55. In addition, for women with a BMI of 

at least 30, the risk of obesity-related mortality is in-

creased by 50 percent. Mortality rates from cancer 

may be over 60 percent higher for obese women than 

for women who maintain a healthy weight. 

Finally, individuals with obesity also face discrimi-

nation and stigmatization. Obese women are more 

likely than obese men to face stigmatization and 

discrimination related to weight. Women with obe-

sity tend to report receiving less inancial support for 

higher education and in turn, attending fewer years of 

college than women at a healthy weight. In addition, 

research has demonstrated that for obese women who 

undergo bariatric surgery as a weight-loss treatment, 

their likelihood of becoming employed or being se-

lected for a better job increases dramatically. 

PROGRAMS AND INITIATIVES TO REDUCE AND 

PREVENT OBESITY IN WOMEN

Several national initiatives and public health cam-

paigns have been implemented to address obesity, 

some of them focused speciically on women as a 

group, or segments of the female population, such as 

African-American women. he National Institute of 

Diabetes and Digestive and Kidney Disorders (NID-

DK) is one of 27 institutes and centers within the Na-

tional Institutes of Health (NIH) focused on reducing 

the burden of disease and improving public health 

through prevention and treatment of obesity and as-

sociated conditions. he NIDDK has developed na-

tional initiatives as a part of the Weight-control In-

formation Network (WIN), such as Sisters Together: 

Move More, Eat Better, which encourages African-

American women to maintain a healthy weight via 

diet and exercise. 

Healthy People 2010, issued by the U.S. Depart-

ment of Health and Human Services, is a set of 10-

year evidence-based national health objectives fo-

cused on increasing quality and years of happy life 

and eliminating health disparities. he initiative is 

supported by partnerships with other federal agen-

cies, businesses, communities, tribal organizations, 

and state and local governments. he Healthy Peo-

ple 2010 plan identiies 10 leading health indicators, 

including the prevalence of overweight and obesity 

and physical activity levels, which will be used to 

measure the nation’s health over time.

Speciic goals in Healthy People 2010 include in-

creasing the proportion of adults at a healthy weight 

and reducing the proportion of children and ado-

lescents who are overweight or obese. In terms of 

women, the goals include reducing the prevalence of 

obesity to a target of 15 percent over the 10-year pro-

gram period. Healthy People 2010 objectives related 

to nutrition and weight will also be used to measure 

progress in implementing recommendations from 

the Dietary Guidelines for Americans, which contain 

speciic recommendations for nutrition and caloric 

intake for women. 

SEE ALSO: Eating Disorders and Gender; Ethnic Dispari-

ties among Obesity in Women; Healthy People 2010; NI-

DDK; Polycystic Ovary Disease; Sisters Together; Women 

and Dieting. 
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Prevention

PREVENTION OF OBESITY and overweight has be-

come a major concern of public health oicials and 

policy makers throughout the United States as statistics 

about the health and inancial cost of the obesity epi-

demic have emerged. State and local panels have con-

vened across the country to devise strategies and de-

velop initiatives to reduce the unhealthy eating patterns 

and sedentary lifestyles that are widely believed to be 

the cause of the unprecedented weight gain of the past 

three decades among American children and adults. In 

addition to those health initiatives aimed at individual 

behavior change, policy makers are intervening in both 

the public and private sectors to address factors in the 

community, in schools, and in the food industry that 

may contribute to the rise in obesity. Legislation has 

been passed and laws have been put in place that will 

make it easier for the public to engage in healthful be-

haviors, such as limiting the public’s exposure to harm-

ful trans fats, and prohibiting the dissemination of free 

baby formula in public hospitals to increase the chances 

that mothers breast-feed their infants. 

While there is general agreement that the public 

has to eat healthier foods and get more exercise, there 

is some disagreement in the health community over 

how to best accomplish this. Important new research 

is helping professionals understand the complexities 

of weight gain and weight loss, and the emotional con-

sequences of societal pressure to change such a fun-

damental aspects of human beings: their bodies. New 

insights and understanding are being used to evaluate 

prevention initiatives so that the intense pressure that 

is heard in the media and elsewhere about the impor-

tance of being thin does not inadvertently result in 

unwanted consequences such as increased rates of 

depression, isolation, low self-esteem, and suicidal 

thoughts and ideation. he focus is shifting from an 

emphasis on weight loss to an emphasis on increasing 

healthy behaviors in an attempt to ensure that adop-

tion of healthy lifestyles is supported. It is generally 

agreed that increasing blame and bias toward obese 

people will not help improve health outcomes or the 

quality of life of the targeted population.

TRADITIONAL PUBLIC HEALTH APPROACH

he traditional public health approach to overweight 

and obesity aims at changing individual health behav-

iors, such as eating more nutritious, low-calorie foods, 

instead of sugary, high-fat, and fast foods, and in choos-

ing active behaviors instead of sedentary ones. hese ini-

tiatives might consist of public health announcements 

in the form of television, print, and radio campaigns, as 

well as asking pediatricians and schools to focus on the 

problem with both children and parents. 

here has been some concern in the health com-

munity that the zeal with which some sectors are 

tackling the problem may cause new problems. Re-

quiring school districts to send notes home to par-

ents indicating their child’s body mass index (BMI) 

is highly controversial because of the emotional dis-

tress it can cause. hese letters, which are becoming 

more frequent in locales around the country and have 

become known as “weight report cards” or “fat re-

port cards,” can further stigmatize children who may 

already be teased and excluded by peers because of 

their body size. Furthermore, they have the efect of 

making parents feel shamed and stigmatized. School 

districts argue that this is a legitimate way of improv-

ing health outcomes because it calls attention to the 

problem and it pressures parents to act. 

Others have pointed to research that demonstrates 

that this approach might inadvertently backire and, 

for example, cause obese children to overeat to self-

soothe, after the embarrassment of having failed 

their weight report cards. Some school districts 

seem ill-informed about the complexities of weight 

gain and weight loss, and appear to be promoting the 

notion that the child and the family are to blame for 

the overweight or obese condition. A large segment 

of our society has been shown to hold these beliefs; 

hence, the expectation that warnings and even stigma 

might make the ofending parents and children feel 
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uncomfortable enough to act to remove the ofen-

sive condition (obesity) and the subsequent stigma. 

Health professionals fear that societal pressure may 

not actually help in reducing obesity, but rather, have 

the unintended consequence of weight gain instead. 

Some studies have shown that children whose par-

ents try to restrict their intake of unhealthy snack 

foods the most, will eat more of this type of food 

when it becomes available or if the restricting adult 

is not present. his framework sees these children as 

“rebounding” from the strict control over their food 

intake by overcompensating when that control is not 

in efect. Other studies show that children tend to do 

the opposite of what their parents want when it comes 

to healthy choices such as eating certain foods. 

When young children whose food intake and food 

choices are restricted are left alone in a room with 

these restricted snack foods, these children will con-

sume more of the high-fat and high-calorie food than 

will children who have not been restricted. Adults 

who remember more food rules in their families that 

restricted the intake of many foods may tend to be 

more frequent binge eaters than those who were not 

exposed to these food rules. Studies have also shown 

that some people who develop anorexia were initially 

frequent dieters, demonstrating a possible relation-

ship between frequent dieting and eating disorders. 

Balancing the messages about healthful eating with 

the possible damaging consequences of restricting 

food intake as well as the potential harmful conse-

quences of stigma and blame is a complicated, tricky 

endeavor, but one that is needed when implementing 

programs aimed at stemming the rise of obesity. 

Hypothetically, messages about healthier eating 

could lead to poor health outcomes and less healthy 

eating. his information needs to be conveyed to par-

ents and considered as parents try to improve the 

nutrition of their children. Stigma and blame that is 

intended to induce healthier behaviors might also 

lead to poor health outcomes in other areas, such as 

depression, or attempts to self-soothe with harmful 

substances such as tobacco, alcohol, and/or drugs. 

More careful research is needed in this area, and pol-

icy makers should be made aware of the sometimes 

delicate balance interventions require, given the com-

plexity of human behaviors. Perhaps, too, this is an 

area where heightened sensitivity and compassion to-

ward the obese is required.

THE ROLE OF STIGMA AND BIAS IN PREVENTION

Stigma against obesity and overweight is quite prev-

alent in American society, and it has been linked to 

the public’s beliefs about the causes of obesity. People 

who hold strong beliefs that obesity is the “fault” of 

the overweight, and who also blame the obese for be-

ing overweight, have been found to more frequently 

and intensely stigmatize the obese. 

When subjects, both children and adults, are 

shown pictures of obese people and average-weight 

people, they tend to assign negative characteristics to 

the obese. he obesity is viewed as a function of the 

person’s laziness, lack of willpower, and overall poor 

character. Obese children and adults have been char-

acterized by children as mean, untrustworthy, and 

stupid. Adults have been shown to stigmatize and ste-

reotype obese people as well. One study showed that 

teachers believed obese students to be less tidy, more 

emotionally unstable, less likely to succeed, and more 

likely to come from troubled families. 

A majority of teachers surveyed believed that obe-

sity stemmed from lack of love in the home, and that 

overeating was a compensation for this lack. When 

school principals were questioned about the causes 

of obesity, they overwhelmingly blamed lack of con-

trol and psychological problems. Research has shown 

that obese applicants to college are more likely to be 

rejected than normal-weight applicants with equiva-

lent scores. Stigma and blame have been shown to be 

present even among health practitioners who work 

with obese patients. Subjects show more compassion 

toward the obese when told that their obesity is due 

to an illness or medical condition. 

It is believed that stigma is highly correlated to 

blame of the obese person for his or her condition. 

his becomes problematic because stigma and os-

tracizing can paradoxically lead to an increase in un-

healthy eating behaviors and an increase in weight 

gain. Research suggests that obese girls may be at in-

creased risk for emotional distress, low self-esteem, 

depression, and suicidal thoughts and attempts. he 

more an obese girl feels that the obesity is her own 

fault, the greater her chances of sufering from low 

self-esteem. An informal review of the literature sug-

gests that more and more research about the negative 

consequences of stigmatizing obesity is being done, 

as well as research into the harmful impact of a na-

tional obsession with being thin. 
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he media’s focus on the “epidemic” and “crisis” of 

the state of obesity and overweight today has been cited 

as contributing to dissatisfaction with body size and ap-

pearance, regardless of the reality of one’s actual weight; 

distorted body image among a signiicant number of 

American girls and women (and increasingly men as 

well); and the adoption of unhealthy fad diets and non-

nutritious attempts at weight loss. Experts have pointed 

out that a fad diet might result in eventual health prob-

lems; therefore, even if a person achieves their goal of 

weight loss, he or she may be endangering his or her 

health rather than improving it. It is felt that the health 

community, and others who are in the business of pro-

moting wellness such as schools and educators, need 

to factor in all these developments when exploring pre-

vention strategies so that the antioverweight message 

does not result in negative health outcomes. If it can be 

shown that healthy markers can be reached and main-

tained, even at a larger size, then health professionals 

might convey this to the public as well.

SOCIAL-ECOLOGICAL MODEL 

he Centers for Disease Control and Prevention 

(CDC) utilize a social-ecological model when it ex-

plores the problem of obesity, and when it designs 

and implements programs to prevent and reverse 

the ever-increasing obesity problem. It recommends 

that other agencies use this approach as well, and it 

requires that it be done when a state receives certain 

types of funding for obesity-prevention programs. 

One important feature of this model is that it ex-

amines each and every population and community 

anew, because each one has diferent needs, prob-

lems, and challenges. he model looks at multiple 

levels of inluence on eating and exercise behaviors, 

such as the individual, interpersonal groups, orga-

nizations, communities, and society, and addresses 

ways of intervening in all of these levels in order to 

improve health outcomes and the health behaviors of 

individuals. Using this model, it might be determined 

that poor people, who are disproportionately afected 

by the problem of obesity, have limited access to a va-

riety of afordable, fresh produce. 

Policy makers might look at ways of getting green-

markets or farmers markets closer to these communi-

ties, on days and during hours that would best meet the 

needs of the community. his model contains the no-

tion that unhealthy behaviors are not just a function of 

individual choice, but of social factors and inluences as 

well. It encourages an exploration of the many factors 

that are at work in any given community that might de-

crease the healthful behaviors of individuals. It might 

result in legislative change, changes in school policy, 

improvement in parks and recreation, and in asking 

or requiring the food industry to alter or eliminate un-

healthful trends such as the proliferation of “supersize 

meals” in fast-food establishments. It might address the 

fact that in many schools, after-school physical educa-

tion opportunities are usually limited to competitive 

sports. Students who are unable to participate com-

petitively due to skill or desire may be unintentionally 

excluded from much-needed physical activities. 

According to this model, a change or intervention in 

any one of these levels will efect change in other lev-

els of the paradigm. his model might efect individual 

behavior change by intervening on a societal or com-

munity level, such as improving access to parks or bik-

ing trails. Because human behavior is such a complex 

phenomenon and it is often resistant to change, this 

model often seeks and efects change in other ways. 

Improved and increased park facilities will most likely 

have an impact on the activity level of local children. 

Intervening in this way might even be less costly in the 

long run and more efective than programs aimed at 

changing one human being at a time.

INNOVATIVE PREVENTION PROGRAMS

An innovative program in a Kentucky community used 

scorecards for children to record their physical activ-

ity over the summer. Businesses, public organizations, 

and churches were asked to provide free or reduced-

price physical activities for children. Summer dances 

were organized, reduced-price rollerskating was avail-

able, and incentives were ofered so that children could 

swim, play volleyball, and in general, partake in age-

appropriate individual and group activities to increase 

physical activity. Sixty-ive percent of the parents re-

ported that their children were more active as a result 

of this program, and as a result of its success, other 

communities in Kentucky are adopting the program.

One elementary school in Colorado set up a fruit 

and vegetable market during lunch where children 

could work as well as purchase fresh produce. It was 

reported that 20 percent of the students became reg-

ular customers of the market, and between 150 and 

200 pieces of produce were being sold each week. 
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Workplace changes, such as providing private 

rooms for nursing mothers, providing workplace 

gyms, or reimbursement for yoga classes, are ways 

for employers to intervene and help employees 

become more physically active or choose options 

such as nursing over formula feeding, which has 

been shown to help prevent obesity in children. 

Recently in New York City, policy was initiated 

whereby public hospitals are prohibited from dis-

pensing free formula to new mothers upon leaving 

the hospital. This measure is aimed at increasing 

the number of women who choose breastfeeding 

after the birth of a child. Often, when new moth-

ers accept free formula, they embark on a course 

whereby their milk production stops and they are 

forced to dilute formula when they cannot afford 

to buy adequate supplies of it. This further puts the 

infants’ health at risk, and may contribute to child-

hood obesity.

PREVENTION AND THE LARGER SOCIETY

Some health policy analysts have explored the need 

to reframe the issue of obesity in America. hey in-

voke the analogy of the health problem of tobacco 

use or childhood injuries wherein manufacturers 

and producers become the major focus of prevention 

campaigns. Over the years, we have seen cigarette ad-

vertisements removed from television and manufac-

turers of children’s toys held responsible for parts that 

might harm children.

hese campaigns do not exclude personal respon-

sibility, such as the importance of parental vigilance 

when it comes to child safety; they also do not ex-

clude societal responsibility or industry responsibil-

ity. Some cases in point are the fact that some of the 

very schools that are sending home BMI reports to 

parents to alert them that their children are over-

weight are serving high-fat, high-caloric foods in 

their cafeterias. Or they may enter into contracts with 

soft drink manufacturers to solely ofer their products 

in vending machines, and as a result are contributing 

to the problem of obesity. Targeting individuals and 

families without looking at the larger inluences is 

like suggesting that the only way to prevent acciden-

tal drowning among children is to have parents keep 

an eye on their kids at all times, instead of investigat-

ing ways of making swimming pools more resistant to 

unsupervised use. 

THE BUILT SOCIETY

Many American communities are designed so that 

there are few or no safe places to walk. In suburbs, 

there are often no sidewalks, and attempts to build 

walking into daily routines are thwarted by the fact 

that families and individuals are faced with the choice 

of walking on unsafe, high-traicked roads, or choos-

ing the car. Americans often choose to move away 

from cities, and developers often build on former 

farmland, wooded areas, or undeveloped land far 

from the center of commerce. When eforts have been 

made to build communities that incorporate some 

of the features of cities, such as public places to sit, 

gather, and walk, with close proximity to neighbors, 

schools, and businesses, buyers and renters respond 

overwhelmingly favorably. 

hese “New Urbanist” communities often sell out 

quickly, and it is dissatisied suburbanites who often 

lock to them. People seem to enjoy pushing their 

children in strollers on the way to retrieve siblings 

from school. hese communities enable errands to 

be done using bicycles, where adults and even chil-

dren can safely ride on bike paths that lead to a town 

square that houses the post oice, shops, and restau-

rants. Teenagers are not forced to look to the mall 

as a gathering place, but rather have parks and paths 

where they can walk, rollerblade, or ride their bikes. 

Elderly residents can walk safely, and gather and sit on 

benches. hey might walk to yoga class at the com-

munity center. hey can walk to the market to buy 

provisions for dinner. hey can walk to a local restau-

rant and meet friends for a meal.

In traditional suburbia, these same residents are 

often at the mercy of someone who ofers to drive 

them to the supermarket or the pharmacy. Further-

more, the elderly are simply less isolated when they 

can sit on a bench and smile at passersby, or watch 

out when young children play while a mother may 

need to tend to a crying baby. 

hese types of communities decrease isolation, in-

crease physical activity levels, and help people pool 

resources, such as shared supervision of children. All 

of these factors appear to improve health outcomes. 

Often, these communities build in mixed-use hous-

ing, such as apartment rentals above shops, or mul-

tifamily dwellings. his form of housing provides 

opportunities for the retired to live in or near the 

center of activity, and for the low income to avoid 
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endlessly long commutes that encourage them to 

turn to fast food when they arrive home at the end 

of the day. he structure and nature of these com-

munities encourages residents to spend less time 

in their homes and more time in public gathering 

places and places of recreation. hey can contribute 

to big changes in individual behaviors that lead to 

improved health, decreases in obesity, and the adop-

tion of new healthy habits.

THE FOOD INDUSTRY

Prevention eforts are increasingly aimed at the food 

industry, with the expectation that there is a need 

for accountability when it comes to consequences in 

human health. In 2002, there was a lawsuit against 

McDonald’s in New York City on behalf of a group of 

obese children who claimed that their obesity was the 

fault of the fast-food restaurant for failing to fully dis-

close the unhealthy contents of their food. his legal 

action was derided in the press and among the public, 

who poked fun at it by dubbing it “McLawsuit.” he 

attorney was accused of being unscrupulous, the law-

suit frivolous, and the children (teenagers) just plain 

clueless for not knowing that a Big Mac would make 

them fat. he case was thrown out of court to the 

sounds of a cheering media and public. 

It is noteworthy that attitudes seemed to have 

changed in the ensuing years, with the public more 

prepared to expect food industry accountability, and 

the industry seemingly scrambling to make chang-

es. Shortly after the lawsuit, McDonald’s announced 

a Happy Meal it planned to introduce that would 

ofer the option of fresh fruit instead of french fries. 

Frito-Lay announced its plan to remove all trans-

fats from its products. 

hese actions seemed to usher in a new era of ask-

ing the food industry to be more responsible for the 

health of consumers. More recently, New York City 

banned the use of trans fat in all restaurants, and 

while there was a minor outcry about how silly it is to 

ask McDonald’s to make french fries taste good with-

out using trans fat, the public and private sectors now 

seem ready to expect accountability from the people 

who sell them the food they eat.

SEE ALSO: Eating Out in the United States; Governmental 

Policy and Obesity; Obesity and the Media; Overweight 

Children in the Media; Recreational Facilities in the U.S.; 

School Based Interventions to Prevent Obesity; State and 

Local Initiatives to Prevent Obesity.
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Prostate Cancer 

PROSTATE CANCER IS the most common form and 

the second leading cause of cancer death in men, with 

an age-adjusted incidence of 69 per 100,000 in the 

United States. In addition to symptomatic tumors, 

latent, microscopic foci of prostate cancer are fre-

quent incidental indings that also increase with age 

and are found in over 70 percent of men in their sev-

enth decade of life. Wide racial and ethnic variations 

in incidence are known—Asian men have very low 

incidence of prostate cancer, while African-American 

men have the highest rates of the disease. Interest-

ingly, while incidence of clinical disease varies widely, 

incidence of latent disease is almost identical across 

populations, suggesting that environmental factors, 

including diet, may increase the probability that la-

tent cancer foci will progress to high-grade tumors. 

he normal prostate encircles the neck of the blad-

der and urethra and consists of variously sized glan-

dular spaces lined by two layers of epithelium and 

separated from the ibromuscular stroma by a distinct 

basement membrane. Both epithelial and stromal 

cells have receptors for testosterone and its metabo-

lite, dihydrotestosterone (DHT), produced largely by 
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the stromal cells, and respond to these growth fac-

tors with cell proliferation. While the initial causes 

of prostate cancer are not known, it is likely that the 

initial neoplastic change involves cumulative damage 

to deoxyribonucleic acid (DNA). Evidence that obe-

sity plays a major role in the pathogenesis of prostate 

cancer risk is inconsistent. Possible reasons for in-

ability to detect an association include the diiculty in 

screening obese patients and the confounding inlu-

ence of diabetes mellitus, known to increase risk for 

prostate cancer. However, many lines of evidence sug-

gest that abdominal obesity, even in lean patients, is 

associated with increased risk for cancer progression, 

and that obesity facilitates conversion to androgen-

independent growth patterns. Such tumors tend be 

high grade, aggressive and resistant to treatment, and 

contribute to high mortality from prostate cancer. 

Abdominal adipose tissue actively secretes endocrine 

hormones or adipokines. Leptin regulates body weight 

by central actions on food intake and energy expendi-

ture and also known to be important in events such as 

reproduction, hematopoiesis, angiogenesis, and insulin 

secretion through receptor binding and downstream 

signaling pathways, known to be involved in cell prolif-

eration and survival in androgen-independent prostate 
cancer cells. Other adipokines, including interleukin-

6 (IL-6) and insulin-like growth factor (IGF), have also 

been implicated in prostate cancer risk. 

Obesity in both men and women is associated with 

increased conversion of adrenal androgens to estro-

gens via an aromatase enzyme located in adipose tis-

sue. Increased local or paracrine production of estro-

gens by breast adipose tissue has been associated with 

increased risk for breast cancer. hus, while circulating 

adipokines may facilitate prostate cancer progression, 

it is also likely that transformed prostate cells may be 

exposed to paracrine secretions from adjacent retro-

pubic adipose tissue. his possibility would explain the 

clinical observation that obesity contributes more to 

prostate cancer progression than to its initiation. 

Further, consumption of a high-fat, low-iber, nu-

trient-poor “Western” diet increases risk for both 

obesity and prostate cancer. Epidemiological and 

laboratory studies have shown that diets contain-

ing large amounts of green vegetables, fruits, grains, 

and legumes reduce risk for many cancers, includ-

ing prostate cancer. Speciic components in these 

foods, such as lycopene, the red isoprenoid pigment 

in tomatoes, and inositol hexaphosphate (phytate) 

in grains are under investigation; however, it is likely 

that multiple bioactive components in whole foods 

interact to reduce prostate cancer risk. Research is 

under way to determine whether diets high in bioac-

tive components modify adipocyte secretions. For ex-

ample, IGF known to stimulate cell proliferation and 

inhibit apoptosis is lowered, while its binding protein 

(IGFBP), shown to stimulate apoptotic cell death is 

raised. It is also possible that adipokines and their 

binding proteins can be used as biomarkers to assess 

risk for prostate cancer initiation and/or progression. 

SEE ALSO: National Cancer Institute; Obesity and Cancer.
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Protein Kinase

A KINASE IS an enzyme that transfers phosphate 

groups from high-energy donor molecules to spe-

ciic target molecules in a process known as phos-

phorylation. More speciically, protein kinases are 

a family of enzymes that phosphorylate other pro-

teins. hese protein kinases catalyze the transfer of 

a phosphoryl group from ATP to the OH group of a 
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serine, threonine, and/or tyrosine residue. he pur-

pose of phosphorylation is to alter the function of 

the target molecule in one of several diferent ways. 

hese changes include activating or upregulating ac-

tivity of the molecule, inhibition of molecular activi-

ty, or binding to other molecules to initiate or inhibit 

a speciic signaling system. 

he human genome contains over 500 genes meant 

to encode protein kinase enzymes, which is nearly 2 

percent of all human genes. hese genes are essential 

for production of the protein kinases, which are the 

primary agonists for signal transduction in human 

cells. Signal transduction is the process of convert-

ing one type of stimulus to another, generally through 

biochemical reactions involving “second messenger” 

systems in which a cascade occurs with few proteins 

being involved at the beginning, and numerous pro-

teins becoming involved as the reaction occurs. Pro-

tein kinases also control many other cellular processes, 

including metabolism, transcription, cell movement, 

apoptosis, and diferentiation. Protein phosphoryla-

tion also plays a critical role in intercellular commu-

nication during development, homeostasis, and in the 

functioning of the nervous and immune systems. 

Two primary sources of protein kinase activity of 

interest to those interested in the obesity/diabetes 

epidemics are insulin-like growth factor-1 receptor 

(IGF-1R) and AMP-activated kinase (AMPK). IGF-

1R is a transmembrane protein that displays intrinsic 

tyrosine kinase activity. Insulin-like growth factor-1 

(IGF-1) is a polypeptide stimulated by growth hor-

mone that acts similarly to insulin and afects cells 

throughout the body. IGF-1R binds to IGF-1 at a sig-

niicantly higher rate than does the insulin receptor. 

As for AMPK, it is a fuel-sensing enzyme that re-

sponds to decreases in cellular energy state by acti-

vating processes that generate ATP (such as fatty acid 

oxidation) and inhibiting nonessential functions that 

consume ATP. A decrease or improper functioning 

of AMPK has been implicated in the metabolic syn-

drome. It is expressed in a number of tissues, includ-

ing the liver, brain, and skeletal muscle. he efects of 

AMPK activation include stimulation of hepatic fatty 

acid oxidation and ketogenesis, inhibition of choles-

terol synthesis, lipogenesis, and triglyceride synthe-

sis, stimulation of skeletal muscle fatty acid oxidation 

and muscle glucose uptake, and modulation of insulin 

secretion by pancreatic beta-cells. Protein kinase ac-

tivity, such as those of IGF-1R and AMPK, warrant 

further research and targeting from drug therapies in 

the ight against obesity and Type 2 diabetes. 

SEE ALSO: G-Protein Coupled Receptor; Growth Hor-

mone; Insulin-Like Growth Factors.
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Psychiatric Medicine  

and Obesity 

THE RELATIONSHIP OF psychiatric medicine and obe-

sity has become an important topic that goes beyond 

the implications for physical health in psychiatric 

patients. Understanding the connection between 

psychiatric medicine and its metabolic efects may 

eventually provide important clues about the nature 

of mental illness itself. 

he risk for obesity in patients with psychosis has 

increased signiicantly with the advent of the “atypi-

cal,” or second-generation, antipsychotic drugs. 

Examples of these atypical antipsychotics include 

clozapine, olanzapine, quetiapine, and risperidone. 

Weight gain is most notable in women, and appears 

to be caused primarily by hyperphagia (increased 

consumption of food), but changes in metabolic rate 

are also likely. Signiicant metabolic changes occur at 

a relatively young age in this patient population.

It has become apparent that although the most 

acute side efects of the atypical antipsychotics 

(agranolocytosis, a blood disorder; myopericarditis, 

inlammation of heart muscle; and QT-elongation, an 

abnormal electrocardiogram [EKG] feature) are rare 

and limited predominantly to clozapine, the chronic 
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metabolic side efects and associated weight gain are 

not. here are serious consequences of the chronic 

metabolic changes. he mortality rates in individuals 

with schizophrenia are reported to be approximately 

double that of the general population and cardiovas-

cular disease is thought to be responsible for 50 per-

cent of this excess mortality. he chronic metabolic 

changes can be severe enough to lead to outright ke-

toacidosis (when energy usage shifts from a balanced 

utilization of glucose and fat to predominantly fat) 

and death attributable to the ketoacidotic state.

Understanding the basis for these side efects is im-

portant as the promise of these second-generation an-

tipsychotics to improve psychiatric symptoms has been 

largely realized, particularly for those with symptoms 

refractory to treatment with the irst-generation neu-

roleptics. Although the basis for the increased antipsy-

chotic eicacy of the second-generation antipsychotics 

was originally presumed to occur via the spectrum of 

efects on the extended family of dopamine receptors, 

particularly the D4 receptor, that theory has not been 

validated. Efects on the histamine and glutamaterigic 

systems have been proposed as relating to their mech-

anism of action. In addition, increasing attention has 

been given to the observation that the cardiac risk fac-

tors of the atypical neuroleptics cannot be easily sepa-

rated from the antipsychotic beneit. 

Much as the “Seeman plot” revealed a striking 

correlation between eicacy of the irst-generation 

antipsychotics and D2-receptor binding ainity, the 

eicacy of the second-generation antipsychotics (in 

addition to D2-receptor binding ainity) show a re-

markable correlation with weight gain, particularly 

in women. his perception has been borne in other, 

smaller studies carried out to investigate this corre-

lation. he degree of risk for weight gain generally 

occurs in the following order: clozapine, olanzapine, 

quetiapine, risperidone. In addition, a prospective 

study of the efect of body mass index (BMI) on the 

risk of hospitalization for psychosis, depression, or 

suicide revealed that a greater BMI was signiicantly 

protective for those outcomes.

What component of the metabolic change is rel-

evant to antipsychotic efects, or is a downstream 

marker of these efects, is not clear. When patients 

were matched for weight in risperidone-treated and 

in clozapine-plus-risperidone–treated groups, the 

improved psychiatric ratings in the clozapine-treated 

individuals correlated with the blood triglyceride lev-

el. Many other components of the metabolic change 

associated with weight have not been measured, how-

ever, including the key indicator of metabolic ketosis, 

B-hydroxybutyrate. B-hydroxybutyrate is particularly 

of interest because it is an agonist of the HM74-A 

niacin receptor that shows evidence of dysfunction in 

unmedicated schizophrenia. 

It is through stimulation of the HM74-A receptor 

that lipolysis is suppressed. hus, stimulation of the 

HM74-A receptor would serve to normalize lipid 

and cholesterol proiles that are perturbed by the 

medication, but may also correct a basic underlying 

defect common in this patient population. Of the 

metabolic markers elevated in the “metabolic syn-

drome,” B-hydroxybutyrate is arguably the most be-

nign. hus there is reason to hope that if this is one 

mediator of the additional antipsychotic beneit re-

alized with the atypical neuroleptics, then more tar-

geted neuroleptics can be designed. here are quite 

a few studies illustrating the important role that B-

hydroxybutyrate plays in cardiac function during 

periods of caloric restriction. However, one negative 

side efect has been reported in animal studies: De-

velopment of insulin resistance in heart muscle tis-

sue is attributed to beta-hydroxybutyrate. 

Clearly, it is going to be a top research priority to 

separate the weight gain from antipsychotic eicacy 

for the long-term health of this patient population. 

MEANS OF REDUCING WEIGHT GAIN 

he toxicological burden placed on a patient taking 

antipsychotic drugs is not minor. Adding more phar-

maceuticals to this mix must be done with great care 

and other options should be pursued with vigor. In-

terventions that dovetail with antipsychotic eicacy 

should be the irst priority. 

Increased exercise in psychiatric patients may not 

only lead to better physical health, but to better mental 

health as well. Based on a small pilot study, Faulkner 

and Sparkes (1999) have proposed that increased ex-

ercise has physical beneits for patients with schizo-

phrenia and also improves their self-reported per-

ception of auditory hallucinations, self-esteem, and 

improved sleep patterns and general behavior. In a 

somewhat larger study by Beebe et al. (2005), exercise 

in schizophrenia patients lead to lower body mass in-

dexes and fewer psychiatric symptoms, as measured 
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by the PANNS testing procedure. A systematic review 

of studies that evaluated psychiatric outcome sup-

ports the concept that psychiatric beneit does occur 

with exercise. However, due to a lack of goal-directed 

behavior, which is a core feature of schizophrenia, the 

adherence to a program that is not part of a structured 

setting can pose a problem for this group of patients. 

Archie, et al., studied the adherence to a voluntary ex-

ercise program among a group of olanzapine-treated 

patients given a free membership to the YMCA. he 

result was that at the six-month time point, 90 percent 

of the subject participants dropped out. As expected, 

the patients who adhered to the program experienced 

the most weight loss. A comparison of the efective-

ness of pharmaceutical interventions to exercise and 

other lifestyle changes (diet) in this population sup-

ports the premise that the latter approach is currently 

more successful.

In obesity-related research, the potential for hu-

man-derived pharmaceuticals is enormous. Of the 

many mediators of obesity, however, only a select 

few have yet been shown to also afect psychiatric 

symptoms. Leading the ield in this regard are the 

melanotropin family of peptides. Numerous studies 

have demonstrated the efect of endogenous melano-

tropins to regulate feeding and metabolism. Animal 

studies have shown that for at least one endopheno-

type (characteristic feature) found in schizophrenia 

(processing of sensory input), the efect of admin-

istering a speciic melanotropin, alpha-MSH or its 

analogues, would be expected to be beneicial for 

psychological state. Intranasal administration of a 

potent alpha-MSH-like agonist has been shown to 

be efective in normal-weight individuals for induc-

ing weight loss, although the efectiveness in pa-

tients who were already obese was not signiicant. 

hus, it is possible that these endogenous peptides 

would hold potential as prophylactic therapy, as an 

adjunct to initiation of atypical neuroleptic therapy. 

he potential for a negative interaction with the an-

tipsychotic would need to be addressed irst in an 

animal model.

MEANS OF REDUCING SPECIFIC  

CARDIOVASCULAR RISK FACTORS

he reduction in the cardiovascular risk with the 

statin class of drugs has been somewhat disappoint-

ing. Although the importance of the statins in non-

mentally ill patients has been well established, in the 

schizophrenia population whose level of physical ac-

tivity is already quite low, the statins may only fur-

ther decrease the ability or desire of patients to exert 

themselves physically. he only component of neu-

roleptic-induced metabolic syndrome improved by 

rosuvastatin therapy was the serum triglyceride lev-

el. Nutraceuticals for cardiac health may hold more 

promise in this group, and some may be of beneit to 

mental state as well. 

 Niacin remains a very efective treatment for in-

creasing high-density lipoprotein (HDL), although 

there is report of a possible negative interaction with 

clozapine, relating to a skin rash. Niacin can cause an 

elevation in blood glucose in the short term, which 

would potentially exacerbate blood glucose changes 

due to the atypical antipsychotic drugs. Drug-to-drug 

interactions that afect the liver are a concern with 

niacin. In particular, patients who might be on val-

proate may have an increased risk of liver injury. 

Historically, niacin has been used as a treatment 

(with mixed success) for psychosis in otherwise un-

medicated schizophrenia patients and is the basis for 

reversing the depression and/or psychosis with ad-

equate nutrition in the niacin-deiciency disease, pel-

lagra. here are also case reports of sudden cessation 

of niacin therapy bringing on episodes of major de-

pression, illustrating both the psychological beneits 

of niacin and the need to monitor its withdrawal. 

In addition, the expression of the niacin receptor in 

adipose tissue of individuals with schizophrenia has not 

been studied, and it is not known if the niacin-receptor 

deicit, which has been shown for the brain and is evi-

dent in the epidermis, is also present in adipose tissue. 

If so, overcoming the efects of decreased expression of 

the niacin receptor in schizophrenia may not be pos-

sible with niacin alone and other supplements should 

continue to be explored to mitigate cardiovascular risk. 

Acipimox, a niacin analogue, has been widely available 

in countries other than the United States for several 

years. Studies have shown that it has a mixed efect on 

hormones mediating appetite, increasing leptin and 

but decreasing adiponectin.

Schizophrenics developing the metabolic syn-

drome show elevated homocysteine. Folate intake in 

control subjects substantially decreases the markers 

for cardiac risk, including homocysteine levels, yet the 

risk for cardiac events is not decreased by increased 
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folate. Folic acid with vitamin B6 plus B12 therapy has 

paradoxically resulted in an increased risk. hese re-

ports would indicate that homocysteine serves as a 

marker for cardiac risk, but does not by itself medi-

ate that risk. Nevertheless, psychological symptoms 

are reported to be improved when homocysteine is 

reduced in schizophrenic patients.

Omega-3 fatty acids have also been reported to 

have positive mental efects and have clear beneits 

for cardiovascular health. Patients taking clozapine 

have achieved a decrease in triglycerides with omega-

3 fatty acids, but they also experienced an increase in 

low-density lipoprotein (LDL) and total cholesterol.

Lipoic acid is another supplement that holds 

some promise for treating the metabolic syndrome, 

preventing lipotoxicity-induced cardiomyopathy in 

mice, reversing streptozotocin-induced endothelial 

changes, and has been found to be safe in a two-year 

course of treatment in humans. he efects on glucose 

levels may also be positive.

Coenzyme Q10 has long been proposed as a ben-

eicial adjuvant therapy for cardiomyopathy and con-

gestive heart failure, but its use for that purpose or for 

metabolic syndrome–induced cardiovascular disease 

has not been well studied. It is reported to be benei-

cial for heart muscle in reperfusion models of myo-

cardial ischemia and in postmyocardial infarction, 

which may be due to its antioxidant capabilities.

ANIMAL MODELS

Obviously, it would be advantageous to study the 

prevention or correction of obesity and adverse car-

diovascular changes in an animal model. To date, the 

greatest success has been achieved with olanzapine 

treatment in female rodents, who show a greater 

weight gain when treated with olanzapine than un-

treated controls. Studies have shown that olanzapine 

must be administered at a much higher dose in rats to 

reach equivalent occupancy of dopamine D2 recep-

tors seen in humans, because the half-life of the drug 

is so much shorter in these animals than in humans. 

Even with the high doses, the degree of weight gain 

and the full spectrum of metabolic changes seen in 

humans have not yet been captured in the animal 

experiments. In other words, it has been somewhat 

diicult to completely replicate the human condition. 

he regulation of food intake in animals appears to be 

more tightly controlled than in humans and animals 

are less likely to ingest the plethora of high-fat foods 

that are available to the human patient. Modeling the 

human condition will likely require a diet that is un-

usual for lower species of animals.

SEE ALSO: Body Mass Index; Depression; Medications that 

Increase Body Weight.
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Puerto Rican Americans

PUERTO RICAN AMERICANS are people residing in the 

United States who emigrated from or who have an-

cestry from Puerto Rico, an island in the Caribbean 

which is a territory of the United States; therefore, 

those born in Puerto Rico are American citizens. he 

largest concentration of Puerto Rican Americans in 

the United States is in New York City and Florida, al-

though people self-identifying as having Puerto Rican 

ancestry reside in all states in the United States. Ac-

cording to the U.S. Census Bureau, in 2003, over 3.8 

million Puerto Ricans lived in the United States. Puer-

to Rican Americans are the second largest Hispanic 

group in the United States, after Mexican Americans. 

Information about obesity among Puerto Rican 

Americans must be gleaned from several sources—

research focusing speciically on Puerto Rican Ameri-

cans or on several Hispanic subgroups, research about 

Hispanic Americans in general, and research about 

Puerto Ricans living in Puerto Rico. Application of 

studies about Hispanics in general to Puerto Ricans 

in particular must be tempered by the knowledge that 
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in the 2000 U.S. Census, the predominant Hispanic 

groups was Mexican American (58.5 percent of the 

total), with Puerto Rican Americans making up only 

9.6 percent of the total). 

For the purposes of collecting information on health 

and other population surveys, the Untied States govern-

ment deines Hispanics or Latinos as persons of Cuban, 

Mexican, Puerto Rican, South or Central American, or 

other Spanish culture or origin, without regard to race. 

his adds a complication to interpreting information 

collected about Hispanics as a group, because race 

has been identiied as a signiicant health risk factor in 

many studies. Most Puerto Ricans identify themselves 

as white, with about 8 percent self-identifying as black, 

and the remainder a combination of Asian, American 

Indian, or other races. 

In the 2000 U.S. Census, Hispanics represented 

about 37.4 million people, about 13.3 percent of the 

total U.S. population. he Census Bureau projects 

that Hispanic Americans will total about 87.5 million 

by 2040, representing 22.3 percent of the U.S. popu-

lation. Hispanics share some aspects of a common 

cultural heritage and social experience but also vary 

widely on characteristics such as racial background, 

time and conditions of immigration to the United 

States, degree of acculturation, rates of education and 

poverty, and many cultural factors such as food pref-

erences, attitudes toward physical activity, and toler-

ance of and preference for particular body types. 

Rates of obesity (deined as body mass index over 

30) among U.S. adults (aged 18 and older), as calcu-

lated from self-reported height and weight on the Be-

havioral Risk Factor Surveillance Survey (BRFSS), have 

been increasing among all racial/ethnic groups since 

1995. Hispanic rates of obesity are intermediate: lower 

than those of non-Hispanic white Americans, higher 

than those of non-Hispanic black Americans. In 1995, 

the BRFSS found that 16.8 percent of Hispanic adults 

were obese, versus 14.5 percent of non-Hispanic white 

Americans and 22.7 percent of non-Hispanic black 

Americans. In 2000, the rates were 23.4 percent for 

Hispanics, 18.5 percent for non-Hispanic whites, and 

29.3 percent for non-Hispanic African Americans. In 

2005, the rates were 26.5 percent for Hispanics, 22.6 

percent for non-Hispanic whites, and 33.9 percent for 

non-Hispanic blacks. he 1999–2002 National Health 

and Nutritional Examination Survey (NHANES), an 

ongoing nationally representative survey, found simi-

lar results for children and teenagers aged 2–19. he 

NHANES found that 37.3 percent of Hispanics in this 

age group, versus 34.7 percent of non-Hispanic whites 

and 43.4 percent of non-Hispanic blacks in this age 

group had ever been told by a doctor or health profes-

sional that they were overweight. 

One of the federal health surveys which collects 

suicient information on Hispanics to allow estima-

tion of health status for diferent Hispanic subgroups, 

and to compare Hispanic with non-Hispanic black 

and white populations, is the National Health Inter-

view Survey (NHIS). his study is conducted annu-

ally by the National Center for Health Statistics of the 

Centers for Disease Control and Prevention. In 2000, 

Hajat and colleagues aggregated 4 years of NHIS data 

to study health indicators for four Hispanic subgroups: 

Mexican Americans, Cuban Americans, Puerto Rican 

Americans, and all other Hispanics. heir results un-

derlined the diversity of experiences among the sub-

groups classiied as Hispanic. For instance, most of the 

Puerto Rican population lived in the Northeast United 

States, while most Cubans lived in the South, and most 

Mexicans in the South and West. Ninety-seven per-

cent of Puerto Rican Americans reported being born 

in the United States, much higher than any other His-

panic subgroup and comparable to white and black 

Americans. In most cases, Anjit found that the health 
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indicators for Puerto Rican Americans were generally 

worse than those for other Hispanic subgroups, while 

those for Cuban Americans were generally better than 

the other subgroups. 

SEE ALSO: Central America and Caribbean; Hispanic 

Americans; Immigration and Obesity.
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Qualifications for Gastric Surgery

OBESITY PROFOUNDLY AFFECTS quality of life, over-

all health, and life expectancy. Healthcare providers 

have sought safe and effective nonsurgical treatment 

strategies, but have had little reproducible long-term 

success. Surgical treatment for obesity, on the other 

hand, is very effective for the majority of patients; 

however, it is associated with significant risk. To de-

termine whether a patient is a candidate for surgery 

requires a thoughtful calculation of the risk-to-ben-

efit ratio of the procedure relative to no intervention. 

Several organizations have created criteria for patient 

selection including various medical societies, the Na-

tional Institutes for Health, Medicare and Medicaid 

Services, and, perhaps most important, individual 

insurers. Qualifications for surgery thus are not uni-

form and differ slightly depending on prospective. 

Most guidelines use body mass index (BMI) as the 

primary determinant for bariatric surgery candidacy. 

BMI is a person’s weight in kilograms divided by the 

square of their height in meter. BMI is an accurate 

representation of adiposity in the morbidly obese 

and allows for comparisons between individuals by 

correcting for differences in patient height. Surgery 

is generally offered to patients whose BMI is 40 or 

greater or patients who have a BMI 35 or greater with 

serious weight-related medical comorbidities. Serious 

comorbidities may include the presence of diabetes, 

hypertension, and sleep apnea. A few insurers do not 

use BMI as a criterion. Some require a weight that is 

at least double one’s ideal body weight, and others, a 

weight 100 pounds greater than ideal weight.

BMI is not the only criterion used to determine 

whether a patient is a candidate for bariatric surgery. 

Many other factors are equally important. A thorough 

psychosocial evaluation is often recommended as 

part of the preoperative workup of a morbidly obese 

patient. Surgery for obesity is significantly life altering 

and patients must be able to cope with these drastic 

changes. As such, important criteria for surgery in-

cludes the patient’s ability to reasonably understand 

and assess the risks and benefits of surgery, and the 

patient’s ability to maintain long-term follow-up with 

the bariatric surgery program. Most guidelines ex-

clude a patient with severe mental retardation or un-

stable psychiatric disorders. 

For example, depression, bipolar disease, and even 

schizophrenia are not absolute contraindications; 

however, someone who is suicidal, manic, or actively 

delusional should be in the care of a behavioral health 

specialist and stabilized before considering bariatric 

surgery. Patients with Prader-Willi syndrome would 

be considered an absolute contraindication by most 

surgeons. Last, the patient must have a reasonably 

supportive social network. 

Obesity surgery at the extremes of age has been 

long controversial. Many bariatric centers restrict 



their practice to an age range between 18 and 65. Al-

though numerous single institution series document 

the safety of obesity surgery in adolescent and elder-

ly patients, the data are quite limited. Examination 

of large national databases suggests a signiicantly 

higher mortality rate in Medicare patients who are 

greater than 65 relative to younger Medicare patients. 

However, it is unclear if these patients who may be 

at highest risk from surgical complications are also 

the patients who may beneit the most. Medicare and 

Medicaid services currently ofer bariatric surgery 

beneits to all of their members, regardless of age.

Bariatric surgery in teenagers is becoming more 

common despite the lack of high-quality long-term 

studies. Teenagers who are obese sufer from poor so-

cial acceptance, often perform poorly in school, and 

have signiicant health consequences. Atherosclerotic 

changes to major vessels can be seen young children 

with poor dietary habits. he incidence of Type 2 dia-

betes mellitus increases with weight in teens, and ob-

structive sleep apnea is widely seen in obese children. 

Only a few studies with small numbers of adolescent 

patients have been published. Most document excel-

lent weight loss, acceptable complication rates and 

resolution of medical comorbidities. As these patients 

are too young to give informed consent for bariatric 

surgery, parents and surgeons must balance the ben-

eits of surgical weight loss to the inherent morbidity 

and mortality rates these procedures entail. Patient 

assent is required. Children and adolescents arguably 

are more successful with caloric restriction through 

lifestyle modiication and extensive eforts at nonsur-

gical management are warranted. Bariatric surgery 

should only be performed in a setting where adoles-

cent-speciic resources are available. Some have sug-

gested using diferent weight criteria for those under 

18 years old. For instance, a BMI of greater than 50 

with signiicantly life-altering medical comorbidities 

or a BMI of greater than 40 with two life-threaten-

ing comorbidities was recently suggested by a panel 

of pediatric specialists. Others use the same criteria 

as in adults. Furthermore, adolescent patients should 

have achieved 95 percent of their predicted adult 

height and a Tanner stage of IV. 

he extent of previous diet attempts is another 

controversial criteria used to determine eligibility 

for bariatric surgery. Patients are often required to 

demonstrate prior attempts at weight loss with con-

servative medical and dietary management before 

considering bariatric surgery. Some insurers require 

six-month (or longer) physician-supervised diets 

with documentation of nutritional education, behav-

ioral modiication, and exercise therapy. hese re-

quirements are controversial because multiple stud-

ies have demonstrated that the long-term success rate 

of medical weight loss is dismally low. Many patients 

will transiently respond to medical therapy for 12 to 

24 months, but the vast majority return to their pre-

diet weight, and some even weigh more after a dietary 

program. Proving failure of medical weight-loss ther-

apy may simply delay an inevitable surgery for one to 

two years, and subsequently delay the medical and 

social beneits of weight loss to patients. 

he environment in which surgery is performed is 

critically important to the safety and success of the 

procedures. Although not speciically patient crite-

ria, there are important guidelines as to who should 

be performing these complex procedures. Outcome-

based performance has led to the concept of “Center 

of Excellence” designations in bariatric surgery. Only 

specially trained centers devoted to the care and 

management of obese patients should ofer bariatric 

surgery. For instance, Medicare patients can obtain 

bariatric surgery services only through accredited 

centers that have met detailed safety requirements. 

Many private insurers also have accreditation for 

bariatric surgery centers based on outcomes. Studies 

have also demonstrated that hospitals that perform 

more than 100 annual cases report lower morbid-

ity and mortality rates and shorter hospital length of 

stay. Published mortality rates by Centers of Excel-

lence are 0.3 percent. 

In summary, qualiications for bariatric surgery are 

complex. While they depend on many objective fac-

tors such as BMI and age, there are many subjective 

factors that may qualify patients for surgery at some 

programs, while disqualifying them at others. Insur-

ers may use diferent criteria than surgeons. Con-

troversial qualiications such as adolescent bariatric 

surgery and extent of prior nonsurgical weight-loss 

attempts must be assessed on an individual basis for 

each bariatric program. Finally, many qualiications 

depend on the surgeon experience and the hospital’s 

ability to efectively manage these complex patients. 

he hope is that through further research, preopera-

tive screening evaluations will more accurately de-
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termine which patients would beneit the most from 

obesity surgery.

SEE ALSO: Bariatric Surgery in Children; Bariatric Surgery in 

Women; Lap Band; Laparoscopy; Roux-en-Y Gastric Bypass.
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Quality of Life 

SCIENTISTS HAVE CONDUCTED a review of studies 

to examine the efects of obesity on health-related 

quality of life and summarize that obese persons re-

port signiicant impairments in quality of life that 

worsen with increasing body mass index (BMI), and 

that obesity has a greater impact on physical func-

tioning than mental health. In addition, this review 

showed that pain is a particularly important factor 

in obesity that impacts quality of life independently 

from weight. Several studies have found that obese 

people in the general population and clinical sam-

ples report impairments in physical functioning (e.g. 

ease of walking, climbing stairs, physical work, and 

participation in sports) more so than impairments 

in other domains. 

Researchers have observed that within morbidly 

obese, treatment-seeking populations, often the 

most significant detriments to quality of life oc-

cur in relation to physical functioning, vitality and 

bodily pain (e.g. lower back pain and joint pain). 

Compared to other chronic medical conditions 

such as congestive heart failure, obese patients re-

port higher levels of bodily pain. Specifically, their 

level of reported impairment related to pain was 

similar to that of patients who suffer from chronic 

migraine headaches. Furthermore, compared to 

obese patients who did not report pain, those who 

did report pain showed significantly lower impair-

ments on all dimensions of quality of life. These 

findings suggest that the low energy levels and pain 

associated with obesity may interfere with an indi-

vidual’s ability to lead an active lifestyle. 

Studies regarding the impact of obesity on psy-

chological functioning yield mixed results. While 

some studies have found that obese people report 

impaired mental and emotional functioning on 

both generic and obesity-speciic quality of life 

measures, other studies have found little signiicant 

diferences between obese and nonobese partici-

pants in psychological domains. In general, studies 

have found that obese women display more depres-

sive symptoms than obese men, and those who seek 

treatment are more likely to report depression than 

those who do not. 

It is important to note that most quality of life stud-

ies are conducted with participants who are seeking 

treatment for obesity, making it diicult to draw con-

clusions about quality of life for obese people in the 

general population. However, several recent studies 

conducted in both the United States and Europe have 

assessed the association between obesity and quality 

of life using large samples of the general population. 

hese studies uniformly report that obese individu-

als have signiicantly lower quality of life scores than 

non-obese individuals, especially in physical func-

tioning. Quality of life scores worsened with increas-

ing obesity, so that the severely obese (BMI > 35 kg/

m2) had the poorest reported quality of life. Poorer 

quality of life was seen even in obese people who re-

ported no other chronic diseases that are known to 

be linked to obesity. 

However, obesity in the general population does 

not appear to be associated with signiicant impair-

ments in mental, emotional and social functioning, 

except in those who are severely obese. On the other 

hand, those who reported at least one or more chron-

ic medical conditions in addition to obesity did show 

signiicant deterioration in emotional well-being. 

Given the adverse consequences associated with 

obesity, it is important to determine how weight loss 

afects quality of life. A review conducted by Ma-

ciejewski concluded that weight loss interventions 

did not have a consistently positive impact on quality 
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of life. Self-reported depression, in particular, did not 

improve in the majority of weight loss trials. Surgi-

cally-induced weight loss (e.g. gastric bypass, gastric 

banding, etc.) yielded the most signiicant improve-

ments in quality of life for morbidly obese patients, 

especially in physical domains. Other research has 

demonstrated that signiicant weight loss is asso-

ciated with improved physical function, vitality, 

and decreased bodily pain, and is in general more 

strongly associated with domains of physical health, 

rather than mental health. Some research suggests 

that complications or side-efects from weight loss 

surgery can actually worsen quality of life, although 

this research is limited. Studies also show that subse-

quent weight regain after surgery is associated with 

worsening quality of life, although perceptions of 

well-being still remain slightly improved compared 

to pre-surgical levels. 

A parallel body of research examining the psycho-

social consequences of negative attitudes towards 

obese persons illustrates that the pervasive nature of 

weight stigma in our society has harmful afects on 

obese individual’s life experiences and well-being. his 

research suggests that decreasing societal-level stig-

matization and discrimination towards obese persons 

can improve their quality of life in meaningful ways. 

Furthermore, research also suggests that negative ex-

periences resulting from weight stigma may perpetu-

ate the problem of obesity by increasing unhealthy 

eating behaviors and avoidance of physical activity. 

SEE ALSO: Depression; Self-Esteem and Children’s Weight; 

Self-Esteem and Obesity.
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Quantitative Trait Locus Mapping

QUANTITATIVE TRAIT LOCUS (QTL) mapping is a sta-

tistical tool utilizing the science of quantitative trait 

loci (QTLs). A QTL is a section of deoxyribonucleic 

acid (DNA) on a chromosome that holds two or more 

genes which all play a role in a particular trait. QTL 

mapping has been used to identify genes involved in 

skin color, body mass, diabetes, cancer, and more.

DNA is organized in the cell into chromosomes. 

Humans, for example, have 22 pairs of chromosomes 

along with the two sex chromosomes, or 46 chro-

mosomes all together. Roughly speaking, the chro-

mosomes are organized into noncoding DNA and 

coding DNA, which encodes ribonucleic acid (RNA) 

that is usually translated into proteins. he region of 

a chromosome which encodes a particular RNA or 

group of RNAs is called a gene. A hypothesis that is 

the base of QTL theory is that groups of genes near to 

each other on a chromosome may have a multigene 

efect on certain polygenic traits. Using sophisticated 

mathematics and genetic experiments, investigators 

can examine these gene regions and their relation-

ships to traits. his is the process for QTL mapping. 

In other words, scientists look at how often particu-

lar genes are expressed together in relation (linkage) 

to speciic traits. 

With advanced modern technology, scientists can 

use QTL mapping as a tool for determining the genes 

involved in a particular trait. For example, if an ani-

mal model such as a mouse exhibited a trait similar to 

a human polygenic trait, researchers could determine 

which region of DNA is responsible for the trait. his 

region could then be sequenced and the genes ana-

lyzed. he region is found using analysis which deter-

mines the regions of DNA that are more likely than 

chance to associate with a particular trait. 

To narrow down from an animal’s entire genome to 

a DNA region of interest, scientists use the technique 

of markers. Known single-gene characteristics, such 

as coat color, that are peppered throughout the ge-

nome are used to track DNA regions along the trait of 

interest. If, for a simpliied example, in an inbred (ge-

netically identical) colony of obese mice, more obese 

mice were black than brown, and the diference were 

greater than chance alone, scientists could statistically 

determine that the QTL related to that mouse strain’s 

obesity were near to the black coat gene. 
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Another use of QTL mapping is determining genet-

ics of food sources which might provide more or less 

nutrition, or might make a consumer more or less sus-

ceptible to overweight or obese status. For example, 

plants or meat animals might be analyzed via QTL 

mapping, as might dairy cows for milk production.

Because more than one gene is involved, stan-

dard rules of Mendelian genetics do not apply to 

polygenic traits; rather, they are inherited along a 

spectrum. In other words, the phenotype (usually 

the physical appearance) of a trait will vary along a 

gradient—where it lies in the gradient depends on 

all the individual genes and their interactions. Most 

polygenic traits are quantiiable phenotypes, hence 

the “quantitative trait” in QTL. Locus refers to the 

characteristic of having a position on the chromo-

some. An example of a polygenic trait that can be 

quantiied is human body weight. Mendelian law 

predicts every grown child to have an intermediate 

weight between the weights of the two grown par-

ents. hus, two children of the same parents should 

have the same weight. his would be the case if only 

one gene controlled weight; however, because mul-

tiple genes have an efect on body weight, ofspring 

have weights on a gradient, not necessarily falling 

between the two parental values. 

Other examples of polygenic traits are diabetes, 

obesity, cancer, Parkinson’s disease, and other disor-

ders with multiple genetic components. Many, if not 

all, polygenic traits have some degree of environmen-

tal component as well. Some theorists ascribe to the 

idea that a person’s genetic makeup may make him or 

her more or less susceptible to environmental threats, 

stresses, or toxins. his theory explains why some 

people in a particular environment develop a particu-

lar disorder such as depression while others do not. 

Furthermore, those people from the same environ-

ment who develop the same disorder will develop dif-

ferent clinical levels of that disorder. 

With the knowledge that body mass and obesity 

have QTL components, a vast market has sprouted, 

catering to peoples’ desires to take control of their 

seemingly uncontrollable weight. While some of 

these products are genuine and may be of help, many 

are unfortunately shams merely preying on those de-

sires. Numerous marketing schemes have developed 

around the idea of “feeding your genes”; it is diicult 

to tell which product is beneicial and which has neg-

ligible, or worse, negative efects.

his idea of genetically caused obesity is beneicial 

in that it inspires funding in scientiic research on 

obesity; however, it can be dangerous because it may 

allow a passive, resigned attitude toward obesity. On 

the other hand, a genetic theory may provide hope for 

someone who has fought a lifelong battle with obesity 

and prevent that person from sliding into depression 

or another emotional disorder. 

SEE ALSO: Animal QTLs; Genetics; Genomics; Human 

QTLs.
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Respiratory Problems

BECAUSE OF THE size of some people who sufer 

from obesity, many have developed respiratory prob-

lems. his has been evident throughout history with 

much of it thought to come from the extra pressure 

that the weight puts on the person’s heart, although 

it is now clear that it is because of the increased work 

that has to be done by the lungs of someone sufer-

ing from obesity.

Medically, this is often because people who are 

overweight or obese develop a much heavier chest 

wall, which is more diicult for the lungs to lift, 

putting extra strain on them. his has often meant 

that people with severe cases of obesity have trou-

ble undertaking even simple tasks such as walking 

medium-to-longer distances, shopping, climbing 

stairs, or exercise. his lack of activity further con-

tributes to putting on more weight and becoming 

more overweight or obese. his is evident by obese 

people who wheezing as they climb stairs or under-

take what is to many other people a relatively simple 

manual task.

Obesity by itself does not cause asthma or bronchi-

tis, but because obesity can interfere with breathing, it 

is possible for it to aggravate an attack. For this reason, 

a signiicant number of obese people do sufer from 

asthma or other breathing problems, and are more sus-

ceptible to complications if they contract bronchitis.

Another respiratory problem concerning obesity is 

sleep apnea, a condition in which someone may stop 

breathing while he or she is asleep. his occurs when 

soft tissue in a person’s throat collapses around the 

airway to form a complete blockage, and is then pre-

vented from breathing. he blockage causes the per-

son to wake up and reposition himself or herself in 

the bed. If this happens on a regular basis, it will lead 

to interrupted sleep patterns, which in turn leads to 

drowsiness, daytime sleepiness, and even headaches. 

People who sufer from obesity are more likely to 

have sleep apnea, as the problem is more likely to oc-

cur when people have fat deposits in the tongue and 

the neck. It has also been found to be more likely to 

occur when a person sleeps on his or her back rather 

than on his or her side. Although an odd occurrence is 

not a major problem, in the long term, if a person regu-

larly sufers from sleep apnea, it may lead to his or her 

being more likely to have high blood pressure, heart 

rhythm disturbances, heart disease, or a stroke, and in 

cases where the brain is deprived of oxygen for a longer 

period, it may afect mental function. In the most ex-

treme cases, it can even lead to sudden death. 

For people who sufer from severe obesity, espe-

cially those weighing over 350 pounds, obesity hy-

poventilation can be a major concern. It is more com-

mon with people who sufer from sleep apnea, and 

is an abnormal breathing condition that can result in 

the accumulation of signiicantly high levels of carbon 



dioxide in the blood, and in extreme cases, these lev-

els can become toxic.

SEE ALSO: Asthma; Sleep Apnea.

BIBLIOGRAPHY. N. Charokopos, et al., “Sleep Apnea Syn-

drome in a Referral Population in Greece: Inluence of 

Social Factors,” Lung (v.185/4 , 2007); M. Fogelholm, et al., 

“Sleep-Related Disturbances and Physical Inactivity Are 

Independently Associated with Obesity in Adults,” Inter-

national Journal of Obesity (June 19, 2007).
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Rimonabant

RIMONABANT IS THE irst inverse agonist discovered 

for the cannabinoid-1 receptor (CB1R) and is being 

developed for the treatment of obesity. Although 

rimonabant binds to the CB1R, it is not a cannabi-

noid-like compound and bears no structural resem-

blance to cannabinoids. 

In cell-based in vitro assays, rimonabant inhibits 

the intrinsic activity of CB1R and produces an efect 

in the opposite direction compared to an agonist, 

hence rimonabant is classiied as an inverse agonist. It 

also inhibits the binding of cannabinoid agonists and 

endocannabinoids to the CB1R, hence it is sometimes 

referred to as an antagonist. In experimental animal 

studies, rimonabant does not exhibit cannabimimetic 

properties and it inhibits many agonist-induced ef-

fects. In rodent studies, rimonabant can cause signii-

cant weight loss or reduction of weight gain.

In clinical trials involving obese patients, rimonabant 

has been shown to cause weight loss and reduction of 

waist circumference. Beneicial secondary endpoints 

have also been demonstrated, including increased 

high-density lipoprotein cholesterol (HDLC) and im-

proved glycemic control. Rimonabant has been ap-

proved in the European Union (EU), Argentina, and 

Mexico for the treatment of obesity. As of March 2007, 

it is under review by the U.S. Food and Drug Adminis-

tration and it is not yet available in the United States. 

Rimonabant at 20 milligrams is generally well 

tolerated. As described in the Summary of Product 

Characteristics approved by the EU regulatory agen-

cy, the most common adverse reactions resulting in 

discontinuation include nausea, mood alteration with 

depressive symptoms, anxiety, and dizziness.

SEE ALSO: Acomplia; Cannabinoid System; G-Protein 

Coupled Receptor.

BIBLIOGRAPHY. C. Curioni and C. Andre, “Rimonabant for 

Overweight or Obesity,” Cochrane Database of Systematic Re-

views (October 18, 2006); Bertram G. Katzung, Basic & Clini-

cal Pharmacology (Basic and Clinical Pharmacology), 10th ed. 

(McGraw-Hill Medical, 2006)
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Roux-en-Y Gastric Bypass

ROUX-EN-Y GASTRIC BYPASS (RYGBP) is an opera-

tion that can be used to cause signiicant weight loss in 

morbidly obese individuals. his operation is not new 

and has been performed for weight loss since 1967. 

However, the last decade has seen explosive growth 

in all types of weight-loss surgeries going from 20,000 

to 30,000 yearly in the early 1990s to over 120,000 in 

2006. Most of the growth is attributed to the devel-

opment, maturation, and application of minimally 

invasive surgical techniques to the ield of bariatric 

surgery. Numerous outcome-based studies have now 

clearly shown this operation to be safe and efective 

for long-term control of obesity along with resolving 

associated life-threatening conditions such as diabe-

tes, high blood pressure, and sleep apnea.

he RYGBP should be considered in any patient 

who is morbidly obese and has tried and failed to lose 

weight with diet and exercise programs. he procedure 

is currently restricted to obese individuals who have a 

body mass index (BMI) of 35 or more with medical 

problems related to obesity or any patient with a BMI 

greater than 40. 

he irst step in the surgical procedure is to make the 

stomach smaller. he stomach is divided into a small 

upper section commonly referred to as a pouch and a 

larger bottom section referred to as the remenant. he 

pouch receives food, while the remenant stomach pro-
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duces gastric juice and is not connected to the pouch 

in any way. he second step is to divide the small in-

testine. One end is connected to the pouch. his limb 

is referred to as the Roux limb. When patients eat, the 

food will now travel from the pouch through the Roux 

limb, bypassing (hence the term gastric bypass) the re-

menant portion of the stomach, the duodenum, and a 

portion of the jejunum. he last step is to reconnect 

the base of the jejunum with the remaining portion of 

the small intestines from the bottom of the stomach, 

forming a y-shape. his “y-connection” allows food to 

mix with pancreatic luid and bile, aiding the absorp-

tion of important vitamins and minerals.

RYGBP is a procedure that combines restricted in-

take and reduced absorption of calories ingested to be 

successful. he restriction in food intake is secondary to 

the small pouch size. he malabsorption of calories oc-

curs from bypassing the remnant, the whole duodenum, 

and a portion of the jejunum. his results in approxi-

mately 20 percent of all fat calories consumed to pass 

through the body undigested. However, the body may 

not absorb vitamins and minerals properly and lifelong 

supplementation of these vitamins and minerals are es-

sential to prevent deiency. Additionally, patients also 

experience anorexia between six and 18 months after 

surgery. Anorexia following RYGBP is thought to result 

from changes in the bodies hormonal enviroment. his 

greatly assists in the weight-loss patients’ experience. 

Recently, minimal invasive laparoscopic techniques 

have been used to perform this complex operation. 

In the laparoscopic approach, aproximately ive to six 

small incisions (1 centimeter or less) are made in the ab-

dominal wall instead of one big incision. his results in 

signiicantly less pain with fewer wound complications 

such as infection and hernias. he other advantages 

of the laparoscopic approach include faster recovery, 

shorter hospital stay, and less perioperative morbidity.

Mortality rate in centers where more than 120 cases 

a year are done averages 0.3 percent. his is less than 

lung, heart, and most joint replacement surgery. Most 

deaths are from pulmonary embolism or gastrointesti-

nal leaks. Later complications include anemia from B12 

or iron deiciencies (almost always in premenopausal 

women) and intestinal obstruction from hernias. A 

condition known as dumping syndrome can occur 

from eating too much sugar or large amounts of salty 

food. While it is not considered a serious health risk, 

the results can be very unpleasant. Symptoms can in-

clude vomiting, nausea, weakness, sweating, faintness, 

and on occasion, diarrhea. Some patients are never 

able to eat sugary foods after surgery. Approximately 

60 percent of patients get some form of dumping syn-

drome. Most patients do consider themselves fortunate 

because it prevents them from eating foods that would 

make them regain the weight.

Most patients lose an average of 10 pounds per month 

and reach a stable weight between 18 and 24 months 

after surgery. A typical patient would lose 70 percent 

of their excess body weight by year three and keep it 

of. Most studies have found that exercise, nutritional 

counseling, and the support of other patients who have 

undergone weight-loss surgery are extremely important 

to help patients lose weight and maintain weight loss 

following gastric bypass. Typically, weight regain is re-

lated to snacking or drinking high caloric drinks.

he greatest strength of this surgery is its ability to 

cure a majority of the life-threatening conditions as-

sociated with obesity. Improvement in Type 2 diabetes 

is seen a few days after the operation and eventually 

more than 90 percent of of type 2 diabetics are cured 

of their disease or no longer have to take medication. 

Eighty percent of patients with hypertension no lon-

ger have to take medication, 80 percent of patients 

with high cholesterol or triglycerides no longer have 

to take medications, 80 percent of patients with joint 

pain resolve, the rate of cancer deaths drops by half, 

and very often fertility and urinary continence return 

after RYGBP. hese changes are mediated by weight 

loss and hormonal changes from the surgery itself. 

SEE ALSO: Body Mass Index; Gastric Bypass; Laparoscopy; 

Multidisciplinary Bariatric Surgery Programs; Qualiica-

tions for Bariatric Surgery.
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Safe Play Opportunities  

for Children

OBESITY IS THE second leading cause of preventable 

death in the United States. According to the Centers 

for Diseases Control and Prevention, obesity rates 

have doubled among children and tripled among 

adolescents since 1980, and currently, about one in 

six children and adolescents are estimated to be over-

weight or at risk for overweight. Overweight during 

childhood and adolescence is likely to continue into 

the adulthood, and these earlier years in life are very 

important times to establish a healthy lifestyle to pre-

vent obesity and other related health problems.

Causes of obesity are multifactorial and complex, 

ranging from genetic susceptibility to high energy 

consumption, increasing sedentary lifestyles, and so-

cioeconomic and environmental factors. Many of the 

minority populations and people with low socioeco-

nomic status have higher rates of obesity. People with 

low socioeconomic status, as measured by education 

and income levels, are also more physically sedentary 

during leisure-time compared to the individuals with 

a higher socioeconomic status.

Physical activity can be a strong preventive strat-

egy against obesity, and national guidelines recom-

mend that children and youth should perform at least 

moderate intensity physical activities for 60 minutes 

per day on most days of the week. However, large pro-

portions of children lack this level of physical activity, 

and furthermore, participation in physical activities 

decline as children get older. Nationally, it is estimat-

ed that more than one-third of high school students 

does not get recommended levels of physical activity.

Physical activity levels can be inluenced by several 

environmental factors such as availability of school 

and after-school physical activity programs, and ac-

cess to safe walking, bicycling and play areas. Because 

children spend most of their time in school, availabil-

ity, type, and amount of physical activity programs in 

schools or after-school settings are very important in 

increasing physical activity. Unfortunately, only a very 

small portion of schools ofer daily physical educa-

tion. Research shows that physical education classes 

can be efective in improving children’s physical it-

ness. Additionally, simple methods such as marking 

the school grounds for active play and providing balls 

and other equipment during recess also help increase 

the physical activity level among children.

Transportation to and from school is another op-

portunity for children to engage in physical activities 

such as walking or bicycling. However, the built en-

vironment and lifestyles in general have changed in a 

way that made driving almost a necessity for families; 

walking or bicycling to and from school is no longer 

a common practice among students. he distance to 

school, availability of sidewalks, and traic patterns 

S



inluence parents’ decisions to let their children walk 

to and from school. In addition to the physical avail-

ability and access issues, safety of the route between 

home and the school is also a likely factor afecting 

whether children walk to and from school. 

Overall, children have been reported to be less 

physically active and to be less likely to walk or bicy-

cle to and from school in unsafe neighborhoods com-

pared to safer environments. Street traic can also 

be a safety barrier against walking. However, studies 

show that street improvements and decreasing the 

driving speed rather than the traic volume can be 

efective ways to overcome this barrier.  

Children are more physically active when they 

spend time in outdoor activities. For example, avail-

ability of parks is an important predictor of physi-

cal activity during leisure-time. Research shows that 

living within one mile of a park versus living farther 

away is associated with greater physical activity lev-

els during leisure-time and outside the school hours. 

However, safety of the environment is a determinant 

of outdoor activities especially for girls, and concerns 

about crime and safety in the neighborhood may lead 

to increases in sedentary activities indoors such as 

watching television or video games. Furthermore, in-

creased levels of concern about neighborhood safety 

may lead to psychosocial stress or anxiety and result 

in social isolation, decreased leisure-time physical ac-

tivity and increased food intake.  

Having safe environments for play, sports, or 

transportation activities is a large part of encourag-

ing children and youth to remain active. Examples of 

such opportunities include easy access to parks, walk-

ing trails, sidewalks, sports facilities, and promotion 

of transportation activities like walking or bicycling 

to and from school. Minorities and people who live 

in socioeconomically compromised neighborhoods 

appear to be in a greater need to improve the safety 

of the environment and the access to facilities and 

equipment as they are even at a higher risk for seden-

tary behaviors and greater obesity rates. 

SEE ALSO: Built Environments; Community Programs to 

Prevent Obesity; Overall Diet Quality; School Initiatives to 

Prevent Obesity. 
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Safety of Urban Environments

PERSONAL SAFETY IN urban areas is an important 

concern as people consider whether their neighbor-

hood is conducive to leisure activities. Such leisure 

activities can include walking, jogging, and bicycling 

as well as utilizing public recreational areas. Safety 

in the study of the urban environment and obesity is 

usually centered on physical activity, namely walking 

within the neighborhood. 

here are certain physical and social character-

istics of the urban environment that contribute to 

the safety and thus the walkability (i.e., the ease and 

convenience of walking) of the environment. Physi-

cal characteristics such as well-maintained and con-

tinuous sidewalks, accessibility of crosswalks, and 

traic patterns that allow for pedestrian travel help to 

promote walking in neighborhoods. Similarly, social 

characteristics such as the perception of crime also 

contributes to the likelihood that people will walk 

within their communities. 

It is important that the areas around an individ-

ual’s home ofer numerous safe walking routes to a 

variety of diferent locations. People who live in ar-

eas that have a diverse combination of commercial 

space (e.g., convenience stores and grocery stores) 

and green spaces (e.g., parks and gardens) among 

residential properties are more likely to walk within 

these areas. 

In contrast, communities that have low-density 

land use areas consisting of separate residential, 

shopping and business areas are considered not to 

be conducive to walking. his type of community 

tends to have long distances between homes and 

destinations (i.e., workplaces, stores) and low street 

connectivity making pedestrian travel diicult and 

increasing the dependence on driving. By increas-

ing the dependence on driving, there is a subsequent 
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increase in the amount of cars on residential streets. 

his creates a more hazardous environment for pe-

destrians and bicyclists due to the increased proba-

bility of traic accidents. Long block lengths and low 

street connectivity also means that there are fewer 

crosswalks for pedestrians to safely cross intersec-

tions, potentially increasing the risk of an accident 

among vehicles and pedestrians. 

Although actual crime can be objectively mea-

sured, it may be more important to assess subjective 

measures of an individual’s fear of crime. People are 

less willing to walk in their neighborhoods if they 

perceive threats to their physical well-being. Simi-

larly, parents are less likely to allow their children to 

play outdoors if they perceive a threat to their child’s 

safety. Criminal behavior can induce fear in several 

ways. Direct victimization, for example, having been 

the victim of a criminal ofense, can create fear of 

a second criminal act. Indirect victimization, either 

through the media or personal communication, can 

also generate fear in people who were never actually 

victims of a crime. 

Aside from criminal ofenses, the physical and 

social environments also have the ability to induce 

fear of crime. Social incivilities are minor forms of 

misbehavior such as loitering, drug use, and pan-

handling. Physical incivilities are attributes of a 

neighborhood that create a feeling of disorder and 

may include graiti, vandalism, or abandoned cars. 

Both physical and social incivilities act as warning 

signs to residents that they are at risk of victimiza-

tion, potentially causing feelings of fear even to resi-

dents who have never been victims of crime. In an 

efort to deter crime and engender a feeling of safety, 

the design characteristics of the neighborhood can 

prove efective in creating a safe environment. For 

example, a well-lit neighborhood with homes where 

doors and windows look onto streets and parking 

areas will increase feelings of security because res-

idents know that others can see and intervene if a 

crime does occur. 

he U.S. Bureau of Census deines an urbanized 

area as a place, including the adjacently surrounding 

territory, with a population of at least 50,000 people. 

In the research literature on urban environments and 

obesity, the deinition of neighborhood or community 

is not consistent between studies. When assessments 

of walkable areas are made, boundaries are drawn 

around an individual’s home. Quite often, neighbor-

hoods are comprised from census track boundaries 

or some larger geographic area that has a political 

signiicance such as voting districts or historical com-

munity districts. 

In other reports, the neighborhood could be de-

ined as the one-mile circumference around an in-

dividual’s home. hese areas are analyzed and inter-

preted as the space most likely to be relevant when 

people determine the walkability of their living area. 

he health implications of densely populated areas 

pose unique public health challenges especially as it 

relates to obesity and obesity promoting behaviors. 

hese behaviors are inluenced by access to healthy 

food choices and places conducive to physical activ-

ity. As such, the use of the term urban environment in 

the health literature implies the inclusion of health-

related issues that are of most concern in areas with 

a dense population of often various racial/ethnic and 

socioeconomic peoples in a deined physical space 

sharing a number of resources. 

SEE ALSO: Built Environments; Physical Activity and Obesity.

BIBLIOGRAPHY. L. Frank, et al., Health and Community 

Design: The Impact of the Built Environment on Physi-

cal Activity (Island Press, 2003); N. Freudenberg, et al., 
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Broken Windows: Restoring Order and Reducing Crime 

in Our Communities (Touchstone, 1998).
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Satietin

SATIETIN IS A 50,000 dalton glycoprotein, or a pro-

tein that has been conjugated with a carbohydrate. 

Produced within the body and isolated from the plas-

ma of blood, it is a highly potent anorectic substance. 

In other words, it has the activity to suppress the ap-

petite of an individual. Also, its use has shown to be 

efective in reducing the body weight when utilized 

in rat studies. With regard to the highly complex sys-

tem which mediates satiety and its hyperfunction in 

terms of obesity, much is still unknown about the ex-

act chemical nature, pathways of synthesis, and me-

tabolism of satietin.

Originally discovered in 1977, satietin was isolated 

from plasma in the human blood. Since then, it has 

been isolated in several diferent species of mammals 

including horse, rat, guinea pig, rabbit, steer, cat, dog, 

and goose. he glycoprotein itself is composed of 

70 to 75 percent carbohydrate, and 14 to 15 percent 

amino acid by weight. Speciically, the 5-carbon sugar 

rhamnose and the 6-carbon sugar glucose have been 

associated as carbohydrate constituents of satietin. 

