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  Given the choice, everyone would choose to be healthy. Given the choice, everyone 
would also choose to eat foods they like. Although for many these two options are 
generally available, these choices are often incompatible. The foods we like, the 
foods we have eaten since childhood, are not necessarily the foods that lead to 
health. Given the epidemic of obesity and overweight that is so widespread, health 
promotion does not appear to be a decisive factor in personal diet choices. Yet the 
sales of medicines and annual expenditures for surgical procedures indicate that 
health is a vital concern. Understanding this incongruent situation is a challenge. 

 The motivation for choosing the foods we eat is complex. Among the factors 
involved, eating food that is familiar, food that was served to us by our mothers and 
grandmothers is probably the most compelling. These are the foods we like. Some 
of us are adventuresome eaters, willing to experiment, and try new foods. This may 
result in the incorporation of foods we didn’t eat at home, but for the most part our 
diet is centered on the foods we grew up eating. With the advent of fast-food restau-
rants and microwave ovens in the 1960s, family meals veered away from natural and 
whole foods. Animal protein became standard fare and fresh fruits and vegetables 
diminished. The foods we like, the foods we’re used to, have changed in the last 50 
years, without a comprehension of the implications to our health. 

 Other factors impact our food choices. Time availability is a primary consider-
ation. It takes less time to eat out than to purchase food, cook it, and serve it. Even 
many foods that are “cooked” at home are microwaved and include ingredients that 
we can’t pronounce. Budgetary concerns also in fl uence what we eat. Foods that are 
faster to cook are usually less expensive. We buy foods that can stay on the shelf or 
in the freezer because they are cost-effective and don’t require daily trips to the 
market. Cooking expertise has become a novelty, something to be admired on real-
ity television. And many foods that are recommended for health aren’t readily avail-
able at the supermarket. If health concerns factor into our thinking about our meals, 
they have to compete with many other concerns. 

 For those consumers who do consider health implications regarding their food 
choices, the situation is especially challenging. A myriad of food containers dis-
play health claims, each slightly different. Television commercials entice us with 
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 messages of reduced weight and added vigor. The blogosphere offers an ever-
changing emphasis from the latest study of the effects of food on our health. Those 
who have been entrusted with formulating our food policy (i.e., the USDA) have 
the ambivalent charge of protecting the market for subsidized foods, which may 
not be the most appropriate for health, while at the same time protecting the health 
of those purchasing the foods. It is not always clear which of these two roles is 
taking precedence. 

 The most reliable source of nutrition information and dietary advice that con-
sumers can access is from their health-care professional. It is imperative therefore 
that those working in health care and the health science  fi elds be properly informed 
and educated. For that reason, this book,  Nutritional Health , is an invaluable 
resource for nutrition research and health. Beginning with a research overview, the 
book then addresses the role of diet in relation to several chronic diseases—diabetes, 
obesity, heart disease, and cancer, among others. Chapters on phytochemicals, food 
synergy, and food supplements are included. These topics are essential for health-
care professionals and for students working towards careers in this area. 

 However,  Nutritional Health: Strategies for Disease Prevention , now in its third 
edition, goes beyond most reference books connecting nutrition with health. Food 
policies, of fi cial nutrition messages, and their relationship to the food industry are 
also addressed. Food choices have economic, political, social, and environmental 
consequences that could place improvements to the health of individuals or popula-
tions in con fl ict with other considerations. This treatise offers a comprehensive, 
integrated review of the scienti fi c knowledge connecting diet and health, and pres-
ents some needed food policy strategies to address the current epidemic of chronic 
degenerative diseases.   

    Loma Linda ,  CA ,  USA         Joan   Sabaté    



ix

  The great success of the Nutrition and Health Series is the result of the consistent 
overriding mission of providing health professionals with texts that are essential 
because each includes (1) a synthesis of the state of the science, (2) timely, in-depth 
reviews by the leading researchers in their respective  fi elds, (3) extensive, up-to-
date fully annotated reference lists, (4) a detailed index, (5) relevant tables and 
 fi gures, (6) identi fi cation of paradigm shifts and the consequences, (