Satietin is a part of a very complex system which 

regulates feeding. It was hypothesized that its natural 

function in the human body was to induce satiety. For 

example, ingestion of food would liberate and convert 

satietin to an active anorectic agent which would also 

fully activate the satiety system. Subsequently, a signal 

is sent to the brain (whether it is satietin itself or an-

other signal messenger is still unknown), which con-

sequently sends the message that the process of food 

ingestion must be ceased. his, in turn, would turn of 

the feeding system of the brain. Once the satietin signal 

had completely diminished from the brain, the feeding 

system would be reinitiated and the feeling of hunger 

would come back. his is still considered the general 

scheme of action upon which it works, although the 

complex system which mediates satiety is still relative-

ly misunderstood and thus satietin’s active role in this 

process is still relatively unknown. What has been con-

irmed, though, is that satietin’s activity in the brain can 

be localized to the amygdala and the hypothalamus. 

Further investigation of this activity will give clues to 

its synthesis, activity, and metabolism.

When injected into rats in either the cerebroven-

tricular space of the brain, intravenously in the blood 

or subcutaneously in the skin, it has been shown to 

immediately inhibit feeding of rats and thus can block 

the hunger drive for up to 46 hours. his has been 

shown even when the rats themselves were deprived 

of food for 96 hours. Also, satietin use over an ex-

tended period of time resulted in loss of signiicant 

body weight in rats. Future therapeutic interventions 

for the treatment of obesity will look to mitigate the 

actions of the satiety system such as through drug 

administration of endogenous satiety signals such as 

cholecystokynin, bombesin, and satietin. 

SEE ALSO: Appetite Control; Appetite Signals; Bombesin; 

Cholecystokynin.
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School-Based Interventions to 

Prevent Obesity in Children

THE PREVALENCE OF childhood obesity is increasing 

throughout the world. In United States, the percent-

age of children who are considered overweight or 

obese has doubled, from 15 percent in the 1970s to 

nearly 30 percent today, while the children who are 

considered obese has tripled. Obesity poses a seri-

ous health threat. here are serious health and eco-

nomic consequences associated with child obesity. 

Children who are obese or at risk for obesity have a 
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greater likelihood of being obese in adulthood and 

developing heart disease, diabetes, and other serious 

health conditions. Most obesity interventions have 

taken place in clinical settings. However, schools also 

provide an opportunity for preventing and treating 

obesity, because most children and adolescents are 

enrolled in schools and spend a signiicant amount of 

time there. Schools present a unique opportunity to 

promote and teach children healthy diet and encour-

age physical activity.

One of the strategies to plan for prevention of 

obesity in children at school age is establishing in-

tervention-based school programs which include 

the following. 

Incorporate of nutritional education into the cur-

riculum: All academic institutions and schools should 

work to develop and implement curricula to teach 

knowledge and skills needed to adopt healthy nutri-

tion behaviors, such as eating habits, food choices, 

and lifestyle. Schools should provide opportunities 

to children to practice those skills, and help them to 

overcome barriers to adopting positive behavior. Cur-

ricula should be culturally appropriate; the program 

must emphasize reducing the consumption of fat 

while increasing of fruit and vegetables. It is neces-

sary that school administrators understand that stu-

dent health, including healthy weight, is a component 

of successful academic performance.

Improve physical activity standards within schools: 

Schools can provide multiple opportunities for students 

to participate and enjoy physical activities. Schools 

should increase the amount of time that students spend 

in physical activity. Quality physical education requires 

at least 150 minutes per week for elementary schools 

and 225 minutes per week for secondary schools. he 

physical activity program should keep students active 

most of the education class time; also, it should be en-

joyable for students. Teachers can integrate nutrition 

and physical activity into existing core subjects such as 

math and science through movement and the seden-

tary activities should be discouraged. Schools should 

implement after-school programs to increase children’s 

physical activity even after school hours; this can be 

encouraged by opening the school facilities and mak-

ing them available after school hours and on weekends 

for recreational and itness use.

Provide health education for school staff: It is one 

of the strategies that contribute to student health, by 

giving the school staf skills and knowledge that they 

need to become role models for good health. he edu-

cation program should provide school staf members 

with the opportunity to participate in nutrition class-

es and physical activity programs, which can improve 

their commitment to the health of the students and 

create positive role modeling. Staf should be aware 

of the risk factors for obesity in children and how to 

prevent it. Also, they should be informed about long-

term health risks associated with obesity in adults and 

children among school personnel

Improve school food environment: Meals and snacks 

provided by schools have a substantial impact on the 

students’ dietary intake, because up to 50 percent of 

total daily energy intake can be consumed at school. 

School meals should provide students with essential 

nutritional components for normal growth and de-

velopment; it should include a variety of foods so that 

the child gets the needed nutrients (such as protein, 

carbohydrate, fat, vitamins, and minerals). School 

food service must limit access to fast foods, prohibit 

student access to foods with minimal nutritional val-

ue, and eliminate advertising for unhealthy foods on 

school campuses.

Make environmental changes at school: School 

administrations and school boards should support 

the implementation of school health policies that 

promote environmental changes related to nutri-

tion and physical activity and build an environment 

that promotes healthy lifestyles and healthy diet, by 

limiting access to sweetened beverages and other 

high-calorie vending machines at school stores. 

They should also modify food prices to promote 

the purchase of healthy foods and provide guide-

lines for healthy eating habits to help school food 

service personnel develop and implement healthy 

food preparation. 

Involve parents in obesity prevention: he role of 

parents and caregivers in inluencing the development 

of healthy eating behaviors are important, as parents 

and caregivers can be the primary inluence for chil-

dren. Parents can be a good example for their children 

by modeling healthful eating behaviors and being 

physically active. Involving parents makes it easier for 

them to support their children and reinforce positive 

behaviors at home. Parents should receive guidance on 

nutrition and physical activity. hey should be taught 

about nutrition, food labels, food safety, and how to 
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choose and prepare healthy food for their children; 

they should be provided with instruction manual and 

visual materials; and they should avoid using candy 

as a reward. Parents should be educated about strat-

egies that encourage a reduction in sedentary child 

behaviors, for example, decrease the amount of time 

children devote to screen viewing (television, video 

games, computer) and increase physical activity. Ac-

tivity Guidelines for Children and Youth recommend 

that children engage in at least 30 minutes of daily 

physical activity 

 Prevent and Treat obesity at schools: it is im-

portant to recognize that obesity in many cases is 

preventable. Schools, healthcare professionals, and 

parents can work together to reduce the prevalence 

of overweight and obesity and their consequences. 

Teaching parents and students about healthy diet and 

the importance of exercise is essential because obe-

sity is more easily prevented than treated. Preventive 

strategies should aim at increasing the parents’ and 

students’ awareness of risk factors that contribute to 

overweight, including an sedentary lifestyles, intake 

of high-caloric foods, parental overweight, low so-

cioeconomic status, high birth weight, early timing 

or rate of maturation, and psychological factors. 

 Obesity prevention program should include regu-

lar follow-up for all students by routinely measuring 

their height and weight to assess risk of obesity. For 

obese children, healthcare providers must provide 

them with medical and education care. 

Work with health care providers: Healthcare pro-

viders should design resources to help schools imple-

ment a comprehensive and consistent approach to 

promoting healthy eating among students. Schools 

should provide health education programs for chil-

dren and parents that foster healthy activity and 

eating patterns, and facilitate and lead open discus-

sions with parents about obesity in children and the 

chronic conditions resulting from being overweight. 

hey also can organize group discussions and en-

courage peer support toward healthy lifestyle goals, 

and reduce potential for stigmatization of those who 

may be overweight. 

A healthy school environment can promote healthy 

habits. he chances for success will be greater if 

schools, healthcare providers, and parents cooperate 

and become committed to doing all they can to help 

the young generation enjoy a healthy life.

SEE ALSO: School Initiatives to Prevent Obesity; School 

Lunch Programs.
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School Initiatives to  

Prevent Obesity 

CHILDREN SPEND MANY hours in school as they grow, 

giving schools a unique role to play in promoting 

healthy living. he vast majority of children, almost 95 

percent, attend school and school is the most consistent 

and intensive inluence on children outside of the fami-

ly. Children spend a third of every weekday in school or 

roughly 12,000 hours by the time they graduate from 

high school. One important factor in healthy living is 

maintaining a healthy weight. Obesity rates are rising 

in children with approximately 30 percent of school-

aged children overweight and 15 percent obese. Over-

weight children tend to grow into overweight adults. 

Health issues that used to primarily afect only adults, 

such as Type 2 diabetes and hypertension, are increas-

ingly afecting overweight children with concomitant 

costs to the individual and to the healthcare system. 

Being overweight as a child is linked to lower aca-

demic achievement, greater absences from school, and 

social problems. Schools ofer many opportunities for 

developing obesity-prevention strategies and these it 

within the mandate of schools as health and success 

in education are highly related. hese initiatives fall 

into four main categories: providing more nutritious 

food to schoolchildren, ofering greater opportunities 

for physical activity, providing obesity-related health 

services, and promoting healthy lifestyle choices. 
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THE ROLE OF FOOD AT SCHOOL

Schoolchildren consume between 20 and 50 percent 

of their daily food intake while at school. he irst way 

in which schools can help reduce obesity is in the type 

of foods they serve to children. Children who eat nu-

tritious breakfasts have better cognitive skills and eat-

ing a healthy breakfast is also associated with eating 

fewer calories overall in the day. While many children 

eat breakfast at home and eat home-prepared lunches 

either at home or at school, the majority of schools 

provide sponsored meal programs for both breakfast 

and lunch. Some schools provide snacks and some 

schools also provide after-school snacks and dinners 

in aftercare programs. 

School breakfasts and lunches must meet federal 

nutrition standards, and the sale of certain foods such 

as soft drinks, water ices, and certain candies dur-

ing mealtimes is prohibited. However, at other times 

when food is allowed for sale, there are fewer restric-

tions and requirements and dietary guidelines do not 

have to be followed. his means, for example, that 

while a school cafeteria may not sell soft drinks, sodas 

can be purchased from vending machines located just 

outside the cafeteria doors. Some argue that federal 

standards are inadequate, and stricter state and local 

regulations should exist. 

For budgetary reasons, many schools continue to 

sell popular but nutritionally poorer foods à la carte 

in cafeterias, vending machines, snack bars, or for 

fund-raisers. When children want fries for lunch, if 

the school cafeteria does not sell them, children may 

go to a local vendor of school premises. hese non-

controlled foods, which are called competitive foods, 

are not subject to the same regulated dietary guide-

lines. Availability of these foods increases with age, 

with almost all high schools ofering these kinds of 

food for sale. he more available these competitive 

foods are, the less fruit and vegetables are sold and 

the more fat and calories are consumed. 

However, interventions are changing school food 

environments. Limits can be placed on what is avail-

able in vending machines and cafeterias, and on at 

what times and where these sources of foods can be 

available. Eforts can be made to reduce the sugar and 

fat content of foods sold in school cafeterias and in 

vending machines. For example, making more fruits 

and vegetables available encourages children to try 

these choices. When vegetables are sold in salad bars 

and when food is baked rather than fried, healthier 

eating is promoted and this encourages children to try 

items other than sodas, candy bars, and french fries. 

Vending machines can ofer low-fat milk, pure fruit 

juices, or waters rather than sodas, and fruit-based 

snacks rather than candy and chips. Portion sizes can 

be controlled in school cafeterias so that the child 

learns what amount of food should be considered a 

normal serving compared to what are often oversized 

servings in restaurants. Other successful initiatives 

to promote healthy eating in schools have included 

hiring specialty chefs, improving the hours and atmo-

sphere of the school cafeteria, and including the chil-

dren in menu planning and cooking.

PHYSICAL ACTIVITY PROGRAMS

Physically active children have the opportunity to de-

velop social skills and their academic performance 

also improves. Another initiative that schools can 

undertake to prevent obesity is to promote physical 

activity. Schools have the unique ability to promote 

physical activity through mandatory physical educa-

tion activities. Physical education includes not only 

the active participation of children in physical ac-

tivities such as the typical gym class, it also includes 

health education about the beneits of a healthy, ac-

tive lifestyle, including proper nutrition and the ben-

eits of exercise. hese beneits include improvements 

in strength and endurance; the building of healthy 

bones, muscles, and joints; and weight control. In ad-

dition, there can be positive inluences that result in 

reduced anxiety and stress, and increased self-esteem 

and overall energy level. 

hrough the education component of physical ed-

ucation, children can acquire the necessary skills and 

knowledge to lead healthy lives. In the same way chil-

dren have learned the dangers of smoking, they can 

learn the dangers of a high-fat, high-sugar diet and 

sedentary lifestyle. Children need to learn the facts 

and the skills and they have to have the opportunity to 

implement these in making healthy lifestyle choices. 

hey also need to learn how to overcome barriers to 

implementing these strategies.

Inactivity among children is rising and is con-

sidered a risk factor for school-aged children to 

become overweight. here are pressures that can 

work against eforts to encourage physical activity. 

As states use standardized tests to hold schools and 
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students academically accountable, physical educa-

tion and recess have become a lower priority. But 

some states are now mandating and promoting more 

physical activity in schools.

Low levels of physical activity in school children 

relect issues both within and without the school. 

Estimates suggest only half the children walk to 

school, and nearly half spend four hours or more 

watching television or playing computer games, on a 

daily basis. Schools have a role to play in implement-

ing strategies to help children reduce their level of 

television viewing and at the same time to increase 

their level of physical activity. Lack of physical ac-

tivity is a large contributor to the risk of obesity. 

Some schools do not have scheduled recess breaks 

even for elementary-aged children. Physical educa-

tion, once an important part of every child’s school 

day, has been cut back at many schools. Less than 

half of schoolchildren have access to daily physical 

education classes. Estimates suggest that 20 percent 

of children partake in two or fewer bouts of vigor-

ous activity per week while at least 30–60 minutes 

daily of such activity is recommended. 

In schools where physical education classes are of-

fered, it is important to not only ensure that the chil-

dren are actually physically active and not just listen-

ing, but also to ensure that the children are acquiring 

the sorts of skills that will allow them to remain physi-

cally active throughout their lives. his means that in 

addition to instruction in speciic skills and sports, 

children are now engaging in more activities that em-

phasize personal itness and aerobic conditioning in-

cluding dance. Success should require making an ef-

fort not perfecting a skill. 

Both competitive and noncompetitive games 

should be included and all children need to be in-

cluded. his means the old-fashioned way of choos-

ing players for teams by calling out names is no longer 

used as the last children picked may give up before 

the activity begins. Making physical education classes 

fun and interesting for all students, not just those who 

are naturally athletic is the key to encouraging chil-

dren to remain physically active as adults.

Although the recommendation is that high school 

students spend more time in physical education ac-

tivities than elementary students, the reality is that 

fewer high school students participate in these classes 

as they are not mandatory in these grades. 

OBESITY-RELATED HEALTH SERVICES

School health services can also help address obesity 

by providing screening, health information, and re-

ferrals to students, especially low-income students, 

who tend to be underinsured and may not receive 

health services elsewhere. hese are also the children 

who are most at high risk for obesity. Because some 

children may rely almost exclusively on school health 

services, it is important to ensure that staf can assist 

the child (and family) in making the right choices. 

One initiative recently considered has been to pro-

vide information on each student’s obesity risk via 

regular health report cards. While this raises priva-

cy concerns, parental involvement is vital if a child’s 

weight puts the child at risk.

PROMOTING HEALTHY LIFESTYLE CHOICES

An increasing number of schools are also encourag-

ing healthy lifestyle behaviors. his includes not only 

healthy eating via the meals supplied by the school, but 

also information about healthy eating incorporated 

into the school curriculum. hese programs can be 

especially successful when teachers are qualiied, par-

ents are involved both individually and through school 

councils, and health professionals contribute. Schools 

beneit when they have a coordinated health-oriented 

plan and a council to develop, implement, and monitor 

policies afecting nutrition and physical activity.

While the majority of children used to walk to 

school, in recent years the majority of children have 

arrived at school in a school bus. When children walk 

to school and parents or other adults walk with them 

as safety volunteers, physical activity increases among 

both children and adults. Similar programs promote 

riding bikes to school rather than school buses. Some 

schools ofer opportunities for increased physical ac-

tivity through intramural and competitive sports pro-

grams and sports clubs, and more emphasis on good 

old-fashioned recess. Making school facilities such as 

gymnasiums and swimming pools available to fami-

lies after school can promote increased physical ac-

tivity in both children and adults. 

Some schools are able to take advantage of rela-

tionships with local farmers. Local high-quality pro-

duce gets consumed which beneits the farmers and 

the children may be able to visit the farm. Other ini-

tiatives involve local gardens or school gardens where 

the school community gets to participate in growing 
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the produce. here is some evidence that children 

who garden like vegetables better than children with-

out gardening experience.

Schools are also large-scale employers and initia-

tives to improve the nutritional quality of food in 

schools and to promote physical activity beneit the 

staf as well. Health and activity promotion programs 

for teachers beneit those they teach. When the adults 

with whom children spend time model positive be-

haviors, this also impacts the children.

While parents are a child’s primary social environ-

ment and while the family sets the stage for healthy 

eating and active behaviors, schools have a valuable 

role to play in providing a second environment where 

both healthy eating and physical activity are modeled. 

hese interventions all hold promise for reducing 

the risk of obesity in school children. Schools can-

not solve the problem on their own, but they are vital 

parts of the solution.

SEE ALSO: Obesity in Schools; Overweight Children and 

School Performance; School Based Interventions to Pre-

vent Obesity; School Lunch Programs.
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School Lunch Programs

ESTABLISHED IN 1946, the National School Lunch 

Program (NSLP) is a federal program that enables 

schools to provide low-cost or free nutritious 

lunches to children who attend participating non-

profit private and public residential childcare in-

stitutions and schools. Its provisions supply cash 

subsidies and agricultural commodities to assist in 

assuring that healthy lunches are made available to 

our nation’s youth, and that farm food prices are 

stabilized. The program is administered federally 

by the U.S. Department of Agriculture’s (USDA’s) 

Food and Nutrition Service (FNS) and locally 

through state government agencies who manage 

agreements with local school district food program 

directors and authorities. 

Participating schools, that is, feeding sites, are re-

sponsible for menu formulation, food preparation, 

food distribution, program activities, and on-site pro-

gram management. Meals served must meet all appli-

cable recommendations from the Dietary Guidelines 

for Americans. For example, lunches are designed 

to meet one-third to one-half of the minimum daily 

food group requirements. A minimum of one-third 

the recommended dietary intake of vitamin A, vita-

min C, iron, calcium, and calories must be met. he 

total calories from fat must not exceed 30 percent of 

total calories provided, and saturated fats must not 

exceed 10 percent. In exchange for agreeing to follow 

age-appropriate guidelines, feeding sites are reim-

bursed either per meal served or for the actual cost of 

the program, whichever is less. 

One program provision mandates that all partici-

pating schools must grant students the opportunity to 

participate in subsidized special lunch pricing. Special 

pricing provisions grant free lunches to children who 

come from families with incomes less than or equal to 

130 percent of the poverty level, and reduced-priced 

lunches for children from families with incomes at 

130 to 185% of the poverty level.

Due to increased awareness of the link between 

learning and child hunger and nutrition, the National 

School Lunch Act was amended in 1962 to increase 

program eiciency, reduce disparities, and increase 

program participation. hrough continued critical 

review and other legislative actions and mandates, 

the NSLP services, quality, funding, educational, and 

technical support have improved. By 2002, 99 per-

cent of all public and private nonproit schools par-

ticipated in the NSLP, and by 2005, more than 29.6 

million children were receiving free and reduced-

price lunches. hrough the success of the NSLP and 

related school programs, food is made available to 

students in need while indirectly teaching families 

the necessities of a good diet.
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Signiicant legislative actions and mandates have 

served to improve and expand the school lunch pro-

gram. Amendments to enhance program performance 

have been adopted. 

Other policies that have positively impacted the 

school lunch program include those that established 

School Lunch Week, the School Meals Initiative for 

Healthy Children, Team Nutrition, and federally legis-

lated school wellness policies. National School Lunch 

Week was established in 1962. A Joint Resolution of 

Congress guided the president to annually issue a 

proclamation for Americans to participate in “appro-

priate ceremonies and activities” during the second 

week of October to call attention to the program. 

In the mid-1990s, school lunch meal quality was 

greatly impacted by the adoption of the School Meals 

Initiative for Healthy Children. his legislative man-

date was implemented to amend nutrition standards 

and regulations for the national school feeding pro-

grams, including school lunch. his legislature re-

quired that school meals meet certain minimum 

standards for calories and other nutrients, such that 

they contain less than 30 percent calories from fat 

and 10 percent calories from saturated fat over the 

course of a week; provide one-third recommended 

daily allowance (RDA) for protein, iron, calcium, 

and vitamins A and C; comply with the Dietary 

Guidelines for Americans; include decreased levels 

of sodium and cholesterol and increased amounts 

of dietary iber. he legislature further mandated 

that menus, recipes, food product descriptions, and 

production records be maintained to show that ad-

equate food items or menu items are ofered each 

given day, and that nutrition standards are met for 

speciic age/grade groupings when averaged over 

each school week (a school week is deined as a min-

imum of three consecutive days and a maximum of 

seven consecutive days), and that state nutrition of-

icials conduct audits at least once every three to ive 

years to ensure compliance.

In addition to the USDA launch of the School 

Meals Initiative for Healthy Children, in 1994 USDA’s 

The National School Lunch Program (NSLP) is a federal program that enables schools to provide low-cost or free nutritious lunches to 

children who attend participating nonprofit private and public residential childcare institutions and schools.
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FNS established Team Nutrition. Team Nutrition’s 

aim was, and continues to be, to support the Child 

Nutrition Programs through training and technical 

assistance for foodservice personnel, nutrition edu-

cation for children and their caregivers, and school 

and community support for healthy eating and physi-

cal activity. Team Nutrition’s goals are to improve 

children’s lifelong eating and physical activity habits. 

Team Nutrition resources are available for food ser-

vice personnel, teachers, and other interested parties 

via Web sites, materials available for purchase, and so 

forth. Team Nutrition Training Grants and ailiated 

local wellness grants have funded work that has dem-

onstrated strong impacts.

he most recent policies that have signiicantly 

impacted the NSLP were put into place by Congress 

during the reauthorization of the Child Nutrition Act 

in 2004. his legislation mandated that school dis-

tricts create local school wellness policies to address 

health, nutrition education, physical activity, and ev-

ery aspect of the foods and beverages made available 

during the school day. Local policies were established 

by the start of the 2006–07 school year; they continue 

to evolve to improve the health of our nation’s youth.

Other programs of interest that are ailiated with 

and/or similar to the NSLP include the School Break-

fast Program (established 1966), the After-School 

Snack Program (established 1998), the Summer Food 

Service Program for Children (established 1968), and 

the Homeless Children Nutrition Program (estab-

lished 1994). hese programs were established with 

the same student eligibility requirements as the NSLP, 

and they provide nutritious foods to children under 

the age of 18 and to the mentally and physically hand-

icapped over the age of 18. 

SEE ALSO: Federal Initiatives to Prevent Obesity; Food 

Stamp Nutrition Education Program; Governmental Policy 

and Obesity; Healthy People 2010.
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Self-Esteem and  

Children’s Weight

A CLOSE RELATIONSHIP has been documented be-

tween weight and self-worth or self-esteem in child-

hood and adolescence, although the exact relationship 

is still unclear. Drive for thinness and societal pres-

sure to achieve the ideal but unrealistic body size have 

reportedly been extended to children as young as 8 

years old. Such pressures have caused anxiety regard-

ing body weight in children and adolescents and may 

inluence them to base self-worth on their weight, 

which may have signiicant social and emotional con-

sequences. Factors such as weight that inluence self-

esteem have been found to be critical contributors to 

a child’s all around development. 

High self-esteem may be an indicator of out-

comes like occupational success, social relationships, 

well-being, positive perceptions by peers, academic 

achievement, and improved coping skills. Converse-

ly, low self-esteem is associated with elevated levels 

of loneliness, sadness, nervousness, and increased 

likelihood of initiating in high-risk behaviors such as 

smoking, sexual promiscuity, and alcohol consump-

tion. With the rapid increase in childhood obesity, it 

is especially important to understand the psychoso-

cial efects of weight on children. Many overweight 

children and adolescents are believed to be at particu-

larly high risk for developing lower self-esteem and 

consequently the associated developmental risks. 

ARE OBESE CHILDREN AT HIGHER RISK FOR 

LOW SELF-ESTEEM?

Findings regarding the association between the pres-

ence of childhood obesity and decreased levels of 

self-esteem vary between studies. he relationship 

between weight and self-esteem is most consistently 

reported when body esteem or body image are specif-

ically measured as the primary aspect of self-esteem. 

Many professionals contend that weight additionally 

afects overall self-esteem as children with lower body 

image generally report lower global self-esteem. he 

causality of the relationship between weight and self-

esteem also remains undetermined. 

Negative attitudes toward overweight children 

begin young. These social pressures to be thin and 

high levels of peer teasing and rejection that can 
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accompany obesity may lower self-evaluation put-

ting overweight children at a higher risk for devel-

oping significantly low levels of self-esteem. Other 

factors associated with obesity, such as decreased 

levels of physical activity, increased levels of de-

pression, or poorer home environments may also 

be responsible for lower self-esteem levels in over-

weight/obese children and adolescents. 

DIFFERENCES BY DEMOGRAPHIC VARIABLES

It is becoming more apparent that the relationship 

between self-esteem and obesity depends in part on 

children’s age. It is not known at what age self-es-

teem and overweight/obesity become related but the 

overall self-esteem of overweight children may de-

crease from childhood to early adolescence. Reviews 

of studies like that by Richard Strauss and colleagues 

have found that, while there is a clear and measur-

able inverse relationship between self-esteem and 

overweight or obesity in adolescents (13–14), studies 

of younger children (9–10) have been less consistent. 

his may support beliefs that early adolescence is a 

critical period for the formation of self-worth and es-

teem in obese children. 

he association between children’s self-esteem and 

weight is also likely to be inluenced by ethnicity. here 

appears to be diferences in self-esteem between all 

black and white children of any weight, with white 

children’s levels dropping in adolescences, but black’s 

remaining stable throughout adolescence. Biro and 

colleagues found interactions between race and body 

mass index (BMI) on global self-esteem in that self-es-

teem was afected more negatively by increases in BMI 

in white versus black adolescents. It has also been sug-

gested that black girls who perceived themselves to be 

overweight were less likely to have lower self-esteem 

than white girls who perceived themselves as over-

weight, with diferences attributed to greater satisfac-

tion in physical appearance. Additionally, some have 

suggested that Hispanic girls demonstrated similar 

weight-based changes in self-esteem as white children. 

his is consistent with negative weight perceptions, 

and dieting behaviors similar in both groups.

here also appears to be variance between genders 

in relationship of weight to self-esteem, which may 

be explained by gender diferences in weight identity. 

Weight perception and concerns have been shown 

to vary by gender as girls are more likely to perceive 

themselves as overweight, to report more body dis-

satisfaction, and to be concerned about their weight 

than boys. In the general population, diferences be-

tween genders in self-esteem emerge in early adoles-

cence, with girls reporting lower general self-esteem 

than boys; Allen C. Israel and colleagues found the 

same to be true in overweight teens. Nevertheless, 

many have suggested that obese adolescent boys still 

may demonstrate mildly decreased levels of self-es-

teem compared to their normal-weight peers.

While there does appear to be clear variance across 

demographics, many have caution against making 

generalizations that all obese children of certain de-

mographics have low self-esteem as not all obese chil-

dren are afected, although reasons for their resilience 

are unclear. Moreover, in addition to demographic 

variables, other factors such as positive family or so-

cial interactions may mitigate the negative psychoso-

cial afects of obesity.

WEIGHT, SELF-ESTEEM, AND TREATMENT

With such important developmental factors at risk, 

treatment has been at the forefront of obesity research. 

Findings from multiple studies have demonstrated that 

weight-loss treatment programs that focus on improv-

ing physical activity and dietary behaviors appear to 

also indirectly improve children’s self-esteem. Such 

indings support the contention that obesity may play 

a role in the development of psychopathology and that 

early weight treatment could prevent psychopathology. 

While weight appears to play an important causal 

role in the development of decreased self-esteem in 

overweight children, some still contend that the re-

lationship between the two may be transactional. 

Huang and colleagues found that adolescents who 

lost or maintained their weight over the yearlong 

study period demonstrated lower baseline body im-

age and self-esteem scores than those who went on to 

gain weight, suggesting that personal eforts to man-

age weight may be initially driven by body dissatis-

faction. As such, experts are also exploring treatment 

programs including self-esteem building as a means 

for weight management. 

SELF-ESTEEM AND NORMAL-WEIGHT CHILDREN

While there appears to be a deinite association be-

tween weight and self-esteem for most overweight 

children, increasingly, there is a prevalence of body 
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dissatisfaction and weight-loss behaviors that are in-

appropriate for normal-weight children. Children are 

taught from early on that society values a slender body. 

More and more, children with an appropriate body 

weight are reporting dissatisfaction with their bodies 

and weight and engaging in attempts to lose weight, 

which many view as a factor of poor self-esteem and 

self-image. Pinheiro and colleagues found that children 

with appropriate weight but with lower self-esteem had 

twice the chance of feeling fat, when compared with 

normal-weight children with higher self-esteem. his 

relationship is concerning because body dissatisfaction 

and weight concerns among prepubescent children are 

associated with eating disorder symptoms in adoles-

cence, particularly among young females.

Interventions aimed at improving self-esteem have 

been found to better body image and reduce un-

healthy weight-loss behaviors in normal-weight chil-

dren. O’Dea and colleagues found that an educational 

intervention signiicantly improved the body image of 

female participants while helping them to avoid the 

dieting and weight loss observed in a control group.

SUMMARY

While the prevalence, cause, and exact social and 

emotional consequences of decreased self-esteem 

in obese children remain undetermined, there ap-

pears to be a consequential relationship between the 

two. Moreover, this relationship may signiicantly 

inluence overall development. Indicated in recent 

studies, more focus should be placed on improving 

treatment and prevention interventions for weight-

related problems as a means of promoting healthy 

psychosocial development. 

SEE ALSO: Body Image; Self-Esteem and Obesity; Self- 

Esteem in Obese Women.
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Self-Esteem and Obesity

MANY OF THOSE who are overweight and obese suf-

fer with self-esteem issues because of their weight 

situation. Self-esteem is the experience that one is ap-

propriate to life and to the requirements of life, and 

the conidence one has in one’s ability to think and 

cope with the basic challenges of life. It is also the 

value, worth, and respect one pays oneself.

Self-concept, in contrast, is the overall attitude 

about oneself. Self-concept can be thought of as be-

ing on a continuum from positive to negative, or high 

to low. Do you like yourself? Are you a valuable per-

son? Are you satisied with the way you live your life? 

When faced with a challenge, are your thoughts posi-

tive or negative? Do you believe that you can meet 

the challenge or that you are not very good at doing 

things? If your beliefs and feelings about yourself are 

positive, you tend to have a high self-concept. Your 

personality is based, in part, on your self-concept. 

Individuals who are overweight and obese in West-

ern society deal with terrible stigmatization in many 
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aspects of interpersonal and social interaction. his 

stigmatization can, and does, result in internalization 

of the negative attitudes, feelings, and beliefs, thus ad-

versely afecting self-esteem and ultimately self-con-

cept. Not all overweight and obese individuals have 

poor self-esteem, however, and research continues 

into why some develop poor self-esteem and others 

do not. Some research suggests that low self-esteem 

leads to or promotes obesity, rather than obesity lead-

ing to and promoting low self-esteem. he current 

consensus is that each individual’s self-esteem issue is 

somewhat situational.

Obese and overweight individuals often internal-

ize the negative views and attitudes of others through 

numerous interactions and circumstances. Some of the 

more common ways that self-esteem has been negative-

ly afected in the overweight and obese are listed below.

PAST EXPERIENCES THAT ARE OBSTACLES TO 

GOOD SELF-ESTEEM

• Being told that you were not enough or were too 

much (not enough like the other normal kids, or 

too fat, too big, too stupid, to undisciplined, too 

unit).

• Being told your feelings were not acceptable or 

valid (feelings of good self-worth were unjustiied 

or invalid because of failure to comport with the 

cultural body ideal).

• Being ridiculed or humiliated for weight, size, or 

appearance.

• Having feelings or actions dismissed as unimport-

ant or of no value.

• Attempts at control through shame or guilt.

• Overprotection or obstruction of normal learning 

and experience, and increase on self-reliance.

• Lack of boundaries and rules, or contradictory 

and conlicting boundaries and rules.

• Encouragement to doubt self, doubt one’s own 

abilities, or one’s capabilities.

• Treating evident and obvious facts as unreal, thus 

shaking a sense of rationality and reality (mother 

ignores drunk father falling out of chair at table).

• Physical or sexual violence.

• Being told that you are sinful, bad, or unworthy.

hese boil down to inadequacy, shame, guilt, gen-

eralized or speciic sense of self-distrust, and general-

ized or speciic feeling of unworthiness. he internal-

ization of these circumstances and interactions can 

severely damage healthy self-esteem, but not all per-

sons who have encountered these circumstances have 

negatively afected self-esteem. 

Research has shown that some individuals are able 

to protect self-esteem by attributing negative com-

ments and views to causes other than obesity. When 

able to do so, many individuals will blame other types 

of discriminatory conduct such as gender, race, or 

religious prejudice. In such instances, the individual 

feels less to blame for the prejudice, and places the re-

sponsibility for the negative attitudes squarely on the 

shoulders of the biased person. 

In other instances, however, overweight and obese 

individuals are not able to ind external avenues of 

attribution for the negative behavior or comments, 

and are forced either directly or indirectly, correctly 

or incorrectly, to conclude that the negative reac-

tion is based on the individual’s weight. In these 

cases, most individuals then place the responsibility 

for the negative views on their own shoulders be-

cause they do not comport with the prevailing thin 

body ideal. he negative views are internalized and 

self-esteem is damaged.

In a study that involved the efects of rejection 

of obese women by a male in a dating situation, the 

women in the study reasoned that when rejected by 

the man who was aware of their weight, that the weight 

was the major cause of the rejection. he rationaliza-

tion was fully legitimate to these women. hey felt that 

being overweight or obese made them less attractive 

and therefore less deserving of male attention. he 

reasoning extended further to reach the conclusion 

that their unattractiveness was a legitimate reason for 

the rejection. heir self-esteem issues both caused the 

perceptions and sufered from them.

he self-esteem of overweight and obese individu-

als has been adversely afected by the societal view 

that weight is a factor totally within the control of the 

individual, whereas gender or race is not. he stereo-

type that obese individuals are lazy, self-indulgent, 

and lacking self-discipline has created an atmosphere 

in which obese individuals are accountable for their 

weight and for the negative outcomes and conse-

quences that result from their weight situation. Re-

jection, then, is seen as justiiable and not prejudicial. 

Even the law, a relection of society’s beliefs and val-

ues, supports this attitude, with only one state ofer-

ing protection from weight discrimination.
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Society’s beliefs and values regarding thinness and 

beauty create externally contingent self-worth mecha-

nisms. People difer in what they believe they must do 

or be to have value or worth as a person. People may 

base their self-esteem on a wide variety of things, in-

cluding their appearance and acceptability to society 

based on appearance. Research has shown that those 

who base their self-esteem on external factors such as 

social acceptability and cultural compliance, are more 

at risk for negative efects from stigmatization. his 

same research showed that women who base their 

self-worth on their appearance have lower self-esteem 

when they feel they do not look good, and exhibit more 

symptoms of depression disordered eating.

Conversely, men who based their self-worth on 

appearance showed signiicantly fewer psychological 

issues than women who based their self-esteem and 

self-worth on the same factor. he cultural ideal for 

men is based less on physical appearance than on so-

cial interaction, success, and other factors. Women in 

this study rated themselves as being far from the cul-

tural ideal set for a woman, yet men rated themselves 

as meeting or exceeding the cultural ideal for men. 

In a subsequent study, these same researchers found 

that the more women based their self-esteem on ap-

pearance, the higher they scored on body shame, body 

dissatisfaction, or strive for thinness. 

An additional factor identiied in the research is 

“all or nothing” thinking, or the “ego gap.” Anyone 

who has worked with the overweight and obese can 

relate stories of patients stating, “I was born this way, 

this is not my fault, and others are prejudiced and 

wrong,” or, “I am fat and worthless, therefore I de-

serve whatever rotten things happen to me.” It is an 

“all or nothing” approach to thinking. Either there is 

no personal responsibility or there is total personal 

responsibility. Information that is inconsistent with 

the self-perception is either denied or it is internal-

ized to a crippling degree.

he limits of this binary thinking present costs and 

damages for the individual in any circumstance. Feel-

ings of worthlessness and lack of value as a human 

being create terrible psychological costs for the in-

dividual. Relationships, goals, dreams, vocation, and 

other aspects of the individual’s life are also adversely 

afected. In fact, the ripple efect extends to afect the 

lives and self-esteem of others as well. he costs to the 

individual and others become exponential. 

hose individuals who blame others rather than 

him-/herself also create personal and public costs. 

Self-esteem may be protected, but the blame and 

accusation make others feel defensive and reactive. 

Conlict, separation, and isolation can result, detri-

mentally afecting both the individual and others in a 

variety of ways. Either form of “all or nothing” think-

ing causes disconnection, a blurring of reality, inef-

fective coping, an inability to deal with the real issues, 

and an inability to accept the faulted and lawed na-

ture of humanity. In many instances, “all or nothing” 

thinking can result in the development of pseudo self-

esteem as a societal coping mechanism.

Pseudo-self-esteem is the illusion of self-eicacy 

(belief in one’s ability to perform in a speciic situa-

tion), and self-respect without the reality. It is a pro-

tective device to reduce anxiety and provide a false 

sense of security. It allows one to feel better about 

oneself while avoiding dealing with the real causes of 

the low self-esteem.

Instead of seeking good self-esteem through con-

sciousness, responsibility, and integrity, individuals 

may falsely seek it through popularity, prestige, mate-

rial acquisitions, or sexual exploits. Instead of valuing 

personal authenticity, they may value belonging to the 
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right clubs or keeping up with the Joneses. Instead of 

meeting their own needs and thinking independently, 

they may simply practice blind loyalty to a particular 

group or system. hey may try and make themselves 

feel like good people by rationalizing that they must 

be good people because they do good things (philan-

thropy). Instead of being in personal control and hav-

ing personal conidence, they may seek the power of 

manipulating or controlling others. 

he key to healthy self-esteem is becoming aware 

of one’s personal strengths and accepting oneself as a 

worthy person despite any real weaknesses that may 

exist. his also means learning that low self-esteem 

is partly self-imposed, regardless of original causes. 

A person maintains his or her own low self-esteem 

by misperceiving his or her basic worth relative to 

others. his is because the more he or she criticizes 

himself or herself, the worse he or she feels. Finding 

fault with everything around an individual is no more 

helpful than inding constant fault within, except in 

providing a bit of immediate relief. he good news 

is that individuals can change how they view them-

selves—without changing their basic personalities. 

hey can also spend more time doing useful things 

and less time sitting around thinking about them-

selves. his builds self-esteem.

Talking to other people can help the obese or over-

weight individuals see that they are not the only ones 

with problems. his means focusing on others, not 

dwelling on oneself, a good diversion. Support groups 

are an excellent forum for this type of activity. Every-

one has something they do not like about themselves 

or that they feel bad about no matter how hard it may 

be to see it in them. So, there is nothing unique about 

obese or overweight individuals in this regard; hence, 

they have every right to be as happy as anyone else. 

Helping others and being a good listener is one way 

to develop a sense of being good at something and a 

greater sense of self-worth. Listening and being nice 

to others is one of the easiest things to change about 

oneself, something everyone can do, and it is one of 

the best ways to starting to feel better about oneself. 

he key point is to do things that get in the way of 

dwelling on the self. Remaining busy gets one out of 

“self” mode, especially if what one is doing gives one a 

sense of achievement. 

Each of us is the ultimate creator of our own self-

concept. People with good self-concepts are happier 

and more likable, have better relationships, and are 

more productive. Real self-esteem, a major component 

of self-concept is based on efectively dealing with is-

sues faced by the individual, personal achievement, 

and contributions to relationships, causes, and the 

world. he solution to low self-esteem issues may be to 

concentrate on something larger than the self. “Larger” 

in this context has nothing to do with weight.

SEE ALSO: Anxiety; Appearance; Body Image; Depression; 

Fat Acceptance; Loneliness; Obesity and the Media; Quality 

of Life; Self-Esteem in Obese Women; Stereotypes and Obe-

sity; Weight Discrimination.
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Self-Esteem in Obese Women

IN A SOCIETY in which appearance is valued and being 

thin is gloriied, women experience a great deal of pres-

sure regarding their appearance, shape, and weight. 

Beginning in adolescence, women have been found 

to be more concerned with their body weight and ap-

pearance than men, and researchers have found that 

women are more concerned with eating, weight, ap-
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pearance, and have lower appearance self-esteem than 

men at all ages. Many posit that this pressure must be 

felt to a greater extent by women who are overweight, 

and it has been suggested that the self-esteem of over-

weight and especially obese women sufer accordingly. 

he widespread stigmatization experienced by obese 

individuals in general and obese women in particular 

further corroborate the assumption that being obese 

takes a toll on the self-concept of women. However, 

indings on the levels of self-esteem in obese women 

are mixed, and research suggests that the relationship 

between obesity and self-esteem in women is more 

complicated than many assume. 

It appears that from an early age, overweight and 

obese women are subjected to increased degrada-

tion and stigmatization, and some suggest that these 

early experiences may lay the groundwork for lower 

levels of self-esteem later in life. A study conducted 

by Neumark-Sztainer and colleagues found that in a 

population of overweight adolescent girls, the majori-

ty reported ofensive comments and diferential treat-

ment/rejection as a result of being overweight. 

Such comments included weight-related teasing, 

joking, and name-calling which most girls report-

ed began in elementary school and continued into 

middle school. hese comments were reported to be 

made by family members, peers, and strangers and 

occurred most commonly at school and home. Teas-

ing has been found to predict low body satisfaction, 

increased depressive symptoms, suicidal ideation and 

attempts, and low self-esteem in both boys and girls. 

Girls, however, who researchers believe experience 

greater pressure in regard to appearance, have been 

found to express the most distress from weight and 

appearance related teasing. 

In addition, a study conducted by Pearce et al. found 

that compared to normal-weight girls, obese girls re-

port more experiences of relational victimization, 

which is victimization using interpersonal connections 

which often results in social marginalization such as 

exclusion from social events. hese indings suggest 

that obese girls may be subjected both to overt victim-

ization, such as teasing, and to more subtle victimiza-

tion, such as exclusion, both of which can be damaging 

to the self-concept and self-esteem of an adolescent. 

A research study on adult obese women found 

that women who reported greater frequency of being 

teased about their weight and shape in their youth had 

a more negative evaluation of their appearance and a 

greater degree of body dissatisfaction as an adult. In-

terestingly, this study found that low self-esteem was 

related to poor body image but not to teasing history. 

Speciically, women with higher levels of self-esteem 

reported more positive evaluation of their appear-

ance, and women with lower levels of self-esteem had 

higher levels of body dissatisfaction. his study also 

reported that women who had been obese since child-

hood or adolescence reported more childhood teas-

ing about their appearance and weight/size, greater 

adulthood body dissatisfaction, and lower self-esteem 

than women who became obese as adults. 

While the relationship between self-esteem and 

obesity in women is complicated, this research sug-

gests that early-onset obesity, and the social costs that 

accompany it, place obese women at an increased risk 

of developing negative body image which may have 

a signiicant impact on self-esteem later in life. his 

inding can be connected to research on the harmful 

efects of childhood stigmatization and appearance 

and weight-related teasing, and it suggests that at a 

very early age, women are often evaluated by their 

weight and appearance. 

he overall efect of weight and appearance on wom-

en’s self-image and self-evaluation has been demon-

strated in a study conducted by Sarwer and colleagues 

on obese and nonobese women. his study found that 

obese women were more dissatisied with their body 

and overall appearance than nonobese women. In ad-

dition, compared to nonobese women, more obese 

women reported thinking about and being upset by 

their appearance as well as trying to conceal their ap-

pearance more than half of the days in the past month. 

Obese women also reported more intense embar-

rassment in social situations compared to nonobese 

women. Interestingly, the obese and normal-weight 

women did not difer in regard to measured levels of 

self-esteem. However, among obese women, high lev-

els of body dissatisfaction were associated with more 

depressive symptoms and lower levels of self-esteem. 

A similar but less signiicant relationship between 

high levels of body dissatisfaction, more depressive 

symptoms, and lower levels of self-esteem was also 

found among nonobese women; this highlights the 

appearance and weight related pressure felt by women 

in general, not just women who are overweight. Addi-

tionally, body image dissatisfaction did not vary based 
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on the subject’s height-to-weight ratio (body mass in-

dex [BMI]) in both the obese and nonobese women, 

suggesting that body image dissatisfaction may not 

be directly related to one’s weight. hus, according to 

these indings, being overweight may not be the single 

determiner of an individual’s level of body dissatisfac-

tion, a measure that some have identiied as having 

associations with levels of self-esteem. 

Stigmatization against obese individuals, especially 

obese women, has been widely documented in many 

settings. In addition, research has found that obese in-

dividuals often internalize this anti-fat bias. his was 

demonstrated in a study by Latner et al. in which obese 

and nonobese individuals, when shown pictures of in-

dividuals with various physical disabilities and asked 

to rank them in order of preference, gave the obese 

person the second lowest rank regardless of their own 

weight. Because obese women are stigmatized to an 

even greater extent than obese men, some suggested 

that women might also internalize this stigmatization 

to a greater extent and hypothesized about the adverse 

efects this might have on their self-esteem. 

A study by Puhl et al. found that 30 percent of 

overweight women reported that stereotypes about 

overweight and obese people were sometimes true 

and 7 percent reported that they were true. Inter-

estingly, individuals who believed stereotypes to be 

true, sometimes true, or false had no diferences in 

measures of self-esteem, depression, or diagnosis of 

binge-eating disorder. hese indings emphasize the 

complexity of the relationship between obesity and 

self-esteem in women and caution against making as-

sumptions based on indings from other research. 

In a study conducted by Crocker et al., normal-

weight and overweight college women were given 

feedback on whether an attractive man, who they 

knew was aware of their height and weight, was in-

terested in dating them. Crocker and colleagues con-

ducted an initial assessment of self-esteem prior to 

study participation and found that overweight wom-

en had lower levels of self-esteem speciically related 

to their appearance than women of normal weight. 

In addition, results showed that overweight women 

who were told the attractive man was not interested 

in dating them tended to attribute this response to 

their weight. However, these women did not report 

that the man was discriminating against them be-

cause of their weight. his suggests that while these 

overweight women blamed the overweight stigma for 

this negative judgment, they did not blame external 

circumstances such as prejudice for this outcome. 

his study also found that overweight women who 

were rejected reported increased negative emotion, 

hostility, and depression and decreased appearance self-

esteem compared to their normal-weight counterparts. 

In addition, overweight women reported more negative 

emotions the more they blamed their weight for their 

rejection. his study found diferences among obese 

and normal-weight women in levels of appearance self-

esteem but not overall self-esteem; however, these re-

searchers suggested that similar negative social interac-

tions may recur throughout an obese woman’s life and, 

in this way, take a toll on her self-esteem over time. 

A study conducted by Gidi Rubinstein on personal-

ity traits in overweight women found interesting results 

by dividing this group into nondieters and dieters. his 

study reported no diferences in self-esteem or person-

ality traits, deined as “the big ive” personality traits (i.e., 

neuroticism, extroversion, openness, agreeableness, and 

conscientiousness) between overweight dieting women 

and women of normal weight. However, overweight 

nondieting women were found to be more neurotic and 

less open, agreeable, conscientious, and extroverted as 

well as to have lower self-esteem than both the normal-

weight women and the dieting overweight women. 

hus, according to these results, being involved in 

a diet group is associated with higher levels of self-

esteem. his diference could potentially be explained 

by the experience of being a part of a group in general 

or by the motivation necessary on an individual level 

to join such a group. his study also found that the 

more conscientious, agreeable, and open a woman is, 

the more satisied she is with her weight. 

Additionally, more than half of all the women in this 

study endorsed having a slim ideal of feminine beau-

ty, one-third endorsed having a normal-weight ideal, 

and only one individual reported that her ideal is an 

overweight woman despite the fact that two-thirds of 

the subjects were overweight. his inding reinforces 

the pervading thin cultural standard of beauty which 

most likely has a strong impact on the self-concept 

of overweight women regardless of personality type. 

While further research needs to be done on this area, 

these indings provide an intriguing potential expla-

nation for the discrepancy in results of research on 

self-esteem in overweight women. 
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Although research on self-esteem in obese women 

does not report consistent indings, studies have iden-

tiied certain behaviors and beliefs, speciically binge 

eating and body image dissatisfaction, which tend to 

exist in obese women who have low self-esteem. Body 

image dissatisfaction, or body dislike and disparage-

ment, has been found to be more common in obese 

as compared to nonobese individuals. Within obese 

populations, body image dissatisfaction has also been 

found to be more common among women. 

In addition, research has identiied a relationship 

between self-esteem and body image dissatisfaction in 

overweight populations. A study conducted by Matz 

and colleagues on overweight and obese women seek-

ing weight-loss treatment found an association between 

lower self-esteem and body image dissatisfaction. How-

ever, this study did not ind as association between BMI 

and body image dissatisfaction. hus, self-esteem is an 

important factor to examine because research suggests 

that it may be able to explain the variety of results found 

regarding the psychosocial efects obesity had been found 

to have on the individual and speciically on women.

Current research has not come to a consensus re-

garding whether self-esteem difers in obese women 

as compared to normal-weight women and/or obese 

men. However, some research suggests that self-es-

teem in obese women may still be an important fac-

tor to study because it may be indicative of speciic 

psychosocial efects of obesity. 

SEE ALSO: Self-Esteem and Children’s Weight; Self-Esteem 

and Obesity; Obese Women and Social Stigmatization. 
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Sensory-Specific Satiety

SENSORY-SPECIFIC SATIETY (SSS) occurs when a 

particular food is eaten to the point where there is a 

decrease in satiety and pleasure. Satiety takes place 

when hunger is satisied and a pleasant feeling of full-

ness is present. Satiety is a signal to stop eating as 

lavor fatigue manifests and the senses are no longer 

aroused to the stimulus of a particular food.

SSS is subjective and does not appear to be de-

pendent upon the type of food or its macronutrient 

composition (carbohydrate, protein, fat). Some foods 

may be more satiating than others, depending on an 

individual’s preferences. SSS is not characteristic to a 

particular age group or gender. As SSS is subjective, 

it is unique to the individual’s trigger as to when the 

hedonistic quality of taste diminishes. he sensory 

sensation of food involves its taste, smell, texture, and 

appearance. hese factors may contribute to a food’s 

overall appeal. he sensory stimulus may increase in-

take as the desire to experience various sensations in-

creases. he irst bite of a food may be the best as the 

taste buds are excited in anticipation of pleasure. he 

taste of a food may decline after subsequent bites. 

Internal cues such as hunger are appropriate and 

are a signal to nourish the body. External cues such as 

surroundings, food availability, time of day, and sight 

of food may increase and become inappropriate when 

determining food consumption due to eating for the 

pleasure instead of the necessity for nourishment. An 

appetizing smell of food may entice a person as an 

external cue but that same odor for ive minutes will 

decrease the pleasantness of a food. SSS may occur 

within two minutes of eating one food, thus creating 

a change in palatability which may lead to switching to 

a diferent food. he two-minute time limitation has 

little to do with digestion and absorption and is there-

fore speciic to SSS. 
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A bufet may excite all senses, creating a desire to ex-

perience the pleasure of consuming a variety of food. It is 

theorized that sensory perceptions may promote over-

eating, thus playing a role in obesity. Research has shown 

an increase in consumption when a variety of food is pre-

sented. It is unclear about the actual amount needed to 

be ingested for SSS to occur. Other external cues may be 

present, leading SSS to be prolonged or ignored, but the 

pleasantness of taste appears to be a regulating compo-

nent. Foods of similar tastes and textures may promote 

SSS to occur sooner, thereby decreasing consumption 

and calorie intake. It is theorized that foods with a weak 

taste may produce weaker SSS, thereby increasing intake 

to reach satiety. Studies have theorized that after a sweet 

meal, the desire for more sweet declines. he same has 

been demonstrated for a savory meal. his may be the 

determinant to switch to another food.

SSS may play a role in food choices and eating ces-

sation although there have been no conclusive human 

studies regarding a possible connection to obesity and 

SSS. here is no evidence that there is a diference be-

tween a nonobese and obese individual in regard to SSS. 

here may be a hunger component as more food may be 

required to satisfy an obese person. A diet high in modi-

ied foods and variety may have an inluence on obesity. 

Research is ongoing as to a possible connection be-

tween SSS and obesity. here are many factors beyond 

SSS that may contribute to overweight and obesity.

SEE ALSO: Appetite Signals; Flavor: Taste and Smell;  

Olfactory System; Variety of Foods and Obesity. 
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Serotonergic Medications

SEROTONIN, OR 5-Hyrdoxytryptamine, 5-HT, is a 

neurotransmitter synthesized by serotonergic neurons 

in the central nervous system (brain). It is believed to 

play an important role in a number of biological pro-

cesses, including body temperature regulation, mood, 

aggression, sexuality, and appetite. It is sometimes re-

ferred to as the “food and mood” chemical. Low levels of 

serotonin are symptomatic of a number of psychological 

conditions, including depression and anxiety disorders. 

Several obesity medications work by increasing levels 

of serotonin, as this been shown to reduce appetite and 

food intake. Several classes of serotonergic medica-

tions are available for diferent indications. Selective 

serotonin reuptake inhibitors are widely used for the 

treatment of depression. Serotonin 5HT1b/1d agonists 

are used for the treatment of migraine. Serotonin reup-

take inhibitors with additional activities (fenluramine 

and sibutramine) are efective for weight loss.

Fenluramine is a mixture of two chiral isomers, while 

dexfenluramine is one of the two isomers. Fenluramine 

and dexfenluramine are the irst serotonergic agents 

used for weight loss. Fenluramine and its metabolite 

norfenluramine have multiple biological activities, in-

cluding serotonin transporter inhibitor, 5HT releaser, 

and agonist at several serotonin receptors. Fenluramine 

has also been used in combination with phentermine 

in an of-label fashion. Although fenluramine is an ef-

fective weight loss agent, its long-term use is associated 

with the development of valvular heart disease. his se-

rious side efect led to the withdrawal of both fenlura-

mine and dexfenluramine worldwide in 1997.

Fluoxetine is the irst selective serotonin reuptake 

inhibitor (SSRI) and it is indicated for the treatment of 

depression. Early clinical studies indicated that short-

term use of luoxetine or other SSRIs is associated 

with modest weight loss. However, long-term studies 

showed that the weight loss is transient, and in some 

cases, long-term weight gain has been observed.

Sibutramine is the only serotonergic agent cur-

rently approved for the treatment of obesity. It is a 

serotonin and norepinephrine transporter inhibitor, 

along with weak activity at the dopamine transport-

er. Sibutramine reduces appetite and body weight. 

Weight loss has been demonstrated in clinical trials 

lasting two years. Unlike fenluramine, sibutramine 

has not been associated with valvular heart disease. 

While sibutramine at the therapeutic doses is well tol-

erated, increase in blood pressure has been observed 

in some patients. Regular monitoring of blood pres-

sure is required when prescribing sibutramine.
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SEE ALSO: G-Protein Coupled Receptor; Sibutramine 

(Meridia).
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Set or Settling Point

SETPOINT IS A term derived from engineering, used 

to describe a switching point between systems designed 

to increase or decrease the level of a controlled variable. 

One example is the setpoint for water level in a reservoir. 

If the water level rises above the setpoint, an increasing 

amount of water will be discharged into the outlow. he 

inlow of water from points upstream might also be re-

duced. If the water level falls below the optimum level, 

then the outlow will be reduced in the inlow increased. 

A setpoint mechanism does not imply full control over a 

variable, but only a regulated ongoing inluence.  

Body weight setpoint is thought to operate in a 

similar manner, with body fat stores as the controlled 

variable. In the past, the theory of a body weight set-

point was controversial. Some authors misinterpreted 

the term “setpoint” to mean that body weight was un-

changeable, which is clearly not the case. he primary 

critique of setpoint theory was it required a signal to 

pass from the adipose tissue to the hypothalamus, and 

no such signal was known. 

his criticism vanished abruptly with the discovery 

of the hormone leptin. Leptin levels are directly propor-

tion to fat mass, and suicient levels of leptin trigger 

decreased input and increased output of stored energy. 

Falls in leptin levels trigger the opposite efects. Leptin 

acts as a brake on changes in body fat stores in both the 

upward and downward direction, precisely the behav-

ior expected of a setpoint process.

Increases in body fat stores trigger several changes that 

oppose the further accumulation of lipids. (1) Fat storage 

is an energy requiring process, so some excess calories 

are consumed transporting and esterifying fatty acids 

into adipocyte triglyceride droplets. (2) he synthesis of 

lipids from excess carbohydrates and proteins requires 

considerable energy, as does the synthesis of the glycerol 

backbone. (3) Increases in body weight raise the ener-

getic cost of physical activity. (4) Adipose tissue requires 

a small amount of energy for maintenance, although 

far less than muscle or other active tissues. (5) Mainly 

through the inluence of leptin, increases in active thy-

roid hormone and catecholamines raise metabolic rate 

and increase expression of uncoupling proteins, which 

increase the generation of heat in competition with en-

ergy storage. (6) Most importantly, appetite is suppressed 

through leptin and other circulating mediators.

Decreases in fat stores trigger the opposite changes. 

Basal metabolic rate can decline signiicantly during se-

vere caloric restriction, particularly if there has been loss 

of lean metabolically active tissue in addition to body fat 

loss. In countless studies in humans and animals, weight 

loss has been shown to decelerate over time, with rapid 

initial losses of body weight slowing to a lower long term 

rate. Part of the rapid phase is due to luid loss, especially 

the loss of water associated with glycogen, but a major 

portion of the decline in weight loss over time relects 

body weight setpoint mechanisms.

SEE ALSO: Assessment of Obesity and Health Risks; Weight 

Cycling and Yo-Yo Dieting. 
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Sexual Abuse and Eating Disorders

WHILE SOME RESEARCH suggests a link between hav-

ing a history of sexual abuse and developing an eating 

disorder, the nature and strength of this association 

is not yet known. For example, some believe sexual 
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abuse is a risk factor of eating disorders, while others 

assert that sexual abuse is a risk factor of general psy-

chopathology. he role that sexual abuse plays in the 

development of eating disorders is complicated and 

a casual link cannot be established; however, various 

results of research on this topic are discussed. 

he prevalence of reported sexual abuse in individu-

als with eating disorders varies widely. Sexual abuse is a 

diicult subject of study because traumatic experiences 

such as sexual abuse are often unreported. According 

to a review of the literature on sexual abuse and eating 

disorders conducted by Connors and Morse, roughly 

30 percent of eating disorder patients report having 

experienced sexual abuse as a child. However, conclu-

sions regarding the relationship between sexual abuse 

and eating disorders are diicult to determine because 

of the variability in indings of the prevalence of such a 

history in noneating disorder populations. 

Some research reports similar indings of sexual 

abuse in the overall population compared to that found 

by Connors and Morse, while other research reports 

smaller indings. Preti and colleagues took an interest-

ing approach to researching this topic and examined 

the sexual abuse history and eating disorder symptoms 

in a community sample of women aged 18–30. hey 

found that the 20 percent of women who reported 

having experienced sexual abuse were also more likely 

to report symptoms of eating disorders compared to 

those who did not endorse experiencing such abuse. 

hey also found that women who were sexually abused 

before age 12 were more likely to endorse eating disor-

der symptoms. While this speciic study looked at eat-

ing disorder symptoms as opposed to eating disorder 

diagnosis, these indings are valuable considering the 

relationship between disordered eating habits and the 

development of an eating disorder. 

Recent research suggests a relationship between 

purging behaviors, such as vomiting, and a history 

of sexual abuse. Speciically, Gerko et al. conducted a 

study on women diagnosed with restrictive subtype 

anorexia nervosa, bulimia nervosa, and binge-eating 

disorder and found that overall almost 30 percent of 

these women reported a history of childhood sexual 

abuse. History of sexual abuse, however, varied based 

on eating disorder diagnosis. Speciically, out of the 

women who did not engage in purging behaviors, that 

is, those who were diagnosed with restricting type 

anorexia or binge-eating disorder, about 17 percent 

reported childhood sexual abuse. However, 34 per-

cent of women who engaged in any purging behavior, 

which included vomiting and laxative and diuretic 

use, endorsed sufering sexual abuse as a child. 

Treuer et al. reported similar indings in their study 

of abuse in individuals diagnosed with anorexia or bu-

limia. hey found that 29 percent of individuals diag-

nosed with anorexia or bulimia had a history of sexual 

abuse, with the most individuals having a diagnosis of 

anorexia, binge/purge subtype (38 percent). Interest-

ingly, in contrast with Gerko’s indings, Treuer and col-

leagues reported higher rates of sexual abuse in indi-

viduals with anorexia, restrictive subtype compared to 

individuals diagnosed with bulimia. Carter et al. found 

that 48 percent of individuals diagnosed with anorexia 

reported a history of childhood sexual abuse. Of these 

individuals, 65 percent were diagnosed with binge/

purge subtype anorexia, whereas only 37 percent were 

diagnosed with restricting subtype anorexia. 

hese studies suggest that childhood sexual abuse 

may be related to bulimic symptoms (i.e., purging 

behavior); it is possible that sexual abuse may guide 

eating disorder symptoms, which can originate from 

a variety of causes, toward bulimic behaviors, as op-

posed to being the direct cause of such behaviors. 

Some research proposes impulsivity as an explana-

tion for the relationship between sexual abuse and eat-

ing disorder pathology, speciically bulimic behaviors. 

Impulsive behaviors, which include bulimic behaviors, 

alcohol or drug abuse, suicide attempts, self-mutila-

tion, and sexual disinhibition, can be classiied as acts 

that are associated with overwhelming urges to com-

mit the behavior, mounting tension upon attempts to 

resist engaging in the behavior, and relief after per-

forming/engaging in the behavior. Some believe that 

these impulsive behaviors help the individual escape 

awareness, and numerous studies have identiied a 

connection between trauma and impulsive behaviors. 

Corstorphine and colleagues examined the trauma 

history and impulsive behaviors of individuals diag-

nosed with an eating disorder and found that sexual 

abuse was reported by about 38 percent of individuals 

with eating disorders. he highest proportion of these 

individuals was diagnosed with anorexia binge/purge 

subtype and the lowest proportion was diagnosed with 

anorexia restrictive subtype. Reported sexual abuse was 

also associated with multiimpulsivity which was deined 

as bulimic behaviors and at least two other impulsive 
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behaviors as deined above. More research needs to be 

done to determine whether bulimic behaviors are a part 

of a class of impulsive responses to traumatic events. 

While research on the relationship between sexual 

abuse and eating disorders tends to focus less on binge 

eating disorder, possibly because it is not yet classiied 

as an eating disorder in the Diagnostic and Statistical 

Manual of Mental Disorders, studies on the sexual abuse 

history of obese individuals have revealed interesting 

indings. A study conducted by Fairburn et al. found 

that sexual abuse was reported in about 29 percent of 

women diagnosed with binge-eating disorder, 35 per-

cent of women diagnosed with bulimia, and 26 percent 

of psychiatric controls (individuals diagnosed with a 

psychiatric disorder aside from an eating disorder). 

hese indings all difered signiicantly from the 11 

percent of healthy, nonobese controls who endorsed a 

history of sexual abuse. However, Grilo and colleagues 

found that 32 percent of very obese male and female 

candidates for bariatric surgery reported experienc-

ing sexual abuse but did not uncover any diferences 

between individuals with and without binge-eating 

disorder. Further research needs to be conducted on 

the prevalence of sexual abuse in individuals with 

binge-eating disorder. 

SEE ALSO: Anorexia Nervosa; Binge Eating; Bulimia Nervosa.
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Sexual Health

OBESITY CAN IMPACT a person’s sexual health as ear-

ly as puberty. here have been strong correlations be-

tween the timing of sexual maturation and a person’s 

body weight, body mass index (BMI), and skin fold 

thickness. he most common sexual health complaint 

among obese women is polycystic ovary syndrome 

(PCOS). he severity of the syndrome and the severi-

ty of obesity are often directly correlated. Obesity also 

impacts pregnancy and infertility. Obesity also has an 

impact of sexual function and dysfunction with obese 

men reporting more cases of erectile dysfunction 

(ED) than nonobese men. A major comorbidity that is 

listed along with obesity is cancer, especially cancers 

of the sexual organs.

Girls who experience early sexual maturation are 

twice as likely to be overweight and obese than girls 

who experience sexual maturation at the average age. 

However, the opposite was found in boys. Boys who 

reach sexual maturation early are less likely to be 

obese. he evidence that links fatness and maturation 

in girls does not conirm that obesity causes early sex-

ual maturation. here are several theories that propose 
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a mechanism of interaction. One of the earlier theo-

ries looks at the idea of allocation of energy. In women 

especially, reproduction is very energy expensive. As 

such, a woman will not reach sexual maturation until 

her body stores enough energy to maintain a pregnan-

cy. Because overweight and obese females have more 

stored energy, they reach menarche sooner. 

Another theory examines the close relationship 

between adipose tissue and hormones. Hormones 

that afect a woman’s ovulation cycle, such as es-

trogen, tend to be higher in obese females. As such, 

these females experience premature menarche. he 

relationship may also be bidirectional. Women often 

experience weight gain once they have reached sexual 

maturation. As such, an individual may not be obese 

until after reaching sexual maturation; however, the 

timing of events may not be well known. here are 

few theories regarding males and sexual maturation.

Obesity is also strongly correlated to PCOS. he 

most common complaints associated with PCOS are 

hyperandrogenism and menstrual irregularities. It is 

also a leading cause of infertility and will afect 4 to 7 

percent of women. he severity of PCOS is proportion-

ate to the severity of obesity. Increased abdominal adi-

posity is more strongly related to PCOS. he relation 

between PCOS and obesity is thought to be a result of 

poor regulation of hormones. An increase in adipose 

tissue causes changes in insulin, estrogen, iodothyrins, 

and growth hormone, which all regulate sex hormone-

binding protein (SHBG). Signiicantly lower SHBG 

plasma levels and worse hyperandrogemia are a main 

characteristic of obese women with PCOS. 

Women with PCOS are characterized by a high 

prevalence of several metabolic abnormalities that 

are strongly inluenced by the presence of obesity. 

Weight loss has been reported to be increasingly dif-

icult among women with PCOS. However, weight 

loss induces signiicant beneits on hyperandrogen-

ism and the severity of PCOS. Weight loss is a simple, 

cost-efective, and safe way of treating the symptoms 

and is highly recommended for women with PCOS.

Obesity impacts pregnancy and infertility. here 

is a signiicant amount of evidence concluding that 

obesity is a major risk factor in adverse pregnancy 

outcomes, including infertility and miscarriages. 

Obese women have reported increase diiculty con-

ceiving. his may be a result of the disease burden or 

hormone irregularities.

In addition, obese women and those with metabol-

ic syndrome are more likely to be diagnosed with ges-

tational diabetes, which can lead to poor pregnancy 

outcomes. It is important for women with gestational 

diabetes to seek medical attention and treat the con-

dition. In addition, overweight and obese women are 

at higher risk for preeclampsia, gestational hyperten-

sion, preterm birth, cesarean section, and macroso-

mia. However, obese women should still follow the 

recommended weight gain to avoid further compli-

cations. A high BMI has also been correlated to low 

semen quality in men and increased diiculty in in-

seminating their partner.

Obesity plays a role in many aspects of sexual 

health. In men, there is a strong correlation be-

tween obesity and ED. ED is defined as three 

months of consistent, recurrent inability of a man 

to attain and/or maintain penile erection sufficient 

for sexual activity. It can be either organic or psy-

chogenic. While the causes of this are not known, 

it is thought that the effects obesity has on ED may 

be a result of the increase in vascular risk factors. 

While obesity itself does not cause sexual dysfunc-

tion, the impact that it has on the heart and vascu-

lar system will result in ED.

Female sexual dysfunction, FSD, is deined as a 

persistent or recurrent disorder of sexual interest, 

desire, disorders of subjective and genital arousal, or-

gasmic disorders, pain, and diiculty with attempted 

or incomplete sex. here is little evidence that there 

is an association between obesity and sexual dys-

function in women. In cases where it occurs, it is 

more likely to be psychogenic than organic. Many 

obese women report poor body image which can re-

sult in FSD.

Cancer is often listed as a comorbidity of obesity. It 

appears that the majority of cancers associated with 

obesity are hormone-mediated cancers that afect 

reproductive organs. his includes breast, prostrate, 

and endometrial cancers.

SEE ALSO: Hormones; Obesity and Cancer.
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Shape Up America!

SHAPE UP AMERICA! is a national educational ini-

tiative established in 1994, by former Surgeon Gen-

eral C. Everett Koop, MD, to ight obesity. his 501(c) 

nonproit corporation views obesity as a major public 

health problem. Shape Up America! is determined, 

according to the mission statement, to increase the 

public’s awareness of the importance of achieving and 

maintaining healthy body weight through increased 

physical activity and healthy eating. 

Shape Up America! has four main educational 

objectives.

• he irst goal involves increasing the American 

public’s understanding of healthy weight loss, 

maintaining the weight loss, and the importance of 

eating healthfully and increasing physical activity.  

• he second goal involves teaching the public 

healthy ways to reach an ideal body weight and 

how to avoid weight gain.

• he third goal involves stimulating continued coop-

eration among national community organizations 

to reinforce the Shape Up America! mission.

• he fourth goal involves inspiring healthcare 

professionals to take the role of irst-line com-

batants ighting obesity through education and 

treatment.

Shape Up America! has produced two publications 

that have been well-received by the public. he irst 

was published for physicians in October 1996, enti-

tled Guidance for the Treatment of Adult Obesity, a 

reference book to help physicians identify and treat 

adult obesity. he second was produced for the public 

in September 1997, entitled Healthy Weight, Healthy 

Living, which discusses the risks of obesity and en-

courages partnership with physicians.

Shape Up America! developed an interactive 

Web site in 1996. The site, www.shapeup.org, is 

an important vehicle for the promotion of healthy 

living. The Web site offers access to several “cen-

ters” that aid in achieving optimal weight and fit-

ness goals—the BMI center calculates body mass 

index; the Cyberkitchen assists with balancing food 

intake with activity level; and recipes and shopping 

lists are popular features. The Fitness Center assess 

current level of fitness, and the Support Center of-

fers information and encouragement to overcome 
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weight-loss obstacles. The Web site also offers 

treatment guidelines for professionals, dietary and 

activity tips for consumers, and press releases for 

the media. The Web site regularly features a news-

letter that discusses recent research and other rel-

evant topics. (Newsletter archives are available.)

he Shape Up America! Coalition is comprised 

of a group of 46 nonproit organizations that share a 

goal of educating the American public. he coalition 

members strive to help improve the health status of 

Americans by alerting them to the Shape Up Ameri-

ca! principles and activities. In 1996, Take Of Pounds 

Sensibly (TOPS), a coalition member, sponsored a 

national walking campaign. In addition, the coalition 

has produced educational pamphlets on healthy diets 

and exercise.

Shape Up America! is a unique approach to the 

public health issue of obesity. he Web site success-

fully attracts scores of visitors on a monthly basis, 

and ofers a treasure trove of educational informa-

tion and motivational tips that relect the credibility 

of the organization.

SEE ALSO: Exercise; President’s Council on Physical Fit-

ness and Sports.
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Sibutramine (Meridia)

WHILE BEHAVIORAL INTERVENTIONS demonstrate 

successful weight loss in the short term, the efects 

are diicult to maintain. Pharmacological treatment 

has yielded positive results in weight loss and weight 

loss maintenance. Sibutramine, a beta-phenethyl-

amine that inhibits the reuptake of norepinephrine, 

serotonin, and dopamine to a very limited degree, 

was approved by the U.S. Food and Drug Administra-

tion (FDA) for long-term weight loss for patients 16 

years and older. 

Substantial evidence based on clinical trials last-

ing six months up to 24 months has shown that doses 

of 10 to 15 mg/d (i.e., the recommended dose) pro-

duced average weight losses of 8 to 10 percent of ini-

tial weight, as compared to reductions of only 1 to 2 

percent for placebo-treated patients. Clinical trials 

have documented these losses in the irst six months 

and showed that they were maintained at 12 months 

if patients remained on medication. 

One of the most notable clinical trials, Sibutra-

mine Trial of Obesity Reduction and Maintenance 

(STORM), was conducted by W. P. James and col-

leagues. his multisite randomized trial investigat-

ed the eicacy of sibutramine in adults over an 18-

month period. Findings from this study revealed that 

77 percent of the patients treated with sibutramine 

lost weight, while 43 percent of the individuals in the 

sibutramine group maintained at least 80 percent of 

their weight loss compared to 16 percent of those in 

the placebo group at the end of 18 months. 

BEHAVIORAL AND PHARMACOLOGICAL  

TREATMENT COMBINED

More recently, research supports a combination of be-

havioral and pharmacological treatment in achieving 

weight loss. homas Wadden and colleagues exam-

ined this among adult women who were randomized 

to one of three groups (drug alone, drug plus lifestyle 

modiication, or combined drug, lifestyle modiica-

tion, and portion controlled diet). he researchers 

found signiicantly greater reductions in weight in the 

drug plus lifestyle modiication group as well as in the 

combined group at 12 months. 

Robert Berkowitz and colleagues examined the 

combination of pharmacotherapy and behavioral 

intervention among adolescents in a single-center, 

six-month controlled trial combining sibutramine 

with a comprehensive behavioral program that in-

duced a statistically signiicant weight loss in obese 

adolescents compared to a behavioral program 

alone. Following month six, all subjects were treat-

ed with sibutramine plus a behavioral program for 

an additional six months. At month 12, those ado-

lescents originally treated with placebo in the initial 

six months lost further weight and those initially 

treated with sibutramine for six months maintained 

their weight loss at month 12. Adolescents in both 

groups lost similar amounts of weight by month 12, 
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suggesting that sibutramine may be used following 

six months of behavioral treatment and that sibutra-

mine may also induce a stable weight loss following 

12 months of treatment. 

Two more studies were recently released supporting 

the use of sibutramine in the induction of weight loss 

for adolescents. Amelio Godoy-Matos and colleagues 

conducted a randomized, double-blind, placebo-con-

trolled trial in which adolescents were randomized to 

placebo or sibutramine for six months, along with a hy-

pocaloric diet. Adolescents randomized to the sibutra-

mine group lost 22 pounds on average compared to 5 

pounds in the placebo group. he change in mean BMI 

was also signiicantly greater among the sibutramine 

group, replicating the earlier results of Berkowitz. 

Berkowitz conducted a one-year multicenter, pla-

cebo-controlled, randomized study examining the 

longer-term efects on weight loss by adding sibutra-

mine to behavior therapy in 498 obese adolescents. 

his study yielded very promising results for the use of 

sibutramine in adolescents. Speciically, participants 

in the treatment group using sibutramine lost an av-

erage of 15 pounds compared to the participants in 

the placebo group who gained an average of 4 pounds. 

In addition, there were statistically greater improve-

ments in body mass index, waist circumference, high-

density lipoprotein cholesterol, triglycerides, insulin, 

and HOMA in the sibutramine group compared to 

the placebo group. Of note, there were similar results 

reported in Caucasian, African-American, and His-

panic adolecents. Leticia Garcia-Morales investigated 

the use of sibutramine in Mexican adolescents who 

were obese and found that diet, exercise, and sibutra-

mine (10 milligrams) per day for six months demon-

strated weight loss averaging 16 pounds.

SAFETY AND SIDE EFFECTS

Several clinical trials have documented the positive 

efects on metabolic and cardiovascular risk factors 

(glucose homeostasis, central adiposity, dyslipid-

emia). While sibutramine is not associated with abuse 

potential, it does have documented side efects. hese 

efects include asthenia, constipation, dry mouth, and 

insomnia. Sibutramine has also been associated with 

increases in blood pressure and pulse rate in both 

adults and adolescents compared to placebo. Sibutra-

mine may be contraindicated for patients with a his-

tory of cardiac arrhythmias, coronary artery disease, 

congestive heart failure, or stroke. Prescribing physi-

cians should closely monitor blood pressure and pulse 

rate in patients using sibutramine.

Two unpublished studies conducted by Abbott 

(formerly Knoll Pharmaceuticals), which were re-

viewed by the FDA in approving sibutramine, found 

that sibutramine was not associated with valvular 

heart disease. In the larger investigation, 210 patients 

(mean age of 54) who had been assigned to either 

medication (15 mg/d) or placebo underwent echo-

cardiography after an average of 7.6 months of treat-

ment. he point prevalence of valvular heart disease 

in the sibutramine group was 2.3 percent (all were 

mild aortic insuiciency), compared with 2.6 percent 

in the placebo group (one case of mild aortic insuf-

iciency, one case of severe aortic insuiciency). In 

the second study, no cases of valvular heart disease 

were detected, using pre- and postechocardiograms, 

in 25 patients who were treated by sibutramine for 12 

weeks. No cases of primary pulmonary hypertension 

(PPH), another problem associated with the fenlu-

ramines, have been reported in the more than 6,000 

patients treated by sibutramine. 

SEE ALSO: Behavioral Treatment for Child Obesity; Fam-

ily herapy in Treatment of Overweight Children; Medical 

Interventions for Children.
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Sisters Together

SISTERS TOGETHER IS a coalition of community 

organizations and residents who came together to 

encourage healthy eating and increased physical  
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activity among young African American women 

(aged 18–35) with the goal of helping them to achieve 

and maintain a healthy weight. It began as a pilot pro-

gram of the Weight-Control Information Network 

(WIN), was supported by the National Institute of 

Diabetes and Digestive and Kidney Diseases, and was 

one of ten model programs highlighted in the irst 

Surgeon General’s Report on Physical Activity. 

he original Sisters Together program was based 

in three Boston communities—Dorchester, Matta-

pan, and Roxbury—and focused on community part-

nerships, resource development, and cultivation of 

self-eicacy. Sisters Together was developed in con-

junction with the Boston Obesity/Nutrition Research 

Center, which included a community nutritionist, me-

dia specialist, and educator, as well as representatives 

from the New England Medical Center, the Harvard 

School of Public Health, and Tufts University School 

of Nutrition Science and Policy. 

Sisters Together focuses on two related aspects of 

health: eating better and increasing activity levels. It 

incorporated information from national research and 

campaigns and adapted them as appropriate for the 

speciic neighborhoods in question to have impact on 

the lives of young African American women who are 

at greatest risk of becoming overweight. For instance, 

to promote healthy eating, Sisters Together encour-

aged local restaurants to ofer healthier versions of 

traditional foods (such as collard greens cooked with 

smoked turkey rather than bacon or ham), ofered 

cooking classes, and developed a calendar that included 

recipes and tips for healthier eating. To promote great-

er physical activity, Sisters Together created a walking 

brochure with tips to increase activity and how to ind 

safe times and locations to exercise outdoors, and de-

scriptions of local walking routes. Sisters Together also 

created a brochure on hair care and exercise because 

diiculties with hair care is often cited as a disincentive 

to exercise by African American women. 

he pilot program of Sisters Together took place 

from 1994 to 1998. Much of the information learned 

during development and application of that program 

is presented in its program guide, available for down-

load from the Sisters Together Web site. Part of the in-

tent of publishing this information is to encourage the 

development of analogous programs for similar popu-

lations. he program guide also includes reproducible 

materials including a fact sheet, news release, radio 

public service announcements, letterhead, lyers, and 

forms for group sign-ups and exit interviews. 

SEE ALSO: African Americans; Community Programs to 

Prevent Obesity; Department of Health and Human Ser-

vices; Physical Activity and Obesity; Weight-Control Infor-

mation Network; Women and Dieting. 
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Sleep Apnea

SLEEP APNEA IS the temporary cessation of breath-

ing during sleep longer than an interbreath interval. 

Nine percent of men and 4 percent of women sufer 
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from sleep apnea and incidence is increasing. Sleep 

apnea can be obstructive (OSA), where the upper air-

way is closed; central (CSA), where no breathing ef-

fort is made; or a mixture of both. here are shared 

genetic risk factors between OSA and obesity. Apnea 

is also a part of obesity hypoventilation syndrome, 

characterized by obesity, OSA, and hypersomnolence 

(daytime sleepiness).

Normally, sleep is associated with pharyngeal nar-

rowing, but factors such as obesity or abnormal anat-

omy can further narrow or completely obstruct the 

upper airway. Partial narrowing results in hypoventi-

lation or snoring and complete obstruction results in 

OSA. Obstruction is most often seen near the soft pal-

ate, but multiple sites of closure are common. Arousal 

results in a dilation of the airway, allowing suicient 

breathing. Arousals terminate all OSA and most CSA 

and are also the cause of hypersomnolence.

Apnea presents as loud snoring and severe sleepi-

ness. Restless sleep can result in night sweats, sore 

throat, dry mouth, and morning confusion or head-

ache. A prototypical OSA patient is an obese, middle-

aged man with a large neck, structurally abnormal 

airway, and high blood pressure. Obesity adds fat to 

the tongue and enlarges fat pads near the airway, in-

creasing airway obstruction. Obstruction can also be 

caused by nasal obstruction, a low hanging soft pal-

ate, enlarged tonsils or adenoids, a receding chin, or 

a tumor. High blood pressure, a large neck circumfer-

ence, and a history of snoring are clinical predictors 

of sleep apnea. Collar size is a better predictor of OSA 

than body mass index.

Apnea is in part determined by an apnea index, 

which measures the average number of apneas per 

hour of sleep. An index greater than ive may mani-

fest as daytime sleepiness, but an index below 15 is 

usually asymptomatic. An index over 60 means that a 

person cannot sleep and breathe simultaneously. Di-

agnosis is conirmed by measurements and observa-

tion during sleep.

Nonsurgical management includes weight loss, pre-

vention of sleeping on one’s back, avoiding respiratory 

depressants such as alcohol, and avoiding respiratory 

irritants such as smoking. Treatment can include use 

of positive airway pressure devices to open the airway. 

Apparatuses that protrude the jaw or hold the tongue 

forward are especially efective in children. Surgical 

treatment can involve tracheotomy, a removal of the 

obstruction if it is a tumor or enlarged gland, and sur-

gery to enlarge the airway diameter.

Characterized by unstable breathing control, CSA 

is often seen as an increased respiratory drive. his 

can be caused by heart failure, high altitude, pain, or 

anxiety and results in initial hyperventilation and low 

blood carbon dioxide levels.

SEE ALSO: Alcohol; Asthma; Genetic Mapping of Obesity 

Related Genes; Respiratory Problems; Sleep Duration and 

Obesity.
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Sleep Duration and Obesity

THE MODERN INDUSTRIALIZED society has been ex-

periencing two parallel trends: increasing body weight 

and decreasing sleep duration. here is evidence to sug-

gest that these seemingly disparate trends are related. 

Results from both experimental studies and popula-

tion-based studies point to a strong connection be-

tween short sleep duration, weight gain, and obesity. If 

results from future well-controlled studies continue to 

support these connections, then public health interven-

tions that address inadequate sleep or poor sleep qual-

ity could be initiated to help treat or prevent obesity. 

Researchers from the University of Chicago found 

in experimental studies that when normal healthy 

young adults were deprived of sleep, their levels of 

hormones that function to control appetite were af-

fected. In response to sleep deprivation, levels of 

leptin, a hormone produced by fat cells, decreased 

and levels of ghrelin, a hormone produced by stom-

ach cells, increased. Low concentrations of leptin in 

the body function to increase appetite by indicating 

to the brain that fat stores are inadequate. Ghrelin 
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stimulates appetite and levels of this hormone are 

increased prior to meals and decreased after meals. 

As would be expected from the changes in these hor-

mones, the appetites of the sleep-deprived subjects in-

creased. he subjects were found to particularly crave 

sweet and salty snacks. It would be expected that sub-

jects who are awake longer would expend more ener-

gy and need to increase their caloric consumption to 

compensate for the increased energy expenditure, but 

the experimental protocol called for the extra hours 

of wakefulness to be spent lying in bed or sitting in a 

comfortable chair, so the increase in energy expendi-

ture in this case was considered to be negligible. 

Chronically short sleep durations could therefore 

lead to weight gain by increasing appetite and caloric 

consumption greater than what would be necessary 

to compensate for the increased energy expenditure 

from staying awake longer. In other experimental 

studies at the University of Chicago, sleep depriva-

tion has been shown to decrease glucose tolerance 

and compromise insulin sensitivity which are potent 

risk factors for weight gain and obesity.

Insuicient sleep could also contribute toward obe-

sity by making it more diicult to maintain a healthy 

lifestyle. Not getting enough sleep was shown to be as-

sociated with irritability, impatience, pessimism, and 

feeling tired and stressed in results from the National 

Sleep Foundation’s 2002 Sleep in America poll. hese 

feelings and emotional states would presumably func-

tion to lessen one’s resolve and willpower to maintain 

an exercise routine or follow a diet plan. 

Epidemiological population-based studies have 

shown signiicant relationships between short sleep 

duration and obesity in children, adolescents, and 

adults. Stronger relationships have been found in 

young and middle-aged subjects than in elderly sub-

jects. Possible explanations for the discrepancy be-

tween results for younger and older subjects include 

increased mortality associated with obesity and age-

related sleep changes. Individuals sufering from 

obesity would be less likely to survive into their later 

years and advanced age is associated with increased 

diiculties initiating and maintaining sleep. 

If sleep deprivation leads to metabolic and behav-

ioral changes that contribute toward weight gain and 

obesity, then interventions designed to increase the 

amount and improve the quality of sleep could aug-

ment the most common clinical interventions for 

obesity of increasing physical activity and improving 

nutrition. hese interventions could include helping 

patients to modify maladaptive sleep habits and edu-

cating them about healthier sleep hygiene practices. 

SEE ALSO: Ghrelin; Leptin; Sleep Apnea.
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Slim-Fast

SLIM-FAST IS A line of meal-replacement products 

marketed to people who wish to lose weight. he irst 

Slim-Fast product on the market was the Slim-Fast 

powdered shake formula, introduced in 1977 by S. 
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Daniel Abraham. he company Slim-Fast Foods was 

spun of in 1990 from Abraham’s company homp-

son Medical, and was bought by Unilever in 2000 for 

about $2.3 billion. At the time of the sale, the world-

wide sales of Slim-Fast products were valued at over 

$610 million per year. Slim-Fast currently sells food 

replacement products, including shakes, shake pow-

ders, and snack bars under the brand names Slim-

Fast, Ultra Slim-Fast, and Optima. 

Slim-Fast markets a number of products and 

promotes several diet plans. he company Web site 

promotes weight loss as part of a healthy lifestyle, 

and includes a great deal of standard health behavior 

advice, such as including physical activity as part of 

one’s daily schedule and avoiding consuming empty 

calories from soft drinks. It also includes tools that 

could be useful to any individual wishing to lose 

weight (without regard to purchasing Slim-Fast 

products), such as a body mass index (BMI) calcula-

tor and an interface to create an exercise program 

and track one’s activity level. his standard infor-

mation is intermingled with promotion for Slim-

Fast products and related materials such as success 

stories of people who have lost weight using them, 

and access to some of the health-related materials 

requires registering with the Web site. 

he original Slim-Fast product was the Slim-Fast 

shake, which was intended to be used as a partial 

meal-replacement system within a diet plan. he 

Slim-Fast dieter was instructed to consume a Slim-

Fast shake each for breakfast and lunch, and have a 

low-calorie dinner of conventional food. his type of 

diet has been shown to produce larger weight losses 

than diets that allow individuals to select conven-

tional foods whose total calories add up to the same 

amount. hey have also been shown to be efective in 

maintaining weight loss. he primary explanation for 

this phenomenon is obese people typically underesti-

mate their caloric intake, sometimes by as much as 50 

percent, so that if allowed to choose their own foods, 

they actually consume far more calories than speci-

ied by their diet plan. 

Use of meal replacements such as Slim-Fast shakes 

removes this diiculty by presenting the individual 

with a ixed portion for each meal. In addition, use 

of meal replacements removes many of the emotional 

connections people have with food, and the monot-

ony of consuming the same food every day removes 

the temptation to consume more than prescribed, so 

the dieter is not distracted from his or her goal of con-

suming only a ixed amount. 

Slim-Fast has diversiied its product line over the 

years, partly in response to the popularity of low-car-

bohydrate diets, and currently markets ive lines of 

products. In general, all Slim-Fast products are calorie-

controlled meal-replacement products that include i-

ber and are fortiied with micronutrients (vitamins and 

minerals). Slim-Fast Original products include shakes 

which contain 220 calories and 10 grams of protein 

and are fortiied with a number of vitamins and miner-

als; and meal bars of a similar nutritional makeup, and 

breakfast and lunch bars which are intended to be con-

sumed with 8 ounces of skim milk: the bars themselves 

are 140 or 150 calories, and when consumed with milk 

the total becomes 230 or 240 calories. 

Slim-Fast Optima Products have less sugar than 

Slim-Fast Original products and were introduced 

partly in response to the success of low-carbohydrate 

diet plans. Optima products are available as shakes, 

shake powders, snack bars, and meal bars, and this is 

the largest of the Slim-Fast product lines in terms of 

the variety of products and lavors available. Optima 

products are similar in nutritional makeup to Origi-

nal products, but according to company materials, 

they are designed to control hunger more efectively 

than the Slim-Fast Original products. 

Slim-Fast High Protein shakes and granola bars 

contain more protein than their Original counter-

parts (15 grams of protein in both the shakes and the 

bars), but are otherwise nutritionally similar. Slim-

Fast Easy to Digest shakes are lactose-free and glu-

ten-free, but are otherwise similar to Original prod-

ucts. Slim-Fast Lower Carb products include shakes 

containing 190 calories, 20 grams of fat, and 2 grams 

of net carbs, and snack bars containing 120 calories, 

6 grams of protein, and 1 gram of net carbs. 

Some Slim-Fast products are available at ordinary 

retail outlets such as Walgreens, while others can 

only be purchased online through the company Web 

site. Slim-Fast products have been heavily advertised 

in the mass media, and campaigns using celebrity 

endorsers such as the baseball manager Tommy Las-

orda, former New York City mayor Ed Koch, and the 

comedian Whoopi Goldberg will be familiar to many 

Americans. he inclusion of male and of middle-aged 

(and older) spokespersons distinguishes the Slim-
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Fast campaigns from those of some similar products, 

which focus primarily on young women. 

In a Forbes magazine study of the cost of 10 popular 

dieting systems, Slim-Fast was one of the least expen-

sive at just under $78 per week (in 2004), considerably 

lower than Jenny Craig (about $138 per week) or Nu-

triSystem (about $114 per week) but more expensive 

than Sugar Busters! (about $70 per week) and Subway 

(about $69 per week). he costs of the Slim-Fast diet 

was calculated at 42.8 percent over the median weekly 

food expenditure in the United States, however. 

COMPANY HISTORY

S. Daniel Abraham began his career working for a 

small drug company in New York. He left that en-

terprise to found the hompson Medical Company 

which purchased the rights to various product lines 

and also produced modiied versions of existing prod-

ucts. hompson’s irst diet product was Slim-Mint 

gum, introduced in 1956, which included benzocaine, 

which was believed to act as an appetite suppressant. 

In 1960, hompson introduced a line of diet pills 

called Figure-Aid, and in 1976, introduced Dexatrim. 

his was a diet pill which originally included phen-

ylpropanolamine (PPA) and became the best-selling 

diet pill on the market; although Dexatrim is still sold 

as a weight-loss aid, formulations have changed over 

the years and it no longer includes PPA. 

Slim-Fast was introduced by hompson Medical in 

1977 as a powdered formula designed to be mixed with 

milk to create a shake similar to a milkshake. Slim-Fast 

was pulled from the market along with many other 

liquid meal-replacement formulas when a number of 

dieters died after following a 300-calorie-per-day diet 

created by a diferent manufacturer of liquid meal re-

placement products. Slim-Fast was returned to the 

market in the 1980s and achieved sales of almost $200 

million in 1984. 

Abraham pioneered the use of celebrity endorsers 

with Slim-Fast—one of the irst was Los Angeles Dodg-

ers manager Tommy Lasorda, who lost 30 pounds after 

following the Slim-Fast program for several months. 

Lasorda was seen as a particularly efective spokes-

person because he was a man admitting he needed to 

lose weight, and because the results of his weight loss 

were presented on national television through Slim-

Fast advertising. In addition, Slim-Fast made a highly 

publicized contribution of $20,000 to the charity of 

Lasorda’s choice (a group of nuns based in Nashville) 

in recognition of his adherence to the diet. 

Slim-Fast became a separate company in 1991, al-

though Abraham remained majority stockholder. he 

company changed its advertising tactics after the split 

and began to promote Slim-Fast and weight loss as 

part of a healthy lifestyle. his was partly in response 

to slower sales due to Oprah Winfrey’s highly pub-

licized weight gain after going of a liquid diet. he 

product line was also broadened to include premixed 

shakes, packaged meals, and snacks. he company 

introduced an infomercial in 1993 which promoted 

Slim-Fast products without selling them directly, that 

is, the consumer was urged to buy the products from a 

retail store. In 1999, Slim-Fast had a 46-percent share 

of the diet liquid/powder weight-loss market, and in 

2000 was sold to Unilever for $2.3 billion. 

SEE ALSO: Dexatrim; Liquid Diets; Low-Calorie Diets.
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Smoking

THERE HAS LONG been a popular tradition that 

smoking inhibits eating, and as a result, people who 

smoke are less likely to put on weight. Consequently, 

the giving up of smoking is often associated with the 

person gaining weight. Indeed, in 1964, a report given 

to the U.S. Surgeon General raised the possibility of 

cigarette smoking having certain laxative efects on 

the body which served to counter obesity, and ac-

cording to some people, therefore counterbalanced 

the health hazard posed by smoking cigarettes. Some 
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studies have also shown that obese individuals are less 

likely to smoke than nonobese people.

During the late 19th century, it was observed, an-

ecdotally in Britain and the United States, that heavy 

smokers were often gaunt, and it was not until the 

1964 report by the advisory committee to the U.S. 

Surgeon General Luther Leonidas Terry that it was 

publicly acknowledged that although smoking caused 

death from cancer, it did seem to promote “good in-

testinal tone and bowel habits,” having a medically 

proven laxative efect which countered obesity to 

some degree. Furthermore, the smoking of cigarettes 

was seen to stimulate smokers when they became fa-

tigued, whereas nonsmokers might get more energy 

from eating food. he report, however, did clearly 

stipulate that the positive efects of smoking in no 

way counterbalanced the “signiicant health hazard” 

posed by smoking cigarettes.

With campaigns during the 1970s to encourage 

people to stop smoking, it was soon discovered that it 

was more diicult to get women in the United States 

to give up the habit than men. Part of this was believed 

to have been that women fulilled so many more dif-

ferent roles than men, and the smoking was used to 

calm them down, with many believing that by giving 

up smoking cigarettes, they would put on more weight 

quickly. Certainly, reports during the 1970s tended to 

show that in the initial stages after giving up smok-

ing, many people did notice an increased edginess as 

well as an increase in their body weight. Indeed, this 

was conirmed by a study by Temple University in 

Philadelphia, Pennsylvania, which showed that dur-

ing the late 1970s, nonsmokers weighed on average 

seven pounds more than smokers. It was argued that 

this might have been because smoking increased the 

metabolic rate of people. 

Others suggested that the extra energy needed for 

breathing for smokers, every day, was also contribut-

ing to their weight loss. Some people in the cigarette 

industry leaped at the concept and started to promote 

their products as being associated with slimness, es-

pecially for teenagers, and even more particularly 

with females who tended to ind it more diicult to 

give up smoking than men. he tobacco manufactur-

ers cultivated the image of the woman who smokes 

as someone who might be using their product—ciga-

rettes—as a beauty aid, and symbolize their liberation 

from male oppression.

In recent years, there have been studies that have 

dealt with the problem in the opposite manner to 

the research in the 1970s, which had been concerned 

with why smokers were, on average, less likely to be 

obese than nonsmokers. Some studies conducted in 

the 1990s proved that obese individuals are less likely 

to smoke. 

SEE ALSO: Obesity and Cancer; Respiratory Problems.
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Smoking stimulates smokers when they became fatigued, whereas 

nonsmokers might get more energy from eating food. 
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SNP Technologies

A SINGLE NUCLEOTIDE polymorphism (SNP or 

“snip”) is a single base pair variation at a particular lo-

cation in the deoxyribonucleic acid (DNA) sequence 

that occurs in more than 1 percent of the population. 

SNPs are used as markers to identify regions in the 

genome associated with disease states such as obe-

sity, diabetes, heart disease, and Alzheimer’s. he dis-

covery of such markers requires that a high number 

of SNPs be analyzed within large study populations. 

Many diferent technologies have been developed for 

SNP analysis that are rapid, accurate, and cost efec-

tive to increase the number of SNP markers suitable 

for use in determining efective medical care.

he human genome is composed of 3 billion base 

pairs of DNA, approximately 99.9 percent of which is 

identical between individuals. he 0.1 percent of genetic 

variation that occurs between us is responsible for difer-

ences in our appearance, personalities, and physiologies. 

hese variations in DNA sequence, or “polymorphisms,” 

occur as deletions, insertions, sequence repeats, or SNPs. 

Mutations difer from polymorphisms in that they occur 

in less than 1 percent of the population. 

SNPs account for approximately 90 percent of poly-

morphisms in the human genome, and over 9 million 

have been identiied. Some SNPs are directly respon-

sible for a disease process or for how an individual re-

sponds to a drug. When found within the coding region 

of a gene, a SNP may cause changes in the structure 

and possibly the function of the protein encoded by 

that gene. his could result from either a direct amino 

acid substitution or by afecting the splicing of the mes-

senger ribonucleic acid (mRNA). If a SNP occurs in the 

regulatory region of a gene, the expression pattern of 

the gene could be signiicantly altered, with possible 

serious consequences to the cell or the organism.

Most SNPs, however, are found in the 98 percent 

of the human genome that does not encode protein. 

Even when a SNP has no obvious afect on the expres-

sion of a gene, it may still be useful as a genetic or 

physical marker due to its proximity to a speciic gene 

of interest. his is the basis for using SNPs to identify 

genes that either cause or inluence various medical 

conditions, or to determine if an individual has a par-

ticular gene that predisposes him or her to a disease.

To understand how this works, it is irst necessary to 

deine a few terms. An allele is an alternative DNA se-

quence that occurs at a speciic genetic locus. Figure 1 

gives an example of two alleles represented by an SNP. 

At this location within the genome, a T-A base pair 

occurs 85 percent of the time, and a C-G base pair 15 

percent in a given population. Most SNPs are biallelic, 

meaning only two sequence variations are found at that 

location. A few are known to be tri- or tetraallelic.

A particular combination of alleles on a given re-

gion of a chromosome is called a haplotype, where-

as a collection of alleles within the entire genome is 

called a genotype. Figure 2 illustrates two diferent 

haplotypes, in which two SNPs are located near one 

another on a given chromosome. 

Note that the combination of SNPs on individual A 

correlates with a person of normal body weight, while 
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Figure 1. Example of Two Alleles Represented by an SNP

Major allele 

(85 percent)

GTATCTATGGCCAAT

CATAGATACCGGTTA

Minor allele 

(15 percent)

GTATCTACGGCCAAT

CATAGATGCCGGTTA

WEIGHT HAPLOTYPE

Individual A Normal
GTATCTATGGCCAAT...CACCTGCAGACTCAG

CATAGATACCGGTTA...GTGGACGTCTGAGTC

Individual B Obese
GTATCTACGGCCAAT...CACCTGAAGACTCAG

CATAGATGCCGGTTA...GTGGACTTCTGAGTC

Figure 2. Two Diferent Haplotypes



individual B, who has a diferent set of SNPs (a difer-

ent haplotype) is overweight. In this example, body 

weight is the phenotype, the physical appearance of a 

trait. he example suggests that these two SNPs are in 

or near a gene that inluences body weight. 

SNP technologies focus on discovering associations 

like the one just described. he general approach for 

identifying genes related to a medical condition such as 

obesity involves characterizing the SNPs in a population 

of patients and healthy controls (obtaining their geno-

types), then looking for an association between genotype 

and phenotype, such as body mass index (BMI). Rigor-

ous analysis of the data can reveal connections between 

speciic SNPs and the physical trait being examined. Fur-

ther analysis of the genome region near the SNP would 

identify candidate genes to be further studied. 

To do this, however, requires the analysis of large 

numbers of SNPs (>100,000) across the entire ge-

nome. Large study populations are also needed to ob-

tain results that are statistically signiicant. Adding to 

the complexity is that certain populations may have 

diferent frequencies of the same alleles. So an asso-

ciation found in African Americans and Caucasians 

may not hold true in Asians. 

Several eforts are under way to identify optimal sets 

of SNPs that may be used as markers for disease-asso-

ciation studies. One of these is the International Hap-

Map Project, which seeks to identify a subset of SNP 

haplotypes covering the entire human genome, and to 

determine their distribution among diferent popula-

tions. Advances in the development of technologies that 

allow the simultaneous analysis of hundreds of thou-

sands of SNPs at reduced costs are facilitating this type 

of research. hese methods are collectively referred to as 

genome-wide SNP (GW-SNP) assays.

Few cases of obesity are monogenetic, meaning they 

stem from a single dysfunctional gene referred to as a 

causative gene. Obesity is primarily a polygenetic dis-

ease arising from contributions made by many diferent 

genes. hese genes may be involved in lipid uptake and 

metabolism, regulation of food uptake, development of 

adipose tissue, or other aspects related to energy stor-

age and expenditure. Due to the complexity of the dis-

ease process, discovering an association between obe-

sity and one of these genes only indicates it as risk factor 

and not a cause. GW-SNP assays are being employed to 

scan the entire genome to discover genes that inluence 

obesity, typically using BMI as the primary phenotypic 

marker. his technology has the capability of identify-

ing not only genes that increase the risk of obesity, but 

also those that might play a protective role against it. 

hese studies are expected to uncover a number of can-

didate genes that would further our understanding of 

the biochemical pathways that control body weight.

SEE ALSO: Body Mass Index; Ethnic Variations in Body Fat 

Storage; Ethnic Variations in Obesity-Related Health Risks; 

New Candidate Obesity Genes.
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Social Marketing and Obesity

SOCIAL MARKETING INVOLVES the adaptation of 

highly successful commercial marketing principles 

to promote health by efecting behavioral change in 

members of a target population. Social marketing is 

not a theory by itself, but rather draws upon theories 

and models from the behavioral and social sciences 

for understanding and inluencing human behavior. 

hese theories are useful starting points because the 

underlying causes of health problems are often rooted 

in individual behaviors. 

While the goal of commercial marketing is to gen-

erate a proit from the given product or service, social 

marketing goals are organized around promoting health 

for the greater good. Social marketing campaigns have 

been successfully employed to address health concerns 

such as infant mortality, smoking cessation, human 

immunodeiciency virus/acquired immunodeiciency 

syndrome (HIV/AIDS), and seat belt use. Social mar-

keting is diferentiated from “top-down” health promo-

tion and communication programs by its incorporation 
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of in-depth research with target audience members (a 

consumer-driven focus) and an ongoing process of pro-

gram evaluation (rather than only at the beginning and 

end of an intervention). In addition, the target audience 

of social marketing has expanded to include “upstream” 

policy makers and organizations in order to facilitate an 

environment that removes barriers to and supports be-

havioral change. Obesity-related social marketing cam-

paigns typically encourage target audience members to 

adopt healthier eating practices and increase physical 

activity levels. 

While these two factors are cited as the main con-

tributors to obesity, environmental, genetic and bio-

logical mechanisms are still under investigation as 

related factors. Because obesity is a complex health is-

sue, social marketers will be challenged in new ways as 

they attempt to address this public health problem. 

HISTORY AND KEY COMPONENTS

Social marketing as a discipline began in the 1970s 

when Philip Kotler and Gerald Zaltman suggested that 

the same principles used by marketers to sell products 

could be applied to promoting ideas and behaviors. 

While marketers in the 1950s were considering appli-

cation of the techniques to political and social themes, 

others were concerned that marketing might be used for 

social control and propaganda. By the 1960s, however, 

as public health policy began to shift from a treatment-

focused model to one of disease prevention, health 

education campaigns, particularly in developing coun-

tries, began to incorporate commercial marketing tech-

niques. By the 1980s, social marketing as an approach 

in promoting public health became widespread.

Social marketing utilizes an adaptation of the four 

P’s from commercial marketing: product, price, place, 

and promotion. In social marketing, the product can 

be a tangible item, but more often, it is the behav-

ior (e.g., smoking cessation), service (e.g., preventive 

screenings), or idea (e.g., seat belts save lives) that 

individuals in the target audience are encouraged to 

adopt or endorse. Price usually equates to inancial 

cost in commercial marketing, but in social market-

ing, price also pertains to the time, efort, or what 

must be given up to obtain the product. 

Changes in attitudes or behaviors often require a 

concerted efort and long-term commitment on the 

part of members of the target audience. he exchange 

theory in marketing is relevant here in that when con-

sumers enact a behavior (purchasing an item or service, 

for example, at a particular price), the payback (receipt 

of that item or service) takes place simultaneously or 

shortly thereafter. When an individual changes behav-

ior in response to a social marketing campaign, the 

payback may take place months or years later, if at all. 

Furthermore, when perceived costs exceed per-

ceived beneits, individuals are unlikely to make 

behavior changes. he third component, place, de-

scribes how, when, and where the product can be ob-

tained. Finally, promotion pertains to disseminating 

messages and information through channels such as 

advertising, the internet, or in community and family 

settings and peer-to-peer groups. 

In addition to the four P’s from commercial mar-

keting, social marketing incorporates additional P’s: 

publics, positioning, policy (or politics), partnership, 

and purse strings. Social marketers need to reach 

many diferent audiences, so they must take into ac-

count multiple publics. his includes external publics, 

or members of the target audience, and internal pub-

lics, individuals involved with the approval, funding, 

or implementation of the program. Positioning refers 

to how members of the target audience perceive the 

social marketing product in relation to other compet-

ing products and messages in the marketplace. 

Social marketers must have a good understanding 

of the competition and be able to clearly demonstrate 

compelling beneits that will result from a change in 

behaviors, attitudes, or beliefs. Policy (or politics) is 

important to social marketers because while a pro-

gram may be successful in bringing about behavior 

change in the short term, long-term success may de-

pend upon sociocultural and political environments 

that support new behaviors. his often requires 

policy change. In addition, because health issues are 

complex and diicult for a single agency to address 

by itself, partnership is another key success compo-

nent. his may mean partnering with other organiza-

tions with similar goals. Finally, purse strings (bud-

getary restrictions) play a large role in the design, 

implementation, and maintenance of social market-

ing campaigns because many organizations rely on 

limited funding from grants or donations. 

RESEARCH AND EVALUATION ARE FUNDAMENTAL

Unlike more traditional health promotion campaigns 

in which research is conducted at the beginning of 
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an intervention and again at the end to evaluate out-

comes, research and evaluation are the foundations of 

social marketing and should be engaged throughout 

the life of the campaign. Social marketing research is 

consumer driven, and formative research in the be-

ginning stages assists in identifying the target audi-

ence, choosing messages that will resonate with the 

audience, and selecting the most appropriate chan-

nels for communicating those messages. 

Research can illuminate changes that should be 

made during the program (process evaluation), and 

provide evidence of whether the program is achieving 

its objectives (outcomes evaluation). Ideally, the re-

search should consist of both quantitative and qualita-

tive methods. Quantitative methods, such as analysis 

of existing data and the conduct of surveys, for exam-

ple, answer what is happening. Quantitative methods 

produce data generalizable to a larger population and 

are appropriate for conducting needs assessments or 

evaluating outcomes. Qualitative methods include 

in-depth interviews, ethnographic observation, fo-

cus groups, and informal conversations. Qualitative 

data can reveal why something is happening. Quali-

tative methods are well suited for uncovering target 

audience perspectives and understanding meanings 

and behaviors. Primary research (collecting the data 

irsthand) and secondary research (utilizing existing 

sources of data) can be accomplished using quantita-

tive or qualitative methods. 

STEPS IN SOCIAL MARKETING 

he process of social marketing involves several ma-

jor steps: planning and strategy, message and mate-

rials development, pretesting, program implementa-

tion, and evaluation and feedback. he planning and 

strategy phase consists of gaining an in-depth under-

standing of the target audience, segmenting that audi-

ence, and developing the campaign strategy. Forma-

tive research in the planning stage ideally consists of 

both quantitative and qualitative methods using pri-

mary and secondary research sources to understand 

how target audience members make health-related 

decisions. Because the target audience is likely to be 

a heterogeneous mix of individuals who respond in 

diferent ways to diferent messages, social marketers 

must segment their intended audience by targeting 

subgroups based on common-ground characteristics. 

Segments have typically been grouped based on fac-

tors such as age, geographic location, race/ethnicity, 

gender, attitudes, or by behavior (e.g., smokers vs. 

nonsmokers). However, other factors such as atti-

tudes and beliefs, lifestyle, leisure-time activities, or 

stages of life may prove to be more relevant, depend-

ing upon the goals of the particular campaign. 

Developing the campaign strategy involves choos-

ing a theory or model for understanding and inlu-

encing behavioral changes. Social marketing is con-

sidered a discipline (not a theory), however; social 

marketers draw upon theories and models of behav-

ior change from disciplines such as psychology, soci-

ology, anthropology, and communication. he use of 

theories and models is not always explicit in a social 

marketing campaign nor do social marketers neces-

sarily incorporate all components of a given theory or 

model. Some of the most common theories and mod-

els are summarized here. 

he Transtheoretical Model of Health Behavior 

Change (Stages of Change) suggests that individu-

als move through a series of stages before adopting a 

new behavior. At the precontemplation stage, an in-

dividual may not perceive that he or she is at risk and 

therefore the social marketing product is irrelevant. 

Making the target audience aware of the problem 

and associated risks can move individuals to the sec-

ond stage, contemplation. At this point, social mar-

keting messages must maximize perceived beneits 

and minimize perceived costs of behavior change to 

move individuals to the third stage, preparation for 

action. In the fourth stage, action, individuals have 

begun making behavioral changes. Action is facili-

tated when the behavior is portrayed as something 

many other people engage in and agree with. he ifth 

stage, maintenance, requires motivational and rein-

forcing messages to keep individuals from relapsing 

back to prior stages. 

he Health Beliefs Model (HBM) was designed to 

explain why people do not participate in diagnosis or 

disease prevention programs. Core components of the 

HBM relevant to social marketing include an individu-

al’s perceptions of susceptibility (risk for developing a 

health problem), severity (seriousness of consequences 

of the health problem), beneits (to taking action), bar-

riers (negative aspects of taking action), and cues to ac-

tion (bodily or environmental events triggering action). 

HBM incorporates the idea of self-eicacy (an individ-

ual’s perceived control over his or her behavior) as a  
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predictor of health behaviors, particularly when lifestyle 

changes must be maintained over time. In addition, the 

model gives attention to factors such as socioeconomic 

status, age, gender, and knowledge as inluential on an 

individual’s perceptions and behaviors. he HBM has 

been useful for addressing “at risk” populations who 

may not perceive themselves as such. 

Social Cognitive heory (SCT) suggests that human 

behavior is determined by a dynamic and reciprocal 

process between personal factors (individualized inter-

nal characteristics, e.g., self-eicacy), behavior, and the 

external environment. In addition, observational or vi-

carious learning by watching others is a key component 

of this model in that an individual’s behavior can be in-

luenced by observing reinforcements (positive or nega-

tive) in response to someone else’s behavior. SCT is rel-

evant to social marketing in that it suggests individuals 

are most likely to model behaviors observed in others if 

the others are perceived to be similar to themselves, and 

if the perceived beneits outweigh the perceived costs. 

he heory of Reasoned Action (TRA) posits that 

the most important predictor of human behavior is 

intention, and that intention is inluenced both by 

the individual’s attitudes toward the behavior and by 

subjective norms (beliefs about what other people will 

think about the behavior). Each of the three compo-

nents of TRA is weighted diferently depending upon 

the individual and the situation. he heory of Planned 

Behavior is an extension of TRA and includes self-ei-

cacy as an inluencing variable. When social marketing 

programs utilize these theories, in-depth open-ended 

interviews are helpful in identifying variables relevant 

to the population and the behavior of interest. 

he Difusion of Innovations heory broadens the 

focus from individuals and their inluencers to in-

clude how ideas, products, and practices from one 

group to another. Difusion refers to how informa-

tion lows through networks over time to reach the 

members of a group while innovations encompass 

the ideas or behaviors that individuals perceive as 

new. his theory centers on factors that will increase 

or decrease the probability that new idea, practice, or 

behavior will be adopted by individuals. In addition, 

the theory suggests that there are innovators, or early 

adopters, within a given group who are the irst to 

adopt new ideas, attitudes or behaviors, and who are 

inluential in encouraging others to do the same. 

he second major step in creating a social market-

ing campaign involves developing messages and ma-

terials and identifying the most appropriate channels 

(channel analysis) for reaching the target audience. 

Efective messages are personal, designed to reso-

nate with the experiences and realities of individu-

als within the target group. Efective messages also 

clearly communicate the speciic desired behavior to 

the audience while creating and reinforcing positive 

attitudes about behavioral change. Channel analysis 

means inding out how and where members of the 

target audience obtain information, so that the most 

relevant channels can be used for communication. 

Step three, pretesting, involves testing messages 

and materials with members of the target audience 

and other relevant parties to ensure that they evoke 

the expected response before launching a media cam-

paign. Implementing the campaign is the fourth step 

and requires close coordination with participating 

partner agencies and organizations. Although evalu-

ation and feedback are listed as the last step, in reality, 

these two components should be engaged through-

out the campaign (process evaluation) to incorporate 

feedback. Outcomes evaluation measures campaign 

results and helps to determine whether or not the ob-

jectives were accomplished. 

EXAMPLES OF SUCCESSFUL  

SOCIAL MARKETING CAMPAIGNS

Social marketing campaigns have been successfully 

implemented with positive results, both interna-
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tionally and domestically. Some key examples are 

summarized here:

Mass Media and Health Practices Program, Hon-

duras. his social marketing campaign to decrease in-

fant mortality was initiated by a partnership between 

the Academy for Educational Development (AED) 

and the Honduran Ministry of Health in 1980. At the 

time, dehydration from diarrhea, the leading cause of 

infant mortality, accounted for 24 percent of all infant 

deaths in Honduras. Social marketers wanted mothers 

to use a new product, oral rehydration therapy (ORT), 

to increase child survival. Information, with easily re-

membered slogans and songs, was disseminated in a 

mass media campaign via print materials and radio. 

Healthcare workers trained in ORT preparation and 

administration gave hands-on demonstrations to vil-

lage assistants, who in turn trained others within the 

community. Infant mortality due to dehydration from 

diarrhea decreased from 47.5 to 25 percent in the irst 

year of the campaign.

Stop AIDS, Switzerland. Implemented as a national 

multimedia campaign in 1987, Stop AIDS is the lon-

gest running HIV/AIDS prevention program in the 

world. he campaign was created in partnership by 

the Swiss AIDS Foundation and the Swiss Federal Of-

ice for Public Health. Speciic goals of the campaign 

included increasing condom use, reducing discrimi-

nation against individuals with HIV/AIDS, and in-

creasing understanding among the general popula-

tion for those members diagnosed with HIV/AIDS. 

Products included condoms, antidiscrimination, and 

needle exchange, and campaign messages were dis-

seminated via billboards, posters, advertisements 

(print, radio, and television), movie theater commer-

cials, and sporting events. Ongoing evaluations of the 

program measured both condom use and the change 

in attitudes toward HIV/AIDS. Within 1 year of pro-

gram launch, more than 90 percent of the population 

recognized the campaign logo, and within 3 years, 

condom use among men aged 17–30 increased from 

8 to nearly 50 percent. 

Florida Truth® Campaign, Florida. he truth cam-

paign, sponsored by the American Legacy Founda-

tion, is a national antitobacco initiative targeted to-

ward youth. he program was started by the State of 

Florida’s Oice of Tobacco Control and was funded by 

monies from the 1998 Master Settlement Agreement 

(MSA) between 46 states and the tobacco industry. 

he campaign uses information from tobacco com-

panies to expose both manufacturing and marketing 

practices of the industry, and provides facts about the 

health consequences, social costs, and addictiveness of 

tobacco. Campaign messages are distributed via radio, 

print advertisements, and television. he target teen 

audience is segmented by ethnic group, with speciic 

advertising designed to mirror audience segmentation 

done by tobacco companies. In addition, a grassroots 

initiative helps teens share information in peer-to-

peer settings. In the irst two years of the campaign, 

the number of youth smokers decreased 22 percent.

Click It or Ticket, North Carolina. Launched in 

1993, Click It or Ticket was designed to reduce fatal 

and serious traic-related injuries by increasing seat 

belt and child safety seat use. he program was pilot 

tested before the launch of a major and sustained me-

dia campaign in conjunction with increased enforce-

ment of the seat belt law. Click It or Ticket was sup-

ported by policy makers, high-ranking state oicials, 

and inluential organizations including the Governor, 

State Insurance Commissioner, Commander of the 

State Highway Patrol, and the Insurance Institute for 

Highway Safety. In addition, nearly every one of the 

state’s law enforcement agencies participated in the 

campaign. Fatal and serious traic-related injuries de-

creased by 14 percent, while seat belt use increased to 

over 80 percent, one of the highest rates in the nation. 

SOCIAL MARKETING AND OBESITY

Social marketing campaigns designed to reduce the 

prevalence of and prevent obesity typically focus in 

some form on the adoption of healthier eating prac-

tices and increased physical activity levels. Both of the 

social marketing campaigns summarized below focus 

not only on the “downstream” individuals for behav-

ioral change, but also on inluencers in the familial 

and social spheres and “upstream” policy makers. he 

campaigns leverage partnerships on a number of lev-

els to maximize resources and extend the reach of key 

messages. he social marketers who developed these 

campaigns incorporated behavioral theories and 

models in their strategies, and use ongoing research 

and evaluation as critical components to improve the 

campaigns and measure outcomes. 

VERB™ It’s What You Do, Centers for Disease 

Control and Prevention (CDC). VERB is a national, 

multicultural social marketing campaign designed 
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to increase and maintain physical activity among the 

target audience of youth aged 9–13 (tweens). Ad-

ditional target audiences for the campaign include 

parents and other inluential adults such as teach-

ers and coaches, youth leaders, and health profes-

sionals. he campaign markets physical activity as 

something fun for tweens to do, and provides infor-

mation via brochures, articles, posters, and stickers. 

Short-term outcomes focus on increasing tween and 

parent awareness of the campaign and key messages. 

Midterm outcomes are related to changes in subjec-

tive norms, beliefs, self-eicacy, and perceived be-

havioral control related to participating in physical 

activity. he long-term outcomes are focused on get-

ting tweens to engage in and maintain physical activ-

ity, which will in turn reduce risk for diseases such as 

diabetes, hypertension, and sleep apnea.

he campaign engages formative research, process 

evaluation, and outcome evaluation. Formative re-

search involved reviews of existing research, conduct 

of primary research with target audiences, consulta-

tion from experts, and reviews of other campaigns 

targeting the same age group. Exploratory research 

was used to understand the behaviors and mind-sets 

of tweens and their inluencers to identify motiva-

tors and barriers to participation in and support of 

physical activity. he tween audience was then seg-

mented into subgroups based on cultural, ethnic, and 

economic variables. Messages and communications 

strategies were tested prior to mass media release to 

gauge audience reactions and to ensure that the mes-

sages and advertisements were understandable, ap-

pealing, and motivating. 

Process evaluation is ongoing throughout the cam-

paign and includes analysis of campaign advertising. 

To accomplish this, the campaign utilizes a telephone 

survey conducted with tweens four times per year to 

ind out what VERB means to them, what they think 

of the brand, and where they’ve seen VERB advertise-

ments. VERB-sponsored events are evaluated on site, 

and follow-up interviews are conducted afterward. 

Outcomes evaluation assesses changes in awareness, 

attitudes, knowledge, and behaviors related to physi-

cal activity that have been directly inluenced by the 

campaign. his step relies on a longitudinal cohort 

design telephone survey with children and parents to 

make measurements over time. After the irst year of 

the campaign, 74 percent of children surveyed were 

aware of the campaign, and physical activity levels 

were increased for those children versus others who 

were not familiar with the campaign. 

California Project LEAN (Leaders Encouraging 

Activity and Nutrition) (CPL). CPL is a collabora-

tive efort between the California Department of 

Health Services (CDHS) and the Public Health Insti-

tute toward the vision that Californians will become 

physically active, eat healthy foods, and live in com-

munities that support healthy lifestyles. CPL’s over-

all mission, aligned with the Governor’s vision for 

Healthy California, is to increase healthy eating and 

physical activity, which in turn, will help to reduce the 

prevalence of obesity and related health conditions 

such as cardiovascular disease, stroke, and diabetes. 

he campaigns goals include using policy and envi-

ronmental changes to create healthier communities, 

provide education on choosing healthy food choices 

and physical activity, and to conduct research-based 

consumer-driven campaigns. 

Originally, CPL began as an initiative to encour-

age low-fat diets for individuals living within the 

San Francisco Bay area. he CDHS expanded the 

initiative to work with state and local physical ac-

tivity and nutrition leaders in conducting programs 

throughout the state. he CDHS provides funding 

for 10 regional oices across the state for social 

marketing programs including Food on the Run, Suc-

cessful Students through Healthy Food Policies, and 

Huesos Fuertes, Familia Saludable (Strong Bones, 

Healthy Families). 

CDHS is also a lead partner on the California 

Obesity Prevention Initiative (COPI), a campaign 

that promotes healthy eating and physical activity as 

mechanisms to reduce the prevalence of obesity and 

related health conditions. CPL developed Captive 

Kids Selling Obesity at Schools: An Action Guide to 

Stop the Marketing of Unhealthy Foods and Beverag-

es in School, and the campaign’s research on soda and 

snack foods distributed in schools has contributed to 

new policies and legislation that will make healthier 

food choices available in schools. 

SEE ALSO: Federal Initiatives to Prevent Obesity; State and 

Local Initiatives to Prevent Obesity. 
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Soda and Soft Drinks

BEVERAGES ARE IMPORTANT components of diet 

and a route for the intake of cafeine, ethanol, and oth-

er bioactive substances. Consumption of fruit drinks 

and soda represents nearly 81 percent of the increase 

in caloric sweetener intake in the United States. he 

largest source of these added sugars is nondiet soft 

drinks, which account for 47 percent of total added 

sugars in the diet. 

he term soft drink encompasses sodas along with 

other sugar-sweetened beverages such as fruit drinks, 

lemonade, and iced tea. he term soda encompasses 

sugar-sweetened carbonated beverages such as co-

las. Consumption of these beverages was shown to 

increase by 135 percent between 1977 and 2001. In 

the United States, on average, a 12-ounce serving (12 

ounces = 1 can of soda or 1 soda = 1 serving) of soda 

provides 150 kilocalories and 40–50 grams of sugar 

in the form of high-fructose corn syrup ([HFCS] ap-

proximately 45 percent glucose and 55 percent fruc-

tose), which is equivalent to 10 teaspoons of table 

sugar. If these calories are added to the typical U.S. 

diet without reducing intake from other sources, one 

soda per day could lead to a weight gain of 15 pounds 

or 6.75 kilograms in one year. It has been hypoth-

esized that fructose may lead to greater weight gain 

and insulin resistance by elevating plasma triacylg-

lycerols and subsequently decreasing the production 

of insulin and leptin in peripheral tissues—not sup-

pressing ghrelin—thereby decreasing signaling to the 

central nervous system from insulin and leptin—and 

possibly ghrelin. 

Recent studies have shown that women who con-

sumed one soda per week were 0.47 pounds (0.21 kilo-

grams) heavier than those who reported no soda con-

sumption. Men consuming one soda per week were 

0.33 pounds (0.15 kilograms) heavier than those who 

reported no soda consumption, although this difer-

ence was not signiicant. he weight gain is very sig-

niicant in women and children. Several studies found 

signiicant associations between the intake of sugar-
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sweetened beverages and greater overweight or obe-

sity. Soda consumption of 2 servings or more per day 

enhances body weight gain in children. It has also been 

suggested that soft drinks that contain caramel color-

ing are rich in advanced glycation end products, which 

may increase insulin resistance and inlammation. 

he intake of cafeine from soda (10–16 milli-

grams/100 grams) may increase blood pressure in ad-

olescents, especially those of African-American back-

ground, thereby increasing their risk of hypertension, 

although this adolescent population’s blood pressure 

may also be afected by dietary and lifestyle practices 

for which the consumption of cafeinated beverages is 

a marker. In the hird National Health and Nutrition 

Examination Survey (1988–94), based on a nation-

ally representative sample of the noninstitutionalized 

civilian U.S. population, observed that adults with 

diabetes reported drinking three times as much diet 

soda as adults without diabetes. Adults with diabe-

tes who had one or more drinks of diet soda per day, 

HbA1c level was 0.7 units signiicantly greater com-

pared with those who drank none. 

Several studies showed that the consumption of 

cola-type beverages in particular is negatively associ-

ated with bone mineral density and positively associ-

ated with bone fractures. Associations between high 

intakes of fruit juice and obesity were observed with 

apple juice only, which likely relects the high fructose 

(13.9 g/8 oz serving) and sucrose (4.2 g/serving) con-

tent of apple juice. In a recent review of 88 studies, it 

was suggested to reduce soft drinks based on its asso-

ciation with obesity and diabetes in the United States. 

In a study of 91,249 women followed for eight years, 

those who consumed one or more soft drinks per day 

were twice as likely as those who consumed less than 

one per month to develop diabetes.

SEE ALSO: Beverage Choices in Children; Food “Addic-

tions”; Food Marketing to Children; Obesity in Schools.
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South America 

PRIOR TO THE European conquest of the conti-

nent, South America was divided, anthropologically, 

into six main groups: the Circum-Caribbean, who 

also dominated the Caribbean and some of Central 

America; the Savanna-Orinoco peoples; the tropical 

forest peoples of modern-day Brazil and surround-

ing regions; the Andeans, who included the Incas; the 

Southern peoples who covered the region from the 

Chaco to Patagonia; and the Atlantic peoples in the 

southeast of modern-day Brazil. Most of these left 

little in the way of written records, and the Spanish 

and Portuguese were not inclined to study the local 

people except for collecting gold and other precious 

metals, and their subsequent use as a labor force. 

Many of the household objects and votive orna-

ments of these pre-Columbian peoples were de-

stroyed, but suicient numbers do survive to indicate 

that there might have been a problem of overweight 

with some people. he most well known of these is 

probably the hollow vessel of a female form in the 

Capuli style of the Narino (800–1250 c.e.) which was 

found in a tomb of the Narino tribe which lived on the 

modern-day Colombian-Ecuadorian border region. 

However, it is possible that the wide girth of the per-

son is as much to do with the pottery item’s main use, 

as a decorative pottery vessel for holding grain, rather 

than an accurate representation of the people. 

Similarly, a Tairona miniature jar in the igure of 

a large seated man clearly chewing a coca quid, may 

similarly have the igure dramatically altered for style. 

Large squat igures from the Caldas department of 

Colombia and those of the pre-Inca Mohica warriors 

may also have their size exaggerated to allow the ig-
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ures to stand up, rather than relect the size of the 

people. he human-like igures made from gold and 

other metals, and those that do not have a dual use as 

a storage vessel, tend to show slim igures. Although 

the diet of the period included large amounts of pota-

toes, most of the people did not seem to eat in excess 

and had plenty of exercise.

he arrival of the Spanish conquistadors dramati-

cally changed the whole of South America, and early 

line engravings of the Spanish and Portuguese show 

little evidence of overweight. However, some paintings 

from the 17th century onward often show large Euro-

pean people. he style of large lowing garments, with 

pufed sleeves and breeches worn by men, as shown in 

the paintings of the late-17th century Cuzco school of 

Archangels in contemporary costume, often makes the 

people look much larger than they actually were. 

Similarly, the heavily pleated dresses often dra-

matically exaggerated the size of small women. Dur-

ing the Spanish period, the diet of the region changed 

considerably with new dishes such as yaguarlocro, a 

potato soup made with chunks of congealed blood 

sausages, often served with cheese, and still popular 

in Ecuador, clearly could lead to health problems if 

not a part of a balanced diet and exercise regime. Un-

doubtedly, some obese people did exist, but evidence 

points to them being relatively rare.

During the Portuguese period in Brazil, obesity 

was generally equated with prosperity, although this 

fashion changed signiicantly in the 19th century. 

Certainly, in studies in Brazil in the 1990s it was 

shown that socioeconomic class factors correlated 

against obesity showed that the wealthier people 

were less likely to be obese, with poor nutrition sug-

gested as a reason for increasing obesity among the 

poor. In Brazil, as with many other developing coun-

tries around the world, there has been an increase 

in obesity from the second half of the 20th century 

with increased prosperity, and more meat in the diet, 

together with much larger consumption of sugar, for 

which Brazil is the second largest producer of cane 

sugar in the world. 

he rise in obesity levels became particularly pro-

nounced from the mid-1970s with the population of 

Brazil rapidly equaling that of the United States in the 

consumption of sugar, accounting for 19 percent of 

calories consumed. Much of this came from the in-

creased availability of soft drinks for which consump-

tion rates rose 400 percent in the period from 1975–

2005. he importance of dietary fat as a major role in 

obesity in Brazil has, however, come in for criticism 

from Rosely Sicheri of the Institute of Social Medi-

cine in Rio de Janeiro who viewed the decrease in 

physical activity as being more important. From 1940, 

where 80 percent of the population was rural, largely 

working on farms, to a population in 2000 where 80 

percent are urban, has clearly also been a major con-

tributory factor to obesity. 

Perhaps the most well-known obese Brazilian was 

Tim Maia (1942–98) who is regarded as the father of 

Brazilian soul music. He collapsed while performing 

at Niterói and died of pulmonary edema a few days 

later. In recent years, there has been signiicant focus 

in the Brazilian medical community into obesity with 

Dr. Drauzio Varella hosting a television show on obe-

sity, as well as writing in newspapers about weight-loss 

techniques. In the city of Cascavel in Paraná state, in 

the south of Brazil, there has been much research at 

the Genisis and Salete hospitals into obesity manage-

ment, indicating it is a recognized problem. Policies 

to combat obesity in Brazil are coordinated by Asso-

ciação Brasileira para o Estudo da Obesidade with Dr. 

Henrique de Lacerda Suplicy of São Paulo being the 

national representative on the International Associa-

tion for the Study of Obesity (IASO).

For Argentina, a small degree of obesity among 

country landowners during the colonial period was 

seen as a mark of prosperity, although this was not as 

marked as in Brazil. After World War II, there was a 

large rise in the level of obesity among migrants from 

southern Europe, especially Italy and Spain, owing to 

a massive increase in the amount of meat in their diet. 

his was combined with many of these migrants set-

tling in urban centers with a major decrease in physi-

cal activity. Since the 1980s, there have been further 

signiicant declines in the average amount of physical 

activity, along with a massive rise in the consumption 

of soft drinks, leading to medical problems including 

an increase in diabetes. 

One example of this has been Diego Maradona, 

who played football for Argentina, becoming recog-

nized as one of the greatest players in the history of 

the sport, and after he inished playing football, he 

had drug problems and developed a signiicant level 

of overweight, ending up being treated for obesity. In 

a study from the Nutrition and Diabetes Department 
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of Hospital Durand, Buenos Aires researchers, show 

that overweight mothers tend not to be as cognizant of 

overweight in preschool children which would become 

a major factor in obesity in children for years ahead. 

Studies among the Guarani-Mbya from Misiones, in 

northern Argentina, along the Paraguayan border, has 

a very signiicant rise in obesity rates among Amerin-

dians which has resulted from a process of nutritional 

transition. In recent years, the Sociedad Argentina de 

Obesidad y Trastornos Alimentarios has been formed 

with Dr. Rosa Labanca of Buenos Aires being the na-

tional representative on the IASO.

he land on the north bank of the River Plate, be-

cause of its geographical isolation from the Brazilian 

city of Rio de Janeiro, and its proximity to the Argen-

tine capital of Buenos Aires, became a popular place 

for smugglers and cattle farmers during the 18th cen-

tury, and maintained a Spanish-speaking population, 

managing to get its independence in 1828, becoming 

the Eastern Republic of Uruguay. 

Although wracked by civil wars during the 19th 

century, Uruguay was one of the most prosperous 

countries in Latin America by the early 20th century, 

largely based on its beef industry. With considerable 

wealth and a small population, Uruguay has managed 

to establish one of the best health systems in Latin 

America, and has been involved in many healthy life-

style campaigns to combat bad diet and obesity. In 

spite of these, its general aluence contributes to its 

having the highest rate of adult obesity in the Ameri-

cas (about 50 percent according to some studies), be-

ing more common among females than males. he 

Sociedad Uruguaya para el Estudio de la Obesidad 

has recently been founded, with Dr. Raul Pisabarro 

being the national representative on the IASO.

he population of Chile is traditionally one of the 

best-fed in Latin America, with the prevalence of mal-

nutrition among children under the age of 4 being the 

lowest in the Americas (0.8 percent). However, as a re-

sult, Chile has the highest rate of obesity in the Ameri-

cas for the 20- to 29-year-old population, followed by 

Costa Rica, Cuba, and Peru. he Sociedad Chilena de 

Obesidad was founded with Dr. Patricio Mois of San-

tiago being the national representative on the IASO.

he landlocked Republic of Paraguay was created in 

1813 after a declaration of independence by its lead-

er, Jos� Gaspar Rodr�guez de Francia, who ruled theJos� Gaspar Rodr�guez de Francia, who ruled the 

country until 1840. Francia was notably gaunt, but his 

successor, Carlos Antonio López, was well known forCarlos Antonio López, was well known for 

his large size. Journalist Hector Varela who met López 

wrote, “one rarely sees a more impressive sight than 

this great tidal wave of human lesh.” he British writ-

er Richard Burton, although he did not meet López 

himself, certainly met people who had, and described 

the president as “hideous, burly and thick-set … with 

chops lying over his cravat, his face wears, like the late 

George IV, a porcine appearance, which, however, as 

in the case of Gibbon, is not incompatible with high 

intellect.” he U.S. historian Philip Raine wrote that 

the most impressive feature of López was his obesity, 

with a double or triple chin, depending on which por-

trait one used for a likeness. His wife, Dona Juana Pau-

la Carrillo, who took the title “La Presidenta,” was also 

obese. López was a relatively benevolent ruler, but af-

ter his death in 1862, his son, Francisco Solano López, 

overweight but by no means obese, led Paraguay into 

a destructive war with its neighbors resulting in the 

destruction of much of the country, and the death of 

the vast majority of the men. 

Compared to many other urban centers in South 

America, Asuncion has a lower level of obesity than its 

other counterparts, although cases are rising, often as-

sociated with an increase in kidney disease. here was 

much publicity given to the size of Victor Daniel Pavia, 

co-owner of the Ycuá Bolanos supermarket which was 

the location of the August 1, 2004 ire which result-

ed in the deaths of at least 275 people. he Sociedad 

Paraguaya para el Estudio de la Obesidad operates in 

Paraguay with Dr. Maria Cristina Jimenez of Asuncion 

being the national representative on the IASO.

In Paraguay’s western neighbor, Bolivia, obesity 

is generally associated with poverty and poor diet in 

the indigenous population, rather than gluttony and 

overeating, as is the case in many instances in Argen-

tina, Brazil, and Paraguay. Much of this comes from a 

heavy diet of potatoes with Bolivia still having one of 

the lowest height for age for children under the age of 

4 in the whole of South America (38.3 percent), ahead 

of Peru (35.3 percent) and Ecuador (34 percent). In 

2006, following the swearing-in of Evo Morales as 

president of Bolivia, there were moves to legalize coca 

with the suggestion that coca’s ability to stunt appetite 

could result in a natural cure to the obesity problem 

throughout the world. 

Another explanation for the high level of obesity 

among the poor in Bolivia came to light in a recent 
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survey by S. Mohanna, R. Baracco, and S. Seclen from 

the Instituto de Investigaciones de Altura, Universi-

dad Peruana Cayetano Heredia, Lima, which showed 

that obesity was more common in populations that 

live at a high altitude, which was evident in a study 

across various peoples living in Peru. 

Certainly, there is some evidence of obesity in co-

lonial times with an early-19th-century watercolor 

of Doctor Valdez Busioni, displayed in the Museo de 

Arte de Lima, portrays a very large man covered in 

an equally large cloak. However, the Peruvian results 

relying on the high altitudes may also explain the sit-

uation in neighboring Ecuador. here have been sev-

eral studies of the elderly poor in Quito which have 

shown similar results to those in Bolivia with obesity 

being common among the poor, owing to poor diet. 

he Peruvian Association of Atherosclerosis and 

Obesity coordinates research in the country, with Dr. 

Mario Zubiate of Lima being the national representa-

tive on the IASO.

In recent years, there has been an increase in obe-

sity in women in Colombia, with the result of a rise in 

the risk of cardiovascular problems. he Colombian 

neo-igurative artist, Fernando Botero (b. 1932), was 

interested in the concept of corpulence, and many 

of his paintings and sculptures show obese animals 

or humans. Mention should also be made of Fabio 

Ochoa Restrepo “Don Fabio” (1923–2002) who was 

patriarch of a Colombian crime family connected 

with drug dealer Pablo Escobar. Ochoa sufered from 

severe obesity and was extradited to the United States 

in September 2001, dying of kidney failure in 2002. 

Research in Colombia is coordinated by the Asoci-

ación Colombiana de Obesidad y Metabolismo with 

Dr. Rafael Gomez Cuevas of Bogotá being the nation-

al representative on the IASO.

he increasing prosperity in Venezuela since the 

1960s with the oil boom has led to more obesity with 

surveys by the Food and Agriculture Organization 

showing a rise in obesity rates in children under the 

age of 5 until 1993–1994, and then stabilizing in 1994 

at 2.9 to 3 percent. It has increased again since then 

with one study of Valencia in the north central part of 

the country by G. Ovedio, M. Moron de Salim, and L. 

Solano revealing the medical consequences of obesity 

in the early 21st century. Operating from Caracas, the 

Asociación Venezolana para el Estudio de la Obesi-

dad coordinates research in Venezuela, with Dr. Car-

los Carrera of the Hospital de Clinicas Caracas being 

the national representative on the IASO.

SEE ALSO: North America; Prevalence of Childhood Obe-

sity Worldwide
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South Beach Diet

THE SOUTH BEACH Diet is a popular diet program 

developed by the cardiologist Dr. Arthur Agatston in 

the 1990s and widely publicized after the appearance 

of his book he South Beach Diet in 2003. Agatston 

has stated that he developed the South Beach Diet to 

help his overweight cardiac patients lose weight, as he 

had observed that many of them did not respond well 

to the low-fat, carbohydrate diet recommended at the 

time by the American Heart Association. he South 

Beach Diet program emphasizes moderate consump-

tion of healthy foods prepared by the individual, and 

except for the irst phase in which carbohydrates are 

restricted, does not depend on any extreme allocation 

of macronutrients (carbohydrates, protein, or fat). 
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his diferentiates it from both high-carbohydrate 

and high-protein/high-fat diets, as well as from diets 

based on the purchase of prepackaged foods or meal 

replacement items such as meal bars or shakes. 

he South Beach Diet is organized into three phases. 

Phase one, which lasts 14 days, is the most restrictive. 

All fruits and fruit juices, starchy foods, dairy foods, 

and alcohol are prohibited during this phase, and the 

only carbohydrates consumed come from beans and 

other vegetables. his phase is basically a short-term 

low-carbohydrate diet in which moderate amounts 

of healthy fats and lean protein are consumed during 

Phase 1, and green vegetables such as broccoli and let-

tuce are also included. he dieter is instructed to eat 

three meals and two snacks a day during this phase 

to forestall hunger. he elimination of most carbohy-

drates from the diet for a short period of time enhances 

rapid weight loss (although some of that weight is due 

to decreased water retention), which is psychologically 

reinforcing to the dieter. However, Agatston also ar-

gues that this strategy also reduces cravings for reined 

carbohydrates and changes the body’s metabolism; 

both of these claims are open to question. 

In Phase two of the South Beach Diet, carbohy-

drates are gradually added into the diet. A distinction 

between good and bad carbohydrates is observed, so 

that (for instance) whole fruit is recommended rather 

fruit juice, and whole grain bread rather than bread 

made from reined white lour. Weight loss is slower in 

Phase two than in Phase one, and the individual stays 

on Phase two until he or she has reached his or her goal 

weight. Wine is allowed in moderation in Phase two 

and Phase three. 

Phase three is a maintenance phase intended po-

tentially to last the rest of the person’s life. he indi-

vidual is no longer on a diet per se, but is assumed to 

have learned healthy eating habits and to be accus-

tomed to monitoring his or her weight and food in-

take. Snacks are not included in Phase three because 

meals are larger and it is assumed an individual will 

not become hungry between meals. A variety of foods 

are allowed in Phase three, governed by a few basic 

principles such as avoidance of reined carbohydrates 

and saturated fat.

he South Beach Diet distinguishes itself from 

other popular diets such as the Atkins Diet by distin-

guishing among types of carbohydrates and types of 

fats. In the South Beach Diet, “good” carbohydrates 

include iber and include those found in many veg-

etables and whole grains, while “bad” carbohydrates 

have little iber and typically are found in highly pro-

cessed foods in which most or all of their iber has 

been removed. In general, good carbohydrates have 

a low glycemic index (GI), while bad carbohydrates 

have a high GI. Similarly, fats are divided into good 

and bad: good fats are monosaturated or polyunsat-

urated and are found in foods such as olive oil and 

canola oil, while bad fats are saturated fats found in 

animal products. Consumption of good fats is includ-

ed in all phases of the diet, while consumption of bad 

fats is limited throughout.

he South Beach Diet was an overwhelming com-

mercial and popular success, but scientiic evidence 

for its efectiveness remains largely lacking. Despite 

the fact that the diet was developed by a cardiolo-

gist, books and other materials presenting the South 

Beach Diet plan are written in a popular manner, and 

support for the diet’s efectiveness is largely anecdot-

al. Some of the science presented in the irst presen-

tation of this diet, Agatston’s 2003 he South Beach 

Diet, has also been questioned. A review of nutritional 

claims presented as fact in he South Beach Diet, con-

ducted by a team led by S. L. Gof, found that many 
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of these claims were unsupported and some were 

contradicted by the current state of scientiic knowl-

edge. In fact, Gof’s comparison of “facts” presented 

in he South Beach Diet with peer-reviewed medical 

literature found that only one-third of the claims were 

supported in the peer-reviewed literature, 17 percent 

were completely unsupported, 7 percent had not been 

studied, and evidence for the remaining 43 percent 

was ambiguous or equivocal. 

he South Beach Diet is not easily categorized be-

cause it does not rely on extreme diet choices: for in-

stance, although low carbohydrate in comparison to the 

typical American diet, it is not intended to put the body 

into a state of ketosis as is, for instance, the low-car-

bohydrate Atkins Diet. Some critics refer to the South 

Beach Diet as “Atkins Lite” and view it, particularly the 

irst phase, as a less extreme version of the Atkins Diet. 

he South Beach Diet also distinguishes itself from the 

Atkins Diet by a marketing approach which emphasizes 

that it is based on moderation and healthy food choices, 

and thus has won greater support among nutritionists. 

In fact, some attribute the phenomenal success of the 

South Beach Diet books (the original South Beach Diet 

book was a New York Times bestseller and it, plus two 

spinof books, sold over 14 million copies between 2003 

and 2005) to the fact that the irst South Beach Diet 

book appeared the same month that Atkins died. he 

South Beach Diet is also more acceptable to nutrition-

ists and other medical professionals because the advice 

after Phase one generally involves eating a balanced diet 

consisting of moderate amounts of healthy foods, which 

is standard weight-loss advice. 

One controversial aspect of the South Beach Diet is 

its embrace of the concept of the GI, which is a mea-

sure of the efect diferent carbohydrate-containing 

foods have on blood glucose in the irst two hours af-

ter consumption. he theory is that foods with a high 

GI tend to break down quickly in the digestive sys-

tem and cause a rapid increase in blood sugar, which 

causes the body to release large amounts of insulin, 

resulting in lowered blood sugar, bringing about stor-

age of excess calories as fat and the recurrence of hun-

ger. On the other hand, it is theorized that foods with 

a low GI break down more slowly, eliminating the 

spike in blood sugar followed by a spike in insulin and 

drop in blood sugar, and should therefore satisfy hun-

ger and minimize food cravings longer than high-GI 

foods. Examples of high-GI foods in the Western diet 

include (GI in parentheses) rice cakes (110), baked 

potatoes (158), and glucose (137); examples of lower-

GI foods include bran bread (68), oatmeal (70), lentils 

(36), and whole milk (39). he GI index is somewhat 

controversial for several reasons, including the fact 

that individual responses to any food can vary widely, 

and that the same person’s GI response to a particu-

lar food depends on the quantity consumed and what 

other foods are consumed at the same time. 

Although licensed South Beach Diet food products 

may be purchased, including a line of South Beach 

Diet Foods produced by Kraft Foods including meal 

bars, cereals, and packaged meals and South Beat 

Diet Wraps produced by the Santa Fe Tortilla Com-

pany, purchase of these foods is not required to fol-

low the diet. In fact, preparing healthy meals using 

ordinary supermarket food is a point of emphasis in 

the South Beach Diet materials; large portions of the 

original South Beach Diet book is taken up with reci-

pes and menus consonant with the phases of the diet, 

and several books of South Beach Diet recipes have 

been published. he Web site and newsletter also in-

clude recipes, and one of the diet books include ad-

vice about selecting foods in restaurants that will it 

the South Beach Diet plan. 

his emphasis on teaching the dieter to cook healthy 

meals using ordinary foods is admirable because it 

both keeps down expenses (relative to purchasing pre-

packaged meals) and retrains the individual dieter for a 

lifetime of healthy eating. On the other hand, the South 

Beach Diet materials have been criticized as elitist be-

cause many of the recipes, which call for expensive or 

obscure and exotic seasonings and main ingredients 

such as mahi mahi and edamame, are not commonly 

available in local grocery stores or familiar to many 

Americans. he variety of foods incorporated into the 

recipes is not accidental, however, but is consistent 

with Agatston’s philosophy that dieters who consume 

a variety of foods, and who enjoy each food item and 

each meal they consume, are the most likely to be suc-

cessful in controlling their weight in the long term. 

A 2005 article in Forbes magazine found the South 

Beach Diet to be a relatively inexpensive choice among 

10 popular diet plans. Purchasing foods to follow menus 

presented for the South Beach Diet was calculated to 

cost about $78 per week, about 44 percent above the 

national average food budget for one person. his made 

it far cheaper than programs such as Jenny Craig ($137 
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per week) or NutriSystem ($113 per week) which re-

quire the dieter to purchase packaged meals from the 

manufacturer, and slightly more expensive than Slim-

Fast ($77) or Sugar Busters! ($69). 

Agatston, who developed the South Beach Diet, 

received his medical degree from New York Univer-

sity and is an associate professor of cardiology at the 

Miller School of Medicine at the University of Miami. 

In 2004, Agatston founded the Agatston Research 

Foundation which initiates research and conducts 

collaborative studies and educational and prevention 

activities related to nutrition and health. One of the 

foundation’s major studies is the Healthier Outcomes 

for Public Schoolchildren (HOPS) study, which con-

sists of nutritional and lifestyle interventions for 

15,000 schoolchildren from 17 public schools in the 

Miami area. he goal of HOPS programs is to test the 

efectiveness of diferent interventions and to develop 

programs that could be used in other public school 

settings, including the inclusion of whole foods in 

school lunches, development of curricula to teach 

children and their parents about nutrition and life-

style management, and develop programs to create 

fruit and vegetable gardens in elementary schools. 

SEE ALSO: Carbohydrate and Protein Intake; High Protein 

Diets; Low Calorie Diet; Low Carbohydrate Diet; Portion 

Control.
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State and Local Initiatives  

to Prevent Obesity

IN 1999, THE Centers for Disease Control and Pre-

vention (CDC) established NPAO, a cooperative 

agreement between the CDC’s Division of Nutrition, 

Physical Activity and Obesity (DNPAO) and 28 state 

health departments. NPAO seeks to prevent and con-

trol obesity by supporting states in the development 

and implementation of nutrition and physical activity 

interventions, particularly through population-based 

strategies geared toward balancing caloric intake and 

expenditure, increasing physical activity, increas-

ing consumption of fruits and vegetables, decreasing 

television-viewing time, and increasing breastfeeding. 

States receive funding at two diferent levels: capacity 

building and basic implementation. 

In the 2007 iscal year 21 states were funded at the 

capacity building level and seven states were funded 

at the more advanced, basic implementation level. 

he funded states have made progress in establishing 

the infrastructure needed by gathering data, building 

partnerships, and creating statewide health plans to 

get broad based support for their programs. 

Additionally, the seven states funded at the basic-

implementation level are working to implement a 

comprehensive nutrition and physical activity state 

plan to prevent and control obesity and other chronic 

diseases, provide training and technical assistance to 

communities, implement and evaluate nutrition and 

physical activity interventions to prevent obesity and 

other chronic diseases, and evaluate the progress and 

impact of both state plans and interventions.  An ex-

ample of an NPAO state intervention is the Colorado 

Physical Activity and Nutrition Program (COPAN) 

which funds eight rural communities and has also 

partnered with Kaiser Permanente to support 11 sites 

in the metro Denver area. Commerce City has a nu-

trition, cooking, and literacy program for low-income 

preschool students and their parents, a commu-

nity gardening program for youth, a mobile market 

program that delivers fresh and afordable produce 

throughout the community, an environmental edu-

cation camping program for inner-city youth, and an 

organized walking program for seniors. 

In 2006, the National Governors Association 

(NGA), chaired by Arkansas Governor Mike Hucka-
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bee, launched the initiative Healthy America aimed at 

reducing obesity, improving nutrition, and increasing 

physical activity.  

Numerous grassroots eforts have successfully en-

gaged in obesity prevention eforts and many of the 

current state eforts and policies are a result of these. 

Local restaurants in Tiburon, California spawned a 

national movement against trans fat. heir 18 res-

taurants voluntarily stopped using trans fats in their 

cooking oils, making it the irst city in the nation to 

go “trans fat-free.” Project Tiburon was an inspiration 

and model and inspired New York City was the irst 

city in the nation to require by law that all city restau-

rants to remove trans fat from their restaurants when 

the Board of Health voted that this be done in all New 

York City restaurants by July 1, 2008. Since then, oth-

er jurisdictions are considering trans fat bans or con-

sumer warning notices and other cities already have 

voluntary trans fat bans in restaurants. 

SEE ALSO: Community Programs to Prevent Obesity; Fed-

eral Initiatives to Prevent Obesity; Policy to Prevent Obe-

sity; School Based Interventions to Prevent Obesity.
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Stereotypes and Obesity

THROUGHOUT GENERATIONS, THE stereotypes as-

sociated with obesity, or merely being slightly over-

weight, have always taken mainstream positions. 

he positions, despite always being present, have not 

always been consistent. Having excess body fat was 

once desirable, indicating wealth and plentiful food 

supplies. Today, however, being overweight is asso-

ciated with images of laziness and poor self-control. 

Despite the varying stereotypes, obesity is a medical 

condition and has some well-established physiological 

disadvantages that do not change with the changing 

generations. With a general understanding of some of 

the issues related to obesity, the modern stereotypes 

can be tempered around the realities of obesity. 

In many of the earliest human societies, having 

excessive body fat was highly prized. Statuettes were 

made celebrating the body image of what today would 

be considered very obese women. his body type was a 

necessity from 20,000 years ago to the earliest records 

of human activity. In times of famine and extreme cold, 

the women with the most body fat would be best able 

to bear children and live through harsh periods. 

After the development of ixed housing and estab-

lished heating sources, having excessive body fat was 

still considered a positive trait. Into the early 1200s, 

monarchs aimed for larger physical statures to indi-

cate wealth and general prosperity. Past that, into the 

1500s and 1600s, female plumpness was seen as erot-

ic and many notable paintings were done indicating 

such. In general, up until more modern times, larger 

men were seen as strong and rich, and larger women 

were seen as erotic and caring. 

he stereotypes of excessive body fat have shifted 

dramatically into the modern day. With adequate 

food supplies, having excess body fat is no longer a 

necessity for survival. hrough modern advertising, 

the thin ideal has come into efect. his ideal dictates 

that lean and trim bodies are more desirable. his 

new ideal image also brought new stereotypes about 

body types. hese stereotypes, however, have devel-

oped without the general knowledge of the metabolic 

disorders that make obesity a far-reaching condition. 

Today, a person having excessive body fat can en-

counter many disadvantages in society. Many general 

stereotypes are assigned to obese people, with lazy 

and incompetent being two of the more common. 

he stereotypes are, in large part, are negative and 

assigned as a way to explain why a person is fat. For 

instance, upon irst impression, many people assume 

that an obese individual is lazy, uncontrolled, and un-

motivated. hose three characteristics would, in gen-

eral opinion, explain why and how a person could ac-

cumulate a disproportionate amount of body fat. 

In a less malicious form, obese individuals may be 

seen as jolly or funny. Often, an obese person can be 

assumed to take on a Santa Claus of funny-fat-man 

role. While these do not seem to be as harmful of 

stereotypes as lazy and incompetent, the underlying 
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assumption is that the obese person is less of a per-

son and more of an object of ridicule. While the im-

age of the funny-fat-man has taken many classic roles 

in American movie history, this image is rarely as-

sociated with high levels of respect or responsibility. 

More commonly, the funny-fat-man is irresponsible, 

unkempt, and has poor decision-making skills.

Despite the images of obese people being lazy 

and having uncontrolled eating habits, many obese 

people put forth signiicant efort to lose weight, 

only to face more signiicant challenges. he causes 

and mechanisms of obesity are being heavily re-

searched. Many questions exist regarding the ability 

of an obese person to efectively burn stored energy. 

What are the efects of having too much body fat on 

a person’s metabolic processes? How does an obese 

person’s daily energy requirements compare to that 

of a normal-weight person? What options are avail-

able if traditional exercise places an unsafe amount 

of stress and force on an obese person’s bones? Such 

questions have to be addressed and considered in the 

face of stereotypes. 

Often, an obese person will encounter many signif-

icant complications while trying to lose weight. Many 

obese individuals have a diminished ability to efec-

tively burn calories and cannot safely do the amount 

of exercise needed to produce suicient calorie loss. 

Additionally, many established biochemical medical 

conditions can further hinder an obese person’s at-

tempts at weight reduction. Condition resulting in 

diabetes, high blood pressure, clogged arteries, and 

poor oxygen capacity are all common to an obese 

person, and can all markedly reduce the ability of an 

obese individual to lose weight.

Knowledge of the medical and social challenges 

facing obese individuals can help alleviate the social 

stigma placed upon obesity. Many people will not 

ridicule a quadriplegic for not being able to comfort-

ably navigate narrow grocery store aisles; however, 

the sight of an obese individual knocking over cans 

of tomato soup while turning a corner may bring hys-

terical laughter to onlookers. While both individu-

als face signiicant medical and social complications, 

the basic knowledge exists explaining the need for a 

wheelchair. Perhaps if a similar knowledge of the met-

abolic and social issues facing obese individuals was 

wider spread, more compassion would be felt and the 

stereotypes would not be as prevalent in society. 

he image of overweight people has transformed 

over time. While being obese was once a necessity for 

survival, and wildly erotic, the idea of having excessive 

body fat has been attached to characteristics such as 

laziness, incompetence, and sloppiness. As research 

continues to discover more reasons for obesity, the 

expanding knowledge base has the potential to take 

the stereotypes out of circulation. 

SEE ALSO: Access to Nutritious Foods; American Obe-

sity Association; Appearance; Assessment of Obesity and 

Health Risks; Back Pain; Central Obesity; Eating Disorders 

and Obesity.
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Steroids

STEROIDS, OR STEROID hormones, are fat-soluble 

molecules whose chemical structures are derived 

from cholesterol. Found in both plants and animals, 

these small molecules regulate many developmental 

and physiological processes within the organism. hey 

function by binding to and activating proteins called 

hormone receptors located in the nucleus of the cell. 

hese activated receptor proteins then bind to DNA, 

turning on or of speciic genes within the cell.

here are ive major classes of steroids in the hu-

man body: progestagens, androgens, and estrogens, 

also known as sex hormones, afect sexual develop-

ment and function; glucocorticoids regulate carbo-

hydrate and lipid metabolism and have an inhibitory 

efect on inlammation; and mineralocorticoids help 

regulate the balance of electrolytes in the body and 

afect blood pressure through regulation of the luid 

amounts in the body and vasculature.

Fat storage cells, also known as adipose tissue, play 

an important role in metabolizing steroid hormones, 
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interconverting them between diferent forms. A high 

proportion of fat to muscle in the body can therefore 

disrupt the normal balance of steroids in the body. 

Glucocorticoids such as cortisol increase the 

uptake of lipids into fat cells by increasing the ex-

pression of lipoprotein lipase (LPL), an enzyme 

found on the cell’s surface that helps remove fatty 

acids from lipoproteins circulating in the blood. 

Excess glucocorticoid levels lead to a redistribu-

tion of body fat, mostly in the abdomen but also in 

the face, producing a “moon face” characteristic of 

Cushing syndrome. The sex steroid hormones are 

believed to act in an opposite manner, decreasing 

lipid uptake into adipose tissue. Testosterone in 

particular has a strong effect, leading to lower body 

fat content in men. 

he reduction of sex hormone levels that occurs 

with age is associated with an increase in obesity, 

bringing with it risks for cardiovascular disease and 

Type 2 diabetes. Hormone replacement therapies in 

older women and men can alleviate this problem, but 

have side efects which limit their use. 

Medically, steroids are used to reduce swelling, in-

crease the level of red blood cells, ease breathing, and 

replace low levels of hormones in the body as well as 

for treatment for delayed puberty, impotence, or in 

conditions such as acquired immunodeiciency syn-

drome (AIDS) or cancer. Side efects of steroid use in-

clude an increased appetite, bitter taste in the mouth, 

and cellular swelling. his may cause a transient rise 

in a person’s weight. 

Anabolic steroids, also known as roids, are derived 

from testosterone and promote the development of 

muscle mass and enhance bone structure. hey have 

many legitimate medical uses, but have received a bad 

reputation due to their controversial use in competi-

tive sports. hese hormones are often used by ath-

letes to increase muscle mass and strength, but have 

serious side efects, including virilization (the devel-

opment of male secondary sexual characteristics in 

women), severe acne, increased blood pressure, el-

evated cholesterol levels, and possibly liver damage. 

SEE ALSO: Cortisol; Cushing Syndrome; Glucocorticoids; 

Hormones; Lipoprotein Lipase.
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Stigmas against  

Overweight Children

ONE OF THE most signiicant consequences of being 

an overweight child is the stigmatization and dis-

crimination he or she often faces at school, in play-

groups and after-school activities, and, at times, in 

the home. Although the prevalence of overweight 

in children has increased greatly over the past three 

decades, the stigma of being overweight has been an 

enduring part of childhood and adolescence for much 

longer. his was irst brought to light when Stephen 

A. Richardson and his colleagues set out to look at 

the stigmatization of handicaps and found that chil-

dren stigmatized overweight children; they consis-

tently ranked an overweight child as less desirable to 

befriend than a child with a broken leg, a child in a 

A high proportion of fat to muscle in the body can disrupt the normal 

balance of steroids in the body. 
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wheelchair, a child with a hand missing, and a child 

with a disigured face. his study and inding has been 

replicated numerous times since the original 1961 

study with children of diferent ages and of varying 

cultural backgrounds. 

Sociologists and psychologists conceptualize stig-

ma as the possession of a trait, either ascribed (from 

birth, such as race) or achieved (a trait someone ac-

quires later in life). Overweight is a particularly com-

plicated stigma because there is debate as to whether 

weight is an ascribed trait, such as from one’s genes, 

or if it is an achieved trait that results from overeating 

and underexercising. Although researchers generally 

agree that it is both an ascribed and achieved trait, 

meaning that those with a genetic predisposition are 

more likely to sufer the consequences of overeat-

ing and underexercising, the general public tends to 

blame people for their weight, hence further stigma-

tizing them. here are numerous consequences for 

both adults and children who are stigmatized. 

Bruce Link and Jo C. Phelan conceptualize stig-

ma as a combination of being labeled, stereotyped, 

and separated from the rest of society, in addition 

to losing status, and being a victim of discrimina-

tion. Once a person is labeled as “fat,” he or she is 

also stereotyped as being lazy, sloppy, and ugly. 

his is particularly harmful for children who are in 

their formative years. Every experience a child has 

leaves a lasting efect because children are not as ad-

ept at compartmentalizing and rationalizing nega-

tive experiences as adults are. Moreover, children’s 

self-concepts start to form at a very young age and 

they inevitably internalize the fat label and the ste-

reotypes with which it is associated. herefore, their 

conidence, sociability, and grades often sufer, lead-

ing overweight children onto a path of disadvantage 

and discrimination. 

Recently, schools around the country have received 

attention for eforts they are making to reduce child-

hood overweight; however, they may inadvertently add 

to childhood stigma. Many of these eforts are innocu-

ous eforts to increase physical activity for all children, 

such as “walking school buses” where children follow 

the school buses traditional route, picking up other 

children at various points, yet walk to school instead 

of bus to school. Other eforts, however, are more con-

troversial and potentially harmful for children. For 

example, some schools have resorted to placing chil-

dren’s body mass indexes (BMI)—a ratio of weight in 

kilograms to height in meters squared—on their report 

cards. Other schools have taken this further by singling 

out children whose BMI is above the 95th percentile 

and sending letters to their parents telling them of their 

child’s weight problem and/or inviting overweight and 

obese children to special itness programs. 

While these programs can have signiicant ben-

eits for some children, they can also exacerbate the 

stigma associated with overweight for children, both 

socially and psychologically. School-aged overweight 

children are generally aware that they are overweight. 

Consequently, the self-protective mechanisms they 

employ to deal with the social isolation and taunting 

that frequently accompanies it are dismantled when it 

is reinforced by a letter to the home stating that they 

are not only not accepted by their peers, but by school 

oicials, and now, potentially their family. hus, these 

letters conirm some children’s worst fears that they 

are not accepted by anyone. 

Studies have shown that both children and adults are 

more likely to stigmatize overweight people of all ages if 

they perceive it to be the overweight person’s fault. In-

stead of blaming the children or their parents for their 

weight, it would be advisable to look for ways to im-

prove school menus, access to physical activity, proxim-

ity of schools to fast food, and how food is advertised to 

young children. Dr. Kelly Brownell and his colleagues 

at the Rudd Center for Food Policy and Obesity have 

pioneered these eforts, and they are slowly being im-

plemented. Community-wide eforts blame everyone 

and no one. As a result, they reduce the potential for 

stigmatizing the most vulnerable—the children. 

SEE ALSO: Overweight Children and School Performance; 

School Based Interventions to Prevent Obesity in Children; 

Self-Esteem and Children’s Weight.
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Stress

HUMAN STRESS IS the result of too much demand, 

or strain, on the body. The fight or flight mecha-

nism, where the body chemically responds to a 

strain by creating adrenalin, glucocorticoids and 

other hormones that enable extraordinary athletic 

feats in a time of peril (fight) or rapidly running 

away from an aggressive predator (flight), is central 

to the concept of stress. 

he downside of stress is that it can be linked to 

health problems and obesity. Historically, researchers 

posited that stress was the result of the body’s attempt 

to combat strain and maintain homeostasis. he idea 

was that when the body ran out of the resources to 

combat whatever strain it was exposed to, it would 

start to break down and have mechanical problems 

such as diabetes. From there, we moved to the belief 

the problem was really the buildup of the chemicals 

that the body was creating in an environment that did 

not allow for ight or light. he chemical stress re-

sponse was seen to erode soft tissues and create prob-

lems such as ulcers. 

Current research is focusing less on the body wear-

ing down or not having enough resources. In fact, we 

now believe that stress can be alleviated by inding 

ways to cope with the strain better. Coping can in-

clude things like dietary changes to reduce the risk of 

heart failure (reducing fat and sodium intake), behav-

ioral changes like getting more sleep or taking a walk, 

mind altering techniques to change the perception of 

the strain (counseling or participating in yoga), and 

medications to reduce anxiety. 

What is the relationship between stress and obe-

sity? Stress has several dichotomous associations 

that interact with obesity. he irst of these divisions 

is between good stress called eustress (losing weight 

from walking more) and stress that we respond to 

negatively called distress (becoming hungry, tired, 

and grouchy after a long walk on a hot day). Jux-

taposition is also found between stress that results 

from physical strains (weighing too much) and stress 

coming from psychological strains (hearing someone 

refer to you as fat). Stress can additionally be divided 

by duration: that which is the result of an acute event 

(trying to exercise more and pulling a ligament in 

one of your joints because they are not used to mov-

ing in that manner under that much weight) and that 

which is chronic or continuous (not having the en-

ergy to cook dinner after going home from work). 

Last, stress has a cyclical relationship with obesity. 

Some research supports the idea that stress can 

precede becoming overweight or obese, and other 

works demonstrate how being obese causes a lot of 

stress on the body. 

It is important to remember that not everyone re-

sponds to strains in the same way. When a person is 

energized by strain, the result is called eustress. Eu-

stress, or good stress, can result from an overweight 

person losing weight. he end result may be renewed 

efort, anticipation of rewards, or the decision to 

make constructive changes in the environment that 

surrounds the individual. When looking at obesity, 

eustress is usually associated with successful and in-

tentional weight loss.
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The same event that is seen as helpful and re-

warding by one person may be thought of as dis-

abling or restrictive by another. When someone 

feels stressed, they tend to respond with coping be-

haviors. Some coping behaviors attack what caused 

the problem and others revolve around avoidance. 

Attacking or correcting the problem allows the in-

dividual to minimize the effect of the strain and 

cope with it. Avoidance may work well in some in-

stances, but frequently the situation remains in the 

individual’s mind as a stressor. For instance, drink-

ing alcohol or eating ice cream after being fired 

does not help the situation. 

hese behaviors allow the person to feel better 

for a limited amount of time. hey may even be-

come addictive behaviors, but the stressor is still 

there. Coping behaviors are learned behaviors, such 

as conditioned food preferences. Many of these be-

havoirs were established during childhood. We of-

ten think of food as symbolic of a familial love and 

comfort, so reaching for comfort food in times of 

strain is a common response. Distress, or bad stress, 

is also represented by the relationship between obe-

sity and depression. 

Being overweight puts a physical strain on the body. 

Excess weight is considered to be a risk factor for 

mortality and a variety of physical ailments, like Type 

2 diabetes, certain cancers, high blood pressure, heart 

problems, and a variety of muscle and joint problems. 

Epidemiology has not yet shown if the physical dis-

tress on the body from being overweight causes the 

diseases that obesity has been labeled a risk factor 

for, or if the etiology of these diseases also leads to 

obesity. he risk associated with these diseases often 

increases for individuals who yo-yo diet or lose and 

regain weight over and over again.

When we think of psychological strain, we tend to 

think about people ruminating over events that have 

happened in the past, thinking about them over and 

over again, and creating anxiety. Psychological strain 

can originate from prejudice and inequality. Caloric 

restriction and repeated diet failures also create psy-

chological strains. People can learn a feeling of inad-

equacy without ever realizing why they feel the way 

they do. Psychological strains alter both health and 

future health behaviors. 

Acute strain comes from a signiicant life-chang-

ing event. One acute strain is parental divorce. 

Some life-course researchers look to see if there are 

lasting relationships between experiencing parental 

divorce as a child and adult behaviors like forming 

bonds with other adults or emotional eating. he 

adult behaviors that are associated with traumatic 

childhood events are often also associated with 

health behaviors such as using food for comfort and 

compulsive overeating.

he hormones that are involved in human stress are 

epinephrine, norepinephrine, and cortisol. A challenge 

to a human can result in the release of norepinephrine, 

the primary hormone released in the “ight” response.  

If the stress continues, the “light” response may be ac-

tivated, and this coincides with release of epinephrine.  

One of the primary hormones linking stress and obe-

sity is cortisol 

Stress may lead to weight change. here are 

many correlations between strain and the physical 

ailments associated with obesity. Popular culture 

abounds with the belief that people will make poor 

food and exercise choices when under strain. It is 

believed that some people will lose their appetite 

when unable to cope with stress and lose weight. 

Other people talk about eating more comfort foods, 

such as potato chips, ice cream, and chocolate, when 

exposed to chronic stressors such as paying bills. 

he literature shows that increased exercise helps 

decrease the physical strain that stress puts on the 

body, but very few people think about increasing 

their exercise when exposed to chronic strains, and 

increased exercise also adds physical strain to a body 

that is carrying extra weight.

Weight gain may also lead to distress. here is the 

obvious strain of carrying extra pounds. Another 

strain is created by body image. Living in an environ-

ment that disapproves of the way overweight people 

look drives people to want to be thin. he reality is 

that very few overweight people have been able to 

achieve and maintain a thinner body. Yet, overweight 

individuals are blamed for their own failure. 

SEE ALSO: Addictive Behaviors; Anxiety; Caloric Restric-

tion; Compulsive Overeating; Conditioned Food Prefer-

ences; Cortisol; Depression; Dieting: Good or Bad?; Eco-

nomics of Obesity; Ethnic Disparities among Obesity in 

Women; Exercise; External Controls; Food “Addictions”; 

Food Intake Patterns; Food Reward; Glucocorticoids; Hy-

pertension; Impulsivity; Loneliness; Metabolic Rate; Mood 
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and Food; Obese Women and Social Stigmatization; Obe-

sity and Socioeconomic Status; Personal Relationships and 

Obesity; Self-Esteem and Obesity; Stereotypes and Obesity; 

Stigmas against Overweight Children; Support Groups for 

Obese Women; Toxic Environment; Waist-to-Hip Ratio; 

Weight Cycling and Yo-Yo Dieting; Weight Discrimination; 

Well-Being; Women and Dieting; Worksite Interventions 

to Prevent Obesity.
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Stress Urinary Incontinence

STRESS URINARY INCONTINENCE (SUI) is deined as 

the complaint of involuntary leakage of urine that 

occurs with a sudden increase in intraabdominal 

pressure, such as that seen with physical activity, 

efort, exertion, coughing, or sneezing. his occurs 

without a simultaneous rise in detrusor (bladder-

generated) pressure. 

he detrusor urinae muscle expels urine from 

the bladder. Urge urinary incontinence (UUI) is de-

ined as incontinence due to involuntary detrusor 

contractions whereby the complaint of involuntary 

leakage is accompanied by or immediately preceded 

by urgency. his condition is classiied as detrusor 

overactivity incontinence or bladder overactivity 

incontinence. SUI seems to be more common than 

UUI, although some women may have mixed uri-

nary incontinence (MUI).

SUI is a common condition in women of all ages 

and occurs at least weekly in one-third of adult 

women. However, many women are reluctant to con-

sult their doctors about their condition even though 

quality of life is afected. herefore, it is thought that 

SUI is greatly underdiagnosed. he three most com-

mon risk factors for SUI include aging, obesity, and 

heavy smoking. In regard to obesity, both UUI and 

SUI increase proportionately with a rising body mass 

index (BMI). Additional risk factors included parity, 

chronic cough, depression, poor health, lower urinary 

tract symptoms, previous hysterectomy, and stroke. 

However, the data available regarding the role of preg-

nancy and route of delivery on pelvic loor disorders 

such as SUI are not well understood. Dietary factors 

may include the consumption of carbonated drinks 

and tea. In addition, SUI may be caused by anatomi-

cal problems related to factors such as age, obesity, 

parity, and menopause. 

he cause of incontinence difers by age group 

with older women more likely to experience UUI 

and younger women more likely to experience SUI. 

Ultrastructural changes in the bladder and distinct 

changes in receptor response provide a partial ex-

planation for the rising prevalence of UUI with in-

creasing age. SUI with advancing age may relect 

a general loss of muscle tone, long-term efects of 

denervation injuries experienced during childbirth, 

and/or changes in hormonal stimulation, as well as 

unknown factors. he relationship between smoking 

and urinary incontinence may be due to a direct ef-

fect or indirectly through smoking-related illnesses 

that cause increased coughing, such as chronic ob-

structive pulmonary disease. 

SUI involves four primary structural defects: (1) 

increased tonic stress on the pelvic fascia due to pel-

vic loor muscle (PFM) tears; (2) fascial tearing due 

to PFM denervation; (3) fascial weakness resulting 

from tears; and (4) ineicient PFM contraction due 

to altered motor control. hese four components col-

lectively allow urine leakage under conditions of in-

creased intraabdominal pressure.

he basic evaluation of women with SUI includes 

a history, physical examination, cough stress test, 

voiding diary, postvoid residual urine volume, and 

urinalysis. Treatment may include weight loss, pel-

vic loor exercises, vaginal cones, bladder training, 

urethral inserts, and general lifestyle modiication 

advice. It can also be treated surgically with proce-

dures such as Burch colposuspension, vaginal slings 
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or tension-free tapes and injection of bulking agents 

alongside the urethra.

SEE ALSO: Stress; Urinary Incontinence in Severe Obesity 

in Women.
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Stroke

OBESITY IS A condition in which excess fat has accumu-

lated in the body, usually considered to be 20 percent 

above the recommended weight for height and age. 

Obesity is seen as a worldwide chronic disease with 

high prevalence that has been associated with increased 

morbidity from many conditions including stroke. 

Obesity is clinically defined as a body mass in-

dex (BMI) of between 30.0–39.9; a BMI of 25–30 

usually indicates that a person is overweight. 

A person who is overweight or obese has an in-

creased risk factor for developing hypertension, 

hyperlipidemia, heart disease, and diabetes melli-

tus, all of which increase the risk of stroke. Obesi-

ty, however, is an important modifiable risk factor 

for stroke. Risk-factor modification is the most im-

portant aspect of prevention of stroke in obesity. 

This includes lifestyle modifications and different 

therapeutic modalities to control it. Cardiovascu-

lar morbidity and mortality related to obesity are 

due to increased levels of leptin (hormone which 

plays a role in regulating energy intake and ex-

penditure), dysregulation of adipocyte proteins, 

increased insulin resistance, and elevated levels 

(>3mg/L) of basal C-reactive protein. 

Stroke is the third leading cause of death in devel-

oped countries and a leading cause of severe long-

term disability. he prevalence of stroke worldwide is 

between ive and 10 per 1,000 population. Stroke is an 

important cause of morbidity and mortality, and is an 

economic burden.

Stroke occurs as a result of a sudden occlusion of an 

artery (or less commonly vein) supplying the brain. he 

blood supply of the brain is provided by two pairs of 

arteries, (the right and left internal carotid arteries and 

the right and left vertebral arteries) and their branches 

and also the anastomotic circle of Willis which enables 

a continuous interrupted blood low to the brain in 

the event of interruption of blood low. here are two 

forms of stroke: ischemic or hemorrhagic. he former 

is the most common type; it occurs when an artery is 

obstructed by a clot reducing the amount of blood and 

oxygen reaching the brain. Hemorrhagic strokes are 

caused when an artery ruptures. 

In general, surgery, medications, hospital care, and 

rehabilitation (e.g., physical therapy, speech therapy, 

and occupational therapy) are all accepted stroke 

treatments. Ischemic strokes may be treated in the 

immediate period with a clot-dissolving drug tissue 

plasminogen activator (tPA). Antiplatelet drugs such 

as aspirin are used to reduce the risk for recurrent 

stroke; aspirin may also be used to improve the out-

come of stroke when administered within 48 hours. 

Some patients may also take an anticoagulant such 

warfarin. Hemorrhagic stroke usually requires sur-

gery. Types of surgery employed in stroke treatment 

include carotid endarterectomy (removes plaques) 

and cerebral angioplasty. 
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here are times where one may not sufer a full 

stroke but instead a transient ischemic attack (TIA) 

which is an obstruction in the supply of blood to the 

brain for a short period ranging from a few minutes 

to around 24 hours. Patients often recover from TIA; 

however, they are advised to be cautious because they 

now have an increased risk of sufering a full stroke. 

he symptoms of a stroke include weakness such 

as hemiplegia (paralysis in vertical half of body), 

hemiparesis (partial paralysis in vertical half of 

body), vision problems, confusion, dizziness, and 

incoordination. 

here are many risk factors for developing stroke; 

these include diabetes mellitus, and modiiable fac-

tors such as hypertension, cigarette smoking, and 

obesity. It is reported that for each unit increase in 

BMI (equivalent to a weight gain of ~7.4 lb for a 6-foot 

man and 6.2 lb for a 5-foot 6-inch man), the chances 

of having a stroke increase by six percent. 

here are many measures advised to prevent the 

occurrence of stroke. As BMI is a modiiable risk fac-

tor, the prevention of stroke may be another beneit 

associated with preventing obesity in adults. A healthy 

diet is paramount; minimal salt (sodium chloride) in-

take is important as an increased salt intake increases 

blood pressure. It is also recommended that the in-

take of fats should be of the polyunsaturated type, 

such as omega-3 fatty acids, and low in trans-fat and 

glycemic load. Intake of omega-3, however, should be 

monitored as an abnormal increase in intake can in-

crease the possibility of hemorrhagic stroke. 

he intake of iber found in foods such as whole-

meal bread and brown rice and a diet high in folate 

and potassium is encouraged. A diet with high intake 

of fruits and vegetables (recommended ive portions 

of fruit and vegetables a day) and decreased intake of 

fats (which reduce levels in serum cholesterol), de-

creases fasting lipids by 5 to 10 percent and hence re-

duce the risk of stroke. Statin drugs are used in lower-

ing the levels of fasting cholesterol as they can lower 

fasting lipids by 50 to 60 percent. 

Studies suggest a Cretan Mediterranean diet which 

is high in beneicial oils, whole grains, fruits, and 

vegetables and low in cholesterol and animal fat, has 

been shown to reduce stroke and myocardial infarc-

tion by 60 percent and hence it is suggested that this 

type of diet may be even more efective than statins 

as it has additional antioxidants from the many fruits 

and vegetables. A diet that replaces animal protein 

with vegetable protein is recommended, as eating 

less meat has been suggested to reduce the risk from 

coronary heart disease. Other ways to prevent stroke 

include exercise, refraining from smoking and drink-

ing alcohol. 

Undoubtedly, obesity is major risk factor for the de-

velopment of stroke. Controlling weight is an issue that 

is paramount in reducing the detrimental efects not 

only on the individual but also on society. Issues such 

as the fact that patients are more likely to be kept in the 

hospital after a stroke than their leaner counterparts 

demonstrates that obesity associated with stroke also 

places an increased burden on the economy.

SEE ALSO: Cardiovascular Disease in African Americans; 

Cardiovascular Disease in Asian Americans; Cardiovascu-

lar Disease in Hispanic Americans.
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A stroke, which can occur suddenly, is the third leading cause of 

death in developed countries and a leading cause of disability.
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Sugar and Fat Substitutes

SUGAR AND FAT substitutes are used in foods to mim-

ic the taste and organoleptic properties of sugar and 

fat, yet provide fewer calories and/or lipid. he devel-

opment of sugar and fat substitutes has enabled the 

creation of a wide array of dietetic foods, but the ef-

icacy of these food products in weight-loss programs 

remains unproven. Research indicates that sugar and 

fat substitutes, when used to reduce overall calorie in-

take, produce weight loss in feeding studies. However, 

in public use, there is limited evidence whether these 

products actually aid consumers’ weight-control ef-

forts. Sugar and fat substitutes are widely accepted by 

the public and are used by millions of people every 

day in popular foods, but some consumers question 

the safety of these artiicial ingredients and choose to 

avoid them. 

As with other novel food ingredients, sugar and fat 

substitutes must be preceded by extensive safety test-

ing prior to approval for use in the food supply, and the 

U.S. Food and Drug Administration (FDA) maintains 

that they are safe. here is currently no consensus on 

whether sugar and fat substitutes should be recom-

mended by nutrition and healthcare professionals 

as dietary modiications to prevent or treat obesity, 

and whether to consume sugar and fat-modiied food 

products remains an individual’s decision. 

Sugar and fat substitutes exist in the modern food 

supply in a variety of forms. he number of available 

FDA-approved fat and sugar substitutes continues to 

grow in number, each possessing unique attributes 

for food and beverage application. hese ingredients 

have enabled the development of highly palatable 

food, beverage, and confectionary products with re-

duced or eliminated fat, sugar, and total calories. 

While research shows that use of sugar- and fat-

modiied foods results in decreased energy intake 

during short-term blinded studies, the widespread 

use of these compounds in food has been insuicient 

to slow the climbing obesity rate on an epidemiologi-

cal scale. One proposed theory maintains that with 

time, dissociation of perceived sweet taste with en-

ergy intake may interfere with appetite regulation. 

Psychological and behavioral issues also inluence 

the success of sugar and fat substitutes in producing 

weight loss. Clearly, sugar and fat substitutes can only 

elicit weight reduction if their consumption leads to 

a cumulative energy deicit. Use of diet foods as an 

excuse to eat unlimited quantities is a common prob-

lem for unsuccessful dieters. However, the ability to 

consume highly palatable foods in a less calorically 

dense form can favorably afect dieter adherence to 

reduced-calorie regimens, improve quality of life, and 

avoid weight regain. 

SUGAR SUBSTITUTES

Sugar substitutes, also known artiicial sweeteners, 

impart a sweet taste to foods but either are not me-

tabolized by the body (nonnutritive sweeteners) or are 

used in such small amounts as to provide negligible 

calories. he FDA currently has approved ive artiicial 

sweeteners as food additives: saccharin, aspartame, 

acesulfame-K, sucralose, and neotame. Because these 

products are intensely sweet, only small amounts are 

needed to replace the sucrose in foods. hus, even ca-

loric sugar substitutes contribute insigniicant energy 

to the food or beverage. Commonly, recipes using ar-
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tiicial sweeteners must also include starches or other 

ingredients to account for bulking, moisture-retaining, 

or browning properties of sugar, which the substitutes 

lack. In addition to reducing the calorie content of 

foods, sugar substitutes ofer additional beneits that 

appeal to some consumers. Diabetics may beneit from 

improved glycemic control when replacing digestible 

sugars with noncaloric sweeteners, and unlike sugar, 

artiicial sweeteners do not promote tooth decay.

Saccharin, available under the trade name Sweet ‘N 

Low®, is 300 times sweeter by weight than table sugar. 

Discovered accidentally by scientists at Johns Hopkins 

University in 1879, it was the irst artiicial sugar sub-

stitute. Saccharine passes through the digestive tract 

without being absorbed, thus contributing no food en-

ergy. Health concerns over saccharin mounted in 1977 

after a large animal study linked the sweetener to blad-

der cancer in rats. A proposed ban on saccharin was 

met by strong public opposition, particularly among 

diabetics. While the sweetener remained on the mar-

ket, legislation required a mandatory warning be in-

cluded upon packaging of products containing saccha-

rin. Extensive studies since then have not established 

causality between saccharin consumption and cancer 

in humans, and review of prior research has cast doubt 

over the conclusions drawn from the early experi-

ments. In 2000, Congress repealed the law requiring 

health warning labels on saccharin products.

Use of saccharin in the food industry has been re-

placed in many instances with newer artiicial sweet-

eners that more closely resemble the taste of sugar, 

that is, without saccharin’s bitter aftertaste. Yet sac-

charin still maintains a market share due to its ad-

vantageous long shelf life. In many products such as 

fountain soft drinks, a combination of saccharin and 

aspartame is used to yield the most shelf-stable and 

palatable product. 

Aspartame, commonly seen as Equal®, Canderel®, 

and NutraSweet® brands, is about 200 times sweeter 

than sugar. Aspartame is formed by joining two amino 

acids, aspartic acid and phenylalanine, with an addi-

tional methyl group. Upon digestion, these compounds 

are broken down and absorbed, similar to amino acids 

provided by proteins. Like other peptides, aspartame 

contributes 4 kilocalories per gram, but because the 

amount used in food products is minute, the energy 

provided by the sweetener is negligible. Aspartame is 

widely used in diet soft drinks, powdered drinks, sug-

arless gum, chewable vitamins, and yogurts. It is unde-

sirable in baked products, however, because its sweet-

ness is lost when exposed to high heat. 

Like saccharin, aspartame has been a topic of health 

controversy. Some people report side efects with as-

partame use, and urban myths are widely circulated 

via the Internet alleging a link between aspartame 

and brain tumors. More than 200 studies over a 30-

year period have supported the safety of aspartame, 

and the consensus among regulatory agencies is that 

aspartame is safe. However, people with the inherited 

disease phenylketonuria (PKU) must avoid aspartame 

entirely. his rare disease disrupts the body’s abil-

ity to metabolize the amino acid phenylalanine, and 

PKU patients must adhere to a strict low-phenylala-

nine diet. Because aspartame contains phenylalanine, 

foods containing aspartame must say “Phenylketon-

urics: Contains Phenylalanine” in the United States.

Acesulfame potassium, also known as acesulfame 

K, is a noncaloric sweetener which is not metabolized 

by the body. Acesulfame potassium is sold under trade 

names Sunett® and Sweet One®. It was discovered in 

1967 and granted general purpose approval in the Unit-

ed States in 2003. Acesulfame potassium is 130 to 200 

times sweeter than sugar, and is used in a wide variety of 

products such as chewing gum, candies, baked goods, 

ice cream, and carbonated and alcoholic beverages. Be-

cause acesulfame potassium is heat stable, it is suitable 

for baked products and pasteurized beverages. When 

combined with other caloric or noncaloric sweeteners, 

acesulfame potassium has a noted synergistic efect on 

the sweetness. Likewise, it is known to heighten other 

lavors in food, an additional desirable trait. 

Sucralose is an artiicial sweetener which is 600 

times sweeter than table sugar. Discovered in 1976, 

sucralose was approved for general use in the United 

States in 1999. Marketed as Splenda®, sucralose rap-

idly gained popularity. Within seven years of its intro-

duction, sucralose accounted for nearly 60 percent of 

the artiicial sweetener market previously dominated 

by aspartame. Heat-stable and suitable for baking and 

cooking applications, Splenda is available in yellow 

packets as a tabletop sweetener, as well as in granular 

forms for home cooking use. For ease of measuring, 

maltodextrin and dextrose are blended with sucralose 

to yield a product which can be measured cup for cup 

like sugar. One cup of Splenda granular provides 96 

calories, compared to 774 calories in a cup of sugar. 
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McNeil Nutritionals, the maker of Splenda, faced a 

lawsuit from Merisant Co., the maker of Equal, over 

its advertising claims that Splenda is “Made from sug-

ar, so it tastes like sugar.” Merisant disputed that this 

statement misled consumers to believe that Splenda 

was a natural product and healthier than other arti-

icial sweeteners. Splenda contests that the manufac-

turing process begins with real sugar and that its prod-

uct is simply backed by better marketing. he suit was 

settled in May 2007 for an undisclosed amount. 

Neotame is the most recently approved artiicial 

sweetener in the United States, approved in 2002. Neo-

tame is moderately heat stable and intensely sweet: 

8,000 to 13,000 times sweeter than sugar by weight. As-

partame and neotame are structurally similar; however, 

neotame is not cleaved by proteases into its respective 

amino acids. For this reason, the phenylalanine in neo-

tame is unabsorbed and it is safe for use by people with 

PKU. Neotame is not yet widely used in food products, 

but it is uniquely desirable to food manufacturers for 

its cost efectiveness, being more economical than oth-

er artiicial and natural sweeteners. 

FAT SUBSTITUTES

Fat substitutes, or fat replacers, are used to mimic one or 

more properties of fat in food. Some evidence indicates 

that consuming fat-modiied foods may help achieve a 

lower overall fat intake, but whether these products sig-

niicantly aid weight loss is still unclear. Fat substitutes 

can be classiied into three structural categories: carbo-

hydrate-, protein-, or lipid-based ingredients. 

Carbohydrate- and protein-based fat substitutes 

generally produce acceptable fat-like textures in food 

products, but without contributing the lavors asso-

ciated with fat. hese types of fat replacers are opti-

mally used in foods with high water content which 

are not subjected to cooking or great luctuations in 

temperature. Carbohydrate- and protein-based fat re-

placers are viewed as safe and well understood, pos-

ing no physiological concerns. hey are widely used 

in many products today, including reduced-fat salad 

dressings and frozen desserts. 

Carbohydrate-based ingredients which can re-

place fat in foods include modiied glucose polymers, 

modiied starches, pectins, gums, and cellulose de-

rivatives. Protein-based ingredients include native 

proteins from dairy or plant sources as well as mic-

roparticulated proteins. Simplesse®, a microparticu-

lated protein fat replacer introduced by the Nutras-

weet Co., consists of whey and egg proteins which 

are processed into uniform spheres, approximately 1 

micron in diameter. When incorporated into foods, 

these tiny balls create a smooth, creamy sensation 

on the tongue. Carbohydrate- and protein-based fat 

substitutes are generally fully metabolized, yet can re-

duce the energy content of fat-modiied foods owing 

to their low caloric density. 

Lipid-based fat replacers have diferent properties 

than those made from proteins or carbohydrates. Fat 

replacers which are derived from lipid can often provide 

a lavor proile and sensory properties indistinguishable 

from the native fat, yet are formulated to completely or 

partially bypass absorption. herefore, these fat replac-

ers may produce foods with the same caloric density as 

unmodiied foods, yet the actual energy derived from 

the product may be signiicantly less. 

he most well-known lipid-derived fat substitute is 

olestra, sold under the trade name Olean® by Procter 

& Gamble. Structurally, olestra is a sucrose polyester. 

In other words, it is a sugar molecule to which six to 

eight fatty acid chains have been attached. he result-

ing molecule is much larger than a standard triglyc-

eride found in nature and cannot be hydrolyzed by 

digestive enzymes. Olestra tastes and cooks just like 

regular fats, but because it is indigestible, olestra con-

tributes zero calories and zero fat to the food. Potato 

chips, tortilla chips, and other fried snacks can be 

cooked in olestra instead of traditional oils, and have 

been available on store shelves since 1996. 

Concerns that have arisen relating to olestra con-

sumption stem from the side efects that may occur 

when large amounts are consumed. Because the olestra 

molecule is undigested, it passes through the digestive 

tract and is excreted intact. Consuming large amounts 

of olestra can cause diarrhea and reduces the absorp-

tion of fat-soluble vitamins which bind to the lipid 

chains. To address these concerns, fat-soluble vitamins 

are added to foods containing olestra to compensate 

for inhibited absorption, and products containing oles-

tra are required by the FDA to carry the following la-

bel: “his Product Contains Olestra. Olestra may cause 

abdominal cramping and loose stools. Olestra inhibits 

the absorption of some vitamins and other nutrients. 

Vitamins A, D, E, and K have been added.” Consump-

tion of olestra-containing snack foods in single serv-

ings is unlikely to cause adverse efects, but this unap-
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pealing label likely raised consumer concerns enough 

to slow sales of the product. 

Most nutrition experts agree that sugar and fat sub-

stitutes, when used in moderation, can have a place in 

a healthy diet. Weight-loss diets that incorporate sug-

ar and fat substitutes may have better patient compli-

ance due to the increased lexibility and palatability of 

allowed foods while maintaining energy restriction. 

Available sugar and fat substitutes have undergone 

safety and toxicology testing prior to approval by the 

FDA, and no evidence indicates that these ingredients 

pose threats to consumer health when consumed ac-

cording to guidelines. 

SEE ALSO: Fat Taste; Flavor: Taste and Smell; Sweet Taste.
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Suicidality

INDIVIDUALS WITH EATING disorders and weight 

concerns are at increased risk for suicide and suicidal 

behavior. Suicide, or the act of intentionally killing 

oneself, and related thoughts and behaviors are of se-

rious concern, with suicide deaths claiming the lives of 

over 32,000 individuals annually in the United States 

alone. Eating disorders and obesity have been linked 

to depressive symptomology, which is the strongest 

predictor of suicide risk. Additionally, suicidal ide-

ation, or thoughts and/or plans of killing oneself, sui-

cide attempt, and completed suicide have been found 

to be associated with weight, body image perceptions, 

and eating habits. herefore, risk of suicidal thoughts 

and behavior is an important factor for consideration 

in populations of the obese, severely underweight, or 

those sufering from an eating disorder.

Weight extremes in either direction have been 

found to be associated with increased risk of sui-

cidal ideation and behavior. Both individuals who 

are underweight and those who are obese exhibit in-

creased depressive symptoms and suicidality, com-

pared to those of average weight. his may be a func-

tion of actual weight status, or may be a relection of 

weight dissatisfaction. Weight perceptions and dis-

satisfaction, independent of body mass index (BMI), 

have been linked with consideration of suicide and 

suicidal actions. Research indicates that weight dis-

satisfaction may be more inluential on suicidality 

than actual weight. hose who believe themselves to 

be extremely underweight or extremely overweight 

in relation to the norm are at elevated risk for sui-

cidal ideation and attempt. Even those who perceive 

themselves as deviating slightly from what they be-

lieve to be their proper weight demonstrate higher 

rates of suicidal ideation than those satisied with 

the status of their weight. 

Others’ perceptions of and reactions to an individu-

al’s weight can also play a role in development of suicid-

al thoughts and behaviors. Individuals who have been 

teased about their weight by family members and/or 

peers report experiencing more thoughts of suicide 

and making more suicide attempts. he link between 

weight-based teasing and suicidal behavior appears to 

exist independent of an individual’s actual weight sta-

tus. Risk of suicide in obese individuals in some cases 

may not decrease with weight loss, especially in the 

presence of a preexisting mood disorder, which sug-

gests that psychological processes play a signiicant 

role in the link between weight and suicidality. 

Deviant eating behavior is also linked to suicidal be-

havior. Higher rates of suicide have been consistently 

demonstrated in individuals with anorexia nervosa 

and, to a lesser degree, in bulimia nervosa as compared 

to the general population. Disordered weight control 

methods (e.g., purging, fasting, diet pill use) in general 

have been linked to increases in suicidality. No research 

currently exists regarding the rates of suicidality in in-

dividuals with binge-eating disorder. However, self-re-

ported overeating and binge eating, behaviors that are 
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associated with higher BMI, are noted correlates of 

thinking about and attempting suicide.

Diferences exist in the link between weight and 

suicidality for males and females. In general, higher 

BMI is associated with increased suicidality for adult 

and adolescent females. However, this relationship 

may not exist or the converse may be true for males. 

Underweight status has been more consistently linked 

with suicide ideation, attempt, and completed suicide 

in males. In some cases, a higher BMI has been as-

sociated with greater reported quality of life and de-

creased risk of suicide in male cohorts. here are sev-

eral proposed explanations for this discrepancy. 

In Western countries, a slender body size is typi-

cally idealized and expected for women. In contrast, 

an average or overweight body size is seen as more 

acceptable for males, and musculature is more of-

ten idealized. In fact, males who are underweight are 

often taunted for their body size as much as, if not 

more than, overweight males. It could be expected 

that higher suicidality would be reported for those 

who deviate from culture’s idealized body standard 

for their gender. In the case of females, this would re-

fer to overweight women, whereas for males it would 

refer to underweight men. 

Some suggest that there may be a common biologi-

cal mechanism, such as circulating levels of insulin or 

cholesterol, linking a higher BMI with a decreased risk 

of suicide, which is being expressed in males. If such a 

mechanism exists, the particular demands of cultural 

body ideals may be strong enough to override its ex-

pression in females. However, researchers urge caution 

in interpreting the results of these studies. It is not ad-

visable to counsel men of average weight to gain in or-

der to protect against suicide risk due to the numerous 

negative health consequences associated with obesity.

Ethnic diferences have been suggested as well; 

however, evidence is mixed and results thus far are 

unclear. In one study of high school students, Cau-

casian students were more likely to attempt suicide 

if they perceived themselves to be very underweight 

or very overweight, whereas African-American and 

Hispanic students were more likely to attempt sui-

cide only if they perceived themselves as very under-

weight. his may be a relection of difering cultural 

body ideals and increased acceptance of overweight 

in groups of ethnic minorities. However, other studies 

have failed to ind such an efect of ethnicity; there-

fore, further examination is required before further 

speculation can be made.

Research indicates that risk of suicide increases 

with the number of risk factors present at a given time. 

herefore, clinicians who observe one or more risk fac-

tors for suicidal behavior are urged to evaluate other 

factors that may put an individual at danger. Noted pre-

dictors of suicidal behavior include life stresses (such 

as problems with family life, social status, employment, 

and inances), troubled childhood (including history of 

physical and sexual abuse), family history of suicide, 

mental illness, addiction, and history of self-harm and/

or prior suicide attempt. Some individual characteris-

tics, such as impulsivity, low self-esteem, rigid thinking, 

and hopelessness, are also associated with suicide risk. 

Because weight, body size perception, and disordered 

eating have been linked to suicidal behavior, clinicians 

are urged to thoroughly assess suicidality when dealing 

with those who are obese, severely underweight, and 

those who exhibit eating disturbances. 

SEE ALSO: Depression; Loneliness; Mortality and Obesity; 

Quality of Life; Self-Esteem and Obesity.
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Supersizing

THE TERM SUPERSIZE entered the American lexi-

con by way of fast-food restaurants. In an efort to 

increase sales and proits, many fast-food restaurant 

chains introduced larger food and beverage portion 

sizes and packaged them together with other items at 

prices cheaper than if they were purchased separately. 

he use of the term undoubtedly increased after the 

release of the documentary ilm Super Size Me by di-

rector and protagonist Morgan Spurlock. In the ilm, 
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Spurlock subsists exclusively on food from McDon-

ald’s for 30 days. During this time, he consumes an 

average of 5,000 calories per day and limits his physi-

cal activity to walking no more than 5,000 steps per 

day. As a consequence, he gains 25 pounds, his tri-

glycerides go up, and his liver function deteriorates. 

he regimen that he exposed himself to was certainly 

extreme, but it pointed out the potentially harmful 

efects of being physically inactive and consuming a 

high-calorie diet made up exclusively of fast food. 

Economic considerations have motivated the 

practice of supersizing for both restaurants and con-

sumers. he practice is particularly proitable for 

fast-food restaurants because the cost of the food 

ingredients represent only a small proportion of the 

total cost of selling the products. hey can sell their 

larger-portion-size products at higher prices without 

substantially raising their costs. In the process, con-

sumers get more food for less money. Consumers also 

do not have to purchase more than one order to get 

more food. Many people want more of a particular 

food item, say fries, but feel self-conscious purchas-

ing more than one order, believing that they may be 

perceived as being gluttonous. Supersizing allows 

people to get more fries and seemingly not be seen 

as overdoing it, making it more socially acceptable to 

eat more food. Supersizing would almost seem like a 

win–win proposition for the fast-food industry and 

consumers, except for the fact that more food, and in 

particular more fast food, is very likely to have con-

tributed to increases in rates of obesity.

Many of the foods sold at fast-food restaurants are 

highly processed, low in iber, and high in sugar, salt, 

fat, saturated fat, and calories. hese foods are also 

highly palatable and their consumption is very rein-

forcing. Americans are eating a larger proportion of 

their meals at restaurants and at fast-food restaurants 

in particular. Americans, inding themselves too busy 

to prepare meals at home, have begun to rely more 

and more on the increasing number of fast-food loca-

tions with increasingly extended hours of operation 

to do their cooking for them.

In at attempt to shed light on the question of why 

French adults, who have a penchant for foods high 

in fat, are signiicantly thinner than American adults, 

one study compared the portion sizes and time spent 

consuming meals in restaurants in the United States 

and in France. he portion sizes in the United States 

were signiicantly larger and the time spent eating 

meals was considerably shorter. Individuals present-

ed with larger portion sizes tend to consume more 

calories than they would otherwise and food served 

fast and consumed fast can contribute toward over-

eating because there is a lag time between consump-

tion and satiety. 

Many fast-food chains recently stopped ofering 

the gargantuan-size options after receiving negative 

public attention for their apparent contribution to the 

problem of obesity. Many chains have also made at-

tempts to ofer more nutritious alternatives such as 

salads and fruits. 

SEE ALSO: Fast Food; Food Intake Patterns; Portion Control.
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Supplements and Obesity

DIETARY SUPPLEMENTS ARE regulated in the Unit-

ed States as foods, not as drugs. Dietary supplements 

can be consumed by the obese to supplement a re-

stricted diet, or, more likely, in an attempt to aid in 

weight loss. Although billions of dollars are spent 

each year in the United States by consumers buying 

supplements to aid weight loss, there is little to no sci-

entiic evidence at this time that dietary supplements 

aid in signiicant weight loss. 

DEFINITION OF A SUPPLEMENT AND REGULATION 

In the United States, a dietary supplement is deined 

under the Dietary Supplement Health and Education 

Act (DSHEA) of 1994 as a product that is intended to 

supplement the diet and contains one or more of the 

following dietary ingredients:
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• a vitamin,

• a mineral,

• an herb or other botanical (excluding tobacco),

• an amino acid,

• a dietary substance for use to supplement the diet 

by increasing the total dietary intake, or,

• a concentrate, metabolite, constituent, extract, or 

combination of any of the above.

Furthermore, it must be:

• intended for ingestion in pill, capsule, tablet, pow-

der, or liquid form; and,

• not represented for use as a conventional food or 

as the sole item of a meal or diet,

• labeled as a “dietary supplement.”

he U.S. Food and Drug Administration (FDA) 

regulates dietary supplements as foods, and not as 

drugs. A supplement manufacturer does not need to 

prove eicacy or safety to sell their supplements. he 

FDA may step in to regulate supplements only after 

evidence shows the supplement harmful. 

he claims that a dietary supplement makes are sub-

ject to regulation by the FDA. If a dietary supplement 

claims to cure, mitigate, or treat a disease, it would be 

considered to be an unauthorized new drug and in vio-

lation of applicable regulations and statutes. 

Adoption of good manufacturing practices, manda-

tory in manufacturing of processed food items, is not 

mandatory in manufacturing supplements. herefore, 

product quality (contamination, accuracy of labeling, 

etc.) of supplements is variable and uncertain and is 

not subject to regulation. Some supplement manu-

facturers have voluntarily adopted good manufac-

turing practices and indicate this with seals on their 

supplements. An example of contamination occurred 

recently when an herbal weight-loss supplement was 

found to be contaminated with amphetamines.

USE OF WEIGHT-LOSS SUPPLEMENTS

It is estimated that approximately 7 to 15 percent of 

U.S. adults use a weight-loss supplement, and almost 

75 percent of users consume a supplement containing 

stimulants such as cafeine and/or bitter orange. he 

highest use of weight-loss supplements was among 

obese young women. Recent estimates of sales of 

weight-loss supplements were approximately $2 billion 

per year. Interestingly, sales of weight-loss supplements 

appear to have slipped after the FDA (in 2004) banned 

supplements containing ephedrine (ephedra). 

People with obesity consider supplements for sever-

al reasons. Supplements can provide nutrients for diets 

that are restricted, such as a calorie restriction. Special 

dietary restrictions can limit essential nutrients, re-

quiring supplementation. For instance, consumers on 

diets of less than 1,200 calories typically have a hard 

time obtaining all the recommend dietary allowances 

(RDA) or adequate intake (AI) levels of certain vitamins 

and minerals. Sometimes, a multivitamin-mineral sup-

plement may be suggested for consumers on these re-

stricted diets. Single-nutrient supplements may also be 

indicated. For instance, if the consumer was restricting 

diary products and did not have an adequate intake of 

calcium, then a calcium supplement could be used to 

make up the deiciency. It should be noted that indi-

vidual vitamin and mineral supplements taken in large 

amounts (i.e., well above the RDA) can be toxic.

People with obesity most likely consider supplements 

to aid in weight loss. Certainly, a simple, nondemanding 

way to lose weight that is available without a prescrip-
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tion would be welcome. he social stigma of obesity in 

America is still strong. Frequently, consumers may be 

frustrated by lack of progress with dieting and/or exer-

cise. Additionally, sometimes weight-loss supplements 

are touted as “natural,” and many people assume (falsely) 

that natural means safe. People may also assume that 

“natural” is better than a prescription drug. Supplements 

may also be cheaper than prescription drugs. Finally, ad-

vertising in various mediums plays a role in marketing 

weight-loss supplements. It is not unreasonable that an 

obese person would want a magic bullet that results in 

weight loss and is as simple as popping a pill.

SAFETY OF WEIGHT-LOSS SUPPLEMENTS

here are safety problems associated with the use of 

some weight-loss supplements. For instance, in re-

sponse to a number of deaths and adverse medical 

efects, the FDA in 2004 banned the use of the sup-

plement ephedra (also known as Ma huang or ephed-

rine) from use in weight-loss supplements. here can 

also be adverse health efects with the use of herbal 

supplements for weight loss. Herbal and other botan-

ical ingredients of dietary supplements include pro-

cessed or unprocessed plant parts (bark, leaves, low-

ers, fruits, and stems), as well as extracts and essential 

oils. hey are available in a variety of forms, including 

water infusions (teas), powders, tablets, and capsules, 

and may be marketed as single substances or in com-

bination with other supplements. 

Because herbal ingredients are obtained from “nat-

ural” sources, that is, can be obtained in the wild, it is 

assumed by many consumers that natural means safe. 

However, it is well known that many natural plants 

(such as Deadly Nightshade) have toxic efects when 

ingested by humans. Finally, some weight-loss sup-

plements have interactions with legal drugs consum-

ers obtain by prescription. For instance, guar gum has 

been suggested to increase the efects of insulin and 

decrease the absorption of oral contraceptives. 

In 1998, the U.S. National Institutes of Health issued 

clinical guidelines for the identiication, evaluation, 

and treatment of overweight and obese adults. In these 

guidelines, the use of herbal and other supplements was 

speciically not recommended as part of a weight-loss 

program due to concerns about eicacy and safety.

Finally, a number of studies have also noted that a 

majority of weight-loss supplement users did not con-

sult appropriate healthcare practitioners (such as family 

physicians) prior to weight-loss supplement use. With 

the possibility of dangerous drug-supplement interac-

tions, not informing a healthcare professional about 

weight-loss supplement use can be a safety issue.

SPECIFIC SUPPLEMENTS

Below, several popular supplements with which there 

are associated scientiic data are reviewed. he sup-

plements’ purported mechanisms are also discussed. 

Bitter orange (citrus aurantium) is a plant that is 

commonly used in “ephedra-free” products. It is also 

known as Seville orange or green orange. It contains 

synephrine, a chemical very similar in structure to 

ephedrine (ephedra). Like ephedra, synephrine is a 

stimulant that is purported to increase energy expen-

diture. here is little evidence that supplements con-

taining bitter orange contribute to signiicant weight 

loss. Some evidence does suggest, however, increases 

in blood pressure in subjects taking this supplement.

Chitosan is a polymer derived from chitin, which is 

found in the exoskeleton of shellish. It is claimed to de-

crease fat absorption. However, there is little evidence 

that supplements containing chitosan contribute to 

signiicant weight loss. Some evidence suggests gastro-

intestinal complaints are frequent in users of chitosan.

Chromium picolinate is a compound consisting of 

trivalent chromium and picolinic acid. Chromium has 

been suggested to increase metabolism by potentiating 

insulin. here is little evidence that supplements con-

taining chromium contribute to signiicant weight loss.

Conjugated linoleic acid refers to family of trans-

fatty acids. his supplement has been purported to 

increase the breakdown of fat. In obese mice, there is 

some evidence that conjugated linoleic acid reduces 

fat in these animals. However, no human data support 

the use of supplements containing conjugated linoleic 

acid as contributing to signiicant weight loss.

Guar gum is a soluble iber, which, in theory, can 

absorb water in the gut, increasing the feeling of full-

ness. here is little evidence that supplements con-

taining guar gum contribute to signiicant weight loss. 

Some evidence does suggest, however, that gastroin-

testinal distress occurs in subjects taking guar gum. 

As noted above, this supplement may also interfere 

with the function of certain prescription drugs.

Pyruvate is a metabolite generated during metabo-

lism. Pyruvate has been purported to work by increas-

ing fat breakdown through a reduction in breakdown 
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of carbohydrate. here is little evidence that supple-

ments containing pyruvate contribute to signiicant 

weight loss. 

Yerba mat� is an evergreen tree native to South 

America. It is commonly used in preparations contain-

ing high amounts of cafeine. Like ephedra, yerba mat� 

is a stimulant that is purported to increase energy ex-

penditure. here is little evidence that supplements con-

taining yerba mat� contribute to signiicant weight loss. 

Yohimbe is an evergreen tree native to Central 

America. It is commonly used in preparations con-

taining high amounts of caffeine. Like ephedra, yo-

himbe is a stimulant that is purported to increase 

energy expenditure. There is little evidence that 

supplements containing yohimbe contribute to sig-

nificant weight loss. 

Recently, the FDA approved the use of the drug 

Xenical® (orlistat) for over-the-counter (nonprescrip-

tion) use in lower dosages. Although technically not 

a supplement, this drug became available without a 

prescription in July 2007 and is called Alli®. Orlistat 

works by inhibiting fat absorption from the gastroin-

testinal tract. here are side efects and possible drug 

interactions for some people, so literature associated 

with the purchase of Alli® should be consulted.

New supplements are appearing all the time. It is a 

challenge to keep up with the newest supplements on 

the market. Readers are referred to the Web sites in 

the Bibliography to keep abreast of scientiic informa-

tion on new supplements.

SEE ALSO: Amphetamines; Cafeine; Calcium and Dairy 

Products; Drug Targets that Decrease Food Intake/Appe-

tite; Drugs that Block Fat Cell Formation; Ephedra; Food 

and Drug Administration; Leptin Supplements; New Drug 

Targets; Nondiet Approaches; Oice of Dietary Supple-

ments; Tryptophan.
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Support Groups

WHEN REFERRING TO the support groups in the con-

text of the obese patient population, support groups 

should be viewed as support, not therapy. It is helpful 

to examine the simple deinitions of the two words 

support and therapy. Support is deined as promot-

ing the interests or cause of; to advocate; to assist or 

help; to maintain. Conversely, therapy is deined as an 

agency (as treatment) designed to deal with a bodily 

disorder or to bring about social adjustment as with 

psychotherapy. Although obese patients may indeed 

require therapy, the support group setting is an inap-

propriate forum for such a personal and individual-

ized undertaking.

Support groups should be a safe place for patients 

to learn the skills and information they lack and yet 

need to be successful in their weight-loss endeavors. 

Groups should strive to educate, motivate, invigo-

rate, celebrate, advocate, inspire, and promote critical 

thinking. Patients should not be afraid to learn and 

should be encouraged to do so by taking overcoming 

the many types of resistance that new group mem-

bers often display. Support groups should be viewed 

as adult, nontraditional learning forums, and should 

also be treated as such. 

hus, those leading support groups should be inti-

mately familiar with appropriate adult-learning con-

cepts and practices to facilitate such a learning and 

progressive environment. All too often, those selected 

to lead weight-management support groups are woe-

fully underqualiied for the task. hey are often medi-

cal or allied health professionals, or well-meaning fel-

low patients who lack the understanding, experience, 

knowledge, and skills necessary to balance the many 

aspects of support group organization, leadership, 

and management. 

Efective weight-management support group lead-

ership involves the application of advanced theory 

and skills in communication, group dynamics, psy-

chosocial factors, leadership and facilitation, man-

agement and administration, education, motivation, 

obesity medicine, sociology, critical thinking, inter-

personal relations, change management, law, advo-

cacy, and community involvement. he balance of 

the applicable portions of these disciplines must be 

accomplished without treading into the unauthorized 

practice of any regulated occupation or profession 
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such as medicine, law, insurance brokerage, counsel-

ing, pharmacy, or dietetics, among others.

Running a weight-management support group in-

volves both leadership and facilitation skills. Leader-

ship is the ability to inluence the actions of others, 

helping others to work toward a goal, and motivating 

others to do things they would not ordinarily do. Facili-

tation is the ability to take an active part in the group 

process without having decision-making authority, 

create a comfortable atmosphere for participation, and 

when possible or practical, to provide additional rel-

evant information and resources for the group.

 From these two simple deinitions, one can see that 

good support group leaders embody the traits of both 

a leader and a facilitator. Some say that support groups 

should only have facilitators and not leaders, while 

others say that support groups should have leaders and 

not facilitators. A good support group leader, however, 

must be both, and must know when it is appropriate to 

take on more of one role than the other. Small groups 

are more susceptible of facilitation, and large groups 

require more leadership and less facilitation. 

Each group, no matter the size, will take on its 

own group dynamics and roles. Support group lead-

ers should be familiar with the general workings of 

group dynamics, and understand in which instances 

they should foster or redirect the dynamic. In any 

case, medical practices and programs should also un-

derstand the important nature and beneit derived 

from the group setting and dynamic, and give sup-

port groups the importance they deserve as part of a 

multidisciplinary treatment program for obesity. 

At present, bariatric practices and programs do not 

tend to give support group programs the importance 

and attention they deserve, as evidenced by the se-

vere lack of published data on the subject. he Surgi-

cal Review Corporation (SRC) requires any program 

applying for Center of Excellence (COE) certiication 

to have in place a support group program, but sup-

plies no standards, requirements, or criteria for the 

formulation or administration of such groups. Many 

practices have adequate programs, but unfortunately, 

research has shown that an alarming number of prac-

tices, COE certiied or not, lack the appropriate edu-

cational, motivational, sociological, communication, 

group dynamics, administrative, and advocacy prin-

ciples necessary to form exceptional and highly efec-

tive support group programs. his lack of basic prin-

ciples leads to programs that misunderstand the very 

nature and purpose of support groups, the structure, 

leadership, and administration of them, and leads to 

patient and practice needs not being met. Bariatric 

patients are an extremely complex patient population. 

hey require more than a one-dimensional support 

endeavor. Bariatric patients require assistance not 

only in the emotional domain, but also in the intellec-

tual, psychosocial, communication, interpersonal re-

lation, sociological, cultural, educational, vocational, 

nutritional, spiritual, physical, inancial, skill building, 

and a host of other domains. he bariatric patient and 

his or her attendant personal support circle members 

require assistance transitioning from one lifestyle to 

another. he purpose of support groups is to assist in-

dividuals in making a successful transition such that 

the individuals beneit in all aspects of their lives. 

To help ensure that beneit, support group leaders 

should be utilizing a total person approach to help 

patients by dealing with the whole person, not just a 
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particular set of characteristics or qualities possessed 

by that individual (such as having a weight problem, 

or utilizing a particular weight-loss treatment op-

tion), or a particular issue or portion of a person’s 

very complex life. People play many roles throughout 

their lives, and indeed, throughout each day. Support 

group members are more than just weight-loss sur-

gery patients, or lap band patients, or medically man-

aged weight loss patients. hey are parents, daugh-

ters, engineers, teachers, choir members, students, 

and more. When they attend support group, they will 

not completely discard all these other roles, or the is-

sues that accompany them. 

Similarly, patients bring all of their personal aspects 

with them as well—emotional, intellectual, spiritual, 

physical, medical, legal, social, cultural, inancial, ed-

ucational, career, and personal lives. Should attention 

be given only to their psychological or emotional as-

pects on an ongoing basis? And do all patients need 

ongoing attention for their emotional and/or psycho-

logical issues, or are they often resolved through at-

tention paid to other aspects of their personal selves, 

or through private counseling? All aspects of a pa-

tient’s life need ongoing attention at support groups, 

and any patient requiring psychological attention for 

unresolved issues should seek treatment outside the 

support group setting.

SEE ALSO: Anxiety; Appearance; Body Dysmorphic Disor-

der; Body Image; Depression; Fat Acceptance; Loneliness; 

Mood and Food; Obese Women and Social Stigmatization; 

Quality of Life; Self-Esteem and Obesity; Self-Esteem in 

Obese Women; Stereotypes and Obesity; Stigmas against 

Overweight Children; Weight Discrimination.
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Support Groups for  

Obese Women

WEIGHT-RELATED SUPPORT GROUPS for women 

provide the mutual support necessary for members 

to achieve compliance with weight-loss protocols and 

to understand the underlying issues that accompany 

and exacerbate obesity. he validation and support 

shared among members assists in the facilitation of 

personal growth and change in a way that individual 

therapy cannot. Although experts and professionals 

can provide support and positive direction, the mutu-

al exchange of information between group members 

is a powerful experience that can promote positive 

and lasting change. 

he strength of support groups lies in the mem-

bers and their willingness to share their own expe-

riences, challenges, and solutions in the context of 

the group. Because studies have proven what many 

already know about the experiences and quality-of-

life diferences between male and female obese indi-

viduals, people often have strong feelings about the 

kind of group that they want to join. Some feel that 

only someone who has been there will understand 

and make a good group member or leader. For these 

reasons, some believe that “women only” support 

groups are best. 

Successful support groups speciically for wom-

en recognize that women are more likely to deine 

themselves through relationships with others most 

like themselves. his type of peer support group 

consists of those who have similar experiences and 

is built on the relationship theory approach based 

on the assumption that women value relationships 

diferently than men. Women-only support groups 

can provide a way for women to explore their experi-
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ences and to form healthy relationships with others 

in what they consider a safe environment. Laughing 

about and exploring the unique experiences one has 

had as the result of a common situation or circum-

stance is best done with others who have walked a 

mile in the same shoes.

Many women prefer this type of single-gender 

support environment where they can regain their 

conidence, deal with problems speciic to them-

selves, and generally feel that they can really open 

up. For many, it is the irst time they are free from 

feeling like some terrible misit, or that they are be-

ing judged. It is easier for them to establish trust and 

ensure conidentiality with other women, although 

neither issue should be taken lightly. Members of fe-

male obesity support groups feel free and open to 

discuss the most intimate and controversial aspects 

of their lives. 

As a result, there exists a rare form of uncondi-

tional acceptance between the members. hat is not 

to say there is no conlict or diferences of opinion; 

however, the diferences are respected and gener-

ally accepted. Women connect with other women 

in a very unique way—the more homogeneous the 

group, the greater the members’ ability to bond with 

one another. 

GIVING ENCOURAGEMENT

A main diference in communications styles between 

men and women in support group settings is that 

men are more than twice as likely to give informa-

tion and women are more than twice as likely to give 

encouragement and support. Where women provide 

emotional support and empathy, men ofer instru-

mental support or try to minimize the importance of 

problems. Men tend to devote a greater proportion of 

their time to talk about unrelated issues, and a larger 

proportion of any actual problem talk involves deny-

ing or convoluting the problem. For many women, 

this is not a productive means of support and is why 

many prefer women-only support groups where they 

are more likely to receive the emotional support they 

are seeking.

Obesity or weight support groups for women are 

considered peer support groups. A support group of 

this nature provides members with a sense of connec-

tion with regard to an experience that can feel isolat-

ing. he group provides support in hard times from 

other women with whom the members feel a stron-

ger connection. It provides gender-speciic informa-

tion and coping skills, and helps members to feel less 

helpless about themselves and others because they 

are able to help others like themselves through their 

participation and experience sharing. It is a forum for 

sharing tips that only other women in the same situ-

ation can provide, and allows for powerful emotions 

to be shared.

Whether the support group is for women only, sup-

port group leaders should be utilizing the total person 

approach to help patients by dealing with the whole 

person, not just a particular set of characteristics or 

qualities possessed by that individual (e.g., having a 

weight problem or utilizing a particular weight-loss 

treatment option), or a particular issue or portion of 

a person’s very complex life. People play many roles 

throughout their lives and, indeed, throughout each 

day. Support group members are more than just indi-

viduals sufering from the disease of obesity. hey are 

parents, daughters, engineers, teachers, choir mem-

bers, students, and more. When they attend support 

group, they will not completely discard all these other 

roles, or the issues that accompany them. 

Overall, support groups for women should not be 

administered any differently than support groups in 

general. Other than a homogeneous makeup based 

on gender, all theories and applications on support 

groups in general apply and should be reviewed and 

integrated into all weight-related support groups.

SEE ALSO: Anxiety; Appearance; Body Dysmorphic Dis-

order; Body Image; Depression; Fat Acceptance; Loneli-

ness; Mood and Food; Obese Women and Social Stig-

matization; Quality of Life; Self-Esteem and Obesity; 

Self-Esteem in Obese Women; Stereotypes and Obesity; 

Weight Discrimination.
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Sweet Taste

SWEET TASTE IS a sensation produced on the tongue 

by molecules that bind to sweet taste receptors, whose 

structure and genetic origin have recently been un-

covered. he sensation of sweetness begins with the 

transduction by receptors throughout the tongue, or 

in whatever receptor organ these receptors are pres-

ent for lower organisms, of the taste signal from a 

solution containing sweet-tasting molecules. he re-

ceptors are heterodimers of two G protein coupled 

receptors, T1R2 and T1R3, which are expressed by 

genes at the Sac locus on mouse chromosome 4 and 

the corresponding Tas1r3 locus in humans. 

Taste transduction is the process by which a neu-

ral signal is generated following the binding of the 

tasted molecule to the receptor proteins. It involves 

a series of chemical reactions that change the resting 

membrane potential on neurons that produce action 

potentials carried along the seventh and ninth cra-

nial nerves. hese nerves synapse in the brain stem 

at the parabrachial nucleus where inputs from other 

visceral organs are combined and then relayed to the 

thalamus, hypothalamus, and cortex of the brain. Pro-

cessing at each of these levels results in the ability to 

perceive taste quality, intensity, and afect (the posi-

tive or negative acceptance or rejection magnitude). 

Sweet solutions that occur in foods and beverages 

have both positive and negative acceptance/rejec-

tion reactions depending upon the individual, state of 

health or disease, previous consumption, and learned 

associations with the consequences of the consuming 

the taste. Generally, humans prefer concentrations of 

sucrose at approximately 10 percent (weight/volume). 

Lower and higher concentrations are rejected in com-

parison to the preferred level, which is also the level 

at which ratings of liking are highest. In rats, used 

frequently as animal models for obesity, however, in-

creases in sweetness (independent of postingestional 

signals) lead to increased responding to obtain it.

he afective reactions to sweet taste are mediated 

by several neurotransmitters released into various re-

gions of the brain, including the striatum and nucleus 

accombens. Both dopamine and opioid neurotrans-

mitters appear to be involved in the mediation of the 

positive rewarding efects of sweet taste. Because 

sweet tastes are frequently present as sugars in en-

ergy-containing foods and beverages, it has long been 

proposed that sweet taste leads to overconsumption 

of energy and, consequently, obesity. 

However, careful examination of the evidence is 

not deinitive. Although sugar accounts for 22 percent 

of the American diet, obese individuals have been re-

ported to prefer lower levels of sweetness than non-

obese individuals by some investigators, but higher 

levels by others. Scaling of the level of liking may have 

led to these diferences and more deinitive work is 

needed. On the other hand, recent study demonstrat-

ed that in a group that included obese Pima Indians 

subjects who had a higher preference for sweet tast-

ing food also had higher rates of weight gain after a 

2-year follow-up. 

Despite the lack of strong evidence, artiicial sweet-

eners will probably continue to be used by many people 

who wish to limit energy consumption. Provided the 

energy spared by substituting nonenergy-containing 

sweeteners for sugars in foods and beverages is not made 
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up from other foods, this could be an efective strategy. 

However, there is little doubt that sweet-tasting foods of 

equivalent nutritional content will be chosen more of-

ten and eaten in larger quantities than nonsweet tasting 

foods. herefore, an even better strategy would be for 

people to learn to consume less sweet foods. Sweet tastes 

also can induce metabolic changes by means of cephalic 

phase insulin release, which could potentially contribute 

to overconsumption or excessive fat deposition.

SEE ALSO: Genetic Taste Factors; Palatability.
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Sympathetic Nervous System 

THE SYMPATHETIC NERVOUS system (SNS) plays a sig-

niicant role in the regulation of metabolic and cardio-

vascular homeostasis. Aberrations in SNS behavior 

have been implicated in the pathophysiology of obesity 

and associated disorders including diabetes and cardio-

vascular disease. Low SNS activity has been suggested 

as a risk factor for future weight gain. In addition, obe-

sity potentiates SNS activation in patients with hyper-

tension and congestive heart failure (CHF). herefore, 

an understanding of SNS behavior in human obesity is 

important from a clinical perspective.

SYMPATHETIC NEURAL ACTIVATION 

he SNS is regulated in a regional-speciic manner, and 

elevated SNS activity to one organ may not be similar to 

SNS activity targeting other organs. For example, car-

diac SNS activity is lower in obese individuals compared 

to normal-weight individuals. However, SNS activity to 

the kidney as well as skeletal muscle sympathetic ner-

vous activity (MSNA) is higher in obese individuals. 

Furthermore, the relationship between SNS to these re-

gions and adiposity is linear and appears to be evident 

throughout the nonobese range. Given that the SNS is 

regulated in a region speciic manner, it is not surpris-

ing that the available evidence suggests that whole-body 

SNS activity is not consistently altered in obesity.

MSNA is highly variable among individuals with 

similar age, sex, and body mass index (BMI). One pos-

sibility for this variation is that SNS activity is depen-

dent, at least in part, on the distribution of body fat. 

Indeed, MSNA is higher in men with increased ab-

dominal visceral fat compared to age- and total body 

fat–matched individuals. In fact, the relationship be-

tween abdominal visceral fat and MSNA is evident in 

normal-weight humans. Unfortunately, there is cur-

rently no information on the relationship between 

visceral obesity and SNS activity in other organs. his 

is an area that needs to be further explored. 

CAUSES OF INCREASED SNS

here are a number of potential mechanisms that 

may contribute to increased SNS activity in obese in-

dividuals. For example, both insulin and leptin have 

been related to skeletal muscle SNS activity. However, 

in both cases, the available data do not consistently 

provide support for a role of either insulin or leptin in 

having direct efects on SNS activity in humans. 

he renin angiotensin-aldosterone system is acti-

vated in obesity and angiotensin II has been shown 

to increase SNS activity in animals. Multiple compo-

nents of the renin angiotensin system are expressed 

in adipose tissue, and angiotensinogen, the precursor 

to angiotensin II, is expressed more in visceral than 

subcutaneous adipose tissue. herefore, it is possible 

that angiotensin II could be increasing SNS activity in 

obesity, particularly visceral obesity

Finally, obesity itself is thought of as a neuroen-

docrine disorder characterized by hypothalamic pi-

tuitary axis (HPA) dysregulation and SNS activation. 

However, it is not clear whether dysregulation of the 

HPA axis is critical to the activation of the SNS in the 

context of obesity. 

CONSEQUENCES OF ACTIVATION

he consequences of SNS activation in obesity are 

unclear. One hypothesis is that elevated SNS activity 
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in obese individuals is a compensatory mechanism to 

prevent further weight gain. Unfortunately, there is 

little information to support this idea in humans. In-

terestingly, skeletal muscle SNS activity is lower than 

predicted in individuals with subcutaneous obesity. 

However, it is not known whether these individuals 

demonstrate reduced energy expenditure and are 

predisposed to future weight gain.

In conclusion, the renal and skeletal muscle circu-

lations, but not the heart, appear to be targets for SNS 

activation in obesity. In addition, abdominal visceral 

fat may be an important depot linking obesity to skel-

etal muscle SNS activity. However, the impact of this 

depot on the kidney or other regions is unknown. he 

consequences of SNS activity are also unclear, but 

may include protection against further weight gain. 

Future research in this area is needed to begin ad-

dressing these issues. 

SEE ALSO: Adrenergic Receptors; Autonomic Nervous 

System.
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Taste Aversion Learning

TASTE AVERSION LEARNING, or conditioned taste aver-

sion, refers to a distaste or repugnance for a particular 

type of food due to a previous incident or stimulus with 

unfavorable consequences. Taste aversion learning, 

which tends to fall in the realm of psychology, can be 

attributed to certain molecular signaling and physio-

logical pathways. he concept of taste aversion is based 

on a cause-and-efect relationship; a speciic food can 

trigger memories of illness. In the case of obesity, taste 

aversion learning is a potentially useful tool for weight 

control and healthy eating choices.

Taste aversion learning is a type of associative 

learning known as classical conditioning. Classical 

conditioning requires the presence of an uncondi-

tioned stimulus that automatically evokes an uncon-

ditioned response. he point of classical conditioning 

is to manipulate the relationship of the unconditioned 

response and stimulus and promote the onset of a 

certain conditioned response. In behavioral therapy 

the conditioned response will be more beneicial to 

the subject, in whatever area the therapy is seeking 

to address, and repetition will eventually lead to the 

removal of the more detrimental unconditioned re-

sponse from the subject’s lifestyle.

Aversion therapy is a type of psychological therapy. 

he treatment occurs when a patient is exposed to a 

stimulus that is immediately followed by some kind 

of discomfort. he objective of aversion therapy is to 

condition the patient to associate the stimulus with 

something unpleasant that leads the patient to cease 

the targeted behavior. An aversive stimulus is an un-

conditioned stimulus, and this stimulus produces an 

unconditioned response. With aversion therapy, the 

patient should learn to experience a new, conditioned 

response with each stimulus, and successful treat-

ment will cause the compulsion to succumb to the 

former, unconditioned response to subside and even-

tually disappear. Aversion therapy has been used in 

the treatment of substance abuse, but the application 

of its principles to combat overeating and poor eating 

choices needs to be further explored.

Taste aversion learning occurs when one learns to 

associate the taste of one food with unpleasant symp-

toms such as nausea or vomiting. Taste aversion is 

a trait that can be adapted and is actually a survival 

mechanism that ensures that one stays away from po-

tentially harmful foods or beverages that are poison-

ous or spoiled. he association that develops between 

ingestion of the harmful substance and knowledge of 

the symptoms that occur after its ingestion ensures 

the prevention of future consumption. 

Taste aversion learning can also occur when an as-

sociation is taught that links the ingestion of a spe-

ciic food with a forced task. Animal studies have 

compared the strengths of conditioned taste aversion 

with forced activities such as running and swimming 

T



for varying lengths of time. Injections with substanc-

es such as lithium chloride have also exhibited strong 

taste aversion learning.

Certain molecular events allow for the acquisition 

of taste aversion, and many of these processes are due 

to an association with fos-like immunoreactivity and 

taste novelty. Hormonal relationships have also been 

considered. Some studies have targeted leptin as an 

inluence in the development of taste aversion learn-

ing. While results for leptin studies have suggested 

that it is not related to the attainment of taste aver-

sions, the nonspeciic melanocortin agonist MTII was 

found to produce conditioned taste aversions.

SEE ALSO: Appetite Control; Leptin; Metformin; Taste 

Reactivity.
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Taste Reactivity

THE DISCRIMINATION ABILITY of taste seems to pale 

in comparison to those of the other senses. Taste can 

only distinguish between a few qualities: bitterness, 

saltiness, sweetness, sourness, and possibly a few oth-

ers, including umami or savoriness. Despite its seem-

ing simplicity, the sense of taste interacts strongly with 

the central nervous system (CNS) to regulate appetite 

for certain foods, and there is a relationship between 

the need for a speciic nutrient and an increased de-

sire for foods with a speciic taste. his relationship 

can be quantiied by the taste reactivity test. 

he taste reactivity test is performed by injecting 

liquids with a speciic taste through a surgically im-

planted intraoral catheter in animals (usually rats) 

and grading the animal’s response as either ingestive 

or aversive. he value of the taste reactivity test in un-

derstanding how taste and nutrient need interact is 

best illustrated by speciic experiments.

A simple experiment to demonstrate this interaction 

compares sodium-replete and sodium-deicient rats 

when a taste sensitivity test is performed using a so-

lution of sodium chloride and water. �oth groups will 

demonstrate aversive responses to intraoral quinine 

injection, a strongly bitter stimulus. Sodium-deicient 

rats, however, will demonstrate a strong ingestive re-

sponse to salt water administration, whereas sodium-

replete rats demonstrate the opposite reaction.

Taste sensitivity experiments have demonstrated 

a sophisticated interaction between the nutritive 

needs of animals and taste preferences. Fat-deprived 

rats will demonstrate stronger ingestive responses to 

normally avoided, nonnutritive oils, such as mineral 

oil, than to solutions containing artiicial sweeten-

ers. Evidence in both rats and humans suggests that 

taste receptors may be able to distinguish fatty acids 

as having a distinct taste and that this is sensitized 

in fat-deprived individuals. here is also evidence to 

suggest interindividual variability in the sensitivity for 

detection of fatty acids by these receptors. Responses 

to nonessential nutritive substances, such as ethanol, 

can also be inluenced by taste preferences. For ex-

ample, in rats, there is a correlation between a pref-

erence for sweet solutions and greater ethanol intake 

that has also been observed in human alcoholics. 

he mechanisms that link taste and food-seeking 

behavior likely involve multiple pathways in the CNS. 

Modulation of neurotransmitters can lead to changes 

in taste sensitivity test preferences. For instance, rats 

given naltrexone, a drug that blocks opioid receptors, 

demonstrate decreased responsiveness to sweet so-

lutions during taste sensitivity testing. his property 

may be exploited to reduce positive stimulatory feed-

back in individuals with addictive patterns of food 

ingestion or excessive cravings for speciic nonnutri-

tive tastes (e.g., ethanol). Improved understanding of 

the interplay between speciic tastes and patterns of 

food ingestion will hopefully allow better prescrip-

tion of dietary modiications for individuals with cer-

tain taste preferences.

SEE ALSO: Neurotransmitters; Nutrient Reward; Taste 

Aversion Learning.
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Taxation on Unhealthy Foods

IN 1994, KELLY �rownell wrote an op-ed piece in the 

New York Times advocating a tax on foods with low nu-

tritional value such as soda and snack foods. his prop-

osition was dubbed the �Twinkie tax,” and has since 

been called the �snack tax,” �fat tax,” and �junk food tax.” 

his tax would be similar to those imposed on alcohol 

and tobacco. �rownell’s argument was that foods with 

a high-sugar and fat-content are afordable, easy to get, 

and taste good, which encourages increased consump-

tion of these foods, which in turn is feeding the obesity 

epidemic. �rownell is a prominent Yale University psy-

chologist and obesity researcher, and he has been inter-

ested in ixing the �toxic environment” that he believes 

is the cause of the current obesity epidemic. According 

to �rownell, a small tax on soda alone could raise mil-

lions of dollars a year, which could be used to subsidize 

healthier food options or used to fund health programs 

and health education. 

According to �rownell, if a tax on unhealthy foods is 

implemented, there are many positive results that may 

occur. First, a large tax on these foods may decrease the 

consumption of these foods in the same fashion as to-

bacco and alcohol. he tax money will then go to subsi-

dize healthier food options, thereby increasing the con-

sumption of healthy foods. If a small tax is implemented, 

the money will go to health promotion programs such 

as those to encourage healthier eating, healthier food 

options in schools, and physical education programs 

promoting exercise and a healthy lifestyle. Promoting 

healthy eating and a healthy lifestyle will help counter-

act the efect of billions of dollars of advertising spent on 

promoting unhealthy items. he result of all of this, then, 

would be to decrease the incidence of obesity and nutri-

tion-related diseases such as diabetes and heart disease.

here are several states that enacted variations of the 

�Twinkie tax” before the �rownell piece. he majority, 

such as Indiana, �entucky, Maine, New York, and Min-

nesota, imposed sales tax on items such as soft drinks, 

candy, and gum. California and Illinois taxed only soft 

drinks. Other states such as Rhode Island, Tennes-

see, and Virginia levied taxes on the manufacturers or 

wholesalers of soft drinks. Despite the fact that these 

taxes raised millions of dollars a year for their respective 

states, more than half of the taxes were repealed during 

the 1990s, with the majority of the taxes repealed after 

�rownell’s argument for such taxes. 

here are numerous points of debate for a tax on 

unhealthy foods. First, there is the issue of deining 

what an unhealthy food is. he states that imple-

mented these taxes mainly targeted food groups that 

were already deined, such as soft drinks and candy. 

Even these items may have room for interpretation. 

he terms snack food and junk food, however, are very 

vague, creating the suspicion that it is an umbrella 

term under which the majority of food may fall. he 

suggestions for what foods should be taxed include 

those high in saturated fat, trans-fat, and sugar, and 
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those with high calories and low nutrient density, 

meaning the individual is not receiving the proper 

amount of nutrients needed compared to the amount 

of calories taken in. he complexity of deining what 

an unhealthy food is makes implementing a tax based 

on the above criteria a complicated process. 

he second issue with the tax on unhealthy foods 

is what will be done with the money generated. While 

�rownell suggested the money be used to promote 

health education, none of the states with an unhealthy 

food tax used the money in that way. he majority of 

the money raised from the taxes were placed in general 

funds to be used where it was needed. West Virginia al-

locates the money to support medical, dental, and nurs-

ing schools, and Arkansas uses the money to fund Med-

icaid. �y not allocating these funds to a speciic program 

to encourage health and health education, the tax is not 

doing what it is �supposed to do” in battling obesity.

he third issue is the efect such a tax will have, es-

pecially on individuals of lower socioeconomic status. 

A large tax on unhealthy foods would certainly afect 

these individuals the most because they are more likely 

to buy the less expensive, unhealthy foods. Also, indi-

viduals of lower socioeconomic status spend a larger 

percentage of their income on food, causing them to 

bear most of the burden of such a tax. 

A fourth issue is the concern of too much govern-

ment intervention in the lives of individuals. Critics 

claim that allowing the government to impose taxes on 

things that are unhealthy is just another method of con-

trol and a way to squeeze more money out of taxpayers’ 

pockets. Although the tax on unhealthy foods has been 

likened to that of alcohol and tobacco, unhealthy food is 

still food, while alcohol and tobacco have no nutritional 

value. Critics claim that it is the right of individuals to 

choose which foods they consume.

A inal issue is whether a tax on unhealthy foods will 

actually decrease their consumption. his tax has been 

compared to the taxes on alcohol and tobacco, both of 

which showed a reduced consumption rate after the 

tax was imposed. here is no guarantee, however, that 

the consumption of unhealthy foods will decrease. 

Despite all of the arguments against an unhealthy 

food tax, such a tax may have a signiicant efect on 

the rate of obesity. Even if consumption of unhealthy 

foods does not decrease a signiicant amount, the 

consumption of healthy foods may increase due to 

subsidy or increased consumer knowledge. A small 

tax may fund a health education program that adver-

tises the beneits of healthy foods to counteract the 

billions of dollars spent annually on advertising for 

unhealthy foods. he money could also fund educa-

tion programs in schools, providing healthier school 

lunches and increased physical education to encour-

age physical activity as part of a healthy lifestyle. 

he jury is still out as to whether a tax on unhealthy 

foods would have an efect on obesity. In California in 

2002, a soda tax bill was proposed that allocated the 

money raised to school districts with healthy eating 

and physical education programs, obesity and oral 

health prevention programs, and a preventative pro-

gram for childhood obesity. he bill was not success-

ful. It is unclear whether a tax on unhealthy foods will 

have an efect on obesity.

SEE ALSO: Federal Initiatives to Prevent Obesity; Government 

Subsidizing of Energy Dense Foods; School Initiatives to Pre-

vent Obesity; State and Local Initiatives to Prevent Obesity. 
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Television

TELEVISION WATCHING IS a popular leisure-time ac-

tivity in all but the most remote areas of the world. In 

fact, watching television is often the most time-con-

suming leisure activity of people of all ages and na-

tionalities. hose living in developed countries watch 

an average of approximately 3 hours of television each 

day. In addition to its entertainment value, television 

is a primary source of health information. Consider-

able evidence exists that television is a potent inlu-

ence on knowledge, attitudes, behaviors, and values 

and its impact may be equal to that of school, religion, 

parents, or books. Concerns about television watch-
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ing and the efect of programming are many and have 

been voiced by numerous public health authorities. 

hese concerns focus on the content and inluence 

of television programming on many health behaviors 

(e.g., violence, alcohol and tobacco use, sexual be-

haviors), including dietary intake and the sedentary 

nature of television watching. Television is thought 

to inluence dietary intake, and subsequently body 

weight, by frequently promoting the consumption of 

calorie-dense foods and providing food and nutrition 

information that is misleading. Television further af-

fects body weight via the sedentary nature of television 

watching itself. Available academic research suggests 

that watching television is associated with increased 

snacking and poorer quality meals; television adver-

tising increases the number of food purchase requests 

children make; television advertising inluences food 

preferences, choices, and intake; television advertis-

ing and programming afects children’s knowledge of 

nutrition and health. 

he vast majority of research evidence concerning 

the efects of television was conducted in the Unit-

ed States using television programs produced and 

broadcast there. However, the widespread export of 

U.S.–produced television programs shares their con-

tent with and extends their potential efects to view-

ers in other countries. Although indings related to 

advertisements may have less generalizability inter-

nationally because advertisements produced for a 

particular national market are seldom broadcast out-

side that market, advertising goals and strategies are 

similar regardless of market and the developmental 

stages during childhood and adolescence, the audi-

ence thought to be most vulnerable to its efects, are 

generally regarded to be universal.

Research related to television and body weight is 

divided into content analyses of television advertising 

and program content, efects of television advertising 

and programs, and time invested in television watch-

ing. Most research has focused on children’s televi-

sion because this population group is cognitively im-

mature and, thus, has diiculty in both interpreting 

information provided via television and discerning 

reality from fantasy.

TELEVISION ADVERTISEMENT CONTENT

Most content analyses of television advertising focus 

children’s television programming hours with lesser 

attention given to other broadcast time periods. Ad-

vertisements during children’s television program-

ming hours tend to be primarily for food during all 

months except December when toy advertisements 

predominate. he types of foods advertised rarely in-

clude fruits, vegetables, protein-rich foods, or dairy 

products. Foods in the breads and cereals group, par-

ticularly high-sugar breakfast cereals, are well repre-

sented. Additionally, foods high in fats and nutritive 

sweeteners are advertised frequently, with food sold 

by fast-food restaurant chains, candy, and sweetened 

soft drinks being most prevalent. he foods advertised 

during children’s television programs tend to be high 

in fat, sodium, and sugar, and generally judged to be 

of low nutritional value. Explicit messages related to 

the healthfulness or nutritional qualities of the foods 

are seldom used in advertising; however, nearly half 

of food advertisements imply a food has healthful or 

nutritional qualities, likely erroneously so given the 

nutrient content of most advertised foods. 

he limited evidence available indicates that food 

advertisements also are commonly broadcast dur-

ing television broadcast periods with an audience 

largely comprised of women aged 18–35 years (e.g., 

afternoon serials such as soap operas). he most 

commonly advertised foods are desserts and sweets, 

convenience foods, and breads and cereals. he vast 

majority of advertised foods are high in saturated fat, 

cholesterol, and sodium. Food advertisements infre-

quently include health claims. 

During prime-time television programming time 

slots, food advertisements tend to be the largest sin-

gle category of advertisements. Advertised foods are 

mostly high in fat, sodium, and sugar. Consumer-re-

lated promotional claims, especially those focusing on 

lavor, quality, and economy, are used to promote most 

foods. he majority of health and nutrition information 

embedded in food advertisements is judged misleading 

or inaccurate often because it is incomplete or exagger-

ated. he types of foods advertised during prime-time 

programs may vary with the target audience. For in-

stance, programs with a high African-American view-

ership have fewer alcohol advertisements and more 

soft drink and chocolate candy advertisements than 

programs with a more general audience. Health claims 

are made more frequently in food advertisements on 

Spanish-language programs broadcast in the United 

States than on English-language programs. Regardless 
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of the diferences in the frequency with which food 

types are advertised to diferent target audiences, the 

foods advertised during prime-time television time 

slots are high in fat and/or sugar.

TELEVISION PROGRAM CONTENT 

Television programs frequently include scenes that 

reference food verbally, visually (as a prop), and/or 

being actively consumed. During children’s program-

ming hours, the most commonly shown foods (fruits, 

protein-rich foods, and sweets) tend to be of great-

er nutritional quality than those in advertisements. 

Foods are primarily portrayed in a positive context; 

that is, one that constructively describes the food’s 

qualities or encourages the viewer to try the food 

Among prime-time programs, those of the situ-

ation comedy genre include the most scenes with 

nutrition or food references and those of the real-

life reenactment genre include the least. Low nutri-

ent density foods and beverages, especially alcoholic 

beverages, are commonly referenced in prime-time 

television programs. Foods are mostly consumed as 

snacks rather than meals, with the most common 

snacks being sweets or salty snack foods. Snacks are 

less nutrient dense than meals. Adults tend to eat less 

nutritious foods and snacks than children. �lack ac-

tors are more likely to eat nutritious foods than white 

characters. Although the quantity of food consumed 

by actors tends to be very small, heavy males are 

shown eating greater amounts than average weight 

or thin actors. Overweight actors are less likely to be 

shown with high-calorie foods than average-weight 

characters. Scenes containing food or nutrition refer-

ences were most commonly set at kitchen tables, out-

doors, and in dining rooms, living rooms, and restau-

rants. hese settings seldom relate to the main point 

of the scene. Approximately one in ive scenes with 

food or nutrition references promote healthful behav-

iors, such as eating fruit for a snack or drinking juice 

to restore blood glucose levels and a similar amount 

promoted negative, nonrecommended health behav-

iors. Few actors in prime-time television programs 

are overweight or obese and substantial numbers are 

far more likely to be underweight than their real-life 
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counterparts. �lack actors tend to have larger body 

types than white actors.

TELEVISION ADVERTISEMENT EFFECTS

Television advertising has the potential to shape 

nutrition-related knowledge, attitudes, and food 

preferences and choices. Increased exposure to ad-

vertisements broadcast during children’s television 

programming hours is positively correlated with low-

er nutrition knowledge and lower understanding of 

nutrition terminology commonly used in television 

advertisements. Repeated exposure to highly persua-

sive advertising messages also may confuse children 

about the nutritional value of foods. Children who 

frequently view television have distorted concepts of 

what constitutes a healthful diet.

�rief exposures to advertisements for low nutrient 

density foods can inluence young children’s food pref-

erences, choices, and intake. he more often a food 

is advertised, the more likely it is to be requested by 

children and purchased by adults. he irst purchase 

requests occur at about age 2. Children frequently re-

quest food items advertised on television and ask to 

visit restaurants advertised. he more time children 

spend watching television, the more likely they are 

to request advertised foods. he most frequently re-

quested foods are breakfast cereals, snacks, and bev-

erages. Requested foods tend to be high in sugar, fat, 

and/or salt foods. In comparison to younger children, 

older children make fewer food purchase requests. 

Foods are requested by children and purchased by 

parents in the same frequency they are advertised 

during children’s television programs. Advertised 

foods requested by children and purchased by par-

ents are among the most commonly reported as eaten 

in national dietary intake surveys.

TELEVISION PROGRAM EFFECTS 

he efect of television programs on nutrition knowl-

edge, beliefs, and behaviors remains largely unex-

plored; however, social learning theory and cultivation 

theory indicate that television must be recognized as 

a major source of health and nutrition information 

and a potentially powerful inluence on nutrition and 

health practices. (Social learning theory is based on 

the notion that behavior, particularly that of children, 

is acquired through the process of observing the be-

havior of others and subsequently modeling one’s be-

havior on the observations. Cultivation theory posits 

that television shapes or cultivates viewers’ percep-

tions of what they consider to be normal, common, or 

acceptable behavior.) 

Considerable research evidence suggests that those 

who watch relatively more television tend to emulate 

observed television behaviors because they perceive 

that the real world is much like that portrayed on tele-

vision. In addition, as exposure to television increases, 

emulation of the behaviors portrayed often becomes 

increasingly desirable. Television programs also may 

afect children’s nutrition knowledge, attitudes, and 

food and alcohol intake intentions. he contrast be-

tween idealized female body size portrayed by most 

television actors can negatively afect mental and 

physical health of female viewers and trigger extreme 

dieting and disordered eating. Television programs 

can increase adult’s nutrition knowledge levels as well 

as motivate them to practice healthy dietary behaviors, 

increase concern about food and itness, and raise self-

conidence in their nutrition knowledge base.

TIME INVESTMENT IN TELEVISION WATCHING

Time spent watching television (using media of all 

types) may increase obesity risk. One reason this may 

occur focuses on energy expenditure. he time spent 

watching television displaces time that could be used 

for physical activity, the relaxing quality of television 

watching may lower resting metabolic rate to a level 

below that of sleeping, and the extent of idgeting dur-

ing television watching may be lower than that which 

occurs during other sedentary activities. 

A second reason is the relationship between televi-

sion viewing habits and nutrition knowledge. As chil-

dren’s total television viewing time increases, so does the 

rate of inaccurate knowledge about nutrition, unhealthy 

conceptions about food, and misperceptions that an un-

healthy food choice is healthier than it actually is. 

A third reason focuses on dietary intake. Watch-

ing television is associated with increased snacking, 

poorer quality meals, and higher dietary fat intake. 

As children’s total television viewing time increases, 

so does the rate of poor eating habits. In addition, 

time spent watching television is positively correlated 

with children’s preferences for and consumption of 

unhealthy foods. Routine television watching dur-

ing mealtime is associated with poorer eating choic-

es, lower intakes of fruits and vegetables, increased 
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snacking, and higher consumption levels of pizza, 

snack foods, and soft drinks. Among adult women, 

watching more than 2 hours of television daily is as-

sociated with greater tendency toward disordered 

eating and weight dissatisfaction as well as numerous 

other negative psychological states.

SEE ALSO: Advertising; �everage Choices in Children; Fast 

Food; Overweight Children in the Media.
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Three-D Image Reconstruction

THE CONCEPT OF central obesity, or visceral adiposity, 

was irst suggested as an adverse health factor for coro-

nary artery disease as early as 1950, but has only been 

validated as an important marker for the development 

of the array of obesity-related medical conditions col-

lectively known as the metabolic syndrome in the last 

decade. With the advent of computerized tomography 

(CT) and magnetic resonance imaging (MRI), the sig-

niicance of visceral �intraabdominal” obesity (rather 

than subcutaneous fat storage) has been documented 

in an increasing number of body composition studies.

his apple-shape pattern of intraabdominal obesity, 

although correlated with the amount of total body fat, 

body mass index (�MI), and subcutaneous fat in an in-

dividual, is unique in that it alone is the source of body 

fat that has been shown to inluence the comorbidities 

associated with obesity and the metabolic syndrome. In 

fact, previous studies have shown that even among men 

of healthy �MI, the amount of visceral fat is correlated 

with increased prevalence of insulin resistance, hyper-

triglyceridemia, hypertension, and coronary artery dis-

ease—all hallmark markers of the metabolic syndrome. 

While it is generally thought that women tend to carry 

the majority of their excess adipose tissue in their thighs 

and hips, rather than centrally, women do indeed show 

similar patterns of developing symptoms of the syn-

drome in direct correlation to the amount of intraab-

dominal fat that they possess.

hus, the emergence of research techniques that 

can accurately access total body composition, mea-

sure body fat distribution, and quantify the amount of 

visceral fat can be profoundly appreciated. he tech-

nological advancements of the past decade—particu-

larly in the improvements of CT and MRI scanners—

has allowed for greater accessibility of CT and MRI 

outside the realm of clinical medicine, and a grand 

impact on body composition research.

�oth CT and MRI technology have allowed for the 

production of three-dimensional (three-D) images. 

Until their development, body composition analysis 

by way of radiogrametry and conventional X-rays have 

been limited to fuzzy two-dimensional images. he 

three-D image reconstruction ofered by CT and MRI 

scanning allows for three-D tissue volume measure-

ments and the production of sharp contrast images 

with clearer tissue boundaries. To date, none of the 

other competitive technologies being explored, such as 

ultrasound, has been able to assess tissue composition 

three dimensionally as accurately as in CT and MRI. 

CT and MRI technology is founded in a two-

stage image reconstruction strategy. he irst task at 

hand is to accurately gauge the amount of speciic 

tissue that is expressed in an individual image (in 

cm²). Second, this lat image’s area is superimposed 

on various slices of itself to calculate a total volume 

(in cm³). his is one of the great advantages in us-

ing three-D image reconstruction, as it allows for the 
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cross-sectional imaging that can compute areas and 

volumes of tissue structures inside of body cavities. 

As in brain and heart volume calculations quantiied 

by MRI and CT for clinical purposes, visceral adi-

pose tissue has also been accurately quantiied using 

this technique. Another important advantage to this 

technology is that it can easily calculate whole-body 

estimates of tissue-level composition, whereas com-

peting technologies are currently limited to making 

only regional measurements. It is worth noting that 

today, three-D image reconstruction technologies 

are becoming greatly accessible globally; virtually all 

major medical research centers in the United States 

have both a CT and MRI scanner capable of full-

body composition analysis, and many developing 

nations have increasing access to one, if not both, of 

these tools at major hospitals.

For the purposes of human body composition 

analysis, MRI is currently the more favored method 

of three-D analysis as it does not expose a patient to 

the risk of ionizing radiation. MRI scanning, thus, can 

take multiple images without any known risk to the 

patient and may be useful in longitudinal studies and 

clinical trials where multiple measurements are neces-

sary. he one potential disadvantage to certain types of 

MRI scanners is that the enclosing magnet may prove 

uncomfortable for obese or claustrophobic patients. 

MRI is also restricted in patients with implanted metal 

objects, as the process generates magnetic ields.

Presently, the primary use of MRI scanners in hu-

man body composition studies is to quantitatively 

measure the quantity and distribution of fat and skel-

etal muscle in tissues. To date, MRI has been used to 

assess the body composition of many subjects, from 

fetuses to the elderly, both healthy and diseased pop-

ulations, and in both males and females. MRI tech-

nology is particularly useful in weight-loss studies, 

as a whole-body MRI image can be obtained in little 

over a half hour with little discomfort to the subject, 

and a series of images can accurately display the re-

gional changes in muscle and fat composition that 

occur with weight reduction by means of diet and/or 

exercise. For example, a gain of skeletal muscle tissue 

in one part of the body may go unrecognized by oth-

er measurements of body composition analysis and 

�MI, but MRI can clearly illustrate that this muscle 

gained is masking the loss of adipose tissue weight in 

another region of the body.

It is clear now that the advancements in three-D 

imaging technologies over the past decade have vastly 

inluenced not only the quality of body composition 

research, but also its impact on the prevention and 

treatment of obesity and its comorbid conditions. If 

the rapid increase in both accessibility and utilization 

of these machines over the past several years is any 

indication, we can hope that three-D reconstruction 

imaging will continue to pave new ground in body 

composition research and prove an essential tool in 

the ight against obesity.

SEE ALSO: Central Obesity; Computerized Tomography; 

Magnetic Resonance Imaging Scans, Visceral Adipose 

Tissue.
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Thrifty Gene Hypothesis

THE THRIFTY GENE hypothesis is the idea that hu-

mans can eiciently store nutrients that were limit-

ed in supply 10,000–15,000 years ago (known as the 

Paleolithic era) and that this increased eiciency in 

storage is related to many of the metabolic problems 

observed today. his hypothesis was irst proposed 

by James Neel in 1962. Unfortunately, it takes a sig-

niicant amount of time for genes to evolve into more 

desirable traits (approximately 5,000–10,000 years). 

herefore, our current genetic information is helpful 

for an environment which no longer exists.

 One component of the thrifty gene hypothesis is 

the ability of humans to store fat very eiciently. he 
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idea is that during the Paleolithic era, humans would 

often go long periods of time without suicient food 

intake (i.e., only when large animals were caught), and 

subsequently, these humans became very eicient at 

storing the calories; the stored calories would be used 

during times of famine. In modern times, unfortu-

nately, there is a plethora of food available to the resi-

dents of many developed countries. herefore, when 

humans eat today, they store their extra calories very 

eiciently. his eicient storage system, combined 

with a decrease in physical activity, may contribute to 

the current obesity epidemic and all of the diseases 

that are associated with obesity (i.e., insulin resis-

tance, Type 2 diabetes mellitus, heart disease, and 

high blood pressure). 

In regard to the development of Type 2 diabetes 

mellitus, it is believed that early humans rarely con-

sumed simple carbohydrates (sugars) and that the ac-

tions of insulin were diferent 10,000–15,000 years ago. 

Currently, humans require a large amount of insulin to 

handle the requirements of the modern-day diet. his 

increased demand of insulin in people who are also 

overweight increases the likelihood of developing insu-

lin resistance and eventually Type 2 diabetes mellitus.

In addition to this hypothesis about body weight, 

the thrifty gene hypothesis includes speculation 

about high blood pressure. Early humans consumed 

a diet low in sodium chloride (table salt) and thus es-

tablished an eicient ability to store sodium. Today, 

the food supply contains much greater sodium con-

tent and thus when people consume sodium, their 

bodies do their best to hold on to it. his is the be-

lieved mechanism for why people get salt-induced 

high blood pressure. 

It has been viewed that storing sodium eiciently is 

a genetic defect. In fact, according to the thrifty gene 

hypothesis, the opposite would be true. People who do 

not get the rise in their blood pressure in response to 

sodium intake might have mutated their thrifty gene to 

adapt to the modernized world. Alternatively, because 

our ancestors consumed a diet high in potassium (found 

in many fruits and vegetables), humans have not de-

veloped a good method to conserve excess potassium. 

herefore, it has been suspected that low potassium 

levels from current diets may also be a factor in the de-

velopment of health problems in developed countries.

Another component in regard to the link of obe-

sity and the thrifty gene hypothesis is the decrease in 

physical activity. During the Paleolithic era, humans 

were extremely physically active. hey exerted a great 

amount of energy in acquiring food. During the last 

100 years, physical activity has signiicantly dimin-

ished. Not only do humans have easy access to large 

quantities of food, but there has also been a signii-

cant decrease for other physical tasks (i.e., travel is no 

longer limited to the legs). he increased food intake 

in combination with decreased physical activity is un-

favorable for the thrifty gene environment. 

Often cited with the thrifty gene hypothesis is the 

�arker hypothesis (also called the thrifty phenotype 

hypothesis). �arker had hypothesized that the envi-

ronment a baby is in during gestation can be related to 

health problems later on in life. He reported that if a 

pregnant woman had low food intake, the baby would 

develop more fat cells as a system to ensure enough en-

ergy stores once they were born. Subsequently, this will 

lead to an increase in the percent of body fat that the 

baby, then child, and inally adult will have. Excess body 

fat is related to many metabolic diseases and this would 

increase the risk signiicantly and �arker hypothesized 

that these babies would have an increased prevalence of 

certain diseases such as Type 2 diabetes mellitus, insu-

lin resistance, high blood pressure, and heart disease. 

Many large epidemiological studies have conirmed 

this hypothesis such as the Dutch famine study. During 

the winter of 1944–45, there was a famine in the Neth-

erlands. Women who were in the irst half of their preg-

nancies during the famine were more likely to have chil-

dren who were obese by age 19 compared to women in 

the second half of their pregnancies. Other studies have 

linked low birth weight with impaired insulin function-

ing, insulin resistance, and eventually Type 2 diabetes 

mellitus. his signiied the importance of nutrition at 

very early stages as they related to development.

Another interesting component of the thrifty 

gene hypothesis is relating the food consumption of 

people living in underdeveloped or non-Westernized 

countries. Many of residents in these areas still con-

sume a diet similar to the one of our ancestors which 

includes high amounts of fruits, vegetables, and iber 

and low amount of protein, fat, and salt. People who 

follow this diet do not sufer from the conditions that 

afect people who live in the Western world. Also, 

some researchers have compared animals (particu-

larly monkeys, chimpanzees, and other animals with 

similar DNA to humans) that live in captivity (i.e., 
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zoos) compared to animals that are living in the free 

world. he zoo animals tend to follow a more West-

ernized lifestyle, illed with lots of high-fat and pro-

tein foods and decreased physical activity. hese ani-

mals are more likely to become obese, diabetic, and 

have high blood pressure. Alternatively, the animals 

that live in the free world follow a traditional lifestyle 

of hunting and gathering their food supply. hese 

animals tend not to develop the problems that are af-

licting the zoo animals.

SEE ALSO: Metabolic Disorders and Childhood Obesity; 

Type 2 Diabetes.
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Thyroid Gland

THE THYROID GLAND is an organ in the neck that 

regulates many features of metabolism. here are 

several steps in regulation of the thyroid gland, 

and disruption of these controls can lead to thyroid 

disease. he hypothalamus secretes thyroid-releas-

ing hormone (TRH) which travels to the pituitary 

gland, stimulating secretion of thyroid-stimulating 

hormone (TSH), which travels through the blood to 

the thyroid gland. TSH then stimulates an increased 

release of thyroid hormones T3 and T4 into the 

blood stream. here is a feedback loop that allows 

high levels of thyroid hormone to then decrease 

production of TRH and TSH. Production of thyroid 

hormone is dependent on iodine, and iodine dei-

ciency can cause thyroid dysfunction. T3 and T4 

have a variety of efects on multiple organ systems 

of the body. Detection of thyroid disease involves 

testing blood levels of TSH, T3, and T4 as well as 

physical exam and history.

Hypothyroidism can be caused by a defect in re-

lease of TSH, by decrease production of thyroid hor-

mones (T3 & T4) secondary to iodine deiciency, or 

can be secondary to autoimmune dysfunction and 

destruction of the thyroid gland, as in Hashimoto’s 

thyroiditis. People with hypothyroidism have a slow-

ing of metabolic processes, with fatigue, slow move-

ment and speech, moderate weight gain, and intol-

erance of cold. here is decreased blood low to the 

skin, leading to development of dry and rough skin, 

coarse hair or hair loss, brittle nails, swelling (ede-

ma) from water retention, and discoloration of the 

skin. here may be a decrease in cardiac output be-

cause there is a slowing of heart rate and decreased 

muscle contractility. 

In combination with increased fatigue of respira-

tory muscles, there is a decrease in exercise capacity 

and shortness of breath. Enlargement of the tongue 

(macroglossia) can lead to sleep apnea, a condition 

characterized by multiple episodes of breathing ces-

sation during sleep. Motility of the gut decreases, 

leading to constipation. Red blood cell mass decreas-

es and may lead to iron deiciency anemia in younger 

women. Disturbances in metabolism contributes to 

irregular menstruation and decreased fertility. Hy-

pothyroidism can be treated with replacement of 

thyroid hormone in the form of pills taken daily, 

with monitoring of symptoms and TSH levels.

Hyperthyroidism, as suggested by the preix �hy-

per,” is characterized by an increase in metabolism.  

he cause of this condition can be due to an increased 

secretion of TSH, an increased production or release 

of thyroid hormone (T3 & T4), or secondary to an 

autoimmune disease such as Grave’s disease. People 

with hyperthyroidism have anxiety, emotional insta-

bility, muscle weakness, tremor, heart palpitations, 

increased sweating, heat intolerance and weight loss, 

even though both appetite and caloric intake are typ-

ically increased. Stimulation of gut motility may lead 

to frequent stooling or loose stools, and there may 

be an increase in urinary frequency. Woman may 

experience irregular menstruation. Skin tends to be 
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warm and moist, with decreased hair. Patients with 

Grave’s disease may experience exopthalmos, or for-

ward projection of the eyes, with diiculty in eyelid 

closure and eye movement. Treatment of hyperthy-

roidism can involve medication to decrease thyroid 

hormone production, or removal of the thyroid gland 

with subsequent replacement of thyroid hormone.

he prevalence of true hypothyroidism is actually 

quite low, and is typically not the root cause of obesity. 

According to the recent National Health and Nutrition 

Examination Survey (NHANES III), approximately 

4.6 percent of the population has hypothyroidism, but 

4.3 percent of these cases are considered subclinical. 

hus, contrary to popular belief, most cases of excess 

body weight are not the result of hypothyroidism, just 

as most lean individuals are not hyperthyroid.

SEE ALSO: Hypothalamus; Hypothyroidism; hyroid 

Medications.
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Thyroid Medications

THE THYROID GLAND produces thyroid hormone, 

an important regulator of the body’s metabolism and a 

wide array of other functions. here are two basic forms 

of thyroid disease: overproduction or release of thyroid 

hormone (hyperthyroidism) and underproduction or 

release of it (hypothyroidism). Despite the widespread 

belief that most cases of obesity are caused by having 

thyroid problems, particularly hypothyroidism, true 

cases of thyroid problems are rare, and do not explain 

the majority of obese individuals.  However, in rare cas-

es, hypothyroidism can result in weight gain, and poten-

tially obesity. he underlying causes and consequences 

of the two are quite diferent, as are the medications 

used to treat them. To understand how the medications 

work and how the appropriate dosages are determined, 

it is important to review thyroid physiology. he thy-

roid gland produces two types of thyroid hormone. he 

most common is T4, an inactive or storage form. he T4 

can be converted to T3—the active form—in the blood-

stream based on the body’s demand for it. he thyroid 

also produces small amounts of T3 directly.

Production of thyroid hormones (T3 & T4) is reg-

ulated using complex feedback loops. he pituitary 

gland, found in the brain, produces thyroid-stimulat-

ing hormone (TSH) in response to signals from the 

brain and the levels of thyroid hormone in the blood. 

TSH in turn stimulates the thyroid gland to make more 

hormone. High levels of TSH correspond to low levels 

of hormone (hypothyroidism), while very low levels of 

TSH indicate excess levels of it (hyperthyroidism).

Hypothyroidism is treated by taking supplemen-

tal thyroid hormone, generally in pill form. Synthetic 

versions of both thyroid hormones (T3 & T4) are 

available, either as single agents (levothyroxine and 

liothyronine, respectively) or in combination. A prep-

aration derived from animal tissue is also available 

that contains both T4 and T3.

Levothyroxine is the most commonly used medi-

cation for treating hypothyroidism and is advocated 

by many physicians because it relies upon the body’s 

normal regulatory system for converting the synthet-

ic T4 to active T3. In most cases, thyroid replacement 

medication dosage is adjusted based upon measure-

ment of TSH. In people at high risk for complica-

tions related to sudden increases in their metabolism, 

such as the elderly or those with heart conditions, the 

medicine is started at very low doses and gradually 

increased over a period of weeks to months. 

Taking thyroid hormone pills with food or other 

medications can block its absorption through the gut. 

herefore, it is important to take the medicine on an 

empty stomach, either 1 hour before or 2 hours af-

ter a meal. On the other hand, it is also possible to 

cause hyperthyroidism by taking too much medicine, 

so careful supervision by a healthcare provider with 

regular measurements of TSH are important.

Hyperthyroidism can be cause by overproduction 

of thyroid hormone or by injury of the gland with tran-

sient release of the hormone into the bloodstream. he 

irst type is most common, and often requires surgical 

removal or radioactive destruction of the gland for de-

initive treatment. In this type, medications can also be 

used for long-term control for or in emergencies to bring 

hormone levels down quickly. he most commonly used 

746 Thyroid Medications



medications—propylthiouricil and methimazole—block 

production of T4 and T3 by the thyroid gland. Dosages 

are adjusted based on measurements of TSH over time 

or, in emergency cases, the level of T4 as this changes 

more quickly than does TSH. he medicines do not cure 

the hyperthyroidism for most people, but rather just 

control it. herefore, relapse of the symptoms of hyper-

thyroidism are common when medication is stopped. 

�oth propylthiouricil and methimazole can afect the 

bone marrow, liver, gastrointestinal tract, and skin in ad-

dition to the thyroid gland, so monitoring for side efects 

is very important. Potassium iodide is a medication that 

can be used for short periods to stop production of T4 

and T3 by the thyroid gland and to prevent release of 

the hormone. It is also given to people who have been 

exposed accidentally to high levels of radiation, as with 

nuclear accidents, to suppress the thyroid gland and 

prevent the development of thyroid cancer from uptake 

of radioactive substances into it.

In the cases when hyperthyroidism is caused by 

injury to the gland with release of hormone, propyl-

thiouricil, methimazole, and potassium iodide have 

little or no role. Instead, medicines that block the 

efects of T3 on organs like the heart, such as non-

selective beta-blockers, help control symptoms until 

the excess thyroid hormone inally leaves the blood-

stream. Other medications, such as steroids, can also 

be used to block the conversion of T4 to T3.

SEE ALSO: Hypothalamus; Hypothyroidism; hyroid Gland.
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TNF (Tumor Necrosis Factor)

TUMOR NECROSIS FACTOR (cachexin, cachectin, 

TNF) is a multifunction cytokine. When produced in 

normal amounts, it is a beneicial part of the immune 

inlammatory system. However, when it is produced 

in abnormally large quantities, numerous pathologic 

conditions result. his is especially true in obesity. 

TNF is but one cytokine of the tumor necosis factor 

family, all of which have 157 amino acids and a tetra-

mer structure. In normal circumstances, TNF plays a 

vital role in programmed cell death, cellular prolifera-

tion, diferentiation, inlammation, tumrogenesis, fever, 

acute phase reactions, appetite regulation, neutrophil 

migration, tumor cell death, coagulation, and endothe-

lial cell function. It is usually thought of as a product of 

macrophages, but it is also produced by lymphoid cells, 

adipocytes, ibroblasts, neuronal tissue, and mast cells.

In obesity, high levels of TNF are produced by adi-

pocytes throughout the body, but especially in the 

waist-hip region. Adipocyte TNF messenger RNA ex-

pression rises with elevated body mass index (�MI) 

and falls with weight loss. his afects numerous or-

gan systems and is in part responsible for the morbid-

ity that afects the obese.

In the coagulation system serum levels of TNF 

seem to induce production of plasminogen activa-

tor inhibitor (which impairs the breakdown of blood 

clots) and increase plasma levels of von Willebrand 

factor (which increases the likelyhood  of blood clots, 

and is a marker of inlammation). his is believed to 

contribute to the higher occurrence of thrombotic 

events such as deep venous thrombosis, pulmonary 

embolism, myocardial infarction, and stroke. 

he higher incidence of insulin resistance and dia-

betes in obesity is believed to result from adipocytes 

and macrophages, which are found in white adipose 

tissue that secrete TNF and other cytokines (adipo-

nectin, resistin, interleukin-6 [IL-6]) which exert li-

potoxic efects on pancreatic beta cells. TNF impairs 

insulin signaling by downregulating the activity of the 

insulin receptor. It also increases serum glucose due 

to a reduced number of muscle cell glucose receptors. 

hese impairments that are partly caused by obesity 

may promote the cycle of insulin resistance and en-

courage the development of diabetes. 

TNF along with IL-6 plays a role in dyslipidemia 

(high levels of blood lipids) in obesity. hese cytokines 

inhibit lipoprotein lipase which increases very-low-

density lipids and increases the secretion of triglyc-

erides. hese cytokines also increase lipolysis which 

causes elevation in free fatty acids. he cytokines also 

activate serum amyloid A in the liver which causes a 
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drop in high-density lipoproteins. TNF alone stimu-

lates hormone-sensitive lipase, and downregulates 

fatty acid binding protein and fatty acid synthetase. 

It seems that there are numerous other efects of 

TNF in obesity being discovered almost daily. Weight 

loss, however achieved, results in falling levels of TNF. 

his causes improvement in the organ system afected. 

SEE ALSO: Cytokine; Fertility; Interleukins.
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Toxic Environment

PSYCHOLOGIST KELLY BROWNELL coined the term 

toxic environment in 1994 to describe the obesigenic 

efects of our physical surroundings. �rownell argued 

that despite promising advances in our understanding 

of biological risk factors for overweight, the precipitous 

increase in obesity at the population level has occurred 

so quickly that it cannot be attributed solely to genetic 

factors. Instead, he proposed that the most straightfor-

ward explanation for the upsurge of obesity in the last 

decades of the 20th century is that the modern envi-

ronment systematically promotes the consumption of 

unhealthy foods and discourages physical activity. he 

toxic environment provides a parsimonious explanation 

for the well-established inding that individually target-

ed behavioral weight-loss programs and community-

based nutrition education campaigns produce modest 

reductions in population body weight. Proponents of 

the toxic environment theory predict that curbing the 

rising tide of obesity will require public policy changes 

that encourage healthful diet and exercise choices.

THE TOXIC FOOD ENVIRONMENT

Unhealthy foods such as ice cream, potato chips, and 

candy not only prey upon biological preferences for 

sugar and fat, but are also conveniently accessible, 

heartily portioned, cleverly marketed, and relatively 

inexpensive in the contemporary environment. hese 

powerful inluences converge to render unhealthy food 

choices the default option for modern consumers. 

With regard to convenience, fast-food restaurants 

boast the 24-hour availability of high-calorie menu 

items, such as cheeseburgers, french fries, and sugared 

soft drinks. In addition, prepackaged snack foods are 

readily available at sites previously unrelated to food 

consumption, including gas stations, hospitals, and 

schools. Experimental paradigms highlight the sur-

prising inluence of tiny changes in the convenience 

and accessibility of unhealthy foods; in one study, 

secretaries ate nearly three times as many candies 

per day when candy bowls were placed on their own 

desks versus a desk two meters away. he pervasive 

inluence of convenience is further illustrated by ind-

ings from a recent epidemiological survey indicating 

that approximately one-third of American children 

aged 4–19 consume fast food on a typical day. 

Another facet of the toxic food environment is in-

creasingly large portion sizes, which have expanded 

in tandem with national waistlines. Marketplace re-

search indicates that typical portions of convenience 

foods such as bagels, hamburgers, muins, and soft 

drinks surpass U.S. Food and Drug Administration 

serving size recommendations by two- to eight times. 

For example, the original Coca-Cola bottle held just 

8 ounces of soft drink, while contemporary vending 

machines stock 20-ounce bottles. he irst Hershey 

chocolate bar weighed just 0.6 ounces, while current 

versions weigh from 1.6 to 8 ounces. A growing num-

ber of experimental studies have linked increasing por-

tion sizes to excess energy intake. In one investigation, 

participants who served themselves from four-liter 

bowls ate approximately 50 percent more nuts, chips, 

and pretzels than participants who served themselves 

from two-liter bowls.

Moreover, unhealthy foods are very heavily market-

ed, especially to young people. In 1998 alone, soft drink 

companies collectively spent $115.5 million advertising 
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their products, and fast-food chain McDonald’s spent 

more than $1 billion. In contrast, the National Cancer 

Institute recently spent just $1 million to promote its 

�5 a day” fruit and vegetable campaign. On average, 

American children view 10,000 food advertisements 

per year, most of which promote the purchase of en-

ergy-dense foods such as candy, soft drinks, sugared 

breakfast cereals, and fast foods. In addition to tradi-

tional advertisements, insidious guerilla marketing 

techniques—including product placements in televi-

sion shows and video games and the placement of snack 

food logos on school-based athletic scoreboards—blur 

the line between advertising and entertainment. 

In addition to being more convenient, accessible, 

and heavily marketed than healthy foods, data also 

indicate that unhealthy foods are more afordable. A 

recent analysis of grocery store prices identiied an 

inverse relationship between energy density and cost. 

Speciically, foods high in calories but low in nutrients 

(such as margarine, mayonnaise, and sugar) were sold 

at signiicantly lower prices than foods low in calories 

but high in nutrients (such as green peppers, lettuce, 

and fresh tomatoes). Epidemiological data also sug-

gest that there may be fewer grocery stores and more 

fast-food restaurants in poorer versus wealthier com-

munities, making healthy food choices even more dif-

icult for low-income families.

THE TOXIC PHYSICAL ACTIVITY ENVIRONMENT

Despite governmental recommendations that Ameri-

cans engage in at least 30 minutes of moderate-intensi-

ty physical activity each day, epidemiological research 

indicates that the majority of American adults are not 

regularly active. Available data suggest that environ-

mental factors such as energy-saving devices, zoning 

regulations, and urban design converge to discourage 

physical activity in the modern environment.

Modern energy-saving devices ranging from dish-

washers to elevators have rendered physical activity 

an increasingly less integral part of daily life. In the 

early part of the 20th century, agricultural and indus-

trial occupations required intensive manual labor. 

Modern employment opportunities have become 

increasingly sedentary in response to dizzying tech-

nological advances. Similarly, outdoor leisure activi-

ties such as sports have been displaced by less active 

pastimes such as watching television, playing video 

games, and suring the internet. A recent prospec-

tive study revealed that young children who watched 

at least three hours of television per day weighed 

signiicantly more as adolescents than those who 

watched less than 1.75 hours per day as children.

Furthermore, zoning regulations that prohibit 

the co-aggregation of residential neighborhoods 

and local businesses promote increasing reliance 

on automobiles for transportation. he suburban 

sprawl emanating from these regulations necessitate 

high-speed, high-traic streets on which pedestrian 

and bicycle travel are both impractical and unsafe. 

Against this backdrop, researchers have begun to 

identify characteristics of the built environment that 

foster higher levels of physical activity among com-

munity residents. 

For example, a recent observational study found 

that residents of neighborhoods featuring high pop-

ulation density, proximity of homes and businesses, 

and high street connectivity engaged in 70 more 

minutes of physical activity per week and exhibited 

signiicantly lower rates of obesity than residents of 

neighborhoods that did not possess these features. 

Similarly, another study found that adults residing 

in neighborhoods with a high density of recreational 

resources (e.g., parks, trails, swimming pools) were 
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more likely to engage in physical activity during a 

typical week than adults residing in neighborhoods 

with a low density of recreational facilities.

he major lesson of the toxic environment is that 

individually targeted behavioral weight-loss inter-

ventions and community-based nutrition education 

campaigns will continue to produce a very modest 

impact on population body weight if the seductive en-

vironmental forces that promote obesity remain un-

checked. herefore, proponents of the toxic environ-

ment theory argue that policy changes geared toward 

neutralizing the toxic environment will be essential to 

the success of future obesity prevention eforts. 

Speciically, public health advocates have proposed 

that removing soft drinks from schools, restricting food 

advertising targeted toward children, and levying taxes 

on unhealthy foods (or creating subsidies for healthy 

foods) could have a salutary efect on the national diet. 

Similarly, proponents of lifestyle activity have suggest-

ed that zoning reforms encouraging the proximity of 

business and residential buildings, as well as the cre-

ation and maintenance of neighborhood parks, trails, 

and greenways, could promote systematic increases in 

physical activity at the population level.

SEE ALSO: Access to Nutritious Foods; Advertising; �uilt 

Environments; Economics of Food; Fast Food; Increasing 

Portion Sizes: Taxation on Unhealthy Foods.
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Transgenics and Knockouts for 

Obesity-Related Genes

A TRANSGENIC MODEL is created through the manipu-

lation of an animal’s genome causing a change in the 

expression of an endogenous gene. he gene(s) can be 

overexpressed, inactivated, or otherwise inluenced. 

Trangenics can also involve the additional expression 

of a human gene or a gene foreign to the model’s ge-

nome. Alternatively, a genetic knockout is a complete 

loss of a speciic gene, typically through homologous 

recombination techniques. Creation of genetically 

modiied models with obese phenotypes is useful for 

studying the factors afecting the onset of obesity as 

well as understanding associated comorbidities. 

Mice are the most commonly used animal in trans-

genic and knockout studies due to their similarity in 

physiology and gene function to humans. In addition, 

mouse genetics has been well studied, and the techniques 

for manipulation have made the process of creating a 

transgenic model relatively simple. In mice, there have 

been 248 genes that were identiied as being involved 

in weight maintenance or adiposity through transgenic 

model studies or through naturally occurring muta-

tions. Some of the more frequently studied transgenic 

and knockout strains will be discussed in this entry.

he melanocortin system is involved in feeding reg-

ulation and many of the associated proteins and recep-

tors have been studied using transgenic and knockout 

models. Melanocortin (MC) and α-MSH, a product 

of proopiomelanocortin (POMC), inhibits feeding. A 

knockout of the POMC gene becomes obese within 

the irst two months of life. hese mice were unable to 

regulate their energy intake or their metabolism with 

changes in diet. Treatment of these mice with α-MSH 

reversed the associated obese phenotype. 

�nockouts in the melanocortin receptor MC3-

R and MC4-R gene have been established, both of 

which cause an obese phenotype. MC4-R mutations 

occur occasionally in the human obese population at 

about 4 percent, so this model is important in study-

ing this population subset. Inactivation of MC3-R 

causes obesity primarily through metabolic changes, 

and reduced physical activity. A mouse model with 

inactivation of both MC3-R and MC4-R is heavier 

than the single knockouts, implicating that the genes 

are functionally diferent. 

he protein agouti-related protein (AGRP) is an 

inhibitor both MC3-R and MC4-R. he transgenic 

overexpression of AGRP in mice exhibits obesity and 

altered insulin levels, and for this reason, this strain 

is typically used to study obesity accompanied by in-

sulin resistance. Overexpression of the syndecan-1 

gene, which codes for a protein involved in regulating 
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the binding of AGRP to the MC receptors, resembles 

the AGRP overexpression strain, also showing an in-

crease in body weight due to excess caloric intake. 

In addition to these transgenic strains, overexpres-

sion of melanin concentrating hormone (MCH) gene, 

and a knockout of cocaine- and amphetamine-regulat-

ed transcript (CART) have also been studied and show 

an increase in susceptibility to weight gain and an in-

crease in caloric increase, respectively. hese proteins 

are also associated with the melanocortin system. 

In addition to the melanocortin-associated genes, 

there are several other obesity-related neurotransmit-

ters, proteins, and receptor genes which have been 

altered via transgenic technology. he neurotrans-

mitter NPY regulates several physiological pathways, 

including feeding behavior. Two of its receptors, neu-

ropeptide-Y1 (NPY-Y1) receptor and neuropeptide-

Y2 (NPY-Y2) receptor, have been disrupted in mice. 

NPY-Y1 receptor knockout presents with obesity, 

most frequently in females due to metabolic dysregu-

lation. Alternatively, NPY-Y2 knockouts show leptin 

resistance, with moderate obesity but exhibit normal 

caloric intake and body weight regulation

Gene disruption models of serotonin, a transmitter 

involved in mammalian behavior, are used as a model 

for behavior changes in food consumption. Two sero-

tonin receptors knockouts 5-HT
1�

 and 5-HT
2C

 were es-

tablished, and displayed notably diferent phenotypes. 

�nockouts of receptor 5-HT
2C

 are heavier than their 

controls, and their obesity is due to increased appetite 

and food consumption (hyperphasia), while strains 

lacking expression of receptor 5-HT
1�

 did not show 

an obese phenotype. A knockout of orexin-A and �, 

neuropeptides also inluencing feeding behavior and 

metabolic rate, also present with late-onset obesity. 

Mice deicient in brown adipose tissue (�AT) are 

studied as a model for decreased energy expenditure. 

�AT regulates energy through uncoupling proteins 

which dissipates fatty acid derived energy as heat. 

hese mice are obese due to a decrease in thermo-

genesis and a shift in energy balance. β
3
-adrenergic 

receptor (β
3
-AR) is also involved in the activation of 

uncoupling proteins. β
3
-AR receptors are present in 

adipose tissue and when they are disrupted become 

mice have a decrease in energy expenditure and be-

come moderately obese, especially in females. 

In a transgenic model of GLUT4, which is a glucose 

transporter seen in fat and muscle tissue, GLUT4 was 

overexpressed speciically in adipose tissue but not in 

muscle. his manipulation caused an increase in the 

number of fat cells, but not the size of these cells, making 

this model useful in understanding fat cell replication. 

In addition to these models, a transgenic rodent 

strain containing a useful �on/of” switch for an obesi-

ty phenotype also exists. his strain contains an ovine 

growth hormone transgene that can be inactivated 

to change the levels of circulating growth hormone 

(GH). GH is able to regulate the breakdown of fat, and 

when it is inactivated, mice become obese. Similarly, a 

severe late-onset obesity rat (SLO�) containing trans-

genic expression of growth hormone has been creat-

ed. hese rats are still not completely understood, but 

are diferent from all other rodent obesity models that 

have been studied up to this point. 

SEE ALSO: Agouti and Agouti Related Protein; Animal 

Models of Obesity; Monogenic Efects that Result in Obe-

sity; New Candidate Obesity Genes. 
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Translational Research

TRANSLATIONAL RESEARCH CAN be deined as the 

process by which discoveries made at the molecular 

or cellular level in basic scientiic research are ap-

plied, or translated, into diagnostic tests or therapies 

for the purpose of identifying, preventing, or treating 

disease. Successful translational research depends 

on the cooperation of multidisciplinary teams con-

sisting of basic and clinical researchers, healthcare 

providers, community members, and other agency 
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partners. Translational research is a key component 

of national obesity prevention and treatment initia-

tives, such as those supported by the National Insti-

tutes of Health (NIH).

here are two distinct segments, or phases, of trans-

lational research. he irst phase involves the movement 

of ideas, insights, and discoveries from the �bench” of 

basic science to clinical research with humans. his 

clinical research, carried out under controlled condi-

tions through a series of clinical trials, is designed to test 

the safety, efectiveness, and proper dosing of medical 

treatments. he second phase of translational research 

involves applying the clinical trials results to real-world 

situations with diverse populations in uncontrolled set-

tings, either within the clinic (the �bedside”) for diagno-

sis, prevention, or treatment of disease, or as an inter-

vention within the larger community. 

In theory, translational research is intended to func-

tion as a two-way communication process. Ideally, as 

scientiic discoveries move from laboratory to clinical 

trials and then to the clinic and community settings, 

feedback from clinical trials, clinics, and community 

settings should low back to scientists conducting ba-

sic research. he two-way communication process 

has proven challenging, however, because it requires, 

on the one hand, that clinicians understand the re-

search conducted at the bench by scientists, and that 

the scientists understand the complexities of treating 

disease in real-world settings. 

To facilitate a two-way communication process in 

translational research on obesity, the Strategic Plan 

for NIH Obesity Research serves as a guide for coor-

dinating obesity-related research activities within the 

NIH and with partner agencies, clinical researchers, 

and communities. he Strategic Plan includes trans-

lational research as a key component of cross-cutting 

research topics to address obesity as a public health 

problem. As part of the Strategic Plan, the NIH sup-

ports Obesity/Nutrition Research Centers (ONRCs) 

and Clinical Nutrition Research Units (CNRUs) lo-

cated throughout the country. he Centers conduct 

basic, clinical, multidisciplinary, and translational 

research on obesity, eating disorders, and weight 

management. In addition, the NIH collaborates with 

partners such as the Agency for Healthcare Research 

and Quality (AHRQ), the Centers for Disease Con-

trol and Prevention (CDC), and the American Diabe-

tes Association to disseminate clinical trials results 

to the community and facilitate the two-way com-

munication process. 

Finally, the NIH Clinical Guidelines on the Identii-

cation, Evaluation, and Treatment of Overweight and 

Obesity in Adults provides an example of translational 

research in action. he guidelines are designed to help 

practitioners identify and treat patients with obesity by 

encouraging decreased calorie consumption and in-

creased physical activity. he Guidelines’ recommenda-

tions are based on a combination of clinical trials data 

and observations of actual medical practice activities. 

SEE ALSO: National Cancer Institute; National Institutes of 

Health; NIDD�.
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Treatment Centers for  

Eating Disorders

SERVICES FOR TREATING eating disorders range on a 

continuum of intensity from inpatient hospitalization 

to residential care to partial hospitalization programs 

to varying levels of outpatient treatment. Decisions 

about the best treatment setting in which to manage 

a person with an eating disorder depend on the nature 

of the disorder, the level of risk, physical and psycho-

logical complications, and patient preference. here is 

evidence that those with eating disorders have better 

outcomes when treated in specialized eating disorder 

facilities where staf has experience and expertise in 

treating eating disorders. Major deterrents in select-

ing the most appropriate treatment include geographic 
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proximity to specialist centers that limit access, lack of 

data for comparing cost and efectiveness of diferent 

settings, inadequate insurance coverage, and managed 

care decisions that limit access to efective care.

DIAGNOSTIC GROUPS

Anorexia nervosa occurs in about 1 in 250 females and 

1 in 2,000 males and is estimated to be the third most 

common chronic medical illness in girls 15–19 years 

of age. �ulimia nervosa is about ive times more com-

mon than anorexia nervosa. he mortality rates for 

anorexia nervosa are more than 12-fold the number 

of deaths expected from all causes among women 15–

24 years of age and two to three times as high as any 

other psychiatric disorder. Mortality rates for bulimia 

nervosa are lower but still not insigniicant. Medical 

complications are typical during the acute phase of an 

eating disorder and persist among those not success-

fully treated, leading to a wide range of physical and 

emotional disorders into early adulthood.

An even larger diagnostic category consists of pa-

tients with �atypical eating disorders,” or �eating disor-

ders not otherwise speciied.” hese are conditions of 

clinical severity that do not conform to the diagnostic 

criteria for anorexia nervosa or bulimia nervosa, but 

nevertheless closely resemble these disorders. An ex-

ample would be someone who possesses all of the fea-

tures of bulimia nervosa but purges only after consum-

ing small amounts of food (does not have objectively 

large binge-eating episodes). Another example is an 

individual at low weight with the features of anorexia 

nervosa who is still menstruating. Yet another example 

would be a person who maintains a low normal weight 

by engaging in extreme restrictive dieting, compulsive 

exercise and vomits only one time a week on average. 

Many people with atypical eating disorders have 

sufered with anorexia nervosa or bulimia nervosa in 

the past. �inge eating disorder (�ED) has been more 

recently identiied and refers to individuals who en-

gage in uncontrollable episodes of binge eating but 

do not use compensatory behaviors. Many �ED pa-

tients are obese and may or may not be accepted into 

treatment facilities that routinely accept those with 

anorexia and bulimia nervosa. 

Current systems of diagnosing eating disorders 

into mutually exclusive categories based largely on 

body weight, bingeing, and purging fail to empha-

size the overlap between these conditions in terms 

of core psychological features, behavioral symptoms, 

medical symptoms, motivation for change, and social 

supports. Moreover, there is extraordinary variability 

within each of the diagnostic subgroups on these key 

variables. It is well known that individuals with eating 

disorders can move between the diagnostic categories 

at diferent points in time based only on variations in 

body weight and symptoms such as binge eating and 

vomiting. herefore, it is important to avoid general-

izations based only upon diagnosis. 

SELECTING A TREATMENT SITE

Eating disorders treatment facilities can be distin-

guished in terms of treatment philosophy, types of 

clients served, levels of care provided, program struc-

ture, staf training, cost, and documented efective-

ness. In determining the optimal initial treatment or 

whether a change to a diferent type or level of treat-

ment, it is important to consider the patient’s age, the 

nature of the eating disorder, level of risk, physical 

and psychological complications, motivation, social 

circumstances, and patient preference. 

Pretreatment evaluation of the patient is essential for 

determining the appropriate treatment setting. Patient 

weight, rate of weight loss, cardiac function, and meta-

bolic status are the most important physical parame-

ters for making this choice. Eating disorders should be 

recognized and early treatment implemented as soon 

as possible after the onset of symptoms. his is espe-

cially true in children, adolescents, and young adults to 

avoid the disorder becoming chronic.

FACTORS TO CONSIDER IN THE  

CHOICE OF A TREATMENT SITE

A comprehensive clinical assessment is the irst step 

in deciding what is the most appropriate form of treat-

ment. A proper clinical assessment is a careful assess-

ment of the patient’s history and current circumstanc-

es and usually, if done thoroughly, requires several 

hours. It includes a thorough review of the patient’s 

height and weight history; current and past symptoms, 

restrictive eating behaviors, binge eating, exercise pat-

terns, purging and other compensatory behaviors; at-

titudes regarding weight, shape, and eating as well as 

the presence of other psychological disorders. 

A full physical examination of the patient is 

strongly recommended and may be performed by a 

physician familiar with common indings in patients 
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with eating disorders physical health and associated 

risks. For children and adolescents, family involve-

ment in the assessment is considered essential. It is 

desirable for older patients. An assessment should 

include a family history of eating disorders or other 

psychiatric and medical disorders, family stressors, 

and family attitudes toward eating, exercise, and ap-

pearance. Family members usually approach treat-

ment with considerable guilt about their role in the 

development of the eating disorder, and theories that 

imply blame of family members can alienate family 

members and interfere with the patient’s care and 

recovery. herefore, it is important to take the focus 

of of these theories when interacting with patients’ 

families. Standardized and empirically validated 

measures of eating disorder symptoms and associ-

ated psychological features should be part of the ini-

tial assessment and discharge. 

SPECIALIZED EATING DISORDER PROGRAMS 

Specialized eating disorder programs are not available 

in all geographic areas, and their inancial require-

ments may limit access. However, there is evidence to 

suggest that patients with eating disorders have bet-

ter outcomes when treated in settings specializing in 

the treatment of these disorders than when treated in 

general settings where staf lack expertise and experi-

ence in treating eating disorders. 

MULTIDISCIPLINARY APPROACH

Optimal treatment requires a highly skilled interdisci-

plinary team, whose members are speciically trained 

in the management of the full spectrum of disorders. 

Ideally, staf should include experienced psychiatrists, 

psychologists, social workers, registered nurses, dieti-

tians, mental health workers, and school personnel to 

coordinate ongoing education with schools as well as 

provide tutoring. Medical consults should be readily 

available from cardiology, endocrinology, gynecology, 

and internal medicine. 

ONGOING ASSESSMENT OF EATING DISORDER 

SYMPTOMS AND MEDICAL CONDITION

here is considerable variability across treatment 

centers in the frequency with which body eating 

disorder symptoms (weight, body, medical status) 

are part of the ongoing assessment. he treatment 

team must be continually vigilant regarding shifts in 

weight, blood pressure, pulse, other cardiovascular 

indices, and behaviors that are likely to precipitate 

physiological decline and collapse. Patients should 

be continually monitored for safety with particular 

attention given to suicidal thoughts, plans, and in-

tentions, as well as to impulsive behavior including 

self-harm behaviors. 

DO PROGRAMS MEET NEEDS ACROSS  

THE CONTINUUM OF CARE? 

Not all specialized eating disorders programs provide 

all available levels of care—inpatient hospitalization, 

partial hospitalization, intensive outpatient, and out-

patient treatment. However, providing a range of ser-

vices can facilitate continuity of care. Programs must 

give consideration to the age continuum (from ado-

lescents to adults) and disorder severity (from mild to 

severe and chronic). It is important for the setting to be 

age appropriate to the educational and social needs of 

children and adolescents. 

Stepping down from one level of care to a less in-

tensive level may be destabilizing for a patient and 

can lead to resistance to change. Patients may erro-

neously interpret moving to a less restrictive level of 

care as meaning they should be expected to be fully 

improved. Programs that encourage continuation of 

treatment with familiar and trusted staf across dif-

ferent levels of care are optimal, because they may 

contribute to the success of aftercare planning. If this 

is not possible, there must be careful coordination be-

tween clinicians planning a move from one treatment 

setting to another to ensure continuity and attention 

to important aspects of treatment.

INDIVIDUALIZED SERVICES

Eating disorder programs vary considerably in the 

degree to which services are tailored to meet the indi-

vidual needs of patients. Speciic treatment protocols 

are followed but are adapted to meet the unique needs 

of individual patients. An individualized treatment 

plan should be developed for each patient based on a 

comprehensive assessment, and it should be ground-

ed in evidence-based treatment principles. his plan 

should also be continually revised, with active input 

from patients and families based on changes that 

occur during treatment. Programs of ixed duration 

or those identiied too closely to one philosophical 

orientation (e.g., faith-based) or exclusive treatment 
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model (e.g., addiction model) are obviously limited in 

their ability to adapt to individual patient needs. 

EVIDENCE-BASED TREATMENT  

RECOMMENDATIONS 

One of the most important advancements in the 

treatment of eating disorders has been the dissemina-

tion of evidence-based practice guidelines from the 

American Psychiatric Association (APA) in 2006, the 

National Institute for Clinical Excellence (NICE) in 

2004, and the Evidence �ased Practice Center in 2006. 

hese clinical practice guidelines provide clinicians 

with speciic treatment recommendations based on 

the best available empirical evidence. Where evidence 

is lacking, they provide recommendations based on 

the consensus view of experts in the ield. Treatment 

centers should endeavor to follow these guidelines 

where possible. hey should also be dedicated to im-

proving clinical practice by evaluating therapeutic 

outcomes using well-established measures of change. 

Data should be collected prospectively using stan-

dardized measures that can be used as a benchmark 

for progress and to determine the outcomes and ef-

fectiveness of current practices. Patient evaluations 

of treatment are also part of routine assessment, and 

are used to assess the efective components of treat-

ment, as well as to evaluate therapists for the purpose 

of remedying deicits and adding new skills. 

INVOLVEMENT OF THE FAMILY AND CARERS

here are ethical, inancial, and practical grounds for 

including parents in treatment of younger patients. 

here are also beneits in involving the family in the 

treatment of adult patients to the degree that the pa-

tient is at risk and the degree to which parental in-

volvement is likely to reduce that risk. Many adult 

patients live with parents or other caregivers and, 

depending on the extent to which they require nutri-

tional and behavioral management, family members 

need to be involved if management is to be efective. 

In some cases, the involvement is limited to informa-

tion about the disorder and management principles. 

On one hand, involvement in therapy can lead to 

recommendations for parents to be less involved in 

practical day-to-day management of food and symp-

tom control. On the other hand, caregivers may as-

sume a signiicant role in shopping for food, meal 

planning, and managing meal times. In most cases, 

families beneit from education and support to deal 

with the stress they experience. Although clear pa-

rameters need to be established related to coniden-

tiality, it is also important to consider the health and 

safety concerns that may take priority. 

OUTPATIENT TREATMENT

In general, those with bulimia nervosa and binge-eat-

ing disorder can be efectively treated with outpatient 

therapy. Some patients with anorexia nervosa can be-

gin efectively treated in an outpatient setting; however, 

if progress is not made, they should be referred to spe-

cialized partial hospitalization or inpatient programs. 

Similar recommendations are appropriate for bulimia 

nervosa patients who fail outpatient treatment or who 

develop serious medical complications. Failure to refer 

patients who remain highly symptomatic (low weight, 

high frequency of bingeing and purging) is not recom-

mended by current practice guidelines. 

INPATIENT HOSPITALIZATION

Inpatient hospitalization should be considered for 

individuals who are markedly underweight and for 

children and adolescents whose weight has deviated 

below their expected growth curves. Generally, adult 

patients with anorexia nervosa have diiculty gaining 

weight without the structure provided by inpatient 

treatment. Hospitalization may also be appropriate 

for some eating disorder patients who are not at a low 

body weight. Factors suggesting hospitalization may 

be appropriate include rapid or persistent decline in 

food intake, medical instability manifested in abnor-

malities in vital signs or abnormal laboratory tests, 

continuing weight loss while in a lower level of care, 

uncontrolled bingeing and purging, the presence of 

family or social stressors leading to psychological 

instability, or other psychiatric problems that merit 

hospitalization. Ideally, hospitalization should occur 

before the onset of medical instability.

AN ECONOMICAL ALTERNATIVE TO INPATIENT 

AND RESIDENTIAL TREATMENT

Anorexia nervosa can be particularly costly to treat 

because the duration of inpatient treatment required 

for complete weight restoration can be between two to 

three months and relapses are common during the irst 

year after discharge. he costs of inpatient treatment 

have increased dramatically in the past two decades, 
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placing an onerous burden on insurers and those indi-

viduals who must pay for treatment privately. One ap-

proach to cost containment has been shorter lengths 

of inpatient treatment emphasizing medical stabili-

zation of acute medical symptoms. However, shorter 

lengths of stay result in lower discharge weights and 

low discharge weights are one of the most reliable pre-

dictors of relapse and poor long-term outcome. 

Partial hospitalization programs (PHPs) that spe-

cialize in eating disorders are more economical than 

inpatient treatment and have produced encouraging 

outcomes with adults. Patients participating in a PHP 

generally participate in treatment at least ive days a 

week for seven hours a day. Higher quality programs 

are able to achieve about the same rate of weight gain 

as inpatient hospitalization. he cost savings can be 

considerable with some PHPs being able to provide as 

much as three months of treatment for the same cost 

as 10–14 days of inpatient hospitalization. An added 

advantage of the PHP level of care is that the time out-

side of the program on evenings and weekends permits 

patients to practice eating, socialization, and relapse 

prevention, while participating in treatment that is rela-

tively intense and structured. 

GEOGRAPHIC PROXIMITY TO TREATMENT CENTERS

here has been a proliferation in specialized treatment 

centers in recent years and some have invested heavily 

in aggressively marketing their programs. Some of these 

programs provide quality care; however, it is important 

for the consumer not to confuse marketing skills with 

treatment efectiveness. In general, seeking treatment 

at specialized centers, with closer geographic proxim-

ity to home, makes ongoing family involvement dur-

ing treatment more practical. Moreover, the recovery 

process can be fraught with advancements followed by 

backslides and brief periods of readmission can be a 

valuable option. Treatment centers should work close-

ly with patients to develop a realistic plan after dis-

charge and this usually will involve making referrals to 

therapists in the patients’ communities. Nevertheless, 

if complications or a relapse should occur, being rela-

tively near the center providing care can be reassuring 

and lead to better aftercare. 

EXPECTED OUTCOMES

here have been major advancements in the treat-

ment of both anorexia nervosa and bulimia nervosa 

in recent years. Although there are large variations 

across outcome studies, approximately 70 percent 

of adolescents with anorexia nervosa recover from 

their eating disorder. he course can be diicult for 

these patients, and a signiicant proportion remain 

impaired in terms of psychological adjustment and 

social functioning. Long-term follow-up studies of 

adults with anorexia nervosa indicate a less favorable 

outcome with approximately 50 percent recovery 

rates; however, again, there are signiicant variations 

in outcome across follow-up studies. Despite these 

promising results, there is tremendous variability in 

treatment outcome from diferent centers, suggesting 

that the components for efective treatment exist but 

are not well established or consistently applied. 

here is more evidence of efective treatment for 

bulimia nervosa, with as many as 70 percent recover-

ing within three months of an empirically validated 

outpatient cognitive-behavior therapy. However, re-

cent studies have emphasized the luctuating nature 

of symptoms over the follow-up period with many 

patients who have pervasive psychological and inter-

personal problems. his cannot be attributed simply 

to selective bias associated with treatment seeking, 

because prospective studies of representative com-

munity-based cases indicate that poor psychosocial 

functioning and psychological maladjustment afect 

a signiicant subgroup of patients with anorexia and 

bulimia nervosa. Even among those who recover from 

anorexia nervosa, there is evidence of elevated rates 

of persistent perfectionism, obsessionality, and poor 

social functioning, as well as an increased risk for a 

range of health problems during early adulthood. 

SEE ALSO: Anorexia Nervosa; �inge Eating; �ulimia 

Nervosa. 
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Tryptophan

TRYPTOPHAN IS AN essential amino acid. It has been 

implicated in playing a role in obesity because of its 

function as a precursor to various neurotransmitters 

that regulate homeostasis in the body. Once trypto-

phan is ingested, it can be converted to serotonin by 

serotonergic neurons in the brain. Serotonin neurons 

can afect the brain function of food intake—the se-

rotonin neurons participate in the neuronal pathway 

that reduces the intake of food. herefore, any abnor-

mal metabolism of tryptophan could potentially be 

one of many causes of obesity and normalizing the 

level of tryptophan and correcting the abnormal me-

tabolism pathway of tryptophan and serotonin can be 

considered a treatment for the obese.

Tryptophan is required in human diet and it is of-

ten found in dairy, meat, seeds, and nuts. It is mainly 

involved in protein synthesis; however, it can serve as a 

precursor to neurotransmitters or niacin. Tryptophan 

has been recognized to play a possible role in obesity 

due to its ability to convert to serotonin—serotonin has 

been known to participate in controlling sleep, appetite, 

mood, sexual behavior, and pain sensation. Serotonin 

neurons in the brain control appetite and a negative 

correlation is observed between the level of stimulation 

of those neurons and the amount of food intake. 

When tryptophan is ingested as part of diet, it can 

be metabolized in various ways. First, tryptophan is 

normally modiied to one of the two metabolites: 5-

hydroxytryptophan or N-formylkynurenine. In the 

presence of the enzyme tryptophan 5-monooxygen-

ase, tryptophan is converted to 5-hydroxytryptophan, 

which will be further metabolized to serotonin with 

the help of vitamin �6. Under certain conditions, 

such as stress, elevated cortisol level, vitamin �6 de-

iciency, or a high dosage of tryptophan (above 2,000 

mg), the pathway to the production of N-formylkyn-

urenine is preferred, reducing the amount of available 

serum tryptophan and 5-hydroxytryptophan. 

�ecause serotonin is impermeable to the blood–

brain barrier and needs to be synthesized by neuronal 

cells in the central nervous system after the uptake of 

tryptophan, the decreased availability of tryptophan 

in the central nervous system may compromise the 

adequate production of serotonin. Furthermore, low-

ered proportion of tryptophan to ive other amino 

acids—tyrosine, phenylalanine, valine, leucine, and 

isoleucine, all of which share the same transporter 

molecule with tryptophan—can negatively afect the 

production of serotonin. 

he serum concentration of tryptophan can luctu-

ate based on a variety of factors including stress and 

dieting. he drop in the serum concentration of tryp-

tophan will lead to the reduced uptake of the amino 

acid by the central nervous system, which will in turn 

result in a decreased level of serotonin in the central 

nervous system due to its heavy dependence on the 

concentration of tryptophan to produce serotonin in 

the central nervous system. �ecause 5-hydroxytryp-

tophan can readily cross the blood–brain barrier and 

serves as a precursor to serotonin, 5-hydroxytrypto-

phan is being studied as an agent that reduces food 

intake by increasing the availability of serotonin. 

SEE ALSO: Neurotransmitters; Obesity and the �rain;  

Serotonin.
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Tubby Candidate Gene

IN THE 1970S, the tubby gene (normal: tub; mutated: 

tub) caused severe obesity in mice. Several other ani-

mal species, including humans, were subsequently 

found to have the tubby gene. his gene is one of sever-

al genes which, when mutated, lead to severe obesity. It 

provides an avenue for research into the genetic causes 

of obesity, and therefore potential therapies and cures. 

Mice are excellent animal models for numerous 

diseases, disorders, and genetic characterizations. 

One reason for this utility is that mice can be raised in 

inbred colonies such that every mouse is of identical 

genetic background. Researchers can then manipu-

late one gene at a time and exercise selective breeding 
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to create colonies with some mice that difer at only 

one particular gene. Sometimes, spontaneous muta-

tions arise in a colony. Scientists can then use genetic 

analysis techniques to determine which gene sponta-

neously mutated, and the result of the mutation. At 

the Jackson Laboratory, a leading mouse supplier, two 

such spontaneous mutations arose, and the mice har-

boring the mutations developed severe obesity. One 

gene was named fat and the other tubby. 

Fat and tubby mutants result in slow-onset severe obe-

sity that does not ultimately progress to diabetes. Nev-

ertheless, fat and tubby mice show hyperinsulinemia, 

hyperactivity of beta cells (in the islets of Langerhans of 

the pancreas), and degranulation of the beta cells. 

In a study published in 1990 in the Journal of Hered-

ity, scientists at the Jackson Laboratory determined 

that the inheritance of the tub mutation was autoso-

mal recessive, that is, the gene is not on a sex chromo-

some but rather on an autosome, and a mouse must 

have both copies of its genes mutated to develop the 

severe obesity. A mouse with one tub gene and one 

normal gene would pass the tub gene to one-half of 

its ofspring; these ofspring, like the original mouse, 

would be carriers, showing no symptoms of obesity. 

Tubby mice have a slow progression to obesity. he 

obesity becomes apparent within a few months of age. 

A mouse a few months of age is considered an adoles-

cent. In addition, males become obese more rapidly 

than females. Similarly, males have a quicker progres-

sion of plasma insulin concentration and declining 

morphology of the pancreas. 

Tubby mice are not sterile; however, they are rela-

tively infertile in that they can produce ofspring only 

if mated before the onset of severe obesity. Tubby mice 

have even fat distribution over the whole body. here 

are no regions with more pronounced fat deposits. 

he tubby gene is located on the seventh murine 

autosomal chromosome. Researchers point out that 

although the gene for insulin II is also present on chro-

mosome 7, the tub mutation does not have an efect on 

insulin structure or ratio of insulin I to insulin II levels. 

In 1996, an article was published in the journal Cell 

outlining the molecular basis of the tub mutation. he 

scientists sequenced the normal gene and the mutant 

gene. hey found that the normal gene is predomi-

nantly expressed in the brain, speciically in the hypo-

thalamus. he hypothalamus is a region of the brain 

that, among other tasks, monitors body weight. It does 

so by regulating energy expenditure, and also has some 

control over appetite. Additionally, the scientists dis-

covered that the normal mouse tub gene is 89 percent 

identical to a human gene, now also named tub. When 

the gene is read into a protein, the amino acid sequences 

of the two proteins (mouse and human) are 94 percent 

identical, with near-exact identity in the latter portion 

of the protein. hese scientists also showed that the 

protein is hydrophilic (water soluble), and most likely 

not a cellular transmembrane protein. 

�y 2002, four tubby gene family members had been 

found in vertebrates. he tub mutation was also known 

to cause neurosensory degeneration in the photorecep-

tors in the retina and also the cochlea. Programmed cell 

death, or apoptosis, of neuronal cells is seen in all four 

tub mutations; the normal gene could then be involved 

in controlling the cell’s normal life cycle, or more likely, 

the mutant cells might be committing suicide because 

they are irreparably ill. 

A review published in 2002 by Akihiro Ikeda et 

al. outlines three possible cellular roles for tub—two 

roles are involved in reception of cell signaling and 

one in intracellular transport of signaling compounds. 

herefore, if the tub gene is mutated and the cellular 

signaling cannot occur as normal, the most afected 

cells would be those with the most tub activity nor-

mally, such as the hypothalamus. Given that the hy-

pothalamus is a regulator of body weight, it is under-

standable how the tub mutation leads to obesity, via 

disrupted signaling between neurons in the brain re-

gion that controls body weight. 

Several mouse lines, each with a single gene mutation 

resulting in obesity, have been reported; therefore, there 

is credence to the theory that some people with obesity 

may have a genetic component to their obesity. �ecause 

these genes can be unrelated, it is not highly plausible 

that there will be one master gene which causes obesity. 

SEE ALSO: G-Protein Coupled Receptors; Genetics; Ge-

nomics; Hunger; Hypothalamus; Insulin; Neuropeptides; 

Neurotransmitters; Ob/Ob Mouse.
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Twin Studies and  

Genetics of Obesity

MUCH RESEARCH EFFORT and expense is expended 

trying to ind the causes of obesity, both genetic and 

environmental. Researchers have used one of nature’s 

own experiments, the phenomenon of twin births, to 

derive valuable evidence that has informed our under-

standing of the causes of obesity. 

he study of twins has played a vital part in quan-

titating the heritable inluences on obesity and ex-

plains how this naturally occurring human model has 

helped researchers detect and quantify the efect of 

environmental inluences independent of genetic fac-

tors. Twin studies play a part in understanding causa-

tion of obesity and in improving eiciency in the hunt 

for gene loci (sites). 

When many believed that obesity was a matter of 

willpower, inluenced only by environmental efects, 

the adoption studies of Dr. A. J. Stunkard were a his-

toric turning point in scientiic thinking. His landmark 

study showed strong genetic inluence on the weight 

of Danish adults adopted between 1924 and 1947. He 

demonstrated that the ofsprings’ adult weight related 

strongly to the weight of the biological parents, rather 

than the adoptive parents who had provided their en-

vironment. For further evidence, he performed twin 

studies that conirmed the relatively stronger impor-

tance of inheritance than environment on adiposity. 

One study compared the heritability of adiposity in 

adult twin men who had been reared together, com-

pared to twin men reared apart. Stunkard’s studies 

showed that there was no diference in the estimat-

ed heritability of fatness (which was high, at about 

70 percent) between adult twins, whether reared 

together or apart. his also conirmed that genetic 

inluences on fatness were greater than the environ-

mental ones. he method for calculating heritability 

is described below. 

Identical or monozygotic (MZ) twins occur about 4 

in every 1,000 coninements and nonidentical or dizy-

gotic (DZ) twins about 8 per 1,000 in Caucasians, with 

increasing age a factor in producing DZ twins. MZ 

twins share all their genes because they come from the 

same egg, and DZ twins, like ordinary siblings, come 

from two separately fertilized eggs and share half their 

genes. Unlike siblings, DZ twins are, of course, identi-

cal in age. Twins share very closely their pre- and post-

natal gestational inluences and rearing. 

It is accepted that well-conducted twin studies have 

been able to estimate the relative importance of genes 

and environment by comparing the concordance (sim-

ilarity) of the adiposity trait in MZ versus DZ twins. 

Heritability, a statistic which indicates the size of the 

heritable efect, refers to the amount of observed vari-

ation in the trait (e.g., fatness) that can be attributed 

to genetic variation. Heritability approximates to the 

doubling of the diference between MZ and DZ cor-

relations for the trait, that is, 2x(r2 MZ – r2 DZ) where 

r is the correlation between twin pairs for that trait. 

he remainder of the variation is made up of environ-

mental inluences, which are either shared or unique 

to the individual. In most twin studies, this estimate 

for heritable fatness is in the range of 40 to 70 percent, 

indicating that 40 to 70 percent of the population vari-

ance in fatness across the study group is attributable 

to genetic factors. Some of the diference in herita-

bility estimates is due to the estimate of fatness used, 

although most results are within this range whether 

measuring body mass index or more accurate, direct 

measures of total body fat, waist, or the more accurate 

and direct measures of central body fat.

Elegant intervention studies have also been performed 

in MZ twins. hese showed that identical overfeeding 

(under close supervision) led to variable amounts of 

weight gain between twin pairs but very similar weight 

gain within MZ pairs. hese important studies suggest 

familial factors determine the amount of weight gain in 

overfeeding. A similar familial efect of excess exercise 

on body compositional changes and weight loss has sub-

sequently been shown in MZ twin pairs, suggesting that 

heritable factors regulate weight loss as well. 

Another beneit from use of the twin model is to 

examine whether discordance (diference) for envi-

ronmental factors commonly held to contribute to 

obesity explains the within-twin pair diferences in 

body fat in genetically identical individuals. As the 
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MZ twins are genetically identical, the relationship 

(correlation) between the discordance in environ-

mental inluence and the diference in adiposity (after 

correction for any known inluences), can be quanti-

tated, for example, between regular physical activity 

and adiposity. Further calculations are also possible 

to assess the gene–environment interactions deter-

mining the inal adiposity of the twin subjects. 

Current genetic theory suggests that genetic in-

luence on common complex traits such as body fat-

ness is likely to be due to multiple genes of varying 

efect size. here have been beneits from statisti-

cally modeling the clinical data available from such 

studies in statistical packages specially designed for 

this work. his type of multivariate analysis has al-

lowed the correlations between clinical traits to be 

analyzed and broken down into �speciic” and �in 

common” (or shared) genetic and environmental in-

luences, guiding the search for genes as well as the 

overall understanding of the pathophysiology of dis-

turbances of weight regulation. Accurate measure-

ment of the traits associated with obesity should 

improve success. here have now been large popu-

lation and volunteer-based twin registers set up in 

several countries as the need for large numbers of 

subjects has been recognized to detect those genes 

having small individual efects. 

SEE ALSO: Genetic Mapping of Obesity-Related Genes; 

Genetics; Human QTLs; Mendelian Disorders Related to 

Obesity.
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Type 2 Diabetes

TYPE 2 DIABETES mellitus (T2DM) is a progressive 

metabolic disorder characterized by insulin resistance, 

insulin deiciency, and hyperglycemia. Nearly 21 mil-

lion Americans have diabetes, and at least 54 million 

people over age 20 reported to have prediabetes. About 

151,000 people below the age of 20 have been diag-

nosed with diabetes. he World Health Organization 

(WHO) estimates that more than 180 million people 

worldwide have diabetes and this number will double 

by 2030. In 2005, it was reported that an estimated 1.1 

million people died from diabetes and 80 percent of di-

abetes deaths occur in low- and middle-income coun-

tries. Most of the deaths occur in people under the age 

of 70; 55 percent of diabetes deaths are in women. 

he metabolic changes in T2DM may lead to or-

gan damage, impairment of organ functions, and 

mortality due to cardiovascular disease. T2DM is 

often associated with obesity, hypertension, hyper-

cholesterolemia, hypertriglyceridemia, proinlamma-

tory cytokines, and coagulation factors, and cluster 

of all these risk factors may lead to cardiometabolic 
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syndrome. he common symptoms of T2DM are in-

creased thirst, increased hunger, fatigue, increased 

urination especially at night, weight loss, blurred vi-

sion, and sores that do not heal.

DIAGNOSIS OF T2DM

he diagnosis criteria of T2DM is based on fasting 

blood glucose, postprandial blood glucose, and gly-

cosylated hemoglobin (HbA1c). he normal fasting 

plasma glucose levels is considered normal if it is less 

than 100 milligrams per deciliter (mg/dl). If the fast-

ing plasma glucose levels of more than 126 mg/dl on 

two or more tests on diferent days indicate diabetes 

of an individual. A random blood glucose test can also 

be used to diagnose diabetes. A blood glucose level of 

200 mg/dl or higher indicates diabetes. When fasting 

blood glucose stays above 100mg/dl but in the range 

of 100–126mg/dl, this is known as impaired fasting 

glucose (IFG). A person is said to have a normal re-

sponse when the 2-hour glucose level is less than 140 

mg/dl, and all values between 0 and 2 hours are less 

than 200 mg/dl. A person is said to have impaired 

glucose tolerance when the fasting plasma glucose is 

less than 126 mg/dl and the 2-hour glucose level is 

between 140 and 199 mg/dl. 

A person has diabetes when two diagnostic tests 

done on diferent days show that the blood glucose 

level is high. A woman has gestational diabetes when 

she has any two of the following: a 100g OGTT, a fast-

ing plasma glucose of more than 95 mg/dl, a 1-hour 

glucose level of more than 180 mg/dl, a 2-hour glu-

cose level of more than 155 mg/dl, or a 3-hour glucose 

level of more than 140 mg/dl. Glycosylated hemoglo-

bin test (HbA1
c
) measures blood sugar control over 

an extended period in people with diabetes. 

In general, the higher the HbA1
c
 value, the higher 

the risk that develop complications such as eye dis-

ease, kidney disease, nerve damage, heart disease, and 

stroke. he American Diabetes Association (ADA) 

currently recommends an A1
c
 goal of less than 7.0 

percent. he HbA1
c
 is linearly related to the average 

blood sugar over the past 1 to 3 months.

ACUTE COMPLICATIONS

Elevated blood sugar levels due to lack of insulin or a 

relative deiciency of insulin or abnormally low levels 

of insulin causes acute complications in diabetic indi-

viduals. his leads to increased urine glucose, which 

in turn leads to excessive loss of luid and electrolytes 

in urine. Lack of insulin also causes the inability to 

store fat and protein along with breakdown of exist-

ing fat and protein stores. his dysregulation results in 

the process of ketosis and the release of ketones into 

the blood. �etones turn the blood acidic, a condition 

called diabetic ketoacidosis. �etoacidosis can rapidly 

go into shock, coma, and death. A hyperosmolar coma 

usually occurs in elderly patients with T2DM.

In cohort studies, direct relationships were ob-

served between higher systolic blood pressure levels 

and death, coronary artery disease, nephropathy, and 

proliferative retinopathy. Diabetes and hypertension 

are interrelated and they strongly predispose to end-

stage renal disease, coronary artery disease, and pe-

ripheral vascular and cerebrovascular disease.

CHRONIC COMPLICATIONS

he chronic diabetes complications are related to 

blood vessel diseases and are generally classiied into 

small vessel disease, such as those involving the eyes, 

kidneys, and nerves (microvascular disease), and large 

vessel disease involving the heart and blood vessels 

(macrovascular disease). Diabetes accelerates harden-

ing of the arteries (atherosclerosis) of the larger blood 

vessels, leading to coronary heart disease, strokes, and 

pain in the lower extremities because of lack of blood 

supply (claudication), which in turn lead to peripheral 

arterial disease. Diseased small blood vessels in the 

back of the eye cause the leakage of protein and blood 

in the retina. Disease in these blood vessels also causes 

the formation of small aneurysms (microaneurysms), 

and new but brittle blood vessels (neovascularization). 

Diseased small blood vessels in the kidneys cause the 

leakage of protein in the urine. Later on, the kidneys 

lose their ability to cleanse and ilter blood. 

Diabetic nerve damage includes numbness, burn-

ing, and aching of the feet and lower extremities. Mi-

nor foot injuries can lead to serious infection, ulcers, 

and even gangrene necessitating surgical amputation 

of toes, feet, and other infected parts. In men, diabet-

ic nerve damage can afect the nerves that are impor-

tant for penile erection, causing erectile dysfunction 

and impotence.

DYSLIPIDEMIA

he most common lipid pattern in T2DM consists of 

hypertriglyceridemia (hyper-TG), low high-density 
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lipoprotein cholesterol (HDL-C), and normal plasma 

concentrations of low-density lipoprotein cholesterol 

(LDL-C). However, in the presence of even mild hy-

per-TG, LDL-C particles are typically small and dense 

and may be more susceptible to oxidation. Chronic 

hyperglycemia promotes the glycation of LDL-C and 

both these processes are believed to increase the ath-

erogenicity of LDL-C.

OBESITY 

Excessive upper body fat, or abdominal obesity, is a 

strong independent predictor of metabolic comor-

bidities. Waist circumference values 102 centimeters  

or more (40 inches) in men and 88 centimeters or 

more (35 inches) in women are associated with sub-

stantially increased abdominal fat accumulation and 

health risks. People at high risk for T2DM can pre-

vent or delay the onset of the disease by losing 5 to 7 

percent of their body weight. 

ENDOTHELIAL DYSFUNCTION

DM is associated with increased prevalence of endo-

thelial cell dysfunction and vascular diseases. Mecha-

nisms leading to alterations in endothelial cell function 

are poorly understood. High glucose concentration 

activates endothelial cells leading to monocytes ad-

hesion providing further evidence that hyperglycemia 

might be implicated in vessel wall lesions contribut-

ing to diabetic vascular disease. Diabetes-associated 

pathophysiological conditions in the endothelium are 

modiications of lipoproteins, formation of advanced 

glycation end-products and circulating lipoprotein 

immune complexes, alteration of the nitric oxide 

pathway, and elevated levels of homocysteine. he 

main goals in restoration of endothelial function are 

optimal glycemic control, lipid lowering, cessation 

of smoking, normalization of elevated blood pres-

sure, supplementation of antioxidants for scaveging 

free radicals, and normalization of homocysteine and 

insulin levels. here is abundant evidence that some 

pharmacological agents exert direct beneicial efects 

on endothelium, suggesting that at least part of their 

therapeutic action is associated with improvement in 

endothelial dysfunction.

DEPRESSION

Depression is twice as common in people with diabetes 

as in the general population. Depression may develop 

because of stress but may also result from the meta-

bolic efects of diabetes on the brain. Depression and 

T2DM increases the risk of death for heart patients.

DIABETES MANAGEMENT

T2DM is irst treated with weight reduction, a dia-

betic diet, and exercise. When these measures fail to 

control the elevated blood sugars, oral medications 

are used. If oral medications are still insuicient, in-

sulin medications are considered. In prevention trials, 

it was clearly observed that aggressive and intensive 

control of elevated levels of blood sugar in patients 

with T1DM and T2DM decreases the complications 

of nephropathy, neuropathy, retinopathy, and may re-

duce the occurrence and severity of large blood vessel 

diseases. Aggressive control with intensive therapy 

means achieving fasting glucose levels between 70–

120 mg/dl; glucose levels of less than 160 mg/dl af-

ter meals; and a near-normal hemoglobin A1C levels. 

Studies have shown that there is a 10 percent decrease 

in relative risk for every 1 percent reduction in A1C.

SEE ALSO: American Diabetes Association; Insulin; Meta-

bolic Disorders and Childhood Obesity.
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Uncoupling Proteins 

UNCOUPLING PROTEINS (UCP) are a group of pro-

teins that produce energy. hey were irst discovered 

in brown adipose tissue (fat cells) and were originally 

called thermogenin. Brown adipose tissue difers 

from white adipose tissue, which is the predominant 

type of fat in adult humans. Brown adipose tissue is 

much more metabolically active than white adipose 

tissue. It can utilize a greater amount of fatty acids 

compared to the white adipose tissue. he reason for 

this is that brown adipose tissue has a greater amount 

of mitochondria (to use more fatty acids) and a great-

er amount of blood vessel around it (to deliver fatty 

acids). White adipose tissue is primarily used for the 

storage of fatty acids.

Normally, the mitochondria are responsible for cre-

ating energy in the form ATP. It creates the majority of 

energy through a process known as an electron trans-

port chain. One of the inal steps in the electron trans-

port chain involves moving hydrogen ions (H+) from 

the mitochondrial membrane back inside of the mito-

chondria. his movement of hydrogen ions is respon-

sible for the creation of ATP. In brown adipose tissue, 

in addition to the electron transport chain, a UCP also 

sits within the mitochondrial membrane. It also moves 

hydrogen ions back inside of the mitochondria. his, 

in turn, will lead to the generation of heat. herefore, 

one of the primary functions of UCP is to generate heat 

for the body. Catecholamines, such as epinephrine and 

norepinephrine, are major stimulators for UCP. hey 

will increase the activities of the proteins.

Because UCP was originally discovered in brown 

adipose tissue, several other types of UCP have been 

discovered in the body. UCP1 is found in brown adi-

pose tissue. UCP2 is found in many tissues through-

out the body, UCP3 is found in skeletal muscle, and 

UCP4 is found in the brain. he function of UCP2 

and UCP3 is not completely known at this time. he 

activity of UCP2 and UCP3 increases when a person 

has been fasting, probably as a way to generate energy 

for them. Also, animals that were fed a high-fat diet 

had an increase in their UCP2 activity. his is prob-

ably a way for the body to increase the amount of en-

ergy used when it takes in extra calories. he function 

of UCP4 remains unknown at this time.

Some people hypothesized that low levels of UCP1 

may be related to obesity. However, adult humans have 

little to no brown adipose tissue. Rather, adult humans 

have mainly white adipose tissue which is less meta-

bolically active. Human infants do contain brown adi-

pose tissue and thus UCP1. his is a way for infants to 

generate extra energy while they are developing. Soon 

after development is completed, the brown adipose tis-

sue no longer functions. Many researchers have had an 

interest in inding a way to stimulate UCP1 activity in 

adults. hey believe that this may be useful for treating 

obesity. UCP2 has also been suspected to be related to 



the development of obesity. he gene that makes UCP2 

is located on chromosome 11 (in humans). Defects in 

the expression of some genes on chromosome 11 have 

been linked to elevated insulin levels and obesity. How-

ever, no direct link between UCP2 and obesity has been 

established at this time.

While adult humans do not have brown adipose 

tissue (and subsequently UCP1), many other mam-

mals do. For example, a hibernating animal, like a 

bear, has a signiicant amount of brown adipose tis-

sue and UCP1. While in hibernation, the UCP1 activ-

ity is decreased. However, as the hibernation season 

comes to an end, UCP1 activity is increased as a way 

to generate heat and raise the body temperature of 

the bear. Animals that are obese have an alteration of 

their brown adipose tissue. he UCP1 content is very 

low and the animal has an impaired ability to generate 

heat. Also, the brown adipose tissue has atrophied, 

another sign of decreased ability to generate energy.

SEE ALSO: Adipocytes; Metabolic Disorders and Child-

hood Obesity.
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Urinary Incontinence in Severe 

Obesity in Women

URINARY INCONTINENCE (UI) is a common and com-

plex problem that afects women of all ages. Incon-

tinence has been associated with devastating efects 

on an individual’s social, professional, and family life. 

Approximately one-half of all women will develop UI 

during their lifetime. he signiicant decrements in 

function and quality of life have a societal cost to the 

United States of $26.3 billion annually. Several poten-

tially modiiable lifestyle factors are associated with 

UI. hree of the eight most common risk factors are 

obesity, constitution and physical work, age, length 

of menstrual cycle, number of pregnancies, educa-

tion, and level of health awareness. Treatment may 

include weight loss, pelvic loor exercises, vaginal 

cones, bladder training, urethral inserts, and general 

lifestyle modiication advice; or it can be treated sur-

gically with procedures such as Burch colposuspen-

sion, vaginal slings, or tension-free tapes and injec-

tion of bulking agents alongside the urethra. Weight 

reduction is an efective treatment for overweight and 

obese women with UI. Weight loss of 5 to 10 percent 

has an eicacy similar to that of other nonsurgical 

treatments and should be considered the irst-line 

therapy for incontinence. he highest odds for uri-

nary incontinence have been reported for body mass 

index (BMI), heavy smoking, and tea drinking.

UI can be deined and classiied as stress, urge, and 

mixed incontinence in women. Women with stress, 

urge, and mixed urinary incontinence seem to have a 

primary neuromuscular disorder in the urethra. he 

opening mechanism is overactive and occurs with a 

fall in urethral pressure instead of a stimulated in-

creased pressure during the illing phase of the blad-

der. Also, during bladder emptying, there is a more 

eicient opening of the bladder outlet than in normal 

women. Stress urinary incontinence (SUI) may also 

occur secondary to pelvic loor muscle (PFM) tears, 

PFM denervation, fascial weakness, and ineicient 

PFM contraction due to altered motor control.

SUI is deined by the International Continence So-

ciety as “the complaint of involuntary leakage on ef-

fort or exertion, or on sneezing or coughing.” SUI is the 

most common form of UI, reported by approximately 

50 percent of the incontinent women. he three most 

common risk factors for SUI include aging, obesity, and 

heavy smoking. Additional risk factors include parity, 

chronic cough, depression, poor health, lower urinary 

tract symptoms, previous hysterectomy, and stroke. 

Pregnancy and childbirth may also be a risk factor for 

SUI. he basic evaluation of women with SUI includes a 

history, physical examination, cough stress test, voiding 

diary, postvoid residual urine volume, and urinalysis. 

Alternatively, patients may sufer from urge urinary 

incontinence (UUI), characterized by the “complaint 

of involuntary leakage accompanied or immediately 

preceded by urgency.” his is reported by 10 to 20 per-
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cent of incontinent women. In regard to obesity, both 

UUI and SUI increase proportionately with a rising 

BMI. he cause of incontinence difers by age group 

with older women more likely to experience urge in-

continence and younger women more likely to expe-

rience SUI. Overactive bladder (frequency-urgency 

syndrome) is the most common bladder problem in 

late life, afecting up to 41 percent of over-75-year-

olds, and the elderly experience more severe disease. 

Patients having symptoms of SUI and UUI may 

have mixed urine incontinence (MUI). his complaint 

is deined by the International Continence Society as 

the “involuntary leakage associated with urgency and 

also with exertion, efort, sneezing or coughing.” MUI 

has been reported by 30 to 40 percent of incontinent 

women. he management of MUI involves a combi-

nation of treatments for both stress and urgency in-

continence. Initial irst-line therapy includes patient 

education and lifestyle interventions such as weight 

loss. Additional interventions include pelvic loor 

muscle training and bladder training. Oral pharma-

cotherapy often acts synergistically with the previous 

treatments. Invasive procedures include minor and 

major surgical procedures. However, at this time, sur-

gery treats the stress or urgency component of MUI 

but not both. In addition, surgical procedures carry 

the risk of infection, hemorrhage, and failure. 

Obesity has often been shown to be a risk factor for 

UI. here are several mechanical and physiologic rea-

sons why an increased BMI may cause or be associat-

ed with urinary incontinence. he increased intraab-

dominal pressure due to obesity adversely stresses the 

pelvic loor and may contribute to the development 

of urinary incontinence. In addition, obesity may af-

fect the neuromuscular function of the genitourinary 

tract, thereby also contributing to incontinence. Evi-

dence suggests that the prevalence of both UUI and 

SUI increases proportionately to a rising BMI. he 

increase in the bladder pressure created by a high 

BMI may reduce the continence gradient between the 

urethra and the bladder. In this situation, the magni-

tude of increased intraabdominal pressure necessary 

to force urine through the urethra is reduced because 

the static pressure within the bladder is higher.

Unfortunately, the majority of the patients sufer-

ing from UI delay seeking medical help or may never 

consult a physician regarding their problem. his oc-

curs even with the considerable negative impact on 

their quality of life. he delay or avoidance of treat-

ment may be related to feelings of shame and embar-

rassment. In addition, some individuals believe that 

UI is a normal and inevitable consequence of the ag-

ing process. Research has shown an association be-

tween UI and depression. Both disorders are associ-

ated with social stigma, underreporting by patients, 

and lack of recognition by physicians. herefore, it is 

important that those sufering from UI are aware of 

treatment options.

SEE ALSO: Obese Women and Social Stigmatization; Stress 

Urinary Incontinence.
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Uterine Cancers

UTERINE CANCER IS considered the fourth most 

common cancer in women in the United States. It is 

estimated that as many as 7,400 women will die from 

this type of cancer in 2007. Uterine malignancies most 

commonly afect women after the reproductive years, 

between the ages 50–70. Obese women are at higher 

risk for developing uterine cancer.

he uterus is a hollow reproductive organ that 

houses the fetus and supports the development of 

the baby during pregnancy. he uterus can be viewed 

as a pear divided into two parts, or two ends. he 

lower end extends into the vagina (the female genital 

canal) and is referred to as the cervix. he higher, 

wider part is called the body (or corpus, meaning 

body in Latin). he uterine body is lined by two lay-

ers of diferent cells. he inner lining is called the 
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endometrium. he outer lining is called the myome-

trium. hese two layers of the uterus can give rise to 

diferent types of cancer. 

Endometrial cancer arising from the inner endo-

metrial lining of the uterus is most often (95 percent) 

adenocarcinoma. he endometrial lining of the uter-

ine corpus contains tiny cells that resemble glands. he 

cancer of these cells is called adenocarcinoma. Another 

type of cancer that can occur in the endometrial lining 

is called adenosquamous carcinoma. his malignant 

tumor arises from another type of cell in the endome-

trial layer—the squamous cell. his type of cell is found 

on various surfaces of the body, such as skin.

Uterine cancers that may arise in myometrium are 

called sarcomas (5 percent incidence rate). he myo-

metrium has a similar composition to muscle. hese 

types of cancer tend to be more aggressive, more in-

vasive, and more resistant to treatment.

Another type of uterine cancer that may occur in-

cludes features of cancers arising from the endome-

trial as well as myometrial lining. his type of cancer 

is called uterine carcinosarcoma. 

here are numerous risk factors for developing uter-

ine cancer. One of the major risks is prolonged expo-

sure to estrogen (hormone produced by reproductive 

organs that stimulates sexual maturation and growth 

and regulates menstrual cycle). his exposure may be 

due to certain diseases, tumors, or medicines. Another 

important risk factor is obesity. It has been found that 

an individual 20–50 pounds overweight has tripled her 

risk for developing uterine cancer. Moreover, if an indi-

vidual is more than 50 pounds overweight, the risk goes 

up to 10 times. It has been observed that fat cells in the 

human body produce estrogen, a hormone linked to 

increased incidence of uterine cancer. Some other risks 

include nulliparity (not having given birth to children), 

diabetes, hypertension, gallbladder disease, and late 

onset of menopause.

Any unusual discharge, bleeding, or spotting from 

the vagina, especially in women after menopause, 

may be a presenting symptom of uterine cancer. 

Additional symptoms may include abdominal pain, 

mass, and weight loss. 

he diagnosis of uterine malignancy is accomplished 

through several steps. First, a gynecologist (a doctor 

specializing in treating the female reproductive system) 

must examine any woman suspected of having uterine 

cancer. he doctor may take an endometrial biopsy (a 

sample of the endometrium for close examination under 

the microscope) and perform an ultrasound. here are 

some other procedures that may be suitable, depending 

on the patient. Hysteroscopy is a method that allows the 

doctor to look closely inside the uterus and inspect it 

with a small telescope. If there is any evidence of malig-

nant area, a biopsy can be taken. Dilation and curettage 

(D&C) procedure provides more information if biopsy 

results are inconclusive. During this procedure, the cer-

vix (lower part of the uterus) is dilated (enlarged) and a 

special instrument is inserted into the uterus to scrape 

of a sample of the tissue inside. 

When the biopsy sample is examined under the 

microscope, the presentation of the cells is signiicant 

to determine the severity of the disease. Cancerous 

cells are grouped into diferent stages, depending on 

how they look under the microscope. Higher grade 

cancers are usually more malignant, diicult to treat, 

have poor prognosis, and may have spread to other 

organs in the body.

he basic treatment options for uterine cancers 

include radiation therapy, hormonal therapy, chemo-

therapy, and surgery. 

SEE ALSO: Endometrial and Uterine Cancers; Estrogen 

Levels; Hormones; Menopause; Obesity and Cancer.
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Variety of Foods and Obesity

THE COMPLEX RELATIONSHIP between food intake 

and weight has never been more relevant as it is in 

the current cultural context of abundance exceeding 

necessity in developed nations. An unlimited amount 

of food choices inundates the public, yet these op-

tions have sent Americans into a worsening obesity 

epidemic despite knowledge about the complications 

of obesity. Unless a major reversal of dietary trends is 

established, the overindulged will face the long-term 

consequences of weight gain and obesity. 

he total number of packaged food products avail-

able to American consumers is over 300,000. Each gro-

cery store holds approximately 40,000 diferent food 

items for purchase. Over 10,000 new products are in-

troduced to consumers yearly. he top new food groups 

manufactured are candy and snacks, condiments, bev-

erages, bakery products, and dairy products. 

he prevalence of obesity has doubled among 

adults over age 20 in the past two decades and this 

trend continues to rise. Using the body mass index 

(BMI) at or above 25 kilograms per meters squared, 

it is estimated that 65 to 80 percent of adults in the 

United States are overweight or obese. Children also 

have exhibited increasing trends toward obesity, tri-

pling prevalence rates in the same period. An esti-

mated 15 percent of children are overweight or obese. 

Researchers are investigating suggested relationships 

between the massive amount of food products avail-

able and the obesity epidemic that continues to alict 

these same consumers.

How humans evolved into this culture of abun-

dance from one thought to be of scarcity has ante-

diluvian origins. Anthropologists have investigated 

evidence of traditional diets at the origin of the hu-

man species. hey have found that these ancestors 

also had a variety of food choices available, but these 

were mainly choices from plant sources. It is also sug-

gested that this variety of plant sources provided the 

majority of human sustenance, with hunting and eat-

ing animal protein at a smaller percentage of suste-

nance than was previously thought.

he human genome has changed little for the 

greater part of human evolution, so the recent obe-

sity trend would not seem to stem from purely genetic 

components. Rather, obesity seems to be a multifac-

torial genetic disorder that is greatly inluenced in a 

complex manner by the environment. he greater 

amount of food available at afordable prices has been 

a liability for genotypes that aforded survivability in 

times of food scarcity. In addition, so called fast food 

is convenient and inexpensive, often a lure to parents 

and those with limited time for food preparation and 

with limited income.

Despite abundant food choices currently available, 

the main ingredients in many American food products 

are from four basic crops: corn, soybeans, wheat, and 



rice. hese four staples are expected to continue to 

be in demand and are exhibiting record sales/growth 

levels. he average American in 2000 consumed about 

300 calories a day more than the average American in 

1985. Grains account for 46 percent of this increase, 

and those are mainly reined.

Decreased fruit and vegetable consumption con-

tributes to higher obesity rates in low-income house-

holds as shown by expenditures on these items. In 

2000, the average low-income household spent $3.59 

per capita per week on fruits/vegetables, compared to 

$5.02 per capita per week that higher-income house-

holds spent. his signiicant diference might be re-

lected in other food choices for low-income house-

holds that are more calorie dense and do not contain 

the nutrients that fruits and vegetables provide.

Similarly, energy-dense sugary soft drinks continue 

to replace beverages such as milk and fruit juice in chil-

dren. Studies suggest that 4.2 ounces of soft drink re-

places one ounce of milk, which provides a net gain of 

31 calories and a loss of 34 milligrams of calcium. he 

inverse relationship continually increases as children 

get older. In 1985, the average consumption of milk per 

capita per year was 26.7 gallons. In 2005, that number 

has dropped to 21 gallons per capita per year. In 1985, 

the average consumption of regular soft drinks was 

29.8 gallons per capita per year. In 2005, that number 

has risen to 35.5 gallons per capita per year.

Fast-food restaurants provide a large variety of food 

that is available at low cost and is convenient. he large 

portion sizes of these highly palatable, cheap meals are 

contributing to ever-increasing waistlines. he foods 

that are commonplace at fast-food establishments are 

often highly energy dense, sugar laden, and loaded 

with saturated fat. A population-based prospective 

cardiovascular study showed that subjects who con-

sumed fast food frequently (more than twice per week) 

gained an extra 9.9 pounds and had a doubled increase 

in insulin resistance over 15 years compared to those 

who ate fast food infrequently (less than once a week). 

hus, frequent fast food consumption is suggested to 

increase the risk of Type 2 diabetes as well as body 

weight, with accompanying health risks thereof. 

his fast food analysis is not surprising given the 

fact that dietary fat has been linked to obesity and 

cardiovascular disease since the 1950s. Dietary fat is 

the densest macronutrient that commonly contrib-

utes to weight gain. However, fat content per capita in 

the United States has been fairly constant over time 

even as the total calories per capita have risen. his 

trend suggests that consumption of highly processed, 

fat-reduced foods has contributed to illing the calo-

rie gap, while not providing enough satiety.

A common misconception is that by eliminating a 

macronutrient, weight loss will follow. his has been 

attempted in many fad diets by reducing amounts of 

carbohydrates (as in the Atkins Diet) or fats (low-fat 

diet) consumed. hese restrictions have not been 

proven to have any lasting efects for weight loss or 

general health. Until further evidence can be brought 

forth regarding the efects of macronutrient redistri-

bution and energy expenditure, a diet with a variety 

of macronutrients is still recommended. he general 

overriding principle for weight loss remains that ener-

gy output must exceed energy input, regardless of the 

type of energy. For most people, that simply means 

burning more calories than one is consuming.

his is not to say that the quality of energy is not im-

portant. While the particular methods of consumption 

difer, the consensus for an optimal diet is essentially 

the same. Guidelines released in 2002 from the Nation-

al Academies of Science’s Institute of Medicine (IOM) 

emphasized that 45 to 65 percent of calories should 
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come from carbohydrates, 20 to 30 percent of calories 

from fat, and 10 to 35 percent of calories should come 

from protein sources. he context of these macronutri-

ents is what complicates things further.

Dietary goals should be met with plenty of fruits 

and vegetables, whole grains, protein from lean 

sources, and fats derived from monosaturated and 

polysaturated oils. Restraint should be applied when 

possible to reined starches and sugar, animal fats, 

and trans-fat from processed foods. his is to say that 

while a variety of nutrients should be incorporated 

into a dietary plan, food variety can manifest in other 

ways as well.

Food variety is hypothesized to contribute to obesity 

as suggested by these difering dietary means. Overall, 

dietary variety, the irst type, is when a person’s overall 

diet is composed of many diferent foods and is often 

referred to a cafeteria diet. he other common types 

of food variety exist in a single meal. Variety in a meal 

can be presented at the same time and be composed of 

diferent foods. Conversely, variety can be introduced 

successively with each course of a meal containing sev-

eral foods. It has been shown that eating a meal that 

contains several courses of diferent foods presented in 

succession causes dietary intake to increase compared 

to a single-course meal with the same foods.

Sensory-speciic satiety is another hypothesis that 

relates the consumption of diferent types of foods 

with the gustatory senses. Over the duration of con-

suming a certain type of food, its perceived satisfac-

tion decreases. A greater intake of calories exists if 

there is an opportunity to eat a variety of foods. his 

suggests that satiation is not based on a set amount of 

calories, but rather as sensory characteristics of food 

consumed. It also indicates that sensory qualities may 

exert a larger efect on hunger and satiety than posta-

bsorptive efects of consuming these same foods.

Sensory qualities of foods can difer in taste, tex-

ture, color, shape, and speciic lavor. Other studies 

have suggested that macronutrients and energy den-

sity do play a factor in sensory-speciic satiety. Further 

research is needed to determine these roles and also 

individual genetic variety that may inluence weight 

control and hunger mechanisms.

Despite knowing the adverse efects of weight gain, 

ingestion habits can continue to predominate because 

of the powerful learning mechanisms that started the 

habit. he increased convenience of eating energy-

dense comforting foods has been a motivating fac-

tor in learning these behaviors. Individuals who are 

genetically inluenced by these seductive high-caloric 

foods would be more susceptible to weight gain and 

ultimately obesity.

Habituation is a model that has been proposed 

to explain the sensory response that occurs when 

a stimulus is repeatedly presented and the sensory 

response is decreased. After eating the same type of 

meal consecutively over time, the presentation of a 

novel food will cause increased caloric consumption 

of this new food. Diferent food factors can contrib-

ute to a faster habituation rate than others such as 

sensory qualities of food, density diferences, and 

individual variability. 

he complexity of food consumption is modulated by 

multiple central and peripheral signals that are activated 

in reward situations and decision making. hese path-

ways vary individually and difer in responses to food. 

Neurobiological adaptations also contribute to envi-

ronmental cues of dietary variety by inluencing these 

reward centers and decision-making abilities toward be-

havior favorable toward greater food consumption.

Obesity treatment may be possible by modifying 

and decreasing dietary variety. Restriction of seduc-

tive foods will make this more possible. Meals that are 

composed of similar sensory qualities presented as one 

course may help reduce dietary intake. Repeating the 

same meals over time would also help to control hyper-

phagia. Similarly, limiting the overall access to variety of 

foods consumed can also contribute to weight loss. 

Obesity is a chronic condition, and dietary and 

lifestyle changes that are made must be sustainable 

over time. It is diicult for large-scale prevention and 

treatment programs to be efective when environ-

mental cues constantly facilitate compulsive eating. 

In addition, food is necessary for survival and thus it 

is diicult to break behavior that sustains life.

he food industry could also contribute to the 

prevention and control of obesity by manufacturing 

healthier food that is more palatable and more rea-

sonably priced. Instead of stocking grocery shelves 

with massive amounts of cheap, high-fat, and high-

calorie foods, healthier attractive food options could 

replace that role. However, regulations to enforce 

these policies might be diicult to achieve, and each 

individual must confront the factors in his or her life 

that contribute to his or her eating habits.
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Vegetarianism

THERE ARE MANY variations of the vegetarian diet 

practiced throughout the world. he vegan, or strict 

or pure vegetarian, does not consume any animal 

products. Considered a philosophical approach to 

life, the vegan abstains from using any animal prod-

ucts including leather, silk, honey, etc. Products that 

are tested on animals are also excluded. Raw vegan-

ism includes a diet of fresh fruit, nuts, seeds, and 

vegetables. Fruitarianism, another form of veganism, 

consists of only fruit, nuts, seeds, and other plant 

matter that can be gathered without harming the 

plant. he lacto-vegetarian includes milk and milk 

products. his diet is often what is meant by the term 

vegetarian. he ovo-vegetarian consumes eggs. he 

lacto-ovo vegetarian consumes both milk and eggs. In 

addition, there are various forms of the semivegetar-

ian diet. he lacto-ovo-pesco-vegetarian consumes 

ish in addition to eggs and milk products (sometimes 

shortened to pescotarian). he lexitarian consumes 

poultry, ish, milk, and eggs. 

Hominoid primates are largely vegetarian and cur-

rent hunter-gatherer groups rely on foods that can be 

obtained most conveniently. It has been suggested 

that the human gastrointestinal tract features the ana-

tomical modiications consistent with an herbivorous 

diet. However, the size of the gastrointestinal tract is 

dependent on both body size and the quality of the 

diet. It is argued that humans and other primates de-

veloped a relatively large brain while adopting a high-

quality diet, which permitted a reduction in the rela-

tive size of the gastrointestinal tract. he total mass of 

the GI tract is only about 60 percent of that expected 

for a similar-sized primate. 

Although the brain, heart, kidneys, liver, and gas-

trointestinal tract make up just under 7 percent of to-

tal body mass, they account for just under 70 percent 

of the total basal metabolic rate of the body. he mass 

of the splanchnic organs (the liver and the gastroin-

testinal tract) is approximately 900 grams less than 

expected and the mass of the encephalized human 

brain is 850 grams larger than would be expected. his 

may suggest that changes to such a high-quality diet 

involved an increased proportion of animal-based 

products. One example mainly derived from animal 

products is B-12. Although plant foods can contain 

vitamin B-12 on their surface from soil residues, this 

is not a reliable source of B-12 for vegetarians. Much 

of the vitamin B-12 present in spirulina, sea vegeta-

bles, tempeh, and miso has been shown to be inactive 

B-12 analog rather than the active vitamin. Supple-

mentation or use of fortiied foods including fortiied 

soy milk and whole grain cereals may be advised. 

here are many advantages to a vegetarian diet. 

Well-balanced vegetarian diets are appropriate for 

all stages of the life cycle, including children, ado-

lescents, pregnant and lactating women, the elderly, 

and competitive athletes. Diets largely based on plant 

foods, such as well-balanced vegetarian diets, could 

best prevent nutrient deiciencies as well as diet-re-

lated chronic diseases. Vegetarians living in aluent 

countries enjoy remarkably good health, exempliied 
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by low rates of obesity, coronary diseases, diabetes, 

many cancers, and increased longevity. In most cases, 

vegetarian diets are beneicial in the prevention and 

treatment of certain diseases, such as cardiovascular 

disease, hypertension, diabetes, cancer, osteoporosis, 

renal disease, dementia, diverticular disease, gall-

stones, and rheumatoid arthritis. Shown to be eica-

cious for weight and cholesterol control, vegetarian 

diets may represent an advantage for adult sedentary 

populations and the prevention of chronic diseases. 

Fruits and vegetables are rich sources of not only 

vitamins, such as carotenoids, ascorbic acid, tocoph-

erols, and folic acid, but also iber, indoles, thiocya-

nates, cumarins, phenols, lavonoids, terpenes, pro-

tease inhibitors, plant sterols, and a host of other 

yet-unknown and unnamed phytochemicals and 

nonnutrient compounds that may protect humans 

from many cancers and other diseases. 

he increased risk of cancer and cardiovascular 

disease experienced by populations following diets 

largely based on animal foods may be due to an excess 

of energy, total and saturated fat, and other nutrients, 

but also a deiciency or very marginal intake of phy-

tochemicals and other compounds abundant in plant 

foods but not yet labeled as nutrients. he vegetar-

ian diet not only contributes to weight loss and the 

prevention of many chronic diseases, but also results 

in the same plasma cholesterol lowering as achieved 

by statin drugs. Results have also shown a 40-percent 

reduction in low-density lipoprotein cholesterol after 

one year, and the reversal of heart disease.

here are concerns regarding deiciencies in the 

vegetarian diet. However, deiciencies are usually 

due to poor meal planning. Restrictive or unbalanced 

vegetarian diets may lead to nutritional deiciencies, 

particularly in situations of high metabolic demand. 

For example, there has been some concern that veg-

etarian female athletes are at increased risk for oli-

goamenorrhea, but evidence suggests that low energy 

intake, not dietary quality, is the major cause. 
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Plant proteins have a reduced content of essential 

amino acids compared to animal proteins. For ex-

ample, grains are low in the amino acid; lysine and 

legumes are low in methionine. However, combining 

foods such as beans and rice provides a complete pro-

tein. A signiicant reduction of limiting amino acids 

(methionine, lysine, tryptophan) means lower protein 

synthesis. However, lower intake of these amino ac-

ids provides a preventive efect against cardiovascular 

disease via cholesterol regulation. 

Iron and zinc are currently the trace minerals of great-

est concern when considering the nutritional value of 

vegetarian diets. With elimination of meat and increased 

intake of phytate-containing legumes and whole grains, 

the absorption of both iron and zinc is lower with veg-

etarian than nonvegetarian diets. Although vegetarians 

have lower iron stores, adverse health efects from lower 

iron and zinc absorption have not been demonstrated 

with varied vegetarian diets in developed countries. 

Moderately lower iron stores have even been hypoth-

esized to reduce the risk of chronic diseases. Improved 

assessment methods are required to determine whether 

vegetarians are at risk of zinc deiciency. 

Vegans have lower bone mineral density than 

their nonvegans, but evidence regarding calcium, 

vitamin D, and fracture incidence is inconclusive. 

In addition, vegans have lower calcium needs than 

nonvegetarians because diets that are low in total 

protein and more alkaline have been shown to have 

a calcium-sparing efect. 

Vegetarians may also have subtle nutritional dei-

ciencies which have been related to the occurrence of 

an unrecognized malabsorption syndrome. he excess 

phytate content in cereals, nuts, legumes, and oilseeds 

seems to play a central role in the pathogenesis as an 

inverse relationship has been shown to link the phy-

tate content of the diet with the intestinal absorption 

of trace minerals and proteins. he regular intake of 

probiotic preparation is an inexpensive and safe tool 

to convert a diet with a low potential for bioavailability 

of trace minerals and proteins, such as the vegetarian 

diet, into a diet with a high bioavailability potential.

he potential adverse efect of a vegetarian diet on 

iron status is based on the bioavailability of iron from 

plant foods rather than the amount of total iron pres-

ent in the diet. Vegetarian and nonvegetarian athletes 

alike must consume suicient iron to prevent deicien-

cy, which will adversely afect performance. Other nu-

trients of concern for vegetarian athletes include zinc, 

vitamin B-12 (cyanocobalamin), vitamin D (cholecal-

ciferol), and calcium. he main sources of these nutri-

ents are animal products; however, they can be found 

in many food sources suitable for vegetarians, includ-

ing fortiied soy milk and whole-grain cereals.

Vegetarians have higher antioxidant status for vi-

tamin C (ascorbic acid), vitamin E (tocopherol), and 

beta-carotene than omnivores, which might help re-

duce exercise-induced oxidative stress. 

Well-planned, appropriately supplemented veg-

etarian diets appear to efectively support athletic 

performance including elite athletes. Plant and ani-

mal protein sources appear to provide equivalent 

support to athletic training and performance. It has 

not been shown that exclusion of meat from the diet 

would impair repetitive short-term performance, 

whereas reduction of protein intake and a concomi-

tant increase of carbohydrate intake during a period 

of three to ive days improve anaerobic (two to seven 

minutes) performance. 

Vegetarians (particularly women) are at increased risk 

for nonanemic iron deiciency, which may limit endur-

ance performance. In addition, vegetarians have lower 

mean muscle creatine concentrations than omnivores, 

and this may afect supramaximal exercise performance. 

However, because their initial muscle creatine concen-

trations are lower, vegetarians are likely to experience 

greater performance increments after creatine loading. 

he increasing global health problems of over-

weight and obesity are associated with coronary 

heart disease, hypertension, diabetes, osteoarthritis, 

and certain cancers. Vegetarian diets are associated 

with reduced body weight, lower incidence of certain 

chronic disease, and lower medical costs compared 

with nonvegetarian diets. 

Worldwide, an estimated 2 billion people live pri-

marily on a meat-based diet, while an estimated 4 

billion live primarily on a plant-based diet. he U.S. 

food production system uses about 50 percent of the 

total U.S. land area, 80 percent of the fresh water and 

17 percent of the fossil fuel energy. he meat-based 

food system requires more energy, land, and water 

resources than the lacto-ovo-vegetarian diet and 

more sustainable than the average American meat-

based diet. herefore, the vegetarian diet may be one 

of the most suitable diets for the environment and 

humans alike.
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Vertical Banded Gastroplasty

THERE ARE SEVERAL surgical treatments for obesity 

called bariatic surgery. Vertical banded gastroplasty 

seems to be the least intrusive of these surgeries with 

a shorter recovery time and an overall commendable 

weight-loss success rate. his treatment modiies the 

size of the stomach to promote weight loss. he sur-

geon fashions a small pouch at the upper portion of 

the stomach with a narrow outlet that measures only 

½ inch. he surgeon then reinforces the pouch with a 

mesh band to prevent stretching. he newly created 

pouch holds four to eight ounces of food. he weight 

loss results from the limited food consumption. here 

are two approaches that a surgeon can take to perform 

vertical banded gastroplasty: the open method, or the 

laparoscopic method. A laparoscope is a thin arm-like 

tool with a miniature camera attached, which is in-

serted into the abdomen. he camera projects images 

onto a screen for the surgeon.

IDEAL CANDIDATES FOR VERTICAL  

BANDED GASTROPLASTY

Body Mass Index, or BMI, is a unit that physicians 

use to igure out the client’s level of obesity that 

takes into account both the height and weight of the 

person being measured. he surgical procedures for 

obesity are recommended for people who are mor-

bidly or severely obese with a BMI greater than 40, 

or 100 pounds or more overweight. A physician may 

also recommend vertical banded gastroplasty to a 

person who has a BMI of 35–39 who also has a seri-

ous medical condition such as diabetes mellitus, car-

diac disease, or hypertension. Other considerations 

that would make someone with a BMI of 35–39 a 

likely candidate for the bariatric surgery would in-

clude impaired physical performance that afects 

ability to get around safely and ability to perform 

necessary tasks at home and at work.

BENEFITS 

Research has linked severe obesity with heart disease, 

metabolic changes (e.g., Type 2 diabetes), gastroeso-

phogeal disease, depression, premature death, infertil-

ity, asthma, dyslipidemia, menstrual irregularities, and 

cancer. he good news is that as the client loses even 

as little as 10 percent of his or her excess body weight, 

there is a diminished need for medications, such as  
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antihypertensive and antidiabetic medications. In some 

instances, a need for medication is completely eliminat-

ed with the reversal of the medical conditions.

Sleep apnea and shortness of breath associated 

with walking is often remarkably improved. After the 

surgery, the committed person will be encouraged to 

participate in a personalized exercise program and 

enjoy an increased activity level.

RISK FACTORS

Vertical banded gastroplasty, whether the open tech-

nique or the laparoscopic technique, is major surgery 

and comes with associated risks. Clients have a 5 to 8 

percent risk in developing complications from the sur-

gery. he risk of death is low at 0.5 percent. Reported 

complications include pulmonary embolism, bleeding 

or injury to the spleen, ulcers, anemia/malnutrition, 

adhesions, scarring causing gastrointestinal obstruc-

tion, chronic vomiting, chronic diarrhea, wound in-

fection (related to breakdown of staples allowing leak-

age from stomach/intestines into abdomen), vomiting 

related to overeating, slipping or wearing away of the 

band, enlargement of the pouch, relux esophagitis, 

vitamin deiciencies (lifelong supplementation is re-

quired), bleeding, abdominal hernia (10 to 20 percent 

occurrence, which needs surgical repair), gallstones, 

lung problems, and complications of general anes-

thesia. Even though risks may be serious, it should be 

noted that VBG has less risks than Gastric Bypass pro-

cedures, particularly when done laproscopically.

BARIATRIC SURGERY SUPPORT

Hospitals that promote bariatric surgeries establish pro-

grams that are both educational and supportive. he 

trained hospital staf are available to increase the client’s 

awareness on topics such as (1) requirements prior to the 

surgery, (2) insurance coverage, (3) beneits of the sur-

gery, (4) lifestyle changes after the surgery, and (5) avail-

able resources, educational materials, and seminars.

Before the surgery, the client will undergo a com-

plete physical examination with a medical history 

questionnaire, a psychiatric evaluation and counsel-

ing, consultation with a dietitian, and a discussion of 

prior weight-loss attempts. he surgeon will review 

the client’s list of current medications, an important 

step as it may be necessary to reduce or temporar-

ily discontinue certain medications such as aspirin or 

coumadin, which may cause excessive bleeding.

After the surgery, the client will have access to a reg-

istered dietitian, weight-loss support groups, nursing 

staf to monitor progress, and educational seminars.

THE PROCEDURE

(1) An intravenous (IV) line is placed in the client’s arm 

for the administration of luids and medications.

(2) he client will receive general anesthesia, admin-

istered by an anesthesiologist. he anesthesia will 

allow the client to sleep during the entire proce-

dure and prevent the sensation of pain. he sur-

gery generally lasts two hours.

(3) A trache-tube, or breathing tube, is placed in the 

throat, inserted through the mouth. his aids in 

breathing during the surgery.

(4) A urinary catheter is inserted into the bladder to 

drain urine.

When implementing the open method, the sur-

geon opens the abdomen with an 8–10 inch incision. 

When the laparoscopic method is used, the surgeon 

makes a series of small incisions in the abdomen. 

he abdomen is then inlated with gas to allow bet-

ter visibility for the surgeon. he surgeon inserts the 

laparoscope and other tools through the incisions. In 

both the open method and the laparoscopic method, 

staples are used to divide the stomach into two sec-

tions. he upper part is the new pouch that empties 

through a narrow port into the lower, larger portion 

of the stomach. hen, the surgeon, using the band of 

polypropalene mesh, wraps the opening to prevent 

stretching. he band is adjustable, even after the sur-

gery. As a reminder, the pouch can hold only ½–1 cup 

of food; a normal stomach can hold 5–6 cups of food. 

he narrow port/opening slows down the movement 

of food causing a feeling of fullness early during the 

meal and for longer periods of time. Normal digestion 

is not impeded by this surgery.

he surgery is completed when the incisions are su-

tured or stapled. he trache-tube is then removed and 

the client is taken to the recovery room for monitor-

ing of vital signs (blood pressure, temperature, respira-

tions, pulse, pulse ox). Medications are given for pain. 

Hospital stay is two to ive days. Laparoscopic clients 

are often discharged earlier than open-method clients.

POST-OP CARE IN THE HOSPITAL

After the surgery, the client can expect a regimen of 

care which includes pain medications, elastic surgi-
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cal stockings to enhance circulation, deep breathing 

exercises, and early ambulation.

he diet in the hospital will be simple and progres-

sive to accommodate the “new” tender stomach.

• Day of surgery: No food or drink.

• Day 1 after the surgery: Upper gastrointestinal X-

ray (to search for leaks from pouch). If no leaks are 

found, one ounce of liquid every 20 minutes.

• Day 2 after surgery: one to two tablespoons of 

pureed food or one to two ounces of liquid every 

20 minutes.

If leaks are found, the client is nourished with IV 

therapy until leaks are repaired. 

POST-OP CARE AT HOME

he client should notify the doctor if he or she experi-

ences signs and symptoms of infection such as fever, 

chills, redness, pain, or drainage at the incision site. 

Also, notify the physician if there is blood in the stool 

or urine. he client should prearrange to be at home 

from work for approximately two to six weeks. Laparo-

scopic clients return to work earlier than open-method 

clients. Postsurgical clients are cautioned to avoid driv-

ing and heavy lifting for at least two weeks. However, 

walking regularly is encouraged. Once the client re-

turns home, the support team plays a vital role in his 

or her daily life. he team members will monitor his or 

her progress, educate, and ofer emotional support. 

For morbid obesity, surgery remains the method 

with the highest success rate. Success is deined as the 

ability to lose and maintain the loss of 50 percent of 

excessive weight. Reportedly, the majority of people 

who have the bariatric surgery are able to maintain 

the weight loss. Vertical banded gastroplasty, per-

formed on a client who is committed to the healthy 

lifestyle changes, is a combination for success.

SEE ALSO: Health Coverage for Gastric Surgeries; Lap 

Band; Roux-en-Y Gastric Bypass.
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Very Low-Calorie Diets 

A VERY LOW-CALORIE diet (VLCD) is one that, as its 

name suggests, is extremely low in calories, lower than 

is generally required by adult humans. While all diets 

typically restrict calories, a VLCD is one that restricts 

patients to 800 or less kilocalories per day. Following 

a VLCD scrupulously can result in rapid weight loss 

up to two kilograms or more (three to ive pounds) 

in adults on a sustained basis (VLCDs should not be 

used for children). A medical practitioner will recom-

mend a VLCD to a patient who is morbidly, perhaps 

dangerously, obese whose health would improve from 

rapid weight loss. VLCDs are particularly useful in the 

case of patients who have Type 2 diabetes and who 

are obese. he diet can rapidly reduce problems with 

glycemic control and this leads to swift weight loss. 

However, in the case of these patients and others, 

there are heightened risks arising from the regimen.

Humans derive their energy from food and the 

amount of energy, hence food, required per day varies 

considerably based on the size and age of the person 

concerned, his or her general health, and the type of 

diet and exercise he or she customarily pursues. Be-

cause of enhanced agricultural productivity, economic 

development, and changing lifestyles, many people 

take more food than they need. In developed coun-

tries, particularly in urban populations, obesity has 

emerged as an increasingly important phenomenon. 

Eating less and exercising more works as a correc-

tive lifestyle for some but not all people. In extreme 

cases, VLCDs are indicated. hey customarily consist 

of around 800 calories of food energy per day, which 

is almost certain to reduce weight for any adult. Nu-

tritionists have designed a series of diferent powders 

which are designed not just for the energy freight they 

contain, but also provide a balanced diet with respect 

to such necessary components as protein, vitamins, 

fatty acids, and various trace elements. he powders 
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are intended to be rehydrated by mixing with water or 

another suitable liquid and form the totality of the dai-

ly intake of food. Initially, weight loss results primarily 

from the elimination of excess liquids, but more sus-

tainable weight loss soon follows. Alternatives include 

bars and these, like powders, are usually made avail-

able on a commercial basis. VLCD products should be 

distinguished from meal-replacement products which 

may appear to be similar but which are not intended 

to represent the entirety of a person’s diet. he dangers 

of a VLCD are such that they should only be followed 

under medical supervision. Doctors will wish to calcu-

late body mass index (BMI) before deciding whether a 

VLCD is suitable. Because the diet reduces both body 

fat and lean body tissue, it is rarely, if at all, appropriate 

for adolescents or elderly people.

Health issues that might arise as a result of a VLCD 

include not just the loss of needed lean body tissue, 

but also the efect on the brain, which will adjust its 

level of action to a drastically reduced intake of food 

energy. In addition, the loss of trace elements, which 

is very diicult to provide in a VLCD on an individual-

ized basis, can result in such problems as loss of men-

struation, osteoporosis, depression resulting from 

lack of serotonin, problems with the gall bladder and 

the liver, and a range of other side efects. Less serious 

but still potentially debilitating side efects include 

nausea, diarrhea, and feelings of torpor. Studies sug-

gest that sustaining a VLCD for as long as six months 

can result in a loss of as much as 25 percent of body 

weight. Unfortunately, it appears that in common 

with most severe weight reduction programs, VLCDs 

are subject to the law of diminishing returns, that is, 

the longer they are pursued, the less efective they 

become, and if pursued beyond their efective range, 

weight regain may even occur. Adult obesity generally 

results from a complex combination of factors which 

require, in the long term, behavior modiication and 

lifestyle restructuring (i.e., in terms of physical reha-

bilitation and exercise) in order for sustainable and 

positive health outcomes to be achieved.

SEE ALSO: Caloric Restriction; Children and Diets; Diet 

Myths; Dieting: Good or Bad?; High Carbohydrate Diets; 

High Protein Diets; Liquid Diets; Low Calorie Diets; Low 

Fat Diets; Women and Dieting.
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Viral Causes

IN 1967, DR. William Stewart, the Surgeon General 

of the United States, declared that it was time to close 

the book on infectious diseases. he advent of efec-

tive antibiotic therapy had turned previously fatal 

infections into entirely treatable conditions. History 

has, however, proven Dr. Stewart’s opinion premature. 

From 1967 to the present day, infectious diseases have 

remained a signiicant global cause of morbidity and 

mortality, and new infectious syndromes—including 

Eating less and exercising more does not work as a corrective lifestyle 

for everyone. In extreme cases, very low-calorie diets are used.
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Lyme disease, acquired immunodeiciency syndrome 

(AIDS), drug-resistant tuberculosis, and Legionnaire’s 

disease—have emerged.

More important, infectious agents have been im-

plicated in the pathogenesis of a number of unex-

pected medical conditions. When Dr. Barry Mar-

shall of Australia suggested in the 1980s that peptic 

ulcers—long thought to have been caused by stress, 

poor eating habits, and alcohol use—were due to an 

infection with the bacterium Helicobacter pylori, he 

was ridiculed. In 2003, he received the Nobel Prize for 

his unconventional observations, and with antibiotic 

therapy against H. pylori, peptic ulcer disease has be-

come a curable condition. Just as revolutionary is the 

fact that it is now possible to prevent cervical and liver 

cancer through vaccination with the human papillo-

mavirus (HPV) and hepatitis B vaccines, respectively. 

Recent research has looked into the role bacteria and 

viruses may play in the pathogenesis of a wide array of 

noninfectious medical conditions, including athero-

sclerosis, multiple sclerosis, and lupus.

PROPERTIES OF VIRUSES AS INFECTIOUS AGENTS

Along with these other medical illnesses, scientists 

have investigated infectious agents—speciically vi-

ruses—as being a possible factor in the development 

of obesity in some individuals. Viruses have been fo-

cused on because of their unique characteristics. A 

virus is a simple noncellular parasite composed of 

two parts: an internal viral genome (either composed 

of deoxyribonucleic acid [DNA] or ribonucleic acid 

[RNA]) and an external protein coat called a capsid. 

he complete viral particle is referred to as a virion. 

Viruses cannot replicate their genome on their own; 

rather, they require cellular machinery to do so. he 

protein coat protects the viral genome in the exter-

nal environment and also enables the virus to bind to 

surface proteins on cells targeted for infection. Once 

the virus has entered a cell, enzymes contained in the 

viral core hijack the cell’s internal genetic transcrip-

tion processes in order to replicate the viral genome 

at the expense of the cellular genome. 

Other viruses, however, employ a diferent mecha-

nism of cellular parasitism. hey lie dormant in the 

cell by integrating their own viral genes within the 

larger cellular genome. he viral genes are not ex-

pressed until such time that external conditions are 

more favorable for virion survival outside of the cell. 

When that occurs, the viral genes are spliced from the 

cellular genes to begin the viral replication process.

Another intriguing feature of viruses is their cel-

lular speciicity. he viral capsid proteins usually have 

an ainity for speciic cell surface proteins only ex-

pressed on certain cells. For instance, the human im-

munodeiciency virus (HIV) virion can preferentially 

enter those cells that express the CD4 protein on their 

cell surface, which includes most of the population 

of T cells known as helper T cells. he selective in-

fection and death of helper T cells that express CD4 

leads to the clinical manifestations of HIV infection. 

Another example of this viral speciicity is the herpes 

virus, which infects and lies dormant in neurons in 

the spinal cord after initial infection.

Because viruses hide intracellularly, they manage to 

avoid many of the human body’s immune defenses. he 

speciic response of the immune system against virally 

infected cells is a tightly regulated interplay between 

multiple cell types. Virally infected cells will process 

viral proteins and display them on the cell membrane, 

where circulating immune surveillance cells can recog-

nize and respond to their presence. Two cell types—the 

cytotoxic T cell subset and natural killer (NK) cell sub-

set—are responsible for destroying cells that display vi-

ral proteins on their surface, and another cell type—the 

helper T cell—stimulates and supports this process. 

Antibodies, produced by another class of immune cell 

known as the B cell, bind to virions in the extracellular 

environment, thus preventing them from being able to 

bind to surface proteins on their target cells. Defects in 

the T cell population lead to an increased susceptibility 

to viral infections and increased severity of viral infec-

tions once acquired.

SPECIFIC ADIPOGENIC VIRUSES

In 1982, the irst adipogenic (i.e., obesity-causing) vi-

rus was identiied when it was shown that infection 

with the canine distemper virus (CDV) leads to in-

creased body mass in mice. Soon after, other viruses 

were identiied that led to obesity in infected animals, 

including RAV-7 (Rous-associated virus type 7) and 

BDV (Borna disease virus). More recently, a family of 

viruses—adenoviridae, also known as the adenovirus 

family—has been correlated with obesity not just in 

animal models, but also in humans.

Adenoviridae are viruses that contain a linear, dou-

ble-stranded DNA genome and are common infectious 
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pathogens in both humans and animals. hey have a 

protein coat but lack a lipid membrane (derived in vi-

ruses from the host cell membrane). Most often, infec-

tion with an adenovirus subtype leads to pharyngitis, 

conjunctivitis, gastroenteritis, or a nonspeciic upper 

respiratory infection in humans. Most people have an-

tibodies against adenovirus subtypes, indicating prior 

exposure and infection, and a large number of people 

have adenoviral DNA incorporated into their immune 

cells’ genomes. here are roughly 50 subtypes of human 

adenovirus and a similarly large number of subtypes 

speciic to certain animal species.

In animal models, experimental infection with 

SMAM-1 (avian adenovirus) and adenovirus-36 (a hu-

man adenovirus) has led to increased visceral fat de-

position. Furthermore, in some of the studies that had 

found increased adiposity in SMAM-infected animals, 

transmission of SMAM-1 to co-caged animals led to 

obesity in the noninoculated animals, as would be 

expected if a contagious agent were the cause of the 

observed obesity. Although the animal data were well 

documented and reproducible, it was not until 20 years 

after the initial animal data were available that human 

data linking viruses to obesity began to emerge.

Work done by Dr. Richard Atkinson and his associates 

was the irst evidence in humans to support a connec-

tion between viral infection and obesity. heir approach 

was essentially observational. hey screened a large 

population of subjects—both obese and nonobese—for 

antibodies against adenovirus-36 (Ad-36), which had 

already been shown to cause obesity in chickens, mice, 

and marmosets. Approximately three times as many 

obese subjects had antibodies against Ad-36 than did 

nonobese subjects, and this diference was large enough 

that it could not have been due to chance alone. 

Furthermore, the mean body mass index (BMI) of 

individuals with antibodies against Ad-36 was greater 

than those who were seronegative (i.e., no antibodies 

against Ad-36). To control for the genetic aspects of 

obesity, twin pairs were also compared in which one 

twin was seropositive for Ad-36 and the other sero-

negative, and the relationship between seropositivity 

and higher BMI was still observed. It is worth caution-

ing, however, that the presence of antibodies to a spe-

ciic virus does not necessarily indicate active, ongo-

ing infection, but can also signify prior exposure or a 

chronic, indolent infection. his epidemiologic study 

also cannot prove causality because there may be other, 

unknown characteristics about obese individuals that 

would predispose them to being infected by Ad-36, 

such as reduced immunity to adenoviruses. Nonethe-

less, the combination of causal experimental data in 

animals and epidemiologic data in humans suggests 

that viral infection should be considered seriously as a 

potential contributor to obesity in some individuals.

MECHANISMS OF VIRALLY INDUCED OBESITY

here are multiple mechanisms by which viruses 

might cause obesity. he current hypotheses—none 

of which are mutually exclusive—concern viral infec-

tion of cortical neurons, liver cells, thyroid cells, and 

adipocytes (i.e., fat cells) as leading to the develop-

ment of increased adiposity (i.e., visceral and subcu-

taneous fat storage). 

Regarding viral efects on fat storage cells, Ad-36 has 

been shown to have an array of efects. Infection with 

Ad-36 leads to the upregulation of multiple genes re-

sponsible for the diferentiation of human and animal 

adipocytes, including PPAR-γ (peroxisome prolifera-

tor-activated receptor), GPDH (glycerol-3-phosphate 

dehydrogenase), and CEBP-β (cholesterol ester bind-

ing protein). When these genes are activated, dormant 

preadipocytes are induced to become active, mature 

adipocytes capable of fat synthesis and storage. he 

same upregulation of these genes was not observed 

when preadipocytes were infected with a strain of ad-

enovirus not associated with obesity. Ad-36 also in-

duces cell division in preadipocytes, thus generating a 

larger potential pool of future fat cells. 

Metabolically, Ad-36 has been shown to increase 

glucose uptake by infected adipocytes, which in turn 

can lead to increased triglyceride synthesis and fat 

storage. Finally, Ad-36 has been shown to decrease 

leptin expression and secretion by infected adipocytes. 

Leptin is a hormone produced by mature adipocytes 

that interacts with centers in the brain to regulate ap-

petite and energy metabolism. When leptin levels fall, 

it can lead to increased appetite and decreased energy 

expenditure in both humans and animals.

Direct infection of brain tissue by adipogenic virus-

es has also been postulated to cause obesity. he irst 

virus shown to cause obesity—CDV—is neurotropic, 

which means that it has a predilection for infecting 

nervous tissue. One of the brain structures targeted 

by CDV is the hypothalamus, which is the brain cen-

ter responsible for the control of a number of bodily 
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functions, including hunger and satiety. Some of the 

initial animal inoculation experiments did show an 

increase in food intake in those animals infected with 

CDV as opposed to control animals. CDV infection 

of the hypothalamus also leads to reduced expression 

of certain appetite-suppressing hormones, including 

melanin concentrating hormone (MCH).

Infection of liver cells has also been shown with 

some of the adipogenic viruses. RAV-7 infects the 

liver cells of chickens, and leads to a pattern of injury 

often observed in obese individuals with a syndrome 

known as nonalcoholic fatty liver disease (NAFLD). 

SMAM-1, the avian adenovirus, has also been ob-

served to cause a similar pattern of liver cell injury. he 

microscopic pattern of damage in NAFLD resembles 

the liver damage seen in response to chronic alcohol 

ingestion, and is thought to be caused in part by obe-

sity. his pattern of injury involves fatty iniltration 

of the liver with microscopic damage to the liver cell 

mitochondria, the intracellular organelle responsible 

for energy production within the cell. Although the 

liver cell changes induced by viral infection may be a 

consequence of the virus’s efects on other cell types, 

dysregulation of liver function can lead to changes in 

glucose and insulin sensitivity than can predispose to 

the development of obesity.

RAV-7 also infects thyroid cells in chickens, lead-

ing to iniltration of the thyroid gland by inlammato-

ry cells and destruction of hormone-producing cells. 

hyroid hormone, also known as thyroxine, is essen-

tial for controlling the metabolic rate in both humans 

and animals. Decreased levels of thyroid hormone 

lead to decreased caloric expenditure at rest, and this 

tends to promote weight gain.

INTERACTION BETWEEN VIRAL INFECTIONS AND 

OBESITY: IMMUNOLOGIC RESPONSES

It is unclear what factors might predispose certain 

animals or humans to develop obesity in response to 

infection with an adipogenic viral strain. Host fac-

tors certainly must play a role in this interaction, and 

it may be those host factors that predispose to viral 

infection that actually lead to the observed obesity. 

In other words, infection with viruses such as Ad-

36 may not lead to obesity, but rather, maybe only 

people prone to becoming obese are susceptible to 

being infected by Ad-36. For instance, a predisposi-

tion to insulin insensitivity—which is correlated with 

obesity—may also lead to increased susceptibility to 

adenoviral infection. Using other viruses as a model, 

the relationship between viral infection and obesity is 

bidirectional, thus making the determination of cau-

sality in cases of adipogenic viral infection diicult.

An example of the complex interaction between 

obesity and viral infections can be seen in the rela-

tionship between obesity and hepatitis C. Hepatitis 

C is a chronic infection of liver cells caused by the 

hepatitis C virus. his virus belongs in the lavivirus 

family, which are small, single-stranded RNA viruses. 

his infection is spread by shared blood contact, usu-

ally either by blood transfusion or by sharing needles 

used for intravenous injection. Over time, infection 

with hepatitis C can lead to cirrhosis (i.e., scarring 

of the liver) and end-stage liver disease. Obesity and 

insulin resistance can independently lead to liver cell 

damage as previously mentioned, and in obese in-

dividuals with hepatitis C, there is an additive efect 

and more rapid progression to end-stage liver failure. 

Conversely, individuals infected with both hepatitis 

C virus as well as HIV are predisposed to developing 

insulin resistance, which in turn can lead to obesity, 

thus making hepatitis C a possible candidate human 

adipogenic virus. 

he complicated efects of obesity on preexisting 

viral infections may be due to changes in the immune 

system observed in obese individuals. he body re-

sponds to chronic obesity as if it were an inlamma-

tory process, similar to diseases such as rheumatoid 

arthritis or lupus. Obese individuals have been ob-

served to have increased circulating levels of inlam-

matory markers, such as tumor necrosis factor alpha 

(TNF-alpha) and interleukin-6 (IL-6). In animal stud-

ies, obese individuals have increased susceptibility 

to viral infections as a consequence of both chronic 

inlammation and downregulation of natural antivi-

ral proteins, such as interferon-α and interferon-β. 

Obesity also predisposes individuals to developing 

other medical conditions that interfere with immu-

nity, namely insulin resistance and diabetes.

CONCLUSIONS

Ultimately, the implications of the research linking viral 

infection and obesity are unclear. here is no speciic an-

tiviral therapy against the human adenovirus nor is there 

an efective vaccine, and the links between adenoviral 

infection and human obesity are still being explored. 
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More important than identifying the speciic adipogenic 

viruses in humans, however, is using our current knowl-

edge about adipogenic viruses to better understand the 

immunology of obesity. hrough the animal and human 

studies of these viruses, the general mechanisms that 

promote the development and maintenance of obesity 

can be better understood. Furthermore, the observation 

that obese individuals may be predisposed to developing 

certain viral infections more than nonobese people can 

aid in a better understanding of the complex interaction 

between metabolic disorders and the immune system. 

he chapter on infectious diseases and their efect on 

the human organism has not yet been closed, but as can 

be seen, is still in the process of being written.

SEE ALSO: Inlammation; Intestinal Microlora Concentra-

tions; Obesity and Viruses.
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Visceral Adipose Tissue

THE WORD VISCERA originates from Latin and is de-

ined as “organs in the cavities of the body.” Visceral 

adipose tissue is the adipose tissue distributed around 

the internal organs of the trunk, mainly in abdomen 

and pelvis. Visceral adipose tissue and intraabdomi-

nal adipose tissue are terms that were often used in-

terchangeably in publications. On average, visceral 

adipose tissue consists about 12 percent of total adi-

pose tissue in men and about 6 percent in women. 

Elevated visceral adipose tissue is a major component 

of central obesity. he relatively small visceral adipose 

tissue compartment is now widely recognized as con-

veying the highest health risks in humans.

Anatomically, visceral adipose tissue includes adi-

pose tissue distributed in body cavities (i.e., intratho-

racic and intraabdominopelvic). he intrathoracic 

adipose tissue includes intrapericardial and extraperi-

cardial adipose tissue. he intraabdominopelvic com-

ponent includes intraperitoneal and extraperitoneal 

adipose tissue. he major components of intraperito-

neal adipose tissue are omental and mesenteric adipose 

tissue. Extraperitoneal adipose tissue can be further 

divided into pre- and retroperitoneal adipose tissue. 

he latter serves mainly as mechanical cushions of or-

gans and these depots are named accordingly, perire-

nal, pararenal, periaortic, peripancreatic, parametrial, 

retropubic, paravesical, retrouterine, pararectal, and 

retrorectal adipose tissue. 

In humans, visceral adipose tissue can be accu-

rately quantiied by in vivo high-resolution imaging 

methods, such as computerized axial tomography 

(CAT) and magnetic resonance imaging (MRI). he 

advantage of CAT and MRI methods is their capabil-

ity in quantifying visceral adipose tissue and subcu-

taneous adipose tissue separately. It usually requires 

approximately 40 contiguous cross-sectional images 

or approximately seven every ive centimeter slices to 

cover the whole abdominopelvic region. 

Visceral adipose tissue is either reported in vol-

ume (L) or converted to mass (g) by multiplying the 

volume by the adipose tissue density, which is as-

sumed constant at 0.92 g/cm3. Because of the cost 

of image analysis and concerns over exposure to ra-

diation, single-slice imaging studies have often been 

used as a compromise. Single-slice studies provide 

only an area (cm2) when reporting visceral adipose 

tissue, in contrast to the volumes or masses reported 

in multiple-slice studies. Other measures of abdomi-

nal obesity or central obesity, such as trunk fat mea-

sured by dual energy X-ray absorptiometry (DEXA) 

or waist circumference measured by tape, cannot 

diferentiate abdominal subcutaneous and visceral 

adipose tissue. Nonetheless, trunk fat and waist cir-

cumference have high correlations with visceral adi-

pose tissue amount. Due to the high cost and high 

technical requirement of imaging methods, waist 

circumference has been widely used as a surrogate 

measure of visceral adipose tissue and abdominal 

obesity in large-scale studies.
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Although women store more fat than men, men on 

average have more visceral adipose tissue than wom-

en. here are also ethnical diferences in the amount 

of visceral adipose tissue. Asians have a higher pro-

portion of visceral adipose tissue as total adipose tis-

sue than African Americans, Caucasians, and Hispan-

ics. African Americans have the least visceral adipose 

tissue among ethnic groups. Visceral adipose tissue 

increases with age and women tend to accumulate 

visceral adipose tissue post menopause.

Visceral adipose tissue is associated with obesity-

related health risk factors including insulin resistance, 

dyslipidemia, and inlammation. Increased visceral ad-

ipose tissue has also been found to be a risk factor for 

metabolic syndrome, Type 2 diabetes, cardiovascular 

disease, and all-cause mortality. Waist circumference 

is used as the abdominal obesity component of meta-

bolic syndrome, which includes a cluster of insulin-

resistance-related risk factors. During interventions 

including exercise and low-calorie diet in initially ab-

dominally obese subjects, a preferential mobilization 

of visceral adipose tissue leads to substantial reduction 

of risk of coronary heart disease and of Type 2 diabe-

tes. Nonetheless, there is still controversy surrounding 

the question of whether visceral adipose tissue is the 

cause of obesity-related health risks and diseases and 

whether visceral adipose tissue is a superior measure of 

obesity than total fat or anthropometric measures. 

It is hypothesized that the metabolic importance of 

visceral adipose tissue, especially of intraperitoneal adi-

pose tissue, may be due to the delivery of free fatty acids 

into the portal system exerting potent and direct efects 

on the liver. his is consistent with the knowledge that 

omental and mesenteric adipocytes are more lipolyti-

cally active and are more resistant to the antilipolytic 

efects of insulin than subcutaneous adipocytes. Al-

though visceral adipose tissue is not the major contri-

bution of systemic free fatty acids level and its incurred 

peripheral insulin resistance, there is an increase in vis-

ceral adipose tissue free fatty acids delivery to liver in 

viscerally obese subjects. Visceral adipose tissue is thus 

likely related to hepatic insulin resistance and hepatic 

very-low-density lipoprotein triglyceride production.

SEE ALSO: Central Obesity; Waist Circumference. 
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Volumetrics

VOLUMETRICS IS A weight-loss diet designed by Dr. 

Barbara Rolls, who teaches nutrition at Pennsylvania 

State University. his dietary approach allows pa-

tients to eat satisfying amounts of food while control-

ling calories and meeting nutrition requirements. 

he types of food emphasized in this program are 

high in water content, and iber, such as fruits and veg-

etables, which allows patients to eat satisfying volumes 

of food without eating lots of calories. his follows the 

principal of energy density. Briely, the amount of calo-

ries per gram of food is the energy density of that food. 

he higher the energy density of food, the more calories 

per gram of food. So patients design meals with lower 

energy density foods; thus, they eat more yet consume 

fewer calories. Fiber has a very low energy density and 

can also be added to food to lower the energy density. 

Fat is the most energy-dense food and increases cal-

ories dramatically and should be avoided as much as 

possible. Several large population-based studies have 

shown that higher energy dense foods tend to be posi-

tively correlated to increases in patients’ body weights. 

Another principal of volumetrics relies on the fact 

that most people eat the same amount of food by weight 

day in day out. Additionally, if you eat less food by weight 

one day, you tend to make that up the next day by eating 

more food by weight. herefore, if you lower the energy 

density of food and eat the same weight of food, you 

will lose weight. Amazingly, because people eat accord-

ing to weight, lower calorie foods can bring patients as 

much satiety as foods with higher energy density. 

To teach these principals to patients, Dr. Rolls 

breaks down food into four categories: Category 1, 
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very low energy-dense foods—energy density less 

than 0.6; Category 2, low energy-dense foods—ener-

gy density between 0.6–1.5; Category 3, medium en-

ergy-dense foods—energy density between 1.5–4.0; 

Category 4, high energy-dense foods—energy density 

between 4–9.0. Patients need to consume as much as 

possible of categories 1 and 2 and limit 3 and 4. 

he volumetrics approach to a meal not only works 

by satisfying the patient’s need to have a certain weight of 

food, but it also satisies the mind by thinking you are eat-

ing a normal-sized meal. he bigger the meal, the longer 

it lasts, thus sending more sensory signals to your brain. 

Additionally, the larger volume activates more stretch re-

ceptors in the stomach, thus increasing satiety. 

he principals of volumetrics are classically shown 

in the casserole experiment. Patients were invited to 

eat one of three choices: the irst was a vegetable-and-

rice casserole alone, the second was the same casse-

role served alongside a 10-ounce glass of water, and 

the third was a soup made by cooking the water and 

casserole together. hen researchers measured the 

quantity of lunch eaten a few minutes later. Compared 

with intake of the casserole alone, water consumed as 

a beverage with the casserole provided no additional 

reduction in lunch intake, whereas incorporating wa-

ter into the casserole (to make soup) resulted in a 100-

calorie reduction in later intake. 

hese types of small changes day in and day out 

ofer people a viable alternative to quick weight-loss 

diets that leave patients hungry with slowed metabo-

lism. Long-term adoption of these principals will lead 

to weight maintenance throughout a person’s life. 

SEE ALSO: Diet Myths; Dietary Restraints; Dieting: Good 

or Bad?; Fiber and Obesity; High-Carbohydrate Diets; 

Low-Fat Diets; Water and Obesity.

BIBLIOGRAPHY. Barbara Rolls, he Volumetrics Eating Plan: 

Techniques and Recipes for Feeling Full on Fewer Calories 

(HarperCollins, 2007); B. Rolls and R. Barnett, he Volu-
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Full On Fewer Calories (Quill/HarperCollins, 2001).

Daniel R. Cottam, M.D. 

Touro University School of Medicine, 

Nevada Cancer Institute

Surgical Weight Control Center of Nevada 

782 Volumetrics



783

Waist Circumference

MANY STUDIES NOW show a link between central 

adiposity and an increased risk of Type 2 diabetes, 

cardiovascular disease,  and mortality.  Speciically, waist 

circumference, an anthropometric measure at waist�an anthropometric measure at waist�

line, provides a simple and practical anthropometricprovides a simple and practical anthropometric 

measure for assessing central adiposity. Recent studies 

showed that waist circumference was associated withassociated with 

obesity�related risk factors independent of body mass 

index (BMI; in kg/m2). Waist circumference has been 

increasingly used as a convenient measure of abdomi�

nal adipose tissue in epidemiological studies as well as 

in weight�loss intervention trials.

Waist circumference measured in a physician’s of�

ice or in research studies is diferent from a person’s 

self�preferred clothing waistline. here is no univer�

sally accepted method of measuring waist circumfer�

ence and the most commonly used four body sites for 

waist circumference measurements are as follows: (1) 

Waist circumference is measured immediately below 

the lowest ribs, which is the easiest site to locate, even 

in obese persons; (2) Waist circumference is measured 

at the narrowest waist. his location is probably the 

most frequently recommended and is suggested in the 

Anthropometric Standardization Report. However, 

for some subjects, there is no single narrowest point 

because of either a large amount of abdominal fat or 

extreme thinness; (3) Waist circumference is measured 

immediately above the iliac crest. his site is recom�

mended in the National Institutes of Health Guidelines 

and as applied in the third National Health and Nutri�

tion Examination Survey; (4) Waist circumference is 

measured at the midpoint between the lowest rib and 

iliac crest. his site is suggested in the World Health 

Organization Guidelines. Requiring identifying two 

anatomical landmarks, this method is more time con�

suming than the other three methods. From a techni�

cal standpoint, it is very diicult to stabilize the tape on 

a sharply curved skin surface of females. he reproduc�

ibility of waist circumference measurements at any site 

depends on the observer’s skill. 

All four sites had high reproducibility and the vari�

ability is less than 1 percent when waist circumference 

is measured by well�trained staf. Because waist cir�

cumference values vary between the four commonly 

used measurement sites especially in females, the 

need for a universally accepted waist circumference 

measurement site should therefore be addressed. 

No matter which measurement site is chosen for 

waist circumference measurement, it is important to 

make sure that the tape is snug but does not com�

press the skin, and is parallel to the loor. Waist cir�

cumference should be read at the end of exhalation of 

a normal breathing. While heavy�duty tape is inelas�

tic, irm, and easy to place around the trunk in the 

same plane even with very obese subjects, soft tapes 

attached with a tension meter has the advantage of 

W



standardizing the tape tension but is diicult to place 

in the same plane. A potential source of measure�

ment error for all waist circumference sites is incor�

rectly positioning the measure tape on the subject’s 

body. his may account for the larger measurement 

errors reported.

Waist circumference correlates highly with both to�

tal adiposity and central adiposity, namely the amount 

of visceral adipose tissue. he magnitudes of the asso�

ciations are stronger in females than in males, and are 

much stronger for abdominal fat than for total body 

fat. Waist circumference is more closely associated 

with visceral adipose tissue and central adiposity than 

is either waist�to�hip ratio or BMI. herefore, waist 

circumference is considered most practical anthropo�

metric measurement for assessing a patient’s visceral 

fat mass and total abdominal fat. Waist circumference 

also correlates highly with waist�to�hip ratio or BMI. 

Waist circumference is a risk factor for insulin re�

sistance, cardiovascular diseases, and mortality inde�

pendent of BMI. In adults, it has also been reported 

that the relationship between waist circumference and 

health risks is independent of height. In children, waist�

to�height ratio is reported to be more appropriate than 

waist circumference to be used as cardiovascular risk 

factors. Waist circumference is also one of the diagno�

sis criteria of metabolic syndrome, which is a cluster 

of risk factors including abdominal adiposity, insulin 

resistance, dyslipidemia, and high blood pressure. 

According to the World Health Organization 

guidelines, overweight and obese condition is deined 

by BMI ranges. However, many studies found that 

waist circumference is a better indicator of cardiovas�

cular diseases and diabetes risks than is BMI. his is 

because BMI is an index of total body fat rather than 

body fat distribution, whereas waist circumference 

represents abdominal adipose tissue which is highly 

related with cardiovascular disease risk factors and 

diabetes. Waist circumference measurement could 

therefore further reine the screening of the obese 

individual with increased health risk. Although BMI 

is still used as the primary clinical diagnosis criteria 

of obesity internationally, there is an increasing em�

phasis on including waist circumference as a clinical 

measure to identify obesity�related health risks.

Waist�to�hip ratio was traditionally used to indicate 

central obesity, but accumulating evidence has shown 

that this ratio is not as useful as waist circumference 

in assessing cardiovascular risk factors in both adults 

and adolescents. Waist circumference is replacing 

waist�to�hip ratio as a simple and convenient measure 

of central obesity.

Currently, there is no global standard of waist 

circumference for obesity as a predictor for cardio�

vascular disease (CVD). Waist circumference cut�

ofs proposed by the National Institutes of Health 

and the World Health Organization were derived by 

identifying waist circumference values correspond�

ing to BMI cutofs for overweight (BMI = 25 kg/m2) 

or obesity (BMI = 30 kg/m2). As more and more 

studies support that waist circumference has an in�

dependent or a stronger association with risk factors 

than BMI has, waist circumference cutof points that 

are equivalent to BMI cutof points for identifying 

CVD risks have also been proposed. However, be�

cause there are sex and ethnic diferences in waist 
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circumference, and populations may difer in the 

level of risk associated with a particular waist cir�

cumference, the development of sex� and ethnicity�

speciic cutofs for identifying obesity�related health 

risks is thus warranted. 

For instance, women have a greater relative risk of 

cardiovascular disease at lower waist circumferences 

than men. Also, Asians appear to have higher mor�

bidity at lower cutof points for waist circumference 

than do other ethnicities. Furthermore, there is eth�

nic diversity within Asians and thus the cutof points 

for Asians may depend on ethnic groups. Children’s 

waist circumference reference values have been de�

veloped for age groups. 

SEE ALSO: Central Obesity; Visceral Adipose Tissue.
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Clinical Nutrition (v.81/2, 2005).
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Waist-to-Hip Ratio 

WAIST-TO-HIP RATIO (WHR) is used as measurement for 

body composition to determine how much fat a person 

has around his or her abdomen (stomach area). his 

measurement is obtained by determining the circum�

ference of both the waist and the hips in centimeters or 

inches and then dividing the value for the waist by the 

value for the hips. People who have a high WHR tend to 

have more of their body weight deposited around their 

abdomen. his is sometimes referred to as an anoid 

or apple�shaped body. People who have a low WHR 

tend to have more of their body weight deposited in 

the lower portion of their body. his is sometimes re�

ferred to as a gynoid or pear�shaped body. When males 

gain weight, it tends to be around their abdomen and 

thus are more likely to have a high WHR when they 

become overweight or obese. Some women will also 

gain weight around their abdomen, but women may 

also gain weight in the lower portion of the body (i.e., 

around their thighs and buttocks) and these women 

would have a low WHR. Other tests may also be used 

to determine how much fat a person deposits around 

his or her abdomen and these include skin fold mea�

surements, bioelectrical impedance analysis (BIA), 

magnetic resonance imaging (MRI) scans, computed 

tomography (CT) scans, and dual energy X�ray ab�

sorptiometry (DEXA) scans.

Numerous studies have explored the use of the 

WHR for both clinical and research purposes. here 

appears to be an increased risk of developing certain 

diseases such as heart disease and Type 2 diabetes 

mellitus with an increased WHR. Likewise, having 

a low WHR is protective against the development of 

these diseases. WHR is good predictor for the devel�

opment of these diseases. Body mass index (BMI) 

is another body composition measure. BMI is also 

a ratio; BMI is a person’s weight per the amount of 

height (the height is squared). WHR is a better pre�

dictor than BMI for heart disease and Type 2 diabetes 

mellitus, but BMI is a very good predictor of many 

other diseases including kidney disease. A high WHR 

can also be associated with elevated levels of many of 

the proinlammatory proteins in the body including 

C�reactive protein, tumor necrosis factor�alpha, and 

the interleukins. Elevated levels of these inlammato�

ry proteins are usually associated with increased risk 

of developing heart disease. Several cancers including 

breast, colon, and prostate are more likely to develop 

in people who have a high WHR.

here are several advantages and disadvantages 

for using WHR as a tool to measure how much fat is 

around the abdomen. One advantage of using WHR is 

that it is a simple measurement to acquire. Once a re�

searcher has been properly trained, he or she can easily 

measure the WHR of many subjects. Additionally, this 

measurement is very useful for physicians. Physicians 

do not need to buy expensive equipment or to send 

their patients for expensive tests to acquire these mea�

surements. Physicians can assess the risk that patients 

have for developing diseases such as heart disease 

and Type 2 diabetes mellitus with just a simple tape 

measure. he WHR measurements can be performed 

during an annual physical exam as a marker of general 
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health status and be used to evaluate the change in a 

patient’s body composition over time.

One component of the WHR measurements, waist 

circumference, has become a useful diagnostic tool by 

itself. An elevated waist circumference (men 40 inches 

or more; women 36 inches or more) is considered an 

eligible criterion for a patient to be diagnosed with the 

metabolic syndrome. he other criteria to be diagnosed 

with metabolic syndrome include elevated triglycer�

ides (≥150 mg/dl), low high�density lipoprotein (HDL) 

cholesterol (the good cholesterol; men <40 mg/dl; 

women <50 mg/dl), elevated blood pressure (≥130/≥85 

mmHg), and elevated fasting glucose (sugar; ≥110 mg/

dl; a new cutof of ≥100 mg/dl is sometimes used). Pa�

tients who have three of the ive criteria can be diag�

nosed with metabolic syndrome. Metabolic syndrome 

is a term used to describe the clustering of risk factors 

associated with the development of heart disease and/

or Type 2 diabetes mellitus. It is sometimes referred to 

as syndrome X and was irst described by Dr. Gerald 

Reaven in 1988. Treatments for metabolic syndrome 

include weight loss which would decrease the preva�

lence of all the symptoms as well as targeting a speciic 

symptom such as taking medication for high blood 

pressure or the high blood glucose.

WHR measurements are ideal for large population�

based studies. hese large studies are sometimes re�

ferred to as epidemiological studies. Epidemiological 

studies may require the researchers to go into a com�

munity to collect measurements and these research�

ers need to be able to acquire a vast amount of infor�

mation without any diiculty. WHR measurements 

are easy to collect; WHR measurements are both 

inexpensive (the costs are the tape measures and la�

bor) and easily acquired (many people can be trained 

to collect this measurement). It is also very easy to 

perform this measurement multiple times during the 

course of a study (i.e., a weight loss study, before dur�

ing or after weight loss).

Another use for WHR measurements is in studies 

that assess attractiveness and health of people. Some, 

but not all, studies have associated low WHR as an 

important feature necessary for a women’s ability 

to become pregnant. Some, but not all, studies have 

shown that a low WHR in women is associated with 

increased attractiveness.

here are several disadvantages to the use of WHR. 

First, there may be a large variation in the measurements 

obtained by diferent researchers or physicians. his may 

be the result of improper training. Also, there have been 

debates about where to deine the waist and the hip on a 

measurement. he measurements are taken based upon 

the location of the rib and hip bones. It is often diicult to 

ind the hip and rib bones in patients who are overweight 

or obese, thus resulting in greater error in the measure�

ments of people as body weight increases. A high WHR 

signiies that a person has an increased amount of weight, 

particularly fat around the abdomen. However, there are 

diferent types of fat that could be around the abdomen, 

subcutaneous or visceral, with the latter have a greater 

association of developing heart disease or Type 2 diabe�

tes mellitus compared to the former. Additionally, it is 

diicult to relate which part of the ratio (either the waist 

or the hip measurement) is responsible for the outcome 

(i.e., is the high waist circumference more detrimental 

compared to the low hip circumference?). 

To summarize, WHR is a useful tool to measure 

body composition. his measure is practical for both 

researchers and physicians to determine the amount 

of fat a patient may have around their abdomen. A 

person with a high WHR would have a greater risk in 

the development of many diseases including, but not 

limited to, heart disease and Type 2 diabetes mellitus. 

Alternatively, people with a low WHR are protected 

from the development of these diseases.

SEE ALSO: Body Mass Index; High Density Lipoproteins.
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Water and Obesity

WATER IS AN essential part of the human diet. 

However, the amount of recommended water in�

take per day varies greatly from study to study and 

remains controversial. he availability and variety 

of sweetened and caloric drinks have been increas�

ing at a similar pace and pattern with the prevalence 

of obesity worldwide and it is believed that there is a 

positive correlation between increased energy intake 

from caloric beverages and obesity. hat is the reason 

many diet guidelines and weight control programs 

recommend increasing water intake as a preventative 

measure to reduce the intake of calories from caloric 

beverages. Still, the direct impact of increasing water 

intake or the level of consumption on obesity has not 

been clearly demonstrated. 

It is possible that people who tend to be more health 

conscious—hence they watch their weight luctuation 

more carefully—choose to drink more water in place 

of caloric beverages, falsely concluding that increas�

ing water intake will lead to a reduced prevalence of 

obesity. Regardless, water is an excellent hydration 

option without additional calories and it may need to 

be investigated more closely to determine the link be�

tween the level of water consumption, in combination 

with other factors, and the likelihood of being obese. 

In an attempt to curb the increasing rate of obesity 

prevalence, diferent ways of reducing calorie intake have 

been explored by researchers and obesity prevention 

program developers. Because the proportion of energy 

intake from beverages has been increasing rapidly—it is 

approximated that over 20 percent of total calories come 

from beverages for an average American—reducing the 

number of calories in liquid form can be a possible pre�

ventive measure against obesity or part of a weight�loss 

regimen. However, another factor needs to be consid�

ered when discussing energy intake and obesity: satiety. 

Satiety is the sensation of being full in the stomach after 

food intake and it can be a contributing factor to obesity 

because diferent types and volume of food can afect 

the level of satiety. For instance, one will experience a 

greater level of satiety when one eats large quantities of 

food or food that is high in energy density. hat is the 
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reason some researchers believe that drinking more wa�

ter, which contains no calories and can provide satiety 

from the volume, can be helpful in reducing the preva�

lence of obesity. 

Still, the impact of satiety from beverage intake, 

whether caloric or not, needs to be examined. While 

some studies show that the amount of food consumed 

following consumption of beverages decreased, others 

demonstrate that the amount of beverages consumed 

prior to meals had no substantial relationship to the 

calorie intake. Hence, it is possible that drinking sweet�

ened or caloric beverages before or during meals have 

no impact on the amount or calories of food intake. It 

is also possible that consuming caloric drinks prior to 

eating may add to the total calories consumed with�

out substantially reducing the energy intake from the 

food. Replacing caloric beverages with water may be 

recommended to those who are at risk of developing 

or sufering from obesity. However, there is currently 

no agreement on the compensational mechanism of 

increasing water intake on the amount of food intake 

and the number of total calories consumed. 

he pattern of water consumption is related to life�

style as well as health consciousness. In the analysis 

of the relationship between water consumption and 

food intake, Barry Popkin demonstrated that water 

consumers tend to drink fewer portions of soft or 

fruit drinks and consumed an average of 194 fewer 

calories. People who consumed water also tended to 

eat more fruits, vegetables, and low�fat dairy products 

that are low in energy density. Even though further 

investigations are needed, educating the public about 

the beneits of healthy lifestyle, rather than increasing 

water consumption alone, may be more beneicial in 

preventing or treating obesity.

Another way to ight obesity is by increasing ener�

gy expenditure. Maximizing thermogenesis is viewed 

as an excellent way of increasing energy expendi�

ture in the obese. hermogenesis is controlled via 

the sympathetic activity and an agent that increases 

the sympathetic activity can be used to increase the 

thermogenesis in the body, which will increase the 

energy expenditure and lead to weight reduction. Be�

cause water intake increases the level of activity in the 

sympathetic nervous system, some believe water can 

stimulate thermogenesis—in addition, water has no 

side efects that other thermogenic substances may 

have. On the other hand, the efectiveness of using 

water as an agent to induce thermogenesis needs to 

be investigated further because research shows con�

licting outcomes. Some researchers have previously 

reported increases of resting energy expenditure after 

water consumption, but more recent data presented 

by Clive Brown show that water at room temperature 

did not stimulate any additional thermogenesis while 

cold water at 3 degrees increased thermogenesis 

marginally but insigniicantly. Although water does 

not appear to be an efective agent to ight obesity, 

water is still an excellent option for hydration with�

out any calories.

SEE ALSO: Calcium and Dairy Products; Liquid Diets.
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Weight-Control  

Information Network

THE WEIGHT-CONTROL INFORMATION Network 

(WIN) is an information service of the National In�

stitute of Diabetes and Digestive and �idney Diseases 

(NIDD�), which is one of the National Institutes of 

Health, which is part of the U.S. Public Health Service 

within the Department of Health and Human Servic�

es. he NIDD� provides scientiically based, current 

information about obesity, weight control, physical 

activity, and related issues to the general public, health 

professionals, the media, and Congress. Besides the 

WIN Web site, WIN maintains oices in Bethesda, 

Maryland, and a toll�free telephone line.
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he WIN Web site includes a summary of basic in�

formation about overweight and obesity in the United 

States, including deinitions of overweight and obe�

sity, a body mass index (BMI) table, prevalence and 

economic costs of overweight and obesity, and the 

prevalence and costs of physical inactivity. his infor�

mation draws primarily on federal surveys, which are 

cited. A link to information about the National Nutri�

tional Monitoring Program of the National Center for 

Health Statistics is also provided. More technical in�

formation for researchers, including links to current 

programs, clinical trials, and funding initiatives is also 

provided through the WIN Web site.

WIN produces a number of publications about 

obesity for the general public and for healthcare pro�

fessionals; some materials are available in Spanish as 

well as English. WIN Notes is an electronic newslet�

ter for health professionals which reports on activi�

ties of the NIDD� Clinical Obesity Research Panel, 

lists resources available from various organizations, 

and reports the latest information on obesity and re�

lated topics for NIDD� and other organizations. he 

newsletter is delivered by email and subscription is 

free; instructions on how to subscribe and newsletter 

archives dating back to 1996 are available from the 

WIN Web site.

WIN pamphlets are available for free download 

in .pdf format from the WIN Web site, and up to 25 

hard copies of WIN publications may be ordered for 

free using an order form available on the WIN Web 

site. A number of videotaped lectures on topics re�

lated to obesity and nutrition, which were originally 

delivered between 1992 and 1996, may be ordered 

from WIN. 

Typical WIN pamphlets produced for the general 

public include Active at Any Size (a guide to exercise 

for the overweight individual), Choosing a Safe and 

Successful Weight-Loss Program, Dieting and Gall-

stones (explains the risks of both overweight and rap�

id weight loss related to developing gallstones), Im-

proving Your Health: Tips for African-American Men 

and Women, Just Enough for You: About Food Portions 

(which explains serving sizes in terms of common ob�

jects, and explains strategies for portion control), and 

Take Charge of Your Health! A Guide for Teenagers. 

Popular materials available in Spanish include Cam-

ina … Un Pas en la Dirección Correct (Walking … A 

Step in the Right Direction) and the series Cómo Ali-

mentarse y Mantenerse Activo Durante Toda la Vida 

(Healthy Eating and Physical Activity across Your Life 

Span). Publications produced for healthcare profes�

sionals include Gastrointestinal Surgery for Severe 

Obesity, Longitudinal Assessment of Bariatric Sur-

gery, Prescription Medications for the Treatment of 

Obesity, and Talking with Patients about Weight Loss: 

Tips for Primary Care Professionals. 

Sisters Together: Move More, Eat Better is a na�

tional initiative of WIN aimed to encourage African�

American adult women to become more physically 

active and eat healthier foods. Sisters Together main�

tains a Web site with downloadable publications and 

works with the news media, schools, and consumer 

and professional organizations to promote physical 

activity and healthy weight maintenance among Afri�

can�American women. 

SEE ALSO: African Americans; Department of Health and 

Human Services; Exercise; National Institutes of Health; 

Nutrition Education; Sisters Together. 
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Weight Cycling and Yo-Yo Dieting

YO-YO DIETING IS the common term in lay language 

for repeated successful weight�loss episodes inter�

spersed with periods of weight gain. A yo�yo dieter is 

typically described as someone whose weight is con�

stantly on its way up or down, but seldom stable.

Weight cycling is the scientiic term for repeti�

tive loss and regain of weight. Weight cycling is de�

ined as going through one or more weight cycles. 

he phases of a weight cycle are illustrated here, with 

time on the horizontal axis and weight on the verti�

cal axis. First, there is an initial baseline, which may 

be a stable weight or a gradual gain associated with 

aging, typically less than 1 kg a year in mature adults. 

he weight�loss phase is characterized by an initial 

rapid loss which decelerates over time. his decelera�

tion relects two factors: the initial loss of body luid 

and the fall in the rate of fat loss as metabolism de�

creases during adaptation to caloric restriction. After 

the weight loss, there is a maintenance phase which 

may be brief or may be permanent. he maintenance 

phase is marked by reduced calorie requirements, 

due to reduced body mass and to long�term adapta�

tions to caloric restriction. 

he regain phase almost always requires more time 

than the weight�loss phase. Because caloric require�

ments are reduced, gradual regain can result from a 

return to baseline caloric intake. his has been con�

vincingly demonstrated in experimental animals 

under controlled conditions. Often for humans, the 

regain phase is marked by increased caloric intake 

relative to the initial baseline. Binge eating can con�

tribute to rapid regain of lost weight, although it is 

not required for regain. Most obese humans and ani�

mals will return to the baseline weight (dotted line). 

However, some fraction of subjects will demonstrate 

overshoot, resulting in a higher weight than the base�

line. Animal studies indicate that a genetic predispo�

sition to obesity may be required for the phenomenon 

of overshoot following weight regain.

In experimental studies, weight cycling is often 

studied over multiple cycles of weight loss and re�

gain. Generally, the same pattern of physiological 

changes are observed during the irst and subse�

quent cycles. hus, there are no unique changes ob�

served during weight cycling that are not observed 

during a single weight cycle. Periods of weight loss 

are accompanied by beneicial changes in cardio�

metabolic markers, as is well known, but periods of 

weight regain are associated with adverse changes. 

hese adverse efects go beyond a reversal of the 

beneicial efects of weight loss. For example, blood 

pressure falls during weight loss, but during weight 

regain blood pressure may spike beyond the starting 

level. Importantly, the harmful efects of weight re�

gain are not permanent and tend to fade over time. 

Unfortunately, many experimental and human stud�

ies have failed to take into account recovery time 

since weight regain episodes.

In clinical studies, weight cycling has been quan�

tiied by diverse methods. When many weight mea�

surements are available, the variance of weight over 

time has been quantiied. Most studies have used a 

retrospective analysis of weight history, and tallied 

the number of weight�loss attempts or summed the 

total amount of weight loss by an obese person over 

their lifetime. Unfortunately, the assumption is usu�

ally made that the efects of weight cycling are per�

manent rather than transient, which likely contrib�

utes to conlicting results. Weight cycling, through 

the harmful efects of rapid weight gain during the 

regain phase, may be important as a trigger for acute 
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health events more than a factor responsible for 

chronic disease.

SEE ALSO: Dietary Restraint; Dieting: Good or Bad?
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Weight Discrimination

FAT PREJUDICE AND discrimination is endemic to our 

society. We have all been indoctrinated to it, even those 

of us who are obese or morbidly obese. Each of us car�

ries our own beliefs about obese people, their abilities, 

and their value, most of which are based on misinfor�

mation and lack of education. As a society, we are preju�

dice against obese people, and “obesism” is rampant. 

Prejudice is the prejudging of a person or situation 

based on attitudes, not perceptions. Discrimination is 

behavior for or against a person or situation. Discrimi�

nation under the law is the behavior or actions in speciic 

situations of an individual, business entity, governmen�

tal entity, or their agents for or against a person based on 

the protected characteristics of race, religion, disability, 

gender, age, nationality, ethnic origin, pregnancy, and 

in some states, marital status and sexual orientation. 

Weight is generally not a protected characteristic. 

Weight may now draw more open and widespread 

discrimination than race, gender, or age, and the preju�

dice turns up in almost all spheres of life. Obese people 

are far less organized as a group to ight discrimina�

tion than minorities, women, or the elderly, and thus 

prejudice and discrimination rage through our society. 

he only state to have legislated against weight�based 

discrimination is Michigan, but recently the District 

of Columbia has followed suit. Weight discrimination 

can be considered under the Americans with Disabili�

ties Act (ADA), but not always. he ADA deines dis-

ability as “a physical or mental impairment that sub�

stantially limits one or more of the major life activities 

of [an] individual.” Disability also includes a record of 

having such an impairment, or being regarded as hav�

ing such an impairment. he statute, then, neither ex�

pressly includes nor excludes obesity. he Department 

of Labor’s implementing regulations suggest that obe�

sity was not a consideration for a disabling impairment 

except in unusual circumstances. Courts tended to dis�

count ADA claims based on obesity, and many still do, 

particularly when all that is presented is a plaintif who 

is not morbidly obese, or who does not sufer from a 

physiological disorder causing the plaintif to be obese, 

or one who is simply heavier than average. 

Recently, however, courts have been taking a difer�

ent view of ADA obesity�based claims. In a 1993 Rhode 

Island case, the federal court held that although simple 

overweight or obesity probably would not qualify, mor�

bid obesity caused by a physiological disorder would 

be a disability entitling the plaintif to ADA protection. 

he court concluded that the disorder was permanent, 

and that the plaintif’s weight gain was not meaning�

fully voluntary. A 1997 decision of the New York feder�

al district court agreed that morbid obesity could be a 

qualifying disability under the ADA, although it denied 

the plaintif’s claim because she could not demonstrate 

that her obesity substantially limited her ability to work 

as required under the Act. 

In 1996, the New Hampshire federal district court 

held that a teacher had adequately stated an ADA claim 

by alleging she had been ired because of her weight, and 

student perceptions that she was less intelligent based on 

her size. he Pennsylvania federal district court awarded 

damages to a ired employee in 1997 when he showed 

that his former manager had made derogatory comments 

about his weight. And a 1996 Texas decision found that 

a bus company had improperly decided against hiring 

an obese woman as a driver because the company could 

not demonstrate that her obesity would prevent her from 

performing the necessary functions of the job.  

Job discrimination is one of the prevalent forms 

of discrimination against overweight and obese in�

dividuals. he bias and discrimination ranges from 

stereotypes of lowered intelligence to a perceived in�

ability to do even the simplest of physical tasks due 

to limited mobility. Obese individuals, especially the 

morbidly obese, are frequently rejected as candidates 
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for more highly and publicly visible positions because 

of their weight. Less qualiied candidates are often se�

lected simply because they are more within socially 

accepted weight parameters. 

Employment against the obese is common in the 

workplace, but litigation of it is not. hose who have 

sufered the discrimination are reluctant to press their 

cases because of the pervasive nature of the stigmatiza�

tion and shame associated with obesity. It is often viewed 

by courts and juries as a personal failure rather than a 

disease state or disability. In a 2005 study from Rutgers 

University, researchers found that compared to normal�

weight persons, obese persons with a BMI of`35 or high�

er were more likely to report institutional and day�to�day 

interpersonal discrimination. Among this same popula�

tion, professional workers were more likely than non�

professionals to report employment discrimination and 

interpersonal mistreatment. In any instance, weight dis�

crimination in employment is severely underreported.

Obese people sufer some form of bias or discrimi�

nation in every forum and aspect of their lives. he 

participants of a 2004 qualitative study from Indiana 

University School of Nursing gave us some modicum 

of insight into the daily lives of obese individuals. he 

participants revealed frequent experiences of stigmati�

zation and discrimination on the basis of their obesity, 

reported being reminded through their everyday en�

counters with family members, peers, healthcare pro�

viders, and strangers that their very being deviates from 

social norms, and that they are inferior to those who 

are not obese. Obese subjects experience a pattern of 

denigration and condemnation that is so pervasive as to 

constitute what has been labeled civilized oppression.

As practitioners and general members of society, 

it is incumbent upon us to internalize the fact that 

obese and morbidly obese individuals are no longer 

really in control of their disease state. Medical and 

allied health personnel must put forth an efort to 

be understanding, sensitive, and helpful. Numerous 

studies have shown that members of the health and 

social science professions are severely misinformed 

about the nature of obesity, and that their biases and 

perceptions are originated in general society and 

popular culture. Patients are acutely aware of these 

biases and are less willing to seek treatment or inter�

action with the medical profession because they are 

not willing to voluntarily subject themselves to any 

more abuse or mistreatment.

SEE ALSO: Appearance; Council on Size and Weight Dis�

crimination; Governmental Policy and Obesity; Obese 

Women and Social Stigmatization; Obesity Action Coali�

tion; Obesity and Socioeconomic Status; Patient Sensi�

tivity; Quality of Life; Self�Esteem and Obesity; Stigmas 

against Overweight Children. 
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Weight Watchers

POPULAR DIETS HAVE become increasingly preva�

lent. Each year, millions of Americans enroll in com�

mercial and self�help weight�loss programs. For ex�

ample, in the United States, approximately 45 percent 

of women and 30 percent of men are attempting to 

lose weight at any given time. Unlike diets that may 

not be based on scientiic recommendations, Weight 
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Watchers International is based on long�standing 

medical advice which recommends restriction of por�

tion sizes and calories. Started in the early 1960s by 

Jean Nidetch, Weight Watchers International mod�

estly started with a group of a few friends talking 

about weight loss to an international company with 

millions of members around the world. 

Weight Watchers International applies a compre�

hensive approach including a food plan, an activity 

plan, and a behavior modiication plan focused pri�

marily on cognitive restructuring. It is based on the 

belief that sustained weight loss comes from taking 

a holistic approach which addresses food, exercise, 

behavior, and a supportive atmosphere. Individual 

members determine a goal weight which must be at 

least ive pounds less than their joining weight. In ad�

dition, for health beneits, members are encouraged 

to select a goal weight within a healthy body mass in�

dex (BMI) range of 20–25. 

Weight Watchers International awards lifetime 

membership eligibility to members who reaches goal 

weight and maintain the six�week maintenance pro�

gram. Successful completion of the program is deined 

as achieving and maintaining the goal weight within 

two pounds. he goal weight may be prescribed by a 

qualiied health professional who has stated that the 

recommended weight is considered healthy based on 

an individual assessment of the member. With life�

time status, the member receives free services. Be�

cause most members have a substantial amount to 

lose, the considerable majority choose goal weights 

equivalent to a BMI of 25. he initial goal is to lose 

10 percent of body weight because a weight loss of 10 

percent confers signiicant health beneits.

Although rooted in the fellowship of community, 

Weight Watchers adopts a more behavioristic model 

which supplies more practical strategies for managing 

overeating, and a framework for developing positive, 

adaptive, and self�nurturing modalities.

he program utilizes weekly group meetings with 

conidential weigh�ins to help members track prog�

ress. Lasting less than an hour, the meetings are once a 

week. Weight Watchers does not utilize a contract and 

members pay as they attend. he weekly group meet�

ings are led by a group leader who is a lifetime mem�

ber, and currently within 10 lb of his or her weight goal 

range. Considered the primary role model, the leaders 

conduct group meetings, weigh members, and show 

them how to follow the Weight Watchers weight�loss 

plan. he leader also provides motivation and social 

support. he meetings also provide the exchange of 

tips, recipes, and others’ practical experiences. 

Using a nutritionally balanced food plan, the 

Weight Watchers diet is designed to produce a mod�

erate weight loss of up to 2 pounds per week. he ac�

tivity plan recommends 30 minutes of physical activ�

ity on most, if not all, days of the week. Practitioners 

of Weight Watchers try to keep total daily “points” in 

a range determined by their current weight. he point 

value for each food serving is calculated in accordance 

to an algorithm which takes into account kilocalories, 

fat, and iber. Point calculation may be done by slide 

rule or calculator. In some instances, the point value 

may be obtained by the consumer from lists or pack�

aging, giving even more ease to the consumer. his 

provides points for each of a variety of food servings 

whereby the points are approximately equal to the 

kilocalories in the food serving divided by 50. In ad�

dition, the point value increases by about 1 point for 

each 12 grams of fat content and is reduced by about 

1 point for each 5 grams of dietary iber content of the 

serving. Each “point” is approximately 50 calories. 

A range of total points are allotted per day based 

on current body weight. During a day, food servings 

are selected to stay within the range. he steps are re�

peated every day to achieve the desired weight con�

trol and points may be adjusted secondary to changes 

in body weight. he minimum and maximum of daily 

points are between 18 and 35 points. Members are 

instructed to consume at least the minimum each day 

to consume adequate minimum calories. In addition, 

the unused points may be carried over to another day 

within the week up to a predetermined maximum. 

his permits the member to have an occasional meal 

or treat which would otherwise violate the daily max�

imum, while providing long�term control over food 

intake. In addition, points may be added to the maxi�

mum daily point total based on daily exercise. Points 

from physical activity are also calculated with a slide 

rule in accordance to the appropriate point algorithm. 

Individuals are encouraged to construct an activity 

plan that provides both weight� and health�related 

beneits that exercise ofers.

An advantage of the system is that the points are 

small, whole numbers and are calculated for many 

common foods and serving sizes. he member learns 
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the beneit of dietary iber and the value of avoiding 

dietary fat. he Flex Plan allows members to person�

alize daily points by gender, age, weight, height, and 

daily activity level. 

For members who do not wish to count points, 

the Core Plan instructs members to focus on healthy 

foods without counting. While avoiding empty ki�

localories, the member may eat healthy foods from 

all the food groups, including fruits and vegetables, 

grains and starches, lean meats and poultry, and eggs 

and dairy products while having the occasional snack 

in controlled amounts. Members may also sign up 

for an Internet weight�loss companion called Weight 

Watchers eTools whereby an individual may chart 

progress online utilizing interactive tools help man�

age daily food choices and activities. 

Weight Watchers Online is also specially cus�

tomized to meet the unique needs of both men and 

women. he online tools include over 1,000 recipes 

and meal ideas, a restaurant guide to assist in healthy 

choices, daily tips, and expert ideas. 

Research has shown that programs including 

group support, such as Weight Watchers, have 

been associated with psychological benefits inde�

pendent of the amount of weight lost. Individuals 

who successfully lose and maintain weight have 

been shown to experience improved mood, self�

confidence, and quality of life. Furthermore, dieters 

who regain lost weight do not appear to experience 

adverse psychological consequences. Additionally, 

decreasing levels of psychological and behavioral 

symptoms have been associated with increasing 

duration of weight�loss maintenance. It can be con�

cluded that quality of life and other psychological 

measures improve in individuals on comprehensive 

weight�management programs.

Weight Watchers International ofers a weight�loss 

program which guides food choices that not only re�

duce calories, but also meets current scientiic rec�

ommendations for nutritional completeness and re�

duced disease risk. It has been shown to produce a 

rate of weight loss of up to two pounds per week after 

the irst three weeks, where losses may be greater due 

to water loss. Participants are also encouraged to ex�

ercise. he program is modeled to be sustainable by 

utilizing the lex or core diet plans. In addition, be�

cause healthy weight loss is regarded as weight loss 

that lasts, Weight Watchers provides the tools for 

maintenance with lifetime membership.

SEE ALSO: Atkins Diet; Jenny Craig; South Beach Diet; he 

Zone. 
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Well-Being

IN 1947, THE World Health Organization (WHO) 

recognized that health should not just be deined as 

the absence of disease. Instead, it chose a more inclu�

sive and airmative deinition—“Health is a positive 

state of physical, mental, and social well�being.” his 

recognition has resulted in an increase of clinical, 

scientiic, and public interest in the assessment and 

treatment of mental illnesses and the assessment and 

promotion of well�being. his entry deines well�be�

ing and discusses the relationship between well�being 

and obesity and possible mechanisms through which 

well�being can be enhanced. 

DEFINING WELL-BEING

Well�being is a state of optimal experience and func�

tioning. Traditionally, well�being has been viewed 

from two diferent perspectives: hedonic well�being 

and eudaimonic well�being. he hedonic perspec�

tive views well�being in terms of pleasure attainment 

and pain avoidance. Hedonic well�being is most com�

monly assessed by measurements of subjective well�

being (SWB): one’s cognitive and afective evaluation 

of one’s life. here are four components of SWB: life 

satisfaction (global judgments of one’s life), satisfac�

tion with important domains (e.g., work satisfaction), 

positive afect (experiencing many pleasant emotions 

and moods), and low levels of negative afect (experi�

encing few unpleasant emotions and moods). 

he eudaimonic perspective goes beyond the assess�

ment of simple pleasure and pain and views well�being 

as the extent to which a person is fully functioning, liv�

ing a life of meaning and self�realization. From the eu�

daimonic perspective, feeling a complete range of emo�

tional experiences is seen as a positive characteristic of 

a fully functioning individual. Further, well�being is de�

ined by the degree to which a person embodies such 

traits as autonomy, personal growth, self�acceptance, 

life purpose, mastery, and positive relatedness. Whereas 

hedonic well�being does not necessarily inluence eu�

daimonic well�being in that many pleasurable activities 

do not produce wellness, the reverse is usually true; en�

gaging in eudaimonic activities increases SWB in terms 

of positive afect and general life satisfaction. 

WELL-BEING AND OBESITY

he majority of studies suggest that there is strong link 

between being overweight and experiencing negative 

psychological consequences. However, this link is of�

ten complex, expressing multiple covariations rather 

than a single pattern of association. In the case of de�

pression, for example, the relationship between obe�

sity and well�being is dependent upon gender, race, 

and sex. Further, the connection between obesity and 

well�being is not a direct one, but is linked through 

several diferent pathways including physical health 

ailments, social stigma and diminished self�concept, 

and behavior patterns such as physical inactivity.

Well�being has become a major topic in studies of 

chronic diseases as physical illness is often associated 

with displeasure and pain and can afect well�being be�

cause functional limitations often detract from oppor�

tunities to increase positive afect and life satisfaction. 

Of course, there are several biological reasons for the 

connection between physical health and well�being, 

including changes in physiological, biological, and hor�

monal functioning. However, the moderate correlation 

between physical health and well�being is complex. In�

terestingly, the majority of the research suggests that it 

is perceived physical health rather than actual physical 

health that predicts SWB (i.e., some people with objec�

tively poor health have high SWB, whereas some peo�

ple with poor well�being have no physical problems). 

Many authors have suggested that the less accept�

able it is to be overweight, the greater the psychologi�

cal impact. he societal pressure for thinness along 

with increased attention to the severity of obesity can 

have dire consequences on self�concept. his stigma�

tization of obesity has shown to impact psychological 

well�being both directly through reduced self�esteem 

and indirectly through its afects on interpersonal re�

lationships. Again, perceived weight is more impor�

tant than actual weight in predicting well�being; for 

example, an average�weight individual who perceives 

himself or herself as overweight will have similarly 

adverse efects on well�being as an individual who is 

actually overweight. 
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Finally, physical activity has proven to have signii�

cant potential to inluence subjective well�being along 

several dimensions including decreasing negative af�

fect and increasing positive afect, improving self�

concept (self�esteem, body image, self�eicacy, and 

cognitive age), health�related quality of life (HRQL) 

(pain, fatigue, and energy), and life satisfaction. While 

there are several physiological reasons for the benei�

cial psychological efects of exercise such as increases 

in levels of endorphins and improved regulation of 

norepinephrine, several studies suggest that the ben�

eits arise as a result of improved self�perception. 

ENHANCING WELL-BEING

Research suggests that SWB is determined to a sub�

stantial degree by genetic factors and is relatively sta�

ble across the life span. his may be due to diferences 

in attributional styles under which characteristically 

happy people and unhappy people view the same life 

events diferently. Another reason that SWB is resis�

tant to change is that people tend to exist on hedonic 

treadmills; once they reach their accomplishments, 

their expectations also rise. However, while the lit�

erature indicates that well�being in general is resis�

tant to change, improving well�being can and does 

happen. Whereas the attainment of things such as 

physical attractiveness, income, number of friends, 

religious faith, intelligence, and education have been 

shown not to substantially afect well�being, focusing 

on eudaimonic activities such as engaging in mean�

ingful activities and setting self�concordant goals has 

proven to have a signiicant impact. 

Weight reduction in the obese is typically fol�

lowed by improvements in psychosocial function�

ing and well�being (improvements in body image, 

self�esteem, mood). However, studies indicate that 

weight luctuation is associated with negative psy�

chological attributes in both normal�weight and 

obese individuals. Further, eating disorders are also 

associated with diminished well�being, which again 

suggests that the link between weight and obesity 

depends more on changing internal self�perception 

rather than actual weight. 

Finally, it is likely that the connection between 

obesity and well�being is bidirectional. Studies have 

pointed to the powerfully preventative efects of so�

cial support and well�being in preventing obesity and 

other major health outcomes. hus, focusing on im�

proving well�being is not only likely to have powerful 

efects on improving self�perception, but it might also 

inadvertently in the service of attaining and maintain�

ing a healthy weight. 

SEE ALSO: Anxiety; Body Image; Depression; Eating Dis�

orders and Obesity; Mood and Food; Quality of Life; Self�

Esteem and Obesity; Stress; Weight Cycling and Yo�Yo 

Dieting.
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Western Diet

THERE IS NO strict deinition of Western diet, but it is a 

common concept in discussions of food, nutrition, and 

obesity. For the purposes of this article, the Western 

diet will be described in two ways. First, the diet that is 

common throughout much of the modern industrial�

ized world will be discussed in contrast to that which 

predated the introduction of agriculture and animal 

husbandry to human societies, or the diet consumed 

today by isolated hunter�gatherer societies. Second, 

the modern Western diet as typical in countries such 

as the United States and northern Europe will be com�

pared to diets based on food consumption patterns 

common in the Mediterranean and in rural Asia.

MODERN WESTERN VERSUS  

PREAGRICULTURAL DIET

Many scholars believe that major changes in diet and 

lifestyle occurred in human society approximately 

10,000 years ago, which created a discordance with 

our genetic makeup, because human evolution occurs 

on a much slower scale. his discordance is blamed by 

some for the development and/or widespread nature 

of the so�called “diseases of civilization” including 

many common chronic diseases such as diabetes, hy�

pertension, and osteoporosis. Of course, these claims 

must be evaluated with respect to other possible ex�

planations, including the fact that improved medi�

cine has reduced the death rates from communicable 

disease and thus allowed individuals to survive long 

enough to develop chronic diseases. Important devel�

opments in the human diet due to the introduction 

of agriculture and animal husband include changes in 

glycemic load, fatty acid composition, macronutrient 

composition, micronutrient density, acid�base bal�

ance, sodium�potassium ratio, and iber content. 

Prior to the introduction of agriculture and animal 

husbandry, human diets are believed to have consist�

ed primarily of wild plant and animal foods, which 

were subjected to minimal processing, and any foods 

common in the modern diet would not have been 

available. his includes dairy products other than the 

milk of one’s own species during the suckling period 

(about 11 percent of a typical modern diet), cereal 

grains (about 24 percent of a typical modern diet, with 

reined grains making up about 20 percent), reined 

sugars (about 18 percent of the typical modern diet), 

reined vegetable oils (about 18 percent of the typical 

modern diet), and alcohol (about 1.5 percent of the 

typical modern diet). In addition, added salt would 

have been unknown to most people prior to agricul�

ture. Of course, the modern diet has undergone many 

changes since the introduction of agriculture.

Although meat was consumed before the introduc�

tion of animal husbandry, it would have been derived 

from wild animals, which are in general much lower in 

body fat than domesticated animals. In addition, most 

edible fatty acids in wild animals are polyunsaturated 

or monounsaturated, and the amount and composi�

tion of body fat varies over the year. he introduction 

of animal husbandry made it possible to maintain 

higher levels of fat in animals intended to be slaugh�

tered for food, and increased the amount of saturat�

ed fat in their meat. Development of food�process�

ing methods, such as the salting and drying of meat, 

and making cheese and butter from milk, allowed the 

storage of animal products, including their fats, and 

their consumption throughout the year. Technologi�

cal developments in the 19th and 20th centuries led 

to further reinements in animal husbandry, includ�

ing the practice of feeding cattle primarily on corn 

(rather than grass), resulting in more rapid matura�

tion as well as a higher proportion of saturated fat.

he glycemic index was developed in 1981 as a 

method to describe the efect of various foods or food 

combinations on blood glucose. In 1997, the con�

cept of glycemic load was introduced; it is calculated 

by multiplying the glycemic index of a food by the 

amount of carbohydrate in a serving. Reined grains 

and sugars typical in the modern diet carry a higher 

glycemic load than the unreined plant foods which 

are consumed in modern hunter�gatherer societies 

and presumably by most humans before the intro�

duction of agriculture. Long�term consumption of 

high glycemic load foods has been shown to promote 

insulin resistance, which has been related to many 

chronic conditions including obesity, Type 2 diabe�

tes, hypertension, and heart disease. Consumption 

of dairy products has also been positively related to 

insulin resistance. 

he fat content of the modern Western diet is high 

in saturated and trans�fatty acids and low in mono�

unsaturated and polyunsaturated fats; the main di�

etary sources are fatty meats, baked goods, cheese, 

milk, margarine, and butter. his balance, which is 
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opposite of that hypothesized in the preagricultural 

diet, is related in particular to cardiovascular dis�

ease, which has been shown to be more sensitive to 

the ratio of diferent types of fat than to the absolute 

amount consumed. he widespread consumption of 

processed vegetable fats in the modern diet has also 

changed the ratio of fats concerned, with an increase 

in n�6 polyunsaturated fats and decrease in n�3 poly�

unsaturated fats. he development of a process to 

hydrogenate vegetable fats in 1897, which allows the 

creation of solid vegetable shortening and margarine, 

introduced a new type of fat, trans�fatty acid, into 

the modern diet. Consumption of trans�fatty acids is 

associated with increased blood cholesterol and in�

creased risk of heart disease. 

In the typical modern American diet, about 52 per�

cent of the calories are derived from carbohydrates, 

33 percent from fat, and the remainder from protein. 

A typical hunter�gatherer population is estimated to 

consume more protein (19 to 35 percent) and less 

carbohydrate (22 to 40 percent). Clinical and experi�

mental evidence supports the theory that increasing 

protein in the diet can improve the blood lipid proile, 

lower blood pressure, improve insulin sensitivity, and 

reduce risk for heart disease and stroke. 

Micronutrient (vitamin and mineral) density is 

lower in most reined foods than in wild plant foods 

and the muscle meat of wild animals, and micronu�

trients are practically nonexistent in some dietary 

products common in the modern diet, including re�

ined sugar and some vegetable oils. his produces 

the paradox that although many Americans consume 

too many calories, many also sufer from nutritional 

deiciencies. For instance, at least half of all Ameri�

cans do not consumed recommended amounts of vi�

tamin A, vitamin B�6, magnesium, calcium, and zinc, 

and one�third do not consume suicient folate. Inad�

equate consumption of micronutrients is implicated 

in a number of both vitamin�deiciency disease and 

chronic diseases.

Most foods release either acid or base into the cir�

culation after digestion and absorption. Preagricul�

tural diets are nearly always net base, while modern 

diets are net acid due to the addition of salt, increased 

consumption of meat, ish, dairy products, and cereal 

grains, and decreased consumption of fruits, vegeta�

bles, and nuts. Net�base diets are associated with a 

reduction or slowing in many diseases, including os�

teoporosis, hypertension, exercise�induced asthma, 

and chronic renal insuiciency.

he typical modern diet is substantially higher in 

sodium than in potassium, the reverse of preagricul�

tural diets; the increase in sodium comes primarily 

from the addition of manufactured salt, while the de�

crease in potassium comes primarily from decreased 

consumption of fruits and vegetables. A high�sodium, 

low�potassium diet is implicated in many chronic ill�

nesses, including hypertension, stroke, osteoporosis, 

asthma, and kidney stones. 

Fiber content in the typical modern diet (15 grams 

a day is typical for the United States) is much lower 

than that consumed in contemporary hunger�gatherer 

societies and lower than recommended levels (25–30 

grams a day). he decrease in iber stems largely from 

the displacement of plant foods by meat, milk, oils, sug�

ars, and reined grains. Increased iber consumption is 

associated with better weight control and decreased 

blood cholesterol; diets lacking in iber are implicated 

in many conditions, including constipation, appendici�

tis, hemorrhoids, varicose veins, and diverticulitis. 

THE MEDITERRANEAN DIET

he Mediterranean diet is a version of the modern 

diet which is characteristic of many regions border�

ing the Mediterranean Sea, including Spain, France, 

Italy, Greece, Portugal, and the countries of North Af�

rica. Of course, people living in those countries today 

eat a modern diet compared to that typical of preag�

ricultural societies. However, the Mediterranean diet 

difers in many ways from the modern Western diet 

typical of, for instance, the United States or northern 

Europe. he Mediterranean diet is distinguished by 

the consumption of more whole and unprocessed 

foods than is common in the United States, more 

consumption of large amounts of ish, olive oil, fruits 

and vegetables, and cereals, and less consumption of 

meat, eggs, and dairy products. his results in a diet 

that is rich in antioxidants, carotenoids, monounsat�

urated fats, phytochemicals, iber, and omega�3 fatty 

acids, all of which are thought to protect against many 

chronic diseases. he Mediterranean diet is also lower 

in saturated fat, and contains little or no trans�fat. 

he potential beneits of the Mediterranean diet 

were irst promoted by the American physician An�

cel �eys in the 1940s, but did not gain widespread 

recognition in the United States until the 1990s. At 
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that time, nutritionists recognized that people living 

in Mediterranean countries have lower rates of heart 

disease than people in the United States, although 

they consume similar amounts of fat, a fact often de�

scribed as “the French paradox” or “the Mediterranean 

paradox.” Additionally, although the Mediterranean 

is higher in fat than many diets recommended in the 

United States for weight loss and control, adherence 

to a Mediterranean diet has been found to be neutral 

or negatively related to overweight and obesity. 

THE ASIAN DIET

he Asian diet does not refer to the speciic diet of 

any particular country or region, but is based on food 

consumption patterns typical in the traditional diet 

of much of rural Asia. his diet is based on the con�

sumption of plant products supplemented with small 

amounts of dairy, meat, and ish, and is associated 

with lower rates of some types of cancer, heart dis�

ease, obesity, and other chronic diseases. Researchers 

from Cornell University and Harvard University de�

veloped an Asian diet pyramid to explain the princi�

ples of the diet to Americans and as a rival to the food 

guide pyramid developed by the U.S. Department of 

Agriculture in 1992, which lumped together foods of 

plant and animal origin.

he base layer of the Asian diet pyramid is rice and 

grain products, including wheat, millet, and corn, 

preferably whole grain and minimally processed. he 

second layer is occupied by other plant products: 

fruits, vegetables, legumes, nuts, and seeds. Physi�

cal activity is also recommend on a daily basis, as is 

consumption of small amounts of vegetable oil and 

moderate amounts of plant�based beverages (tea, 

sake, beer, and wine). Daily consumption of small 

amounts of ish, shellish, and/or low�fat dairy prod�

ucts are optional. Eggs, poultry, and swe ets are to be 

consumed no more often than weekly, and red meat 

no more than monthly. he Asian diet is lower in fat 

than the Mediterranean diet, and despite the optional 

consumption of dairy products, is not associated with 

development of osteoporosis. 

SEE ALSO: Carbohydrate and Protein Intake; Fat Intake; Fi�

ber and Obesity; Portion Control; hrifty Gene Hypothesis. 
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Whole-Body Potassium Counting

QUANTITATIVE IN VIVO measurements of radioactiv�

ity in the human body started in the 1940s with the 

emergence of scintillation detectors. he Whole�Body 

Counter (WBC) is a device used to identify and mea�

sure the radioactive material in the body of human 

beings and animals resulting from the accumulation 

of naturally occurring radioactivity and of radiotrac�

ers and radioactivity introduced by humans, and from 

the accidental absorption of radio contaminants. 

he WBC uses heavy shielding to exclude natural 

background radiation from reaching the ultrasensitive 

radiation detectors and electronic counting equip�

ment. In the most sensitive WBCs, the detectors sur�

round the body and the entire system is kept in room 

with low background radiation. A second system, the 

one most frequently encountered, is the chair con�

iguration in which a seated subject is counted with 

fewer detectors than the former, while a third popu�

lar system, containing minimum shielding material, is 

one with a shadow shield in which a body is scanned 

by shielded detectors. 

Natural potassium (�) is encountered in three isoto�

pic states: 93.1 percent 39�, 0.0118 percent 40�, and 6.9 

percent 41�, of which 40� is radioactive with a half�life 

(t
½
) of 1.3 x 109 years. hus, it is in a secular equilibrium 
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with the stable isotopes and 1 g of � contains about 1.8 

x 1018 atoms of 40�. From the basic laws of physics, 40� 

with a decay constant λ (λ = ln2/ t
½
) will emit about 200 

gamma rays at 1.46 MeV per minute per gram of natu�

ral �. Because the human body contains 140 g � on 

average, about 28,000 gamma rays will be emitted per 

minute. Considering self�attenuation (multiple scatter�

ings) of the gamma rays in the human body, the vari�

able size and weight of humans, and the total detection 

eiciency of the counting system, this emission rate is 

adequate for observing and monitoring � in infants. 

he uniqueness of in vivo whole body counting 

is the high speciicity of the counted gamma rays to 

the originative radioisotope. herefore, there is no 

ambiguity with elemental identiication, and because 

these systems are totally insensitive to the underly�

ing chemistry, there is a linear relationship between 

the response and the abundance of the radioisotope 

of interest. Quantitative analyses can be carried out 

with WBC systems by irst administering to a subject 

a suitable analog radiotracer (by injection or drink�

ing), counting it, and establishing a conversion factor 

from counts to grams of the element. 

Another, simpler, method is using a series of difer�

ent sized anthropomorphic�shaped phantoms illed 

with solutions containing known amounts of the el�

ement of interest, as for example, �Cl dissolved in 

water for � phantoms. Attention must be paid to ac�

count properly for bony structures in humans, and to 

the invariance of phantom positioning in the count�

ing space of the counter. In all cases, the validity of 

the conversion factor must be demonstrated experi�

mentally or by proper modeling. here is an extensive 

literature on the use of total body potassium (TB�) 

measured by the WBC in studies of body composi�

tion. Ellis (2005) comprehensively discussed them, 

along with many of the issues mentioned above. 

A recent demonstration suggested that an assess�

ment of partial body potassium (PB�), which entails 

much simpler systems, is a viable method for follow�

ing local changes in � content in speciic organs. A 

system was build for monitoring � in the arm of the 

general population including children, while a mobile 

system was constructed for monitoring � in the legs 

of patients with spinal cord injuries.

SEE ALSO: Frontiers in Maintenance and Prevention;  

Functional Magnetic Resonance Imaging.
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Women and Diabetes 

TYPE 2 DIABETES has an equal prevalence in men 

and women. In many studies, the relationship between 

BMI and diabetes incidence is stronger in women than 

in men. he relative risk conferred by diabetic status 

difers between genders. Diabetes is a powerful risk 

factor for cardiovascular disease, and the overwhelm�

ing majority of excess deaths in diabetes are from car�

diovascular causes. In women, is an even stronger car�

diovascular risk marker than in men. In fact, diabetes 

erases the survival advantage of the female gender, so 

that men and women with diabetes have similar risk 

of cardiovascular disease and death. he higher rela�

tive risk of diabetes in women is not explained by any 

known risk factor and the cause is currently unknown.

After menopause, the risk of diabetes rises along 

with body weight. Contrary to expectations, however, 

menopause or hormonal status have no impact on the 

incidence of diabetes. Instead, age is the primary fac�

tor in diabetes after menopause, with lesser contri�

butions from body weight and waist circumference. 

here does not appear to be a direct role of sex hor�

mones in the onset of diabetes in women.

Gestational diabetes is a powerful risk factor for 

the later development of Type 2 diabetes. Women 

who have had gestational diabetes are strong candi�

dates for diabetes prevention, by increased physical 

activity and a diet rich in plant based foods. A com�

parable early warning marker is absent for men. he 

use of antidiabetic drugs postpartum, particularly the 

insulin sensitizing agent metformin, may have a role 

in preventing diabetes in this high risk population.

Polycystic ovary disease is a reproductive syndrome 

marked by excessive androgens in women, leading to 

reduced fertility and insulin resistance. he syndrome 

greatly increases the risk of diabetes. While polycystic 
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ovary disease is associated with obesity, at least part 

of the weight gain is the result of syndrome of insulin 

resistance, which leads to compensatory increases in 

insulin secretion thereby promoting further weight 

gain. Metformin, by reducing insulin resistance, can 

be efective in countering the syndrome and in fa�

voring weight loss. While polycystic ovary disease 

increases multiple risk factors for coronary heart dis�

ease, the actual increase in cardiovascular events is 

small or even absent.he reason for this paradox is 

not clear, but the contribution of polycystic ovary dis�

ease to diabetes risk is a major concern.

SEE ALSO: Coronary Heart Disease in Women; Insulin; 

Stroke; Type 2 Diabietes.
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Women and Dieting

THE IMPETUS FOR dieting among women appears to 

have several key sources. First is the concern regarding 

the increasing prevalence of overweight and obesity 

and associated health risks observed in many coun�

tries. his source has led to public health campaigns 

to remedial or prevention eforts by recommending 

limiting caloric intake. he second, more pernicious, 

motive is the mounting pressure on women to be thin 

to meet cultural ideals for physical attractiveness. 

he mass media’s emphasis on ultra�thinness as a 

standard for beauty in Western culture has been linked 

to the high prevalence of body dissatisfaction and re�

strictive dieting among adolescent girls and women. 

It is well documented that individuals who are dis�

satisied with their body weight are at a signiicantly 

higher risk of developing eating disorders. Along with 

the pervasiveness and risks of dieting, there is also evi�

dence that weight�loss eforts may backire by leading 

to mental and physical and health problems as well as 

higher weights over time. Ironically, rather than being 

a solution to obesity, dieting may actually be one of the 

causes. Because restrictive dieting is the standard treat�

ment recommendation for overweight and obese indi�

viduals, consideration of the potential risks of dieting is 

of utmost importance in a comprehensive volume on 

the topic of obesity. 

DEFINITIONS

he term dieting can have diferent meanings. It can 

refer to attempts to limit certain types of foods for 

medical or health reasons (e.g., dairy products in lac�

tose intolerance) with no intent of weight loss, or it 

can denote restricting amount eaten for the purpose 

of weight loss. Dieting can refer to behaviors designed 

to lose weight, or cognitive restraint, where the indi�

vidual has a clear intent to lose weight, which may not 

be evident in speciic behaviors. Finally, dieting in an 

attempt to lose weight can be deined as healthy, such 

as moderate limitation of food intake, or unhealthy, 

such as fasting, vomiting and so forth. 

he term dieting will be used in this chapter to de�

note the intent to restrict food intake to reduce body 

weight without designating whether the behavior is 

healthy or whether it actually results in weight loss 

unless these factors are speciically relevant to the 

topic of discussion. 
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DIETING AND CULTURE

One of the strongest predictors of dieting in preado�

lescents, adolescents, and adult women is body dis�

satisfaction. Body dissatisfaction and dieting behav�

iors have been fostered by a clash between unrealistic 

cultural imperatives to be thin and biological realities 

that preclude most women from ever achieving the 

shape standards portrayed in popular women’s mag�

azines. In the past 50 years, the perceived cultural 

ideals of feminine beauty have become even thinner 

with the burgeoning dieting and weight�loss indus�

try successfully marketing the vision that ultra�thin 

shape ideals are attainable. his is evidenced by the 

industry’s annual revenues in North America, which 

are estimated between $35 and $50 billion. 

here is compelling evidence that women in West�

ern culture increasingly have been socialized to view 

their body weight or shape as a marker for attractive�

ness, self�esteem, social desirability, and competence. 

he impact of Westernization and globalization has 

propagated the gaunt standard of beauty to non�West�

ern countries and has, coincidentally, led to the prolif�

eration of dieting and dieting disorders. Studies have 

shown that as young women from other more weight�

tolerant cultures (e.g., Egyptian, Japanese, and Chi�

nese) are assimilated into thinness�conscious Western 

culture, weight concerns and dieting behaviors in the 

previously weight�tolerant cultures proliferate. 

PERVASIVENESS OF DIETING

he pervasiveness of body dissatisfaction and dieting 

among adolescent girls and women in Western cul�

ture is remarkable because it relects normative dis�

contentment with an aspect of physical appearance 

that has also been shown as integral to feelings of self�

worth. Research has shown that body dissatisfaction 

and weight�control behaviors are more prevalent in 

girls than in boys, and that these attitudes and behav�

iors peak during adolescence when girls experience 

conspicuous changes in body fat and shape. Studies 

indicate that 70 to 85 percent of female adolescents 

and college students want to lose weight. 

Almost 50 percent of 14�year�old girls compared 

to about 20 percent of boys are actively trying to lose 

weight. hese seeds of discontentment begin even 

earlier with studies documenting body dissatisfac�

tion in children as young as 6 years old, an age much 

before they reach pubertal milestones. hen, rather 

than subsiding in adulthood, concerns about body 

weight appear to intensify; however, there is some 

evidence that actual attempts to lose weight may di�

minish over time along with a decline in disordered 

eating patterns. 

BODY MASS INDEX (BMI) AND DIETING

BMI is one of the most robust predictors of body dis�

satisfaction and dieting among women. High levels of 

weight concern are reported in almost 60 percent of 

women with a BMI of 25 or higher compared to about 

25 percent of women with a BMI between 19 and 24.9. 

Also of interest, more than 10 percent of women with 

a BMI less than 19 report very high levels of weight 

concern. Studies indicate that between 40 and 60 per�

cent of high school and college women tried to lose 

weight in the previous year. Dieting is not uncommon 

among women who are in the normal weight range 

and is reported among the 10 to 15 percent of col�

lege students who are objectively underweight (BMI 

less than 19). Interestingly, more than 10 percent of 

women who report being content with their weight 

still indicate they are trying to lose weight. Several 

studies have found that perceived weight status is a 

better predictor of extreme dieting methods than ac�

tual body weight.

It is important to emphasize that measures of body 

dissatisfaction and dieting have diferent clinical 

signiicance for individuals at diferent weights. For 

example, patients with anorexia nervosa and non�

clinical college women report similar levels of body 

dissatisfaction on standardized measures; however, 

the patients are emaciated compared to the average 

college student. Although a signiicant proportion of 

both groups describe being relatively satisied with 

their weight, anorexia nervosa patients are satisied 

with a clearly aberrant body weight. Nevertheless, the 

potential clinical signiicance of high levels of body 

dissatisfaction and obsessive dieting among women 

at the heavier end of the weight spectrum should not 

be dismissed because these behaviors may be associ�

ated with clinical levels of emotional distress. 

DIETING AND EATING DISORDER RISK

It could be argued that the high percentage of women 

who are dieting may relect that this behavior is rela�

tively benign. However, the evidence does not sup�

port this view. Prospective studies indicate that body 
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dissatisfaction and restrictive dieting are powerful 

predictors of the development of full�blown eating 

disorders as well as partial syndromes characterized 

by dangerous weight�controlling behaviors such as 

self�induced vomiting, fasting, and laxative abuse. he 

magnitude of this risk is considerable. Fifteen�year�

old girls classiied as dieters have eight times higher 

risk of developing an eating disorder compared to 

nondieters, and the risk is about 18 times higher for 

those classiied as severe dieters. he starting point 

for risk can be traced to maternal eating behavior. 

Prospective studies of mothers and their newborns 

indicate that maternal dieting and eating disorder 

symptoms are strong predictors of the development 

of early childhood eating disturbances.

However, we should be aware of the risk of over�

simplifying the relationship between body dissatis�

faction, dieting, and eating disorders. Other variables 

such as media exposure to thin�ideal body stereotypes, 

internalization of the thin ideal, social comparison, 

self�esteem, family support, and perfectionism have 

been shown to improve the prediction of both body 

dissatisfaction and dieting. For example, perfection�

istic women who perceive themselves as overweight 

engage in extreme dieting and bulimic symptoms 

more often if they have low self�esteem. hey seem to 

doubt their ability to achieve their high standards. In 

contrast, perfectionistic women with high self�esteem 

seem to be protected from severe dieting and bulimic 

symptoms. Studies of Eating Attitudes Test (EAT�26) 

results from normal twin pairs have also provided ev�

idence for a substantial genetic contribution to body 

dissatisfaction and eating concerns. 

Finally, understanding the role of dieting as a risk 

factor for eating disorders must reconcile the fact that 

trying to lose weight is endemic to young women in 

Western culture; however, it leads to the expression of 

eating disorders in only a small fraction of the popu�

lation. his observation could also be used to mini�

mize the risks associated with dieting, but rather is 

should be equated to the association between ciga�

rette smoking and cancer. he risks of dieting are real 

and should be treated as such.

GENDER CONSIDERATIONS

Epidemiological studies of dieting have consistently 

found that body dissatisfaction is more common 

among women than men. Moreover, the form, sub�

stance, and behavioral correlates of body dissatisfac�

tion appear to be diferent in men and women. Men 

are concerned with muscularity as well as body size 

and many men who are dissatisied with their weight 

want to gain weight rather than lose. Men who do 

perceive themselves as overweight tend to use exer�

cise and healthier dieting patterns than women. Nev�

ertheless, there is evidence that body dissatisfaction 

and unhealthy dieting patterns are becoming more 

common among adolescent boys and adult men. 

RACIAL AND ETHNIC DIFFERENCES

Research has indicated that there are racial and eth�

nic diferences in body dissatisfaction and dieting in 

Western culture. Historically, weight concerns, diet�

ing, and eating disorders have been attributed to pri�

marily white, middle�class women; however, it is now 

well recognized that the pattern of racial and ethnic 
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associations is more complex. Although generaliza�

tions must be made with caution, weight concerns 

appear to be less common among African Americans 

than among Caucasian and Hispanic women. Asian 

women show the fewest concerns and Native Ameri�

cans show the most. he same pattern of indings ap�

plies for dieting. Although African�American women 

report less body dissatisfaction and dieting than other 

groups, they report binge eating more often. While 

racial and ethnic diferences in body dissatisfaction 

and dieting do exist, it is important to be mindful of 

generalizations that could minimize the signiicance 

of attitudes and behavior reported by minorities. 

Emerging research has shown that body image 

may be improving, possibly decreasing the risk of 

unhealthy dieting behaviors. In an article published 

by Cash and colleagues, it is suggested that body 

image in college�aged women is currently evolving 

positively. he study spanned 19 years and evaluated 

body image using several diferent measures. Using 

the data collected, it was determined that although 

there was a signiicant decline in body satisfaction 

from the early 1980s until the mid�1990s, this de�

cline began to reverse in the mid�1990s, causing an 

overall increase in body satisfaction at the last point 

of evaluation.

PREVENTION OF EATING DISORDER RISK

here are a number of promising programs found to 

decrease risk factors for eating disorders such as body 

dissatisfaction and dieting. In general, there are more 

positive indings for programs that are interactive ver�

sus didactic, multisession versus single session, and 

with participants older than 15 years of age with high 

levels of weight and shape concerns. Barr Taylor and 

colleagues report impressive results from an 8�week, 

internet�based cognitive�behavior intervention, and 

the improvements remained signiicant at one�year 

follow�up. 

INEFFECTIVENESS OF DIETING

he steadily increasing prevalence of obesity in devel�

oped countries continues to be a major health con�

cern. he promotion of various forms of dieting as a 

solution to obesity has remained popular in the ab�

sence of evidence for long�term efectiveness except 

for a small minority of cases. Participation in weight�

loss programs usually results in small to moderate 

amounts of weight loss followed by regain. Moreover, 

continued participation in weight�loss programs is as�

sociated a pattern of weight loss and regain (“weight 

cycling”). he health efects of weight cycling remain 

controversial; however, animal studies have indicated 

that weight cycling may increase metabolic eiciency, 

insulin resistance, blood pressure, and the consump�

tion of dietary fat. Epidemiological studies of humans 

have linked weight cycling to increased mortality risk. 

Even in the absence of serious health consequences, it 

would be imprudent to underestimate the efects of 

guilt, shame, and self�disparagement following failed 

attempts to maintain weight loss as well as the signii�

cance of the economic burden associated with par�

ticipation in weight�loss programs. 

he high prevalence of dieting, weight concerns, 

and obesity among adolescents as well as their poten�

tially serious physical and psychological consequenc�

es has raised questions regarding the possible efects 

of dieting on unintentional weight gain. Again, this is 

a controversial area with inconsistent indings across 

studies. However, more recent longitudinal research 

has found that dieting not only is associated with the 

development of severe weight control behaviors but 

also with weight gain. A recent 5�year follow�up study 

by Neumark�Sztainer and colleagues found that diet�

ing and particularly unhealthy weight�control behav�

iors predicted subsequent weight gain, overweight 

status, binge eating, extreme weight control behav�

iors, and the onset of eating disorders. 

Moreover, even behaviors commonly recommend�

ed as part of healthful weight management (e.g., in�

crease fruit and vegetable consumption and physical 

activity) were not predictive of greater weight control 

ive years later. More than half of female adolescents 

and one�quarter of male adolescents were dieting at 

the onset of the study. he pervasiveness of serious 

health consequences and the paradoxical association 

with weight gain over time rather than weight loss 

mean that dieting cannot be considered either innoc�

uous or as a conservative approach to health. Taken 

together, these indings suggest the need for a major 

shift in thinking about the advisability of recommend�

ing dieting for weight control. 

ALTERNATIVES TO DIETING 

If chronic restrictive dieting has untoward efects, 

what are the alternatives for those with obesity or 
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eating disorders? Details of the available alternatives 

go beyond the scope of this chapter; however, alter�

natives to the restrictive dieting approach to obesity 

have moved from the unorthodox (described by Da�

vid Garner and Susan Wooley) to the mainstream. 

he new paradigm for the management of obesity 

more recently described in a special issue of the Jour-

nal of Social Issues in 1999 and introduced by Jeanine 

Cogan and Paul Earnsberger emphasizes trying to im�

prove the health and well�being of individuals who are 

obese without requiring restrictive dieting or weight 

loss. he main principles involve increasing activity 

and making healthful food choices within the context 

of “fat acceptance.” 

Individuals with eating disorders typically engage 

in an extreme form of dietary restraint characterized 

by rigid dietary rules that constitute extreme inter�

pretations of sensible dietary guidelines. For instance, 

red meat may be excluded altogether, not just mini�

mized; dietary fat and sugar may be totally eliminated 

rather than reduced; only food considered not fatten�

ing is permitted; food intake is limited to 800 calo�

ries a day; food will not be consumed after 7:00 p.m. 

Deviating from these highly restrictive dieting is usu�

ally met with intense anxiety. Psychoeducation may 

be used to correct these nutritional myths; however, a 

form of structured meal planning is usually required 

to assist in graded exposure to fears associated with 

eating certain types and amounts of food. Meal plan�

ning involves a detailed written plan specifying meal 

times as well as the exact types and amounts of food 

to be consumed. It is an important irst step in as�

sisting those with eating disorders to overcome highly 

restrictive eating patterns. 

SEE ALSO: Body Mass Index; Depression; Dieting: Good or 

Bad?; Fat Acceptance.

BIBLIOGRAPHY. C. Barr Taylor, et al., “Prevention of Eating 

Disorders in At�Risk College�Age Women,” Archives of Gen-

eral Psychiatry (v.63, 2007); homas F. Cash, et al., “How 

Has Body Image Changed? A Cross�Sectional Investigation 

of College Women and Men from 1983 to 2001,” Journal of 

Consulting and Clinical Psychology (v.72, 2004); Jeanine C. 

Cogan and Paul Earnsberger, “Dieting, Weight, and Health: 

Reconceptualizing Research and Policy,” Journal of Social Is-

sues (v.22/2, 1999); David M. Garner and Susan C. Wooley, 

“Confronting the Failure of Behavioral and Dietary Treat�

ments for Obesity,” Clinical Psychology Review (v.11, 1991); 

National Institute of Diabetes and Digestive and �idney 

Diseases, http://win.niddk.nih.gov/publications/index.htm; 

Dianne Neumark�Sztainer, et al., “Obesity, Disordered Eat�

ing, and Eating Disorders in a Longitudinal Study of Ado�

lescents: How Do Dieters Fare 5 Years Later?” Journal of the 

American Dietetic Association (v.106, 2006). 

David M. Garner, Ph.D.

River Centre Clinic

World Patterns

CONCERNS OF WEIGHT and obesity are generally 

thought to be conined to higher�income nations such 

as the United States and parts of the European Union. 

his idea is due to the persistent idea that Western 

lifestyle choices accompany many of the predisposing 

behaviors relative to obesity such as overeating and 

aversion toward regular physical activity. However, a 

survey of low� and medium�income nations reveals 

quite a diferent pattern, one of growing obesity, es�

pecially within urban settings. 

Indeed, the World Health Organization (WHO) 

has coined the term globesity to indicate the pandemic 

nature of obesity and concomitant public health out�

comes. Without consistent international analysis and 

oversight, public health consequences of obesity are 

sure to amplify the global burden of disease as well as 

exacerbate the already�elevated weight�related prev�

alence of mortality. Such events may lead to higher 

economic and social costs and could subsequently re�

duce a nation’s ability to properly sustain itself.

INTERNATIONAL PREVALENCE

In 2005, it was estimated that 1.6 billion adults 15 years 

of age and over were overweight with an additional 400 

million obese. hese igures are projected to increase 

to 2.3 billion and 700 million, respectively, by the year 

2015. In addition, approximately 20 million children 

younger than 5 years of age were overweight. 

According to current estimates, the United States 

represents a large percentage of the world’s obese 

population, accounting for 23 percent. Approximately 

35 percent of the overall global population has a body 

mass index (BMI) greater than 25 with the United 
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States reporting an estimate of 74 percent. Other na�

tions with relatively high percentages overweight and/

or obese persons include Mexico (68 percent), United 

�ingdom (64 percent), and Germany (60 percent). 

Other nations, even those considered low and 

middle income, have estimated rates of obesity 

similar to estimates reported among high�income 

nations (members of the international community 

are classified according to the United Nations as 

high�, middle�, or low�income nations based upon 

their gross national income per capita [GNI PC]. 

High�income nations reported a GNI PC in 2002 

of greater than $9,076, followed by middle�income 

[$736–$9,076] and low�income nations [$735 or 

less]). For example, about 25 percent of those living 

in the Middle East are either overweight or obese. 

Similarly, South Africa has reported high obesity 

measures. Overweight estimates range from 11 

percent in Indonesia to 40 percent in Slovenia,Slovenia, 

while obesity measures range form 2.4 percent inpercent in in 

Indonesia to 36 percent in Saudi Arabia.percent in Saudi Arabia. in Saudi Arabia.

Additional data from WHO indicate a global prob�

lem with obesity and overweight. Among 194 nations, 

age�adjusted obesity estimates for 2005 for both males 

and females revealed a median prevalence of 14 per�

cent for individuals 15 years of age or older. 

One of the most problematic elements of the obe�

sity pandemic is that those most at risk for long�term 

health outcomes speciic to obesity are children and 

adolescents. Youth who are classiied as either over�

weight or obese are much more likely to carry their 

weight problem into adulthood and to sufer more 

physical consequences of advanced size. A study by 

Janssen et al. (2005) outlined the scope of overweight 

and obese school�aged youth in 34 countries indicat�

ing that Malta had the highest prevalence of over�

weight and obese youth (aged 10–16); 25 percent and 

8 percent, respectively, followed by the United States 

(25 percent and 7 percent, respectively). Lithuania 

and Latvia were identiied as countries with the low�

est prevalence of each (5 percent; 0.4 percent and 6 

percent; 0.5 percent, respectively). 

GLOBAL HEALTH CONSEQUENCES

Obesity is associated with numerous comorbidities 

such as diabetes, cancer, osteoporosis, and cardio�

vascular disease, and should therefore be viewed as a 

gateway to other, more problematic and costly health 

conditions. For example, a study by Goodarz et al. in�

dicated that in higher�income countries, overweight 

and obesity, along with smoking and alcohol use, 

were the most prominent correlates of cancer. Addi�

tionally, Strum has equated the physical health of an 

individual classiied as obese with that of a normal�

weight individual 20 years senior. 

he impact of obesity on the global community is 

great and far reaching. Negative outcomes include those 

related not only to quality and quantity of life, but also 

the accompanying economic burden of dealing with the 

threats to public health brought about by overweight 

and obesity. A number of such consequences have been 

identiied. Increases in BMI above 25 may result in the 

emergence of a host of chronic diseases such as cardio�

vascular disease (currently the primary global, noninfec�

tious killer), diabetes, osteoporosis, and some forms of 

cancer, each increasing a nation’s social and economic 

burden of the disease. Faced with epidemics of both 

infectious (e.g., human immunodeiciency virus [HIV] 

and tuberculosis) and noninfectious diseases (e.g., heart 

disease and diabetes) many low� and middle�income na�

tions are beginning to encounter what WHO refers to as 
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a “double burden” of disease. hese public health chal�

lenges are especially problematic among nations where 

a dearth of medical access, civil conlict, and infectious 

diseases have already taken a great toll on the economic 

security of the region. 

ESTIMATES OF COST

Although highly reliable, among�country comparative 

measures are unavailable, data from the United States 

indicate that the economic cost of overweight and obe�

sity range from $52 billion to $79 billion per year with 

an estimated 12 percent of the U.S. healthcare budget 

being consumed by conditions related to obesity. Rela�

tively high expenditures have been reported in Austra�

lia and the United �ingdom where recent costs of obe�

sity have been reported ($290 million and $232 million, 

respectively). Regardless of data source, it is clear that 

obesity accounts for a growing percentage of health�

care expenditures across the globe, resulting in larger 

portions of national budgets being consumed by com�

plications related to issues of weight. 

GLOBAL ETIOLOGIC FACTORS

Along with diet, lack of exercise, and genetics, a num�

ber of factors serve as antecedents to the growing 

international threat of obesity such as globalization 

and subsequent Western enculturation, along with 

advances in technology and communication. 

For example, economic growth and development has 

become a mainstay for many less�advantaged nations, 

with Western countries infusing skill sets, funding, 

and infrastructure in an efort to boost international 

productivity and a sense of independence. With this 

process also comes the contribution of less desirable 

health behaviors often thought to be circumscribed to 

the West. his process of enculturation is a natural one, 

but one that may lead to the spread of health outcomes 

such as cardiovascular diseases, diabetes, smoking, al�

cohol consumption, and poor dietary choices. 

In essence, health behaviors normally thought of 

as Western in nature are being exported to other, 

more vulnerable parts of the globe simply as a result 

of economic growth and development. Similarly, the 

accumulation of technologies designed to improve 

life quality has also fostered passiveness in both work 

and living environments which now require much 

less efort to maintain, leading to the instillation of 

sedentary lifestyles, a major progenitor of obesity. 

GLOBAL PREVENTION EFFORTS

Global obesity prevention eforts must employ a 

bifurcated approach to include eforts on both the 

individual and community levels. For individu�

als, methods of reducing or maintaining weight are 

fairly straightforward. Efective measures include (1) 

adopting balanced eating patterns, (2) regular physi�

cal activity, and (3) limitation of high�energy foods 

such as those ofered by fast�food establishments. 

Community�level initiatives tend to be more chal�

lenging given the potential scope of psychosocial and 

environmental change. Community�speciic deliver�

ables include availability of nutritious foods; changes 

in outlook with regard to prenatal care and education; 

increasing access to healthcare as well as fostering a 

greater level of clinical involvement; control of access 

to predisposing risk factors; and development of legal 

guidelines with regard to prevention and school�based 

public health education. A number of school�based 

prevention initiatives have been identiied, primar�

ily in elementary schools; however, emerging nations 

tend not to focus on youth�mediated prevention in 

lieu of more immediate national healthcare needs.

A number of international organizations have 

joined eforts to begin addressing the many concerns 

raised by the growing global overweight and obesity 

pandemic. As an example, the WHO Global Strategy 

on Diet, Physical Activity and Health was adopted 

in 2004 and describes speciic actions necessary for 

members of the global community to reduce the 

prevalence of chronic diseases and their risk factors, 

primarily diet and lack of regular, vigorous exercise. 

he Strategy also outlines mechanisms useful at the 

local, regional, and global levels. 

Additional elements necessary for a successful in�

ternational drive toward controlling the global obesity 

epidemic include responsible development practices 

on the part of Western nations; availability of healthy 

foods (especially for young children); educational 

interventions designed to teach responsible food 

choices as well as overall healthy lifestyle options; 

standardization of monitoring practices designed to 

enhance our understanding of need; across�region 

labeling of food products; and international coopera�

tion and collaboration among regional, national, and 

nongovernmental organizations.

hose most at risk of obesity�related health com�

plications include children and adolescents. Public 
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health intervention must include an understanding of 

age�speciic etiology when designing intervention op�

portunities. Speciic to youth, initiatives must include 

elements of vigorous physical activity, limited intake 

of high�energy foods, and restrictions with regard to 

watching television or long�term use of technology 

such as the internet. 

DATA QUALITY AND PREVALENCE ESTIMATION

Estimates of current obesity prevalence in the United 

States, as well as in other regions of the world, vary 

depending upon how these data are monitored and 

collected. herefore, the utility of international com�

parisons must be tempered given unique methods of 

tabulation. First, weight measures tend to be solely 

based upon the BMI. Calculations using the formula 

to calculate BMI do not take into consideration im�

portant factors such as muscle mass or race and eth�

nicity, both of which serve to inluence BMI estimates. 

Also, standard BMI intervals are not generally used to 

classify children (aged 0–12) as either overweight or 

obese. Instead, BMI measures speciic to age are cal�

culated. Children who fall above the 85th percentile 

are considered overweight and those above the 95th 

percentile are classiied as obese. Although inexpen�

sive and uncomplicated to formulate, the BMI should 

be used with caution. 

Second, data collection methods difer among 

countries, with some methods being more standard�

ized than others. Survey sampling, census data collec�

tion, and meta�analyses yield useful information about 

the scope of obesity worldwide, yet diferences in data 

collection methodology may reduce the validity of sta�

tistical estimation. In addition, weight is a sensitive is�

sue for many individuals, particularly females, making 

self�reported estimates of BMI less accurate than data 

collected through more rigorous means. 

Finally, international data tend to be based upon 

diferent populations in terms of the age intervals 

on which estimates are based. Estimates from Saudi 

Arabia are based upon individuals 30 years of age 

and over, while data from France represent a much 

younger population (15 and over). Although these 

reporting concerns have perhaps a negligible inlu�

ence on data quality and comparability given that 

weight tends to increase with age, the growing pan�

demic of overweight and obesity among children 

makes this concern one which should be addressed 

in an efort to produce more uniform data collec�

tion procedures.

CONCLUSION

Given contemporary statistics regarding the inter�

national scope of overweight and obesity, a number 

of concerns are clear. First, overweight and obesity 

are threats to public health in many nations regard�

less of level of development, population structure, 

or history. Second, although based upon limited in�

ternational data, the obesity pandemic appears to be 

spreading, especially among children and adolescents. 

Finally, members of the global community must work 

together to ind community� and individual�level so�

lutions to the issue of weight in an efort to curtail 

comorbidities that accompany BMI measures greater 

than 25 such as diabetes, cancer, and cardiovascular 

disease. Successful broad�based interventions will 

preserve national integrity, improve inancial stabil�

ity, and enhance both the quality and quantity of life 

of members of the global community.

SEE ALSO: Body Mass Index; Economics of Obesity; 

Governmental Policy and Obesity; International Obesity 

Task Force. 
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Zone, The

THE ZONE DIET was introduced in 1995 by Dr. Barry 

Sears. he original Zone Diet required the individual 

to maintain the 40:30:30 ratio, meaning that at every 

meal and snack, a person should consume 40 percent 

carbohydrate, 30 percent protein, and 30 percent fat. 

he Zone Diet is therefore neither high or low in ei-

ther carbohydrates, protein, or fat, but represents 

what Sears considers to be the optimal balance of 

those three macronutrients. 

his requirement has been somewhat relaxed and 

in more recent versions of the diet, meal composi-

tions in the ranges of 35 to 50 percent carbohydrate, 

25 to 35 percent protein, and 20 to 35 percent fat are 

acceptable. Sears claims that individuals who follow 

the Zone Diet will maintain stable blood sugar levels 

and hormonal balance, in particular to avoid insulin 

spikes which he claims results from high carbohydrate 

consumption. he Zone Diet has been popularized in 

Sears’ books and several Web sites and through the 

sale of nutritional products such as snack bars.

he name he Zone refers to a concept used by 

athletes, who say they are “in the zone” when they are 

achieving their optimal level of performance. his con-

cept is a cornerstone of Sears’s philosophy: He claims 

that people who follows his dietary recommendations 

can put themselves into a state not only of optimal per-

formance but of optimal health. He further argues that 

food should be thought of as a powerful drug, and eat-

ing as a kind of technology serving as a drug delivery, 

and thus that food should only be consumed in appro-

priate proportions and on a controlled schedule. 

Sears includes a number of tools to help an in-

dividual plan a diet which will follow the principles 

of he Zone, using ordinary supermarket food se-

lected and prepared by the individual. His system is 

based on deining “blocks” of each macronutrient: 

for instance, one block of protein contains about 7 

g of protein and could be 1 oz of skinless chicken 

breast, 1 oz of tofu, 2 oz of low-fat cottage cheese, or 

two egg whites. Similarly, carbohydrates and fats are 

classiied into blocks: for instance, a carbohydrate 

block contains about 9 grams of carbohydrate, the 

amount in one-half a medium apple or one-quarter 

cup lentils, and three olives or one-half teaspoon 

peanut butter constitute one fat block, deined as 1.5 

grams of fat. After a person has determined his or 

her daily protein requirement (using a formula found 

in his books), he or she is advised to distribute his 

or her protein consumption throughout the day, over 

three meals and two snacks. he individual can then 

construct his or her daily diet so each meal and snack 

contains the appropriate number of protein blocks, 

matched by an equal number of carbohydrate and 

fat blocks. Because the carbohydrate blocks contain 

more calories, this keeps the diet in the proper bal-

ance to remain “in the zone.” 
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Although the Zone Diet has some lexibility de-

pending on a person’s caloric and protein require-

ments, a typical plan calls for 1,200 calories per day 

for adult females and 1,500 for adult males. Sears 

recommends that the individual eat ive to six small 

meals per day which are evenly spaced, and claims 

that individuals who adhere to the Zone Diet will not 

feel hungry despite consuming fewer calories than is 

typical in an American diet, because of what he calls 

“he Zone Paradox.” his is another cornerstone of 

Sears’s philosophy: He believes that not all calories 

are equal, and that if macronutrients are consumed 

in the speciied ratios (in particular if suicient pro-

tein is consumed every time a person eats), a person’s 

insulin ratio will not spike and will not feel hungry 

despite eating fewer calories than he or she might 

consume on a high-carbohydrate diet.

It is possible to adhere to the Zone Diet wholly 

through selection and preparation of ordinary foods, 

although a variety of Zone products such as snack bars 

and shakes are also available for purchase, although 

not every product advertising that it maintains the 

40:30:30 ratio is ailiated with or approved by Sears. 

he Zone Diet is not aimed primarily at weight loss, 

although it may be used for that purpose: Sears advo-

cates it as a healthy diet for everyone. He also advo-

cates the Zone Diet for athletes; Sears was a national-

level volleyball player as a young man and has acted 

as a nutritional adviser to a number of elite athletes, 

including the swim team of Stanford University and 

the Los Angeles Rams football team.

Most research into the Zone Diet (or diets that are 

based on a similar ratio of carbohydrates, protein, and 

fat) were concerned with its efectiveness in weight 

loss and fat reduction among overweight individuals. 

For instance, D. Kalman and colleagues conducted a 

randomized study in which 29 overweight adults were 

randomized to either a 40/30/30 or 60/15/25 (Ameri-

can Heart Association Step 1) diet for six weeks. All 

subjects also participated in a supervised exercise 

program and met with a dietitian two to four times. 

Both groups lost a signiicant amount of weight, but 

the 40 percent carbohydrate (CHO) group lost more 

weight and body fat, and also achieved reduction in 

fatigue and increase in vigor, while no such change 

was observed in the 60 percent CHO group. 

M.L. Dansinger and colleagues conducted a ran-

domized trial of 160 overweight adults assigned to 

one of four popular diet groups: Atkins, he Zone, 

Weight Watchers, or Ornish. After two months, par-

ticipants were in charge of their own level of adher-

ence to the assigned diet. Sixty-ive percent of those 

assigned to he Zone completed the two-year study, 

tied for highest among the four groups with Weight 

Watchers. Self-reported adherence to any of the diets 

was associated with weight loss and improvement in 

cholesterol and other heart disease risk factors, but 

there was not a diference between diet types. 

Some studies have also looked at the eicacy of 

the Zone Diet in improving athletic performance and 

body composition, often focusing on comparison with 

high-carbohydrate diets which have typically been 

recommended particularly for endurance athletes. 

For instance, a 1990 study at Ohio State University 

compared the performance of college swimmers who 

consumed a diet of either 40 percent or 80 percent 

carbohydrates. 

After a nine-day trial period, there was no difer-

ence between groups on performance. A similar study 

at Ohio State in 1993 came to the same conclusion. 

his time, the subjects were runners and cyclists, but 

again, the adoption of a high-carbohydrate diet pro-

duced no gains in performance. 

SEE ALSO: Carbohydrate and Protein Intake; High Protein 

Diets; Insulin; Low Calorie Diets; Portion Control.
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Appendix

Prevalence of Obesity in Males and Females by Country

World Health Organization

Obesity and overweight are deined as an accumulation of excess body fat, to an extent that 

may impair health. A crude population measure of excess fat is the body mass index (BMI), 

a person’s weight (in kilograms) divided by the square of his or her height (in meters). WHO 

deines overweight as a BMI of 25 or more, and obesity as a BMI of 30 or more. hese cut-of 

points can provide a reference for individual assessment.

here is also evidence that, on a population level, the risk of chronic disease increases pro-

gressively as average BMI increases above 21. A high body mass index is a major risk factor for 

a number of chronic diseases, including cardiovascular diseases, cancer and diabetes.



816 Obesity Ranked – Females

1. Nauru 78.8

2. Tonga 76.1

3. Micronesia, Federated States of 72.9

4. Cook Islands 70.8

5. Niue 61.0

6. Samoa 57.3

7. Palau 55.0

8. Kuwait 52.9

9. Barbados 50.8

10. Trinidad and Tobago 46.1

11. Dominica 46.0

12. Egypt 45.5

13. United States 41.8

14. Jamaica 41.0

14. Kiribati 41.0

15. United Arab Emirates 39.4

16. Seychelles 38.6

17. Jordan 35.6

18. Bahrain 35.2

18. South Africa 35.2

19. Malta 34.8

20. Saint Lucia 34.7

21. Lesotho 34.3

21. Mexico 34.3

21. Nicaragua 34.3

22. Saudi Arabia 33.8

23. Bolivia 33.1

24. Fiji 32.5

24. Turkey 32.5

25. Belarus 32.2

26. Dominican Republic 31.8

27. Chile 31.6

28. New Zealand 31.5

29. Peru 31.1

30. Argentina 31.0

31. Tunisia 30.2

32. Guatemala 29.7

33. Qatar 29.3

34. Mongolia 29.0

35. Andorra 28.8

36. Monaco 27.5

37. Brunei Darussalam 27.4

38. San Marino 27.2

39. Bahamas 27.1

40. Iran (Islamic Republic of) 27.0

41. Vanuatu 26.3

42. Venezuela (Bolivarian Republic of) 26.2

43. Lebanon 25.2

43. Slovenia 25.2

44. Australia 24.9

OBesIty – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

44. Azerbaijan 24.9

45. Cuba 24.6

46. Greece 24.5

47. Israel 24.3

47. The former Yugoslav Republic of Macedonia 24.3

48. Costa Rica 24.2

48. United Kingdom 24.2

49. Albania 23.8

49. Tuvalu 23.8

50. Russian Federation 23.6

51. Saint Kitts and Nevis 23.4

52. Uruguay 23.3

53. Canada 23.2

53. Iceland 23.2

54. Antigua and Barbuda 22.9

54. Mauritania 22.9

55. Slovakia 22.8

56. Libyan Arab Jamahiriya 22.5

57. Cyprus 22.2

57. Syrian Arab Republic 22.2

58. Maldives 22.0

59. Bosnia and Herzegovina 21.5

60. Grenada 21.2

61. Czech Republic 20.7

62. Montenegro 20.6

62. Serbia 20.6

62. The former state union of Serbia/Montenegro 20.6

63. Morocco 20.5

64. Germany 20.4

65. Austria 20.3

66. Colombia 19.9

67. Armenia 19.8

67. Panama 19.8

68. Ukraine 19.4

69. Saint Vincent and the Grenadines 19.2

70. Bulgaria 19.0

71. Switzerland 18.7

72. Belize 18.6

73. Brazil 18.3

73. Mauritius 18.3

74. Poland 18.0

75. El Salvador 17.8

75. Finland 17.8

76. Uzbekistan 17.6

77. Paraguay 17.2

77. Suriname 17.2

78. Guyana 17.0

79. Iraq 16.8

80. Ecuador 16.7

81. Croatia 16.2

Rank Country Prevalence (%) Rank Country Prevalence (%)
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82. Hungary 16.1

82. Marshall Islands 16.1

82. Portugal 16.1

83. Luxembourg 16.0

84. Spain 15.8

85. Gabon 15.5

86. Democratic Republic of Timor-Leste 15.4

86. Equatorial Guinea 15.4

87. Zimbabwe 15.3

88. Haiti 15.0

88. Latvia 15.0

88. Turkmenistan 15.0

89. Oman 14.8

90. Georgia 14.7

90. Solomon Islands 14.7

91. Botswana 14.6

92. Honduras 14.4

93. Bhutan 14.3

94. Kyrgyzstan 14.2

95. Lithuania 13.9

96. Swaziland 13.5

97. Algeria 13.4

98. Sierra Leone 12.7

99. Italy 12.6

100. Cape Verde 12.5

100. Republic of Moldova 12.5

101. Romania 12.0

102. Netherlands 11.5

103. Kazakhstan 11.0

103. Liberia 11.0

104. Sweden 10.9

105. Cameroon 10.8

106. Democratic People’s Republic of Korea 10.7

107. Lao People’s Democratic Republic 10.4

107. Tajikistan 10.4

108. Republic of Korea 10.1

109. Belgium 9.5

110. Benin 9.3

110. Norway 9.3

111. Senegal 9.2

112. Ireland 9.1

112. Myanmar 9.1

113. Estonia 8.4

113. Thailand 8.4

114. Malaysia 8.2

115. Comoros 7.1

115. Denmark 7.1

116. Angola 6.9

117. France 6.6

118. Mali 6.2

119. Nigeria 6.0

120. Djibouti 5.8

121. Cote d’Ivoire 5.4

122. Namibia 5.3

122. Togo 5.3

123. Guinea 5.2

124. Sudan 5.1

124. Yemen 5.1

125. Sao Tome and Principe 4.4

126. Ghana 4.2

126. Papua New Guinea 4.2

127. Philippines 3.7

128. Pakistan 3.6

129. United Republic of Tanzania 3.1

130. Congo 3.0

130. Mozambique 3.0

131. Guinea-Bissau 2.8

132. Indonesia 2.6

132. Somalia 2.6

133. Gambia 2.5

134. Niger 2.3

135. Malawi 2.0

136. China 1.9

136. Kenya 1.9

136. Madagascar 1.9

137. Singapore 1.8

138. Chad 1.7

139. Uganda 1.6

140. Burundi 1.5

140. Japan 1.5

141. Afghanistan 1.4

141. India 1.4

142. Central African Republic 1.3

142. Rwanda 1.3

142. Zambia 1.3

143. Burkina Faso 1.1

144. Democratic Republic of the Congo 0.8

145. Viet Nam 0.3

146. Bangladesh 0.2

146. Nepal 0.2

147. Cambodia 0.1

147. Eritrea 0.1

147. Sri Lanka 0.1

148. Ethiopia 0.0

OBesIty – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

Rank Country Prevalence (%) Rank Country Prevalence (%)



818 Obesity Ranked –Males

1. Nauru 83.2

2. Cook Islands 69.5

3. Micronesia, Federated States of 66.2

4. Tonga 60.7

5. Samoa 38.4

6. Niue 36.8

7. United States 36.5

8. Argentina 31.4

9. Palau 31.2

10. Kiribati 29.8

11. Kuwait 29.6

12. Greece 27.7

13. Malta 25.9

14. United Arab Emirates 24.5

15. Mexico 24.0

16. Australia 23.8

17. Canada 23.7

18. Venezuela (Bolivarian Republic of) 23.2

19. New Zealand 23.0

19. Saudi Arabia 23.0

20. Egypt 22.0

21. United Kingdom 21.6

22. Austria 21.3

23. Bahrain 21.2

24. Germany 20.9

25. Uruguay 20.1

26. Dominica 20.0

27. Jordan 19.6

28. Chile 19.0

29. Finland 18.9

30. Albania 18.6

31. Czech Republic 18.5

32. Croatia 18.2

33. Montenegro 17.7

33. Serbia 17.7

33. The former state union of Serbia/Montenegro 17.7

34. Qatar 17.4

35. Bulgaria 17.0

36. Barbados 16.8

36. Lithuania 16.8

37. Iceland 16.7

37. Seychelles 16.7

38. Belarus 16.2

38. Israel 16.2

39. Andorra 15.8

39. Hungary 15.8

40. Guatemala 15.7

41. Spain 15.6

42. Azerbaijan 15.4

43. Brunei Darussalam 15.2

OBesIty – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Males, aged 15-100

44. Colombia 14.9

44. Cuba 14.9

44. Lebanon 14.9

45. Bahamas 14.7

45. Bolivia 14.7

46. Monaco 14.5

47. San Marino 14.3

48. Trinidad and Tobago 14.0

49. Bosnia and Herzegovina 13.8

50. Portugal 13.7

51. Vanuatu 13.4

52. Belgium 13.3

53. Peru 13.2

54. Costa Rica 13.0

55. Italy 12.9

55. Poland 12.9

56. Slovenia 12.5

57. Switzerland 12.4

58. Armenia 12.1

58. Luxembourg 12.1

59. Tuvalu 11.9

60. Sweden 11.8

61. Saint Kitts and Nevis 11.6

62. Nicaragua 11.5

63. Libyan Arab Jamahiriya 11.4

64. Norway 11.3

65. Antigua and Barbuda 11.2

65. Syrian Arab Republic 11.2

66. Slovakia 10.8

66. Turkey 10.8

67. Denmark 10.6

68. Netherlands 10.4

69. Ireland 10.3

70. Cyprus 10.1

71. Iran (Islamic Republic of) 10.0

72. Grenada 9.8

73. Latvia 9.7

74. Russian Federation 9.6

75. Turkmenistan 9.3

76. Panama 8.8

77. Brazil 8.7

77. Fiji 8.7

78. Estonia 8.6

79. Saint Vincent and the Grenadines 8.4

80. Belize 7.9

80. Kazakhstan 7.9

80. Mongolia 7.9

81. France 7.8

82. Dominican Republic 7.7

82. Oman 7.7

Rank Country Prevalence (%) Rank Country Prevalence (%)
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OBesIty – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Males, aged 15-100

82. Tunisia 7.7

83. Cameroon 7.5

84. El Salvador 7.4

84. Ukraine 7.4

85. Iraq 7.2

86. Uzbekistan 7.1

87. Paraguay 7.0

87. Suriname 7.0

88. Guyana 6.8

89. Ecuador 6.7

89. South Africa 6.7

90. Saint Lucia 6.6

91. Democratic Republic of Timor-Leste 6.5

92. Equatorial Guinea 6.4

93. Marshall Islands 6.3

94. The former Yugoslav Republic of Macedonia 5.9

95. Bhutan 5.8

96. Maldives 5.7

97. Mauritius 5.6

98. Romania 5.5

99. Botswana 5.4

99. Solomon Islands 5.4

100. Algeria 5.2

100. Georgia 5.2

100. Honduras 5.2

101. Jamaica 5.1

102. Kyrgyzstan 5.0

103. Swaziland 4.7

104. Cape Verde 4.6

105. Republic of Korea 4.1

106. Republic of Moldova 4.0

107. Liberia 3.8

108. Mauritania 3.7

108. Morocco 3.7

109. Ghana 3.3

110. Tajikistan 2.9

111. Democratic People’s Republic of Korea 2.7

112. Lao People’s Democratic Republic 2.6

113. Papua New Guinea 2.5

113. Thailand 2.5

114. Sierra Leone 2.4

115. Gabon 2.3

116. Myanmar 2.1

117. Nigeria 2.0

117. Yemen 2.0

118. Angola 1.9

118. Lesotho 1.9

119. Japan 1.8

120. China 1.6

120. Malaysia 1.6

121. Djibouti 1.4

122. Senegal 1.3

122. Singapore 1.3

123. Comoros 1.2

123. Sudan 1.2

124. India 1.1

124. Philippines 1.1

125. Benin 1.0

125. Madagascar 1.0

125. Pakistan 1.0

126. Sao Tome and Principe 0.9

126. Togo 0.9

127. Guinea 0.8

128. Haiti 0.7

128. Malawi 0.7

128. United Republic of Tanzania 0.7

129. Mali 0.6

129. Niger 0.6

129. Zimbabwe 0.6

130. Afghanistan 0.5

130. Guinea-Bissau 0.5

131. Burkina Faso 0.4

131. Chad 0.4

131. Congo 0.4

131. Somalia 0.4

132. Gambia 0.3

132. Namibia 0.3

133. Cambodia 0.2

133. Cote d’Ivoire 0.2

133. Ethiopia 0.2

133. Indonesia 0.2

133. Mozambique 0.2

133. Nepal 0.2

133. Sri Lanka 0.2

134. Bangladesh 0.1

134. Burundi 0.1

134. Central African Republic 0.1

134. Kenya 0.1

134. Rwanda 0.1

134. Uganda 0.1

134. Zambia 0.1

135. Viet Nam 0.0

135. Democratic Republic of the Congo 0.0

135. Eritrea 0.0

Rank Country Prevalence (%) Rank Country Prevalence (%)



820 Overweight Ranked – Females

1. Nauru 92.4

2. Tonga 91.4

3. Micronesia, Federated States of 90.1

4. Cook Islands 89.2

5. Niue 85.0

6. Palau 82.4

7. Samoa 82.1

8. Barbados 80.1

9. Kuwait 79.0

10. Dominica 77.1

11. Trinidad and Tobago 77.0

12. Jamaica 74.7

13. Egypt 74.2

14. Kiribati 73.9

15. United States 72.6

16. Seychelles 70.7

17. Belarus 69.9

18. United Arab Emirates 69.6

19. Lesotho 69.5

20. Mongolia 69.3

21. Saint Lucia 69.1

22. New Zealand 68.2

23. Nicaragua 68.1

24. Bolivia 68.0

24. Chile 68.0

25. Mexico 67.9

26. Bahrain 67.3

27. South Africa 67.2

28. Andorra 66.8

29. Dominican Republic 66.4

30. Malta 66.1

31. Argentina 65.7

31. Turkey 65.7

32. Fiji 65.6

32. Monaco 65.6

33. Guatemala 65.4

33. San Marino 65.4

34. Peru 64.7

35. Qatar 64.1

36. Bahamas 63.8

36. Saudi Arabia 63.8

37. Slovenia 63.5

38. Jordan 63.4

39. Brunei Darussalam 63.2

40. Vanuatu 62.9

41. Australia 62.7

42. United Kingdom 61.9

43. Iceland 61.7

44. Venezuela (Bolivarian Republic of) 61.4

45. Greece 61.3

OverWeIgHt – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

46. Cuba 61.1

47. Tuvalu 60.7

48. Cyprus 60.6

48. Slovakia 60.6

49. Saint Kitts and Nevis 60.3

50. Antigua and Barbuda 59.8

51. Tunisia 59.2

52. Uruguay 58.1

53. Grenada 58.0

54. Costa Rica 57.8

54. Iran (Islamic Republic of) 57.8

55. Israel 57.5

55. Libyan Arab Jamahiriya 57.5

56. The former Yugoslav Republic of Macedonia 57.4

57. Syrian Arab Republic 57.2

58. Canada 57.1

59. Azerbaijan 56.8

60. Switzerland 56.7

61. Panama 56.3

62. Saint Vincent and the Grenadines 55.7

63. Germany 55.1

64. Belize 54.9

65. Morocco 54.7

66. Colombia 54.6

66. Mauritania 54.6

67. Lebanon 54.3

68. El Salvador 54.0

68. Luxembourg 54.0

69. Brazil 53.5

70. Austria 53.2

70. Paraguay 53.2

70. Suriname 53.2

71. Guyana 52.9

72. Armenia 52.8

73. Ecuador 52.6

74. Albania 52.5

75. Finland 52.4

76. Mauritius 52.3

77. Marshall Islands 51.8

78. Russian Federation 51.7

79. Bosnia and Herzegovina 51.0

80. Georgia 50.8

80. Iraq 50.8

81. Haiti 50.6

82. Solomon Islands 49.9

82. Uzbekistan 49.9

83. Botswana 49.4

83. Honduras 49.4

84. Portugal 49.2

85. Zimbabwe 48.9

Rank Country Prevalence (%) Rank Country Prevalence (%)
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86. Equatorial Guinea 48.5

86. Montenegro 48.5

86. Serbia 48.5

86. The former state union of Serbia/Montenegro 48.5

86. Ukraine 48.5

87. Democratic Republic of Timor-Leste 48.2

88. Czech Republic 47.8

88. Oman 47.8

88. Swaziland 47.8

89. Gabon 47.7

89. Spain 47.7

90. Maldives 47.6

91. Hungary 47.4

91. Republic of Moldova 47.4

92. Bhutan 46.5

93. Croatia 46.4

94. Democratic People’s Republic of Korea 46.2

95. Algeria 45.6

95. Lao People’s Democratic Republic 45.6

96. Bulgaria 45.5

96. Turkmenistan 45.5

97. Sweden 44.9

98. Latvia 44.7

99. Sierra Leone 44.5

100. Poland 44.3

101. Cape Verde 44.1

102. Netherlands 44.0

103. Kyrgyzstan 43.9

103. Lithuania 43.9

103. Tajikistan 43.9

104. Republic of Korea 43.8

105. Norway 43.4

106. Myanmar 43.3

107. Ireland 41.7

108. Liberia 41.6

109. Cameroon 41.1

110. Belgium 40.7

111. Romania 40.6

112. Benin 39.1

112. Denmark 39.1

113. Kazakhstan 38.9

114. Italy 38.3

115. Malaysia 37.2

116. Senegal 36.7

117. Comoros 35.9

118. Thailand 35.2

119. France 34.7

120. Cote d’Ivoire 34.2

121. Estonia 33.8

122. Angola 33.6

122. Mali 33.6

123. Namibia 32.6

124. Nigeria 32.2

125. Djibouti 31.0

126. Togo 30.9

127. Guinea 30.4

128. Yemen 29.4

129. Sudan 29.1

130. Papua New Guinea 29.0

131. Philippines 28.5

132. Ghana 28.1

133. Sao Tome and Principe 27.2

134. United Republic of Tanzania 27.0

135. Pakistan 25.5

136. Mozambique 25.3

137. Congo 25.2

138. China 24.7

139. Malawi 23.5

140. Gambia 22.8

141. Indonesia 22.7

142. Uganda 22.2

143. Guinea-Bissau 22.1

144. Singapore 22.0

145. Kenya 21.7

146. Niger 21.3

147. Somalia 21.1

148. Madagascar 20.2

149. Rwanda 20.1

150. Chad 19.2

151. Zambia 18.6

152. Central African Republic 18.5

153. Burundi 18.1

153. Japan 18.1

154. Afghanistan 17.4

155. Burkina Faso 16.0

156. India 15.2

157. Democratic Republic of the Congo 13.3

158. Cambodia 9.3

159. Viet Nam 8.7

160. Nepal 8.0

161. Sri Lanka 5.9

162. Eritrea 5.7

163. Bangladesh 5.4

164. Ethiopia 3.3

OverWeIgHt – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

Rank Country Prevalence (%) Rank Country Prevalence (%)



822 Overweight Ranked – Males

1. Nauru 96.5

2. Cook Islands 92.6

3. Micronesia, Federated States of 92.1

4. Tonga 90.3

5. Samoa 78.7

6. Niue 78.5

7. Greece 75.7

8. United States 75.6

9. Palau 74.5

10. Kiribati 73.2

11. Argentina 73.1

12. Australia 72.1

13. Malta 71.4

14. Kuwait 69.5

15. Venezuela (Bolivarian Republic of) 69.1

16. New Zealand 68.7

17. Mexico 68.4

18. United Arab Emirates 66.9

19. United Kingdom 65.7

20. Canada 65.1

20. Dominica 65.1

20. Germany 65.1

21. Finland 64.9

22. Egypt 64.5

23. Belarus 63.7

24. Uruguay 63.6

25. Saudi Arabia 63.1

26. Bulgaria 62.8

27. Chile 62.6

28. Lithuania 62.3

29. Croatia 61.3

30. Montenegro 61.2

30. Serbia 61.2

30. The former state union of Serbia/Montenegro 61.2

31. Austria 61.0

32. Andorra 60.9

32. Bahrain 60.9

33. Barbados 59.2

33. Cuba 59.2

34. Monaco 59.1

35. Iceland 59.0

36. Trinidad and Tobago 58.9

37. San Marino 58.8

38. Portugal 58.5

38. Seychelles 58.5

39. Czech Republic 58.1

40. Qatar 57.9

41. Jordan 57.5

42. Azerbaijan 57.4

43. Albania 57.2

OverWeIgHt – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Males, aged 15-100

43. Israel 57.2

44. Bahamas 57.0

45. Guatemala 56.9

46. Bosnia and Herzegovina 56.6

47. Colombia 56.5

48. Brunei Darussalam 56.4

49. Bolivia 56.3

49. Vanuatu 56.3

50. Slovenia 56.0

51. Hungary 55.9

52. Spain 55.8

53. Norway 54.8

54. Peru 54.6

55. Sweden 54.5

56. Luxembourg 54.4

57. Switzerland 54.1

58. Armenia 53.9

58. Costa Rica 53.9

59. Mongolia 53.0

60. Nicaragua 52.9

61. Italy 52.7

62. Denmark 52.5

62. Tuvalu 52.5

63. Saint Kitts and Nevis 52.0

63. Slovakia 52.0

64. Belgium 51.9

65. Cyprus 51.7

65. Lebanon 51.7

66. Ireland 51.5

67. Antigua and Barbuda 51.2

68. Estonia 50.7

68. Poland 50.7

69. Latvia 49.9

70. Libyan Arab Jamahiriya 48.8

71. Grenada 48.7

72. Iran (Islamic Republic of) 48.5

73. Syrian Arab Republic 48.4

74. Turkmenistan 48.1

75. Netherlands 48.0

76. Turkey 47.9

77. Brazil 47.4

78. Dominican Republic 46.6

79. Panama 46.5

79. Russian Federation 46.5

80. France 45.6

80. Saint Vincent and the Grenadines 45.6

81. Saint Lucia 45.5

82. Belize 44.7

83. Fiji 43.9

83. Kazakhstan 43.9

Rank Country Prevalence (%) Rank Country Prevalence (%)
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84. El Salvador 43.5

85. Oman 43.4

86. Tunisia 42.8

87. Suriname 42.4

88. Paraguay 42.3

89. Guyana 42.1

90. Uzbekistan 42.0

91. Ecuador 41.7

92. Ukraine 41.2

93. Marshall Islands 40.6

94. Republic of Korea 40.2

95. Iraq 40.1

96. Jamaica 40.0

97. South Africa 39.3

98. Mauritius 39.0

99. Georgia 38.9

100. Cameroon 38.7

101. Solomon Islands 38.2

102. Botswana 37.8

103. Romania 37.7

104. Honduras 37.6

105. Equatorial Guinea 37.5

106. Democratic Republic of Timor-Leste 37.2

107. The former Yugoslav Republic of Macedonia 37.1

108. Swaziland 35.8

109. Bhutan 35.3

110. Republic of Moldova 34.8

111. Kyrgyzstan 34.5

112. Algeria 34.1

113. China 33.1

114. Democratic People’s Republic of Korea 32.7

115. Cape Verde 32.4

116. Maldives 32.3

117. Lao People’s Democratic Republic 32.1

118. Papua New Guinea 31.5

119. Morocco 31.1

120. Tajikistan 30.8

121. Mauritania 30.4

122. Ghana 30.3

123. Liberia 29.6

124. Myanmar 29.4

125. Thailand 27.9

126. Lesotho 27.5

127. Japan 27.0

128. Gabon 25.4

129. Yemen 24.6

130. Singapore 23.8

131. Malaysia 22.7

132. Sierra Leone 22.4

133. Nigeria 21.9

133. Philippines 21.9

134. Angola 21.3

135. Comoros 20.0

136. Djibouti 18.9

137. Pakistan 18.8

138. Benin 17.9

139. Sudan 17.2

140. Togo 17.1

141. India 16.8

142. Guinea 16.5

143. Senegal 16.1

144. Sao Tome and Principe 15.5

145. United Republic of Tanzania 15.4

146. Zimbabwe 15.3

147. Haiti 15.1

147. Malawi 15.1

148. Mali 14.6

149. Madagascar 14.5

150. Niger 13.9

151. Cambodia 13.3

152. Afghanistan 12.7

152. Congo 12.7

153. Namibia 12.3

154. Burkina Faso 12.1

155. Chad 12.0

156. Cote d’Ivoire 11.6

157. Guinea-Bissau 11.4

158. Somalia 10.6

159. Gambia 10.3

160. Indonesia 9.7

161. Mozambique 9.3

162. Sri Lanka 8.9

163. Nepal 8.8

164. Burundi 7.8

164. Ethiopia 7.8

165. Zambia 7.5

166. Uganda 7.4

167. Rwanda 7.3

168. Central African Republic 7.2

169. Kenya 6.9

170. Bangladesh 6.7

171. Democratic Republic of the Congo 4.8

172. Viet Nam 4.1

173. Eritrea 3.1

OverWeIgHt – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Males, aged 15-100

Rank Country Prevalence (%) Rank Country Prevalence (%)
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1. Nauru 36.5

2. Tonga 35.7

3. Micronesia, Federated States of 34.7

4. Cook Islands 34.0

5. Niue 32.1

6. Samoa 31.8

7. Kuwait 31.0

8. Palau 30.9

9. Barbados 30.3

10. Dominica 29.6

10. Egypt 29.6

10. Trinidad and Tobago 29.6

11. Jamaica 28.8

11. Kiribati 28.8

11. United States 28.8

12. United Arab Emirates 28.6

13. Seychelles 28.4

14. Malta 28.1

15. Bahrain 27.9

15. Jordan 27.9

15. Lesotho 27.9

15. Mexico 27.9

15. Nicaragua 27.9

15. Saint Lucia 27.9

15. South Africa 27.9

16. Belarus 27.7

16. Bolivia 27.7

17. Chile 27.6

17. Fiji 27.6

17. New Zealand 27.6

17. Saudi Arabia 27.6

17. Turkey 27.6

18. Argentina 27.5

18. Dominican Republic 27.5

19. Mongolia 27.4

19. Peru 27.4

20. Andorra 27.3

20. Guatemala 27.3

21. Monaco 27.1

21. Qatar 27.1

21. San Marino 27.1

22. Bahamas 26.9

22. Brunei Darussalam 26.9

22. Tunisia 26.9

23. Australia 26.8

23. Slovenia 26.8

23. Vanuatu 26.8

24. Greece 26.7

24. United Kingdom 26.7

24. Venezuela (Bolivarian Republic of) 26.7

MeAn BMI – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

25. Cuba 26.6

25. Iceland 26.6

26. Iran (Islamic Republic of) 26.5

26. Israel 26.5

26. Tuvalu 26.5

27. Antigua and Barbuda 26.4

27. Azerbaijan 26.4

27. Costa Rica 26.4

27. Cyprus 26.4

27. Saint Kitts and Nevis 26.4

27. Slovakia 26.4

27. The former Yugoslav Republic of Macedonia 26.4

28. Uruguay 26.3

29. Lebanon 26.2

30. Canada 26.1

30. Grenada 26.1

30. Libyan Arab Jamahiriya 26.1

30. Syrian Arab Republic 26.1

31. Germany 26.0

32. Austria 25.9

32. Mauritania 25.9

32. Panama 25.9

32. Russian Federation 25.9

32. Switzerland 25.9

33. Albania 25.8

33. Colombia 25.8

33. Morocco 25.8

33. Saint Vincent and the Grenadines 25.8

34. Armenia 25.7

34. Belize 25.7

34. Bosnia and Herzegovina 25.7

35. Brazil 25.6

35. El Salvador 25.6

35. Finland 25.6

35. Luxembourg 25.6

36. Guyana 25.5

36. Paraguay 25.5

36. Suriname 25.5

37. Ecuador 25.4

37. Mauritius 25.4

37. Montenegro 25.4

37. Serbia 25.4

37. The former state union of Serbia/Montenegro 25.4

37. Ukraine 25.4

37. Uzbekistan 25.4

38. Czech Republic 25.3

38. Maldives 25.3

38. Marshall Islands 25.3

39. Georgia 25.2

39. Haiti 25.2

Rank Country Prevalence (%) Rank Country Prevalence (%)
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39. Iraq 25.2

39. Portugal 25.2

39. Spain 25.2

40. Botswana 25.1

40. Honduras 25.1

40. Hungary 25.1

40. Solomon Islands 25.1

40. Zimbabwe 25.1

41. Bulgaria 25.0

41. Croatia 25.0

42. Democratic Republic of Timor-Leste 24.9

42. Equatorial Guinea 24.9

42. Gabon 24.9

42. Oman 24.9

42. Republic of Moldova 24.9

42. Swaziland 24.9

42. Turkmenistan 24.9

43. Democratic People’s Republic of Korea 24.8

43. Latvia 24.8

43. Poland 24.8

44. Bhutan 24.7

44. Kyrgyzstan 24.7

44. Lao People’s Democratic Republic 24.7

44. Lithuania 24.7

45. Algeria 24.6

45. Netherlands 24.6

45. Republic of Korea 24.6

45. Sweden 24.6

46. Myanmar 24.5

46. Sierra Leone 24.5

46. Tajikistan 24.5

47. Cape Verde 24.4

47. Norway 24.4

48. Ireland 24.3

49. Belgium 24.2

49. Italy 24.2

49. Romania 24.2

50. Cameroon 24.1

50. Liberia 24.1

51. Denmark 24.0

51. Kazakhstan 24.0

52. Benin 23.8

53. France 23.7

53. Malaysia 23.7

54. Senegal 23.6

55. Comoros 23.5

55. Estonia 23.5

55. Thailand 23.5

56. Cote d’Ivoire 23.4

57. Angola 23.2

57. Mali 23.2

57. Namibia 23.2

58. Nigeria 23.1

59. Togo 23.0

60. Djibouti 22.9

60. Guinea 22.9

60. Papua New Guinea 22.9

61. China 22.8

61. Philippines 22.8

61. Yemen 22.8

62. Sudan 22.7

62. United Republic of Tanzania 22.7

63. Ghana 22.6

64. Congo 22.5

64. Mozambique 22.5

64. Sao Tome and Principe 22.5

65. Malawi 22.4

66. Pakistan 22.3

66. Uganda 22.3

67. Indonesia 22.2

67. Kenya 22.2

67. Singapore 22.2

68. Gambia 22.1

68. Rwanda 22.1

69. Central African Republic 21.9

69. Guinea-Bissau 21.9

69. Japan 21.9

69. Niger 21.9

69. Zambia 21.9

70. Madagascar 21.8

70. Somalia 21.8

71. Burundi 21.7

71. Chad 21.7

72. Afghanistan 21.5

73. Burkina Faso 21.3

74. Cambodia 21.2

75. Democratic Republic of the Congo 21.1

75. India 21.1

76. Viet Nam 20.6

77. Nepal 20.3

78. Eritrea 20.2

78. Sri Lanka 20.2

79. Ethiopia 19.8

80. Bangladesh 19.6

OverWeIgHt – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Females, aged 15-100

Rank Country Prevalence (%) Rank Country Prevalence (%)
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1. Nauru 35.8

2. Cook Islands 32.8

3. Micronesia, Federated States of 32.2

4. Tonga 31.4

5. Samoa 28.8

6. Niue 28.6

7. United States 28.4

8. Palau 28.0

9. Argentina 27.9

10. Kiribati 27.8

11. Greece 27.7

12. Kuwait 27.5

13. Malta 27.4

14. Australia 27.3

15. Mexico 27.1

15. New Zealand 27.1

16. United Arab Emirates 27.0

16. Venezuela (Bolivarian Republic of) 27.0

17. Canada 26.8

17. United Kingdom 26.8

18. Egypt 26.7

18. Germany 26.7

19. Dominica 26.6

19. Finland 26.6

19. Saudi Arabia 26.6

19. Uruguay 26.6

20. Austria 26.5

21. Bahrain 26.4

21. Chile 26.4

22. Belarus 26.3

22. Bulgaria 26.3

22. Croatia 26.3

22. Lithuania 26.3

22. Montenegro 26.3

22. Serbia 26.3

22. The former state union of Serbia/Montenegro 26.3

23. Andorra 26.2

24. Barbados 26.1

24. Czech Republic 26.1

24. Iceland 26.1

24. Jordan 26.1

25. Albania 26.0

25. Cuba 26.0

25. Monaco 26.0

25. Qatar 26.0

26. Azerbaijan 25.9

26. Guatemala 25.9

26. Israel 25.9

26. Portugal 25.9

26. San Marino 25.9

MeAn BMI – sOrted In desCendIng Order
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26. Seychelles 25.9

26. Trinidad and Tobago 25.9

27. Bahamas 25.8

27. Bolivia 25.8

27. Bosnia and Herzegovina 25.8

27. Brunei Darussalam 25.8

27. Colombia 25.8

27. Hungary 25.8

27. Spain 25.8

28. Slovenia 25.7

28. Vanuatu 25.7

29. Luxembourg 25.6

29. Peru 25.6

29. Switzerland 25.6

30. Armenia 25.5

30. Costa Rica 25.5

30. Italy 25.5

30. Norway 25.5

30. Sweden 25.5

31. Belgium 25.4

31. Nicaragua 25.4

32. Cyprus 25.3

32. Denmark 25.3

32. Ireland 25.3

32. Lebanon 25.3

32. Mongolia 25.3

32. Poland 25.3

32. Saint Kitts and Nevis 25.3

32. Slovakia 25.3

32. Tuvalu 25.3

33. Antigua and Barbuda 25.2

34. Estonia 25.1

34. Latvia 25.1

35. Grenada 25.0

35. Libyan Arab Jamahiriya 25.0

35. Netherlands 25.0

35. Turkey 25.0

35. Turkmenistan 25.0

36. Iran (Islamic Republic of) 24.9

36. Russian Federation 24.9

36. Syrian Arab Republic 24.9

37. Brazil 24.8

37. Dominican Republic 24.8

37. Panama 24.8

38. France 24.7

38. Saint Vincent and the Grenadines 24.7

39. Belize 24.6

39. Kazakhstan 24.6

39. Saint Lucia 24.6

40. El Salvador 24.5

Rank Country Prevalence (%) Rank Country Prevalence (%)
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40. Fiji 24.5

41. Guyana 24.4

41. Oman 24.4

41. Paraguay 24.4

41. Suriname 24.4

41. Tunisia 24.4

41. Uzbekistan 24.4

42. Ecuador 24.3

42. Republic of Korea 24.3

42. Ukraine 24.3

43. Jamaica 24.2

43. Marshall Islands 24.2

44. Georgia 24.1

44. Iraq 24.1

44. South Africa 24.1

45. Cameroon 24.0

45. Mauritius 24.0

45. Solomon Islands 24.0

46. Botswana 23.9

46. Honduras 23.9

46. Romania 23.9

46. The former Yugoslav Republic of Macedonia 23.9

47. Democratic Republic of Timor-Leste 23.8

47. Equatorial Guinea 23.8

47. Swaziland 23.8

48. China 23.7

48. Republic of Moldova 23.7

49. Bhutan 23.6

49. Democratic People’s Republic of Korea 23.6

49. Kyrgyzstan 23.6

49. Lao People’s Democratic Republic 23.6

50. Algeria 23.5

51. Papua New Guinea 23.4

51. Tajikistan 23.4

52. Cape Verde 23.3

52. Myanmar 23.3

53. Maldives 23.2

53. Morocco 23.2

54. Ghana 23.1

54. Japan 23.1

54. Lesotho 23.1

54. Mauritania 23.1

55. Liberia 23.0

55. Thailand 23.0

56. Singapore 22.7

57. Gabon 22.6

57. Yemen 22.6

58. Malaysia 22.5

58. Philippines 22.5

59. Nigeria 22.2

60. Angola 22.1

60. Cambodia 22.1

60. Comoros 22.1

60. Sierra Leone 22.1

61. Pakistan 22.0

62. Benin 21.9

63. Djibouti 21.8

63. Togo 21.8

63. United Republic of Tanzania 21.8

63. Zimbabwe 21.8

64. Guinea 21.7

64. Malawi 21.7

65. Haiti 21.6

65. India 21.6

65. Sudan 21.6

66. Cote d’Ivoire 21.5

66. Mali 21.5

66. Namibia 21.5

67. Congo 21.4

67. Niger 21.4

67. Sao Tome and Principe 21.4

68. Afghanistan 21.2

68. Burkina Faso 21.2

68. Chad 21.2

68. Senegal 21.2

69. Madagascar 21.1

69. Mozambique 21.1

70. Indonesia 21.0

71. Central African Republic 20.9

71. Rwanda 20.9

71. Sri Lanka 20.9

71. Uganda 20.9

71. Zambia 20.9

72. Gambia 20.8

72. Guinea-Bissau 20.8

72. Viet Nam 20.8

73. Nepal 20.7

73. Somalia 20.7

74. Ethiopia 20.6

74. Kenya 20.6

75. Burundi 20.5

76. Bangladesh 20.2

77. Eritrea 20.0

78. Democratic Republic of the Congo 19.9

MeAn BMI – sOrted In desCendIng Order

2005  BMI ≥ 30 kg/m²,  Males, aged 15-100

Rank Country Prevalence (%) Rank Country Prevalence (%)





Abdominal fat: Fat (adipose tissue) that is centrally 
distributed between the thorax and pelvis and that in-
duces greater health risk. 

Absolute risk: he observed or calculated probability 
of an event in a population under study, as contrasted 
with the relative risk. 

Aerobic exercise: A type of physical activity that in-
cludes walking, jogging, running, and dancing. Aero-
bic training improves the eiciency of the aerobic 
energy-producing systems that can improve cardiore-
spiratory endurance. 

Age-adjusted: Summary measures of rates of mor-
bidity or mortality in a population using statistical 
procedures to remove the efect of age diferences in 
populations that are being compared. Age is probably 
the most important and the most common variable in 
determining the risk of morbidity and mortality. 

Anorexiant: A drug, process, or event that leads to 
anorexia. 

Anthropometric measurements: Measurements of 
human body height, weight, and size of component 
parts, including skinfold measurement. Used to study 

and compare the relative proportions under normal 
and abnormal conditions. 

Atherogenic: Causing the formation of plaque in the 
lining of the arteries. 

Behavior therapy: Behavior therapy constitutes those 
strategies, based on learning principles such as rein-
forcement, that provide tools for overcoming barriers 
to compliance with dietary therapy and/or increased 
physical activity. 

Biliopancreatic diversion: A surgical procedure for 
weight loss that combines a modest amount of gastric 
restriction with intestinal malabsorption. 

BMI: Body mass index; the body weight in kilograms 
divided by the height in meters squared (wt/ht2) used 
as a practical marker to assess obesity; often referred 
to as the Quetelet Index. An indicator of optimal 
weight for health and diferent from lean mass or per-
cent body fat calculations because it only considers 
height and weight. 

Body composition: he ratio of lean body mass 
(structural and functional elements in cells, body wa-
ter, muscle, bone, heart, liver, kidneys, etc.) to body 
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fat (essential and storage) mass. Essential fat is neces-
sary for normal physiological functioning (e.g., nerve 
conduction). Storage fat constitutes the body’s fat re-
serves, the part that people try to lose. 

BRL 26830A: An atypical B adrenoreceptor agonist 
drug that in obese rodents showed an increased meta-
bolic rate and caused a reduction in weight by decreas-
ing body lipid content. It is not approved as a weight 
loss drug by FDA. 

Carbohydrates: A nutrient that supplies 4 calories/
gram. hey may be simple or complex. Simple car-
bohydrates are called sugars, and complex carbohy-
drates are called starch and iber (cellulose). An or-
ganic compound—containing carbon, hydrogen, and 
oxygen—that is formed by photosynthesis in plants. 
Carbohydrates are heat producing and are classiied as 
monosaccharides, disaccharides, or polysaccharides. 

Cardiovascular disease (CVD): Any abnormal con-
dition characterized by dysfunction of the heart and 
blood vessels. CVD includes atherosclerosis (espe-
cially coronary heart disease, which can lead to heart 
attacks), cerebrovascular disease (e.g., stroke), and hy-
pertension (high blood pressure). 

Central fat distribution: he waist circumference 
is an index of body fat distribution. Increasing waist 
circumference is accompanied by increasing frequen-
cies of overt type 2 diabetes, dyslipidemia, hyperten-
sion, coronary heart disease, stroke, and early mortal-
ity. In the body fat patterns called android type (apple 
shaped) fat is deposited around the waist and upper 
abdominal area and appears most often in men. Ab-
dominal body fat is thought to be associated with a 
rapid mobilization of fatty acids rather than result-
ing from other fat depots, although it remains a point 
of contention. If abdominal fat is indeed more active 
than other fat depots, it would then provide a mecha-
nism by which we could explain (in part) the increase 
in blood lipid and glucose levels. he latter have been 
clearly associated with an increased risk for cardio-
vascular disease, hypertension, and type 2 diabetes. 
he gynoid type (pear-shaped) of body fat is usually 
seen in women. he fat is deposited around the hips, 
thighs, and buttocks, and presumably is used as en-
ergy reserve during pregnancy and lactation. 

Cholecystectomy: Surgical removal of the gallblad-
der and gallstones, if present. 

Cholecystitis: Inlammation of the gallbladder, caused 
primarily by gallstones. Gallbladder disease occurs 
most often in obese women older than 40. 

Cholesterol: A soft, waxy substance manufactured 
by the body and used in the production of hormones, 
bile acid, and vitamin D and present in all parts of the 
body, including the nervous system, muscle, skin, liver, 
intestines, and heart. Blood cholesterol circulates in 
the bloodstream. Dietary cholesterol is found in foods 
of animal origin. 

Cimetidine: A weight loss drug that is thought to 
work by suppression of gastric acid or suppression of 
hunger by blocking histamine H2 receptors. It is not 
approved by the FDA. 

Cognitive behavior therapy: A system of psychother-
apy based on the premise that distorted or dysfunc-
tional thinking, which inluences a person’s mood or 
behavior, is common to all psychosocial problems. he 
focus of therapy is to identify the distorted thinking 
and to replace it with more rational, adaptive thoughts 
and beliefs. 

Cognitive rehearsal: A technique used in cognitive 
behavior therapy. In a weight loss program, for exam-
ple, individuals irst imagine the situation that is caus-
ing temptation (such as eating a high fat food), describe 
the thoughts and feelings that accompany the imagined 
situation, and make positive self-statements about the 
situation (e.g., “I am feeling good about choosing a low 
calorie drink rather than the high fat cheese.”). hen 
the next step is to follow the positive self-statement 
with an adaptive behavior (such as walking away from 
the bufet line to chat with a friend). Finally, individu-
als are encouraged to reward themselves for doing well 
in a diicult situation, with either positive statements 
or material rewards, or both. he idea is to rehearse 
one’s thoughts and behaviors prior to experiencing the 
potentially diicult situation, 

Cognitive restructuring: A method of identifying 
and replacing fear-promoting, irrational beliefs with 
more realistic and functional ones. 

Comorbidity: Two or more diseases or conditions ex-
isting together in an individual. 

Computed tomography (CT) scans: A radiographic 
technique for direct visualization and quantiication 
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of fat that ofers high image contrast and clear sepa-
ration of fat from other soft tissues. CT can estimate 
total body adipose tissue volume and identify regional, 
subcutaneous, visceral, and other adipose tissue de-
pots. Radiation exposure, expense, and unavailability 
restrict the epidemiologic use of CT. 

Confounding: Extraneous variables resulting in out-
come efects that obscure or exaggerate the “true” ef-
fect of an intervention. 

Coronary heart disease (CHD): A type of heart dis-
ease caused by narrowing of the coronary arteries that 
feed the heart, which needs a constant supply of oxy-
gen and nutrients carried by the blood in the coronary 
arteries. When the coronary arteries become narrowed 
or clogged by fat and cholesterol deposits and cannot 
supply enough blood to the heart, CHD results. 

Cue avoidance: A stimulus control technique often 
used in weight loss programs in which individuals are 
asked to reduce their exposure to certain food cues by 
making a variety of changes in their habits. he ratio-
nale is to make it easier on oneself and reduce tempta-
tion by reducing contact with food cues. For example, 
coming home from work and feeling tired is a time 
when many people reach for the high fat foods if they 
are available. By not having the high fat foods within 
reach, one can avoid eating them. 

Dexfenfluramine: A serotonin agonist drug used to 
treat obesity. FDA approval has been withdrawn. 

Diabetes: A complex disorder of carbohydrate, fat, 
and protein metabolism that is primarily a result of 
relative or complete lack of insulin secretion by the 
beta cells of the pancreas or a result of defects of the 
insulin receptors. 

Diastolic blood pressure: he minimum pressure that 
remains within the artery when the heart is at rest. 

Diethylproprion: An appetite suppressant prescribed 
in the treatment of obesity. 

Dopamine: A catecholamine neurotransmitter that is 
found primarily in the basal ganglia of the central ner-
vous system. Major functions include the peripheral 
inhibition and excitation of certain muscles; cardiac 
excitation; and metabolic, endocrine and central ner-
vous system actions. 

Dual energy X-ray absortiometry (DEXA): A meth-
od used to estimate total body fat and percent of body 
fat. Potential disadvantages include whole body radia-
tion and the long time required for scanning while the 
subject lies on a hard table. 

Dyslipidemia: Disorders in the lipoprotein metabo-
lism; classiied as hypercholesterolemia, hypertriglyc-
eridemia, combined hyperlipidemia, and low levels of 
high-density lipoprotein (HDL) cholesterol. All of the 
dyslipidemias can be primary or secondary. Both el-
evated levels of low-density lipoprotein (LDL) choles-
terol and low levels of HDL cholesterol predispose to 
premature atherosclerosis. 

Efficacy: he extent to which a speciic intervention, 
procedure, regimen, or service produces a beneicial 
result under ideal conditions. Ideally, the determina-
tion of eicacy is based on the results of a randomized 
control trial. 

Energy balance: Energy is the capacity of a body or 
a physical system for doing work. Energy balance is 
the state in which the total energy intake equals total 
energy needs. 

Energy deficit: A state in which total energy intake is 
less than total energy need. 

Ephedrine: A sympathomimetic drug that stimu-
lates thermogenesis in laboratory animals and hu-
mans. Animal studies show that it may reduce fat 
content and, therefore, body weight by mechanisms 
that probably involve increased expenditure and re-
duced food intake. 

Extreme obesity: A body mass index of 40 or above. 

Femoxetine: A selective serotonin reuptake inhibitor 
drug used in obese patients for weight loss. 

Fenfluramine: A serotonin agonist drug used in the 
treatment of obesity. FDA approval was withdrawn. 

Fibrinogen: A plasma protein that is converted into 
ibrin by thrombin in the presence of calcium ions. 
Fibrin is responsible for the semisolid character of a 
blood clot. 

Fluoxetine: An antidepressant drug used to promote 
weight loss whose action is mediated by highly speciic 
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inhibition of serotonin reuptake into presynaptic neu-
rons. Serotonin acts in the brain to alter feeding and 
satiety by decreasing carbohydrate intake, resulting in 
weight reduction. 

Framingham Heart Study: Study begun in 1948 to 
identify constitutional, environmental, and behavioral 
inluences on the development of cardiovascular dis-
ease. Framingham data show that increased relative 
weight and central obesity are associated with elevat-
ed levels of risk factors (e.g., cholesterol, blood pres-
sure, blood glucose, uric acid), increased incidence of 
cardiovascular disease, and increased death rates for 
all causes combined. 

Gallstones: Constituents in the gallbladder that are 
not reabsorbed, including bile salts and lipid sub-
stances such as cholesterol that become highly con-
centrated. hey can cause severe pain (obstruction 
and cramps) as they move into the common bile duct. 
Risk factors for cholesterol gallstone formation in-
clude female gender, weight gain, overweight, high 
energy intake, ethnic factors (Pima Indians and Scan-
dinavians), use of certain drugs (cloibrate, estrogens, 
and bile acid sequestrants), and presence of gastroin-
testinal disease. Gallstones sometimes develop during 
dieting for weight reduction. here is an increased risk 
for gallstones and acute gallbladder disease during se-
vere caloric restriction. 

Gastric banding: Surgery to limit the amount of food 
the stomach can hold by closing part of it of. A band 
made of special material is placed around the stomach 
near its upper end, creating a small pouch and a nar-
row passage into the larger remainder of the stomach. 
he small outlet delays the emptying of food from the 
pouch and causes a feeling of fullness. 

Gastric bubble/balloon: A free-loating intragastric 
balloon used in the treatment of obesity. 

Gastric bypass: A surgical procedure that combines 
the creation of small stomach pouches to restrict food 
intake and the construction of bypasses of the duo-
denum and other segments of the small intestine to 
cause food malabsorption. Patients generally lose two-
thirds of their excess weight after two years. 

Gastric exclusion: Same as gastric partitioning and 
Roux-en Y bypass. A small stomach pouch is created 
by stapling or by vertical banding to restrict food in-

take. A Y-shaped section of the small intestine is at-
tached to the pouch to allow food to bypass the duo-
denum as well as the irst portion of the jejunum. 

Gastric partitioning: See gastric exclusion. 

Gastroplasty: See also jejuno-ileostomy. A surgical 
procedure that limits the amount of food the stomach 
can hold by closing of part of the stomach. Food in-
take is restricted by creating a small pouch at the top 
of the stomach where the food enters from the esoph-
agus. he pouch initially holds about 1 ounce of food 
and expands to 2-3 ounces with time. he pouch’s 
lower outlet usually has a diameter of about 1/4 inch. 
he small outlet delays the emptying of food from the 
pouch and causes a feeling of fullness. 

Genotype: he entire genetic makeup of an individ-
ual. he fundamental constitution of an organism in 
terms of its hereditary factors. A group of organisms in 
which each has the same hereditary characteristics. 

Glucose tolerance: he power of the normal liver to 
absorb and store large quantities of glucose and the 
efectiveness of intestinal absorption of glucose. he 
glucose tolerance test is a metabolic test of carbohy-
drate tolerance that measures active insulin, a hepatic 
function based on the ability of the liver to absorb glu-
cose. he test consists of ingesting 100 grams of glu-
cose into a fasting stomach; blood sugar should return 
to normal in 2 to 21 hours after ingestion. 

Hemoglobin: One of the fractions of glycosylated he-
moglobin A1c. Glycosylated hemoglobin is formed 
when linkages of glucose and related monosaccha-
rides bind to hemoglobin A and its concentration rep-
resents the average blood glucose level over the previ-
ous several weeks. HbA1c levels are used as a measure 
of long-term control of plasma glucose (normal, 4 to 
6 percent). In controlled diabetes mellitus, the con-
centration of glycosylated hemoglobin A is within the 
normal range, but in uncontrolled cases the level may 
be 3 to 4 times the normal conentration. Generally, 
complications are substantially lower among patients 
with Hb levels of 7 percent or less than in patients with 
HbA1c levels of 9 percent or more. 

Hemorrhagic stroke: A disorder involving bleeding 
within ischemic brain tissue. Hemorrhagic stroke oc-
curs when blood vessels that are damaged or dead 
from lack of blood supply (infarcted), located within 
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an area of infarcted brain tissue, rupture and trans-
form an “ischemic” stroke into a hemorrhagic stroke. 
Ischemia is inadequate tissue oxygenation caused by 
reduced blood low; infarction is tissue death result-
ing from ischemia. Bleeding irritates the brain tissues, 
causing swelling (cerebral edema). Blood collects into 
a mass (hematoma). Both swelling and hematoma will 
compress and displace brain tissue. 

Heritability: he proportion of observed variation in 
a particular trait that can be attributed to inherited ge-
netic factors in contrast to environmental ones. 

High-density lipoproteins (HDL): Lipoproteins that 
contain a small amount of cholesterol and carry cho-
lesterol away from body cells and tissues to the liver 
for excretion from the body. Low-level HDL increases 
the risk of heart disease, so the higher the HDL level, 
the better. he HDL component normally contains 20 
to 30 percent of total cholesterol, and HDL levels are 
inversely correlated with coronary heart disease risk. 

Hirsutism: Presence of excessive body and facial hair, 
especially in women; may be present in normal adults 
as an expression of an ethnic characteristic or may de-
velop in children or adults as the result of an endo-
crine disorder. Apert’s hirsutism is caused by a viril-
izing disorder of adrenocortical origin. Constitutional 
hirsutism is mild-to-moderate hirsutism present in in-
dividuals exhibiting otherwise normal endocrine and 
reproductive functions; it appears to be an inheritable 
form of hirsutism and commonly is an expression of 
an ethnic characteristic. Idiopathic hirsutism is of un-
certain origin in women, who may exhibit menstrual 
abnormalities and sterility. Some authorities believe 
the hirsutism relects hypersecretion of adrenocorti-
cal androgens. 

Hypercholesterolemia (high blood cholesterol):  
Cholesterol is the most abundant steroid in animal 
tissues, especially in bile and gallstones. he relation-
ship between the intake of cholesterol and its manu-
facture by the body to its utilization, sequestration, 
or excretion from the body is called the cholesterol 
balance. When cholesterol accumulates, the balance 
is positive; when it declines, the balance is negative. 
In 1993, the NHLBI National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evalu-
ation, and Treatment of High Blood Cholesterol in 
Adults issued an updated set of recommendations 
for monitoring and treatment of blood cholesterol 

levels. he NCEP guidelines recommended that to-
tal cholesterol levels and subfractions of high-densi-
ty lipoprotein (HDL) cholesterol be measured begin-
ning at age 20 in all adults, with subsequent periodic 
screenings as needed. Even in the group of patients 
at lowest risk for coronary heart disease (total cho-
lesterol 200 mg/dL and HDL 35 mg/dL), the NCEP 
recommended that rescreening take place at least 
once every ive years. 

Hypertension: High blood pressure (i.e., abnormally 
high blood pressure tension involving systolic and/or 
diastolic levels). he Sixth Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure deines hyperten-
sion as a systolic blood pressure of 140 mm Hg or 
greater, a diastolic blood pressure of 90 mm Hg or 
greater, or taking hypertensive medication. he cause 
may be adrenal, benign, essential, Goldblatt’s, idio-
pathic, malignant PATE, portal, postpartum, primary, 
pulmonary, renal or renovascular. 

Hypertriglyceridemia: An excess of triglycerides 
in the blood that is an autosomal dominant disorder 
with the phenotype of hyperlipoproteinemia, type IV. 
he National Cholesterol Education Program deines 
a high level of triglycerides as being between 400 and 
1,000 mg/dL. 

Incidence: he rate at which a certain event occurs 
(i.e., the number of new cases of a speciic disease oc-
curring during a certain period). 

Insulin-dependent diabetes mellitus (type 1 diabe-

tes): A disease characterized by high levels of blood 
glucose resulting from defects in insulin secretion, in-
sulin action, or both. Autoimmune, genetic, and envi-
ronmental factors are involved in the development of 
type I diabetes. 

Ischemic stroke: A condition in which the blood 
supply to part of the brain is cut of. Also called 
“plug-type” strokes. Blocked arteries starve areas of 
the brain controlling sight, speech, sensation, and 
movement so that these functions are partially or 
completely lost. Ischemic stroke is the most com-
mon type of stroke, accounting for 80 percent of all 
strokes. Most ischemic strokes are caused by a blood 
clot called a thrombus, which blocks blood low in 
the arteries feeding the brain, usually the carotid 
artery in the neck, the major vessel bringing blood 
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to the brain. When it becomes blocked, the risk of 
stroke is very high. 

Jejuno-ileostomy: See gastroplasty. 

J-shaped relationship: he relationship between 
body weight and mortality. 

Lipoprotein: Protein-coated packages that carry fat 
and cholesterol throughout the bloodstream. here 
are four general classes: high-density, low-density, 
very low-density, and chylomicrons. 

Locus/loci: A general anatomical term for a site in the 
body or the position of a gene on a chromosome. 

Longitudinal study: Also referred to as a “cohort 
study” or “prospective study”; the analytic method 
of epidemiologic study in which subsets of a deined 
population can be identiied who are, have been, 
or in the future may be exposed or not exposed, or 
exposed in diferent degrees, to a factor or factors 
hypothesized to inluence the probability of occur-
rence of a given disease or other outcome. he main 
feature of this type of study is to observe large num-
bers of subjects over an extended time, with com-
parisons of incidence rates in groups that difer in 
exposure levels. 

Low-calorie diet (LCD): Caloric restriction of about 
800 to 1,500 calories (approximately 12 to 15 kcal/kg 
of body weight) per day. 

Low-density lipoprotein (LDL): Lipoprotein that 
contains most of the cholesterol in the blood. LDL 
carries cholesterol to the tissues of the body, including 
the arteries. A high level of LDL increases the risk of 
heart disease. LDL typically contains 60 to 70 percent 
of the total serum cholesterol and both are directly 
correlated with CHD risk. 

Lower-fat diet: An eating plan in which 30 percent or 
less of the day’s total calories are from fat. 

Macronutrients: Nutrients in the diet that are 
the key sources of energy, namely protein, fat, and 
carbohydrates. 

Magnetic resonance imaging (MRI): Magnetic 
resonance imaging uses radio frequency waves to 
provide direct visualization and quantification of 

fat. The sharp image contrast of MRI allows clear 
separation of adipose tissue from surrounding non-
lipid structures. Essentially the same information 
provided by CT is available from MRI, including to-
tal body and regional adipose tissue, subcutaneous 
adipose, and estimates of various visceral adipose 
tissue components. The advantage of MRI is its lack 
of ionizing radiation and hence its presumed safety 
in children, younger adults, and pregnant women. 
The minimal present use of MRI can be attributed 
to the expense, limited access to instrumentation, 
and long scanning time. 

Menopause: he cessation of menstruation in the hu-
man female, which begins at about the age of 50. 

Meta-analysis: Process of using statistical methods 
to combine the results of different studies. A fre-
quent application is pooling the results from a set of 
randomized controlled trials, none of which alone 
is powerful enough to demonstrate statistical sig-
nificance. 

Mianserine: An antidepressant sometimes used in 
the pharmacotherapy of bulimia nervosa. 

Midaxillary line: An imaginary vertical line that pass-
es midway between the anterior and posterior axillary 
(armpit) folds. 

Monounsaturated fat: An unsaturated fat that is 
found in plant foods, including olive and canola oils. 

Myocardial infarction (MI): Gross necrosis of the 
myocardium as a result of interruption of the blood 
supply to the area; it is almost always caused by ath-
erosclerosis of the coronary arteries, upon which cor-
onary thrombosis is usually superimposed. 

NHANES: National Health and Nutrition Examina-
tion Survey; conducted every 10 years by the National 
Center for Health Statistics to survey the dietary hab-
its and health of U.S. residents. 

Neural tube defects: hese defects include prob-
lems stemming from fetal development of the spinal 
cord, spine, brain, and skull, and include birth de-
fects such as spina biida, anencephaly, and encepha-
locele. Neural tube defects occur early in pregnancy 
at about 4 to 6 weeks, usually before a woman knows 
she is pregnant. Many babies with neural tube de-
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fects have diiculty walking and with bladder and 
bowel control. 

Neuronal atrophy: Nerve cell death and function loss. 

Obesity: he condition of having an abnormally high 
proportion of body fat. Deined as a body mass index 
(BMI) of greater than or equal to 30. Subjects are gener-
ally classiied as obese when body fat content exceeds 30 
percent in women and 25 percent in men. he operation-
al deinition of obesity in this document is a BMI 30. 

Observational study: An epidemiologic study that 
does not involve any intervention, experimental or 
otherwise. Such a study may be one in which nature 
is allowed to take its course, with changes in one char-
acteristic being studied in relation to changes in other 
characteristics. Analytical epidemiologic methods, 
such as case-control and cohort study designs, are 
properly called observational epidemiology because 
the investigator is observing without intervention 
other than to record, classify, count, and statistically 
analyze results. 

Orlistat: A lipase inhibitor used for weight loss. Li-
pase is an enzyme found in the bowel that assists in 
lipid absorption by the body. Orlistat blocks this en-
zyme, reducing the amount of fat the body absorbs 
by about 30 percent. It is known colloquially as a “fat 
blocker.” Because more oily fat is left in the bowel to 
be excreted, Orlistat can cause an oily anal leakage and 
fecal incontinence. Orlistat may not be suitable for 
people with bowel conditions such as irritable bowel 
syndrome or Crohn’s disease. 

Osteoarthritis: Noninlammatory degenerative joint 
disease occurring chiely in older persons, character-
ized by degeneration of the articular cartilage, hy-
pertrophy of bone at the margins, and changes in the 
synovial membrane. It is accompanied by pain and 
stifness. 

Overweight: An excess of body weight but not nec-
essarily body fat; a body mass index of 25 to 29.9 
kg/m2. 

Peripheral regions: Other regions of the body besides 
the abdominal region (i.e., the gluteal-femoral area). 

Pharmacotherapy: A regimen of using appetite sup-
pressants to manage obesity by decreasing appetite 

or increasing the feeling of satiety. hese medications 
decrease appetite by increasing serotonin or catechol-
amine—two brain chemicals that afect appetite. 

Phenotype: he entire physical, biochemical, and 
physiological makeup of an individual as determined 
by his or her genes and by the environment in the 
broad sense. 

Phentermine: An adrenergic isomeric with amphet-
amine, used as an anorexic; administered orally as a 
complex with an ion-exchange resin to produce a sus-
tained action. 

Polyunsaturated fat: An unsaturated fat found in 
greatest amounts in foods derived from plants, includ-
ing salower, sunlower, corn, and soybean oils. 

Postprandial plasma blood glucose: Glucose toler-
ance test performed after ingesting food. 

Prevalence: he number of events, e.g., instances of a 
given disease or other condition, in a given population 
at a designated time. When used without qualiication, 
the term usually refers to the situation at speciic point 
in time (point prevalence). Prevalence is a number, not 
a rate. 

Prospective study: An epidemiologic study in which 
a group of individuals (a cohort), all free of a particu-
lar disease and varying in their exposure to a possible 
risk factor, is followed over a speciic amount of time 
to determine the incidence rates of the disease in the 
exposed and unexposed groups. 

Protein: A class of compounds composed of linked 
amino acids that contain carbon, hydrogen, nitrogen, 
oxygen, and sometimes other atoms in speciic con-
igurations. 

Randomization: Also called random allocation. Is 
allocation of individuals to groups, e.g., for experi-
mental and control regimens, by chance. Within the 
limits of chance variation, random allocation should 
make the control and experimental groups similar at 
the start of an investigation and ensure that personal 
judgment and prejudices of the investigator do not in-
luence allocation. 

Randomized clinical trial (RCT): An epidemiologic 
experiment in which subjects in a population are ran-
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domly allocated into groups, usually called study and 
control groups, to receive or not to receive an experi-
mental prevention or therapeutic product, maneuver, 
or intervention. he results are assessed by rigorous 
comparison of rates of disease, death recovery, or 
other appropriate outcome in the study and control 
groups, respectively. RCTs are generally regarded as 
the most scientiically rigorous method of hypothesis 
testing available in epidemiology. 

Recessive gene: A gene that is phenotypically ex-
pressed only when homozygous. 

Refractory obesity: Obesity resistant to treatment. 

Relative risk: he ratio of the incidence rate of a dis-
ease among individuals exposed to a speciic risk fac-
tor to the incidence rate among unexposed individu-
als; synonymous with risk ratio. Alternatively, the ratio 
of the cumulative incidence rate in the exposed to the 
cumulative incidence rate in the unexposed (cumula-
tive incidence ratio). he term relative risk has also 
been used synonymously with odds ratio. his is be-
cause the odds ratio and relative risk approach each 
other if the disease is rare ( 5 percent of population) 
and the number of subjects is large. 

Resting metabolic rate (RMR): RMR accounts for 
65 to 75 percent of daily energy expenditure and rep-
resents the minimum energy needed to maintain all 
physiological cell functions in the resting state. he 
principal determinant of RMR is lean body mass 
(LBM). Obese subjects have a higher RMR in absolute 
terms than lean individuals, an equivalent RMR when 
corrected for LBM and per unit surface area, and 
a lower RMR when expressed per kilogram of body 
weight. Obese persons require more energy for any 
given activity because of a larger mass, but they tend 
to be more sedentary than lean subjects. 

Risk: he probability that an event will occur. Also, a 
nontechnical term encompassing a variety of measures 
of the probability of a generally unfavorable outcome. 

Roux-en-Y bypass: See gastric exclusion; the most 
common gastric bypass procedure. 

Saturated fat: A type of fat found in greatest amounts in 
foods from animals, such as fatty cuts of meat, poultry 
with the skin, whole-milk dairy products, lard, and in 
some vegetable oils, including coconut, palm kernel, and 

palm oils. Saturated fat raises blood cholesterol more 
than anything else eaten. On a Step I Diet, no more than 
8 to 10 percent of total calories should come from satu-
rated fat, and in the Step II Diet, less than 7 percent of 
the day’s total calories should come from saturated fat. 

Secular trends: A relatively long-term trend in a com-
munity or country. 

Serotonin: A monoamine vasoconstrictor, found in 
various animals from coelenterates to vertebrates, in 
bacteria, and in many plants. In humans, it is synthe-
sized in the intestinal chromain cells or in the central 
or peripheral neurons and is found in high concentra-
tions in many body tissues, including the intestinal 
mucosa, pineal body, and central nervous system. Pro-
duced enzymatically from tryptophan by hydroxylation 
and decarboxylation, serotonin has many physiologic 
properties (e.g., inhibits gastric secretion, stimulates 
smooth muscle, serves as central neurotransmitter, 
and is a precursor of melatonin). 

Sibutramine: A drug used for the management of 
obesity that helps reduce food intake and is indicated 
for weight loss and maintenance of weight loss when 
used in conjunction with a reduced-calorie diet. It 
works to suppress the appetite primarily by inhibiting 
the reuptake of the neurotransmitters norepinephrine 
and serotonin. Side efects include dry mouth, head-
ache, constipation, insomnia, and a slight increase in 
average blood pressure. In some patients it causes a 
higher blood pressure increase. 

Sleep apnea: A serious, potentially life-threatening 
breathing disorder characterized by repeated cessa-
tion of breathing due to either collapse of the upper 
airway during sleep or absence of respiratory efort. 

Social pressure: A strategy used in behavior ther-
apy in which individuals are told that they possess 
the basic self-control ability to lose weight, but that 
coming to group meetings will strengthen their abil-
ities. he group is asked to listen and give advice, 
similar to the way many self-help groups, based on 
social support, operate. 

Stoma size: he size of a new opening created surgi-
cally between two body structures. 

Stress incontinence: An involuntary loss of urine 
that occurs at the same time that internal abdominal 
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pressure is increased, such as with laughing, sneezing, 
coughing, or physical activity. 

Stress management: A set of techniques used to help 
an individual cope more efectively with diicult situ-
ations in order to feel better emotionally, improve be-
havioral skills, and often to enhance feelings of control. 
Stress management may include relaxation exercises, 
assertiveness training, cognitive restructuring, time 
management, and social support. It can be delivered 
either on a one-to-one basis or in a group format. 

Submaximal heart rate test: Used to determine the 
systematic use of physical activity. he submaximal 
work levels allow work to be increased in small incre-
ments until cardiac manifestations such as angina pain 
appear. his provides a more precise manipulation of 
workload and gives a reliable and quantitative index of 
a person’s impairment if heart disease is detected. 

Surgical procedures: See jejuno-ileostomy, gastro-
plasty, gastric bypass, gastric partitioning, gastric ex-
clusion, Roux-en Y bypass and gastric bubble. 

Systolic blood pressure: he maximum pressure in 
the artery produced as the heart contracts and blood 
begins to low. 

Triglyceride: A lipid carried through the blood stream 
to tissues. Most of the body’s fat tissue is in the form 
of triglycerides, stored for use as energy. Triglycerides 
are obtained primarily from fat in foods. 

Type 2 diabetes: Usually characterized by a gradual 
onset with minimal or no symptoms of metabolic dis-
turbance and no requirement for exogenous insulin. 
he peak age of onset is 50 to 60 years. Obesity and 
possibly a genetic factor are usually present. 

Validity: he degree to which the inferences drawn 
from study results, especially generalization extending 
beyond the study sample, are warranted when account 
is taken of the study methods, the representativeness 
of the study sample, and the nature of the population 
from which it is drawn. 

Vertical banded gastroplasty: A surgical treatment 
for extreme obesity; an operation on the stomach that 
involves constructing a small pouch in the stomach 
that empties through a narrow opening into the distal 
stomach and duodenum. 

Very low-calorie diet (VLCD): he VLCD of 800 (ap-
proximately 6-10 kcal/kg body weight) or fewer calories 
per day is conducted under physician supervision and 
monitoring and is restricted to severely obese persons.  

Very low-density lipoprotein (VLDL): he lipopro-
tein particles that initially leave the liver, carrying cho-
lesterol and lipid. VLDLs contain 10 to 15 percent of 
the total serum cholesterol along with most of the tri-
glycerides in the fasting serum; VLDLs are precursors 
of LDL, and some forms of VLDL, particularly VLDL 
remnants, appear to be atherogenic. 

Visceral fat: One of the three compartments of ab-
dominal fat. Retroperitoneal and subcutaneous are 
the other two compartments. 

VO2 max: Maximal oxygen uptake is known as VO2 
max and is the maximal capacity for oxygen consump-
tion by the body during maximal exertion. It is used as 
an indicator of cardiorespiratory itness. 

Waist circumference: To deine the level at which the 
waist circumference is measured, a bony landmark is 
irst located and marked. he subject stands, and the 
technician, positioned to the right of the subject, pal-
pates the upper hip bone to locate the right ileum. Just 
above the uppermost lateral border of the right ileum, 
a horizontal mark is drawn and then crossed with a 
vertical mark on the midaxillary line. he measuring 
tape is then placed around the trunk, at the level of the 
mark on the right side, making sure that it is on a level 
horizontal plane on all sides. he tape is then tight-
ened slightly without compressing the skin and under-
lying subcutaneous tissues. he measure is recorded 
in centimeters to the nearest millimeter. 

Waist-hip-ratio (WHR): he ratio of a person’s waist 
circumference to hip circumference. WHR looks at the 
relationship between the diferences in the measure-
ments of waist and hips. Most people store body fat in 
two distinct ways, often called the “apple” and “pear” 
shapes, either the middle (apple) or the hips (pear). For 
most people, carrying extra weight around their middle 
increases health risks more than carrying extra weight 
around their hips or thighs. Overall obesity, however, 
is still of greater risk than body fat storage locations or 
WHR. A WHR 1.0 is in the danger zone, with risks of 
heart disease and other ailments connected with being 
overweight. For men, a ratio of .90 or less is considered 
safe, and for women, .80 or less. 
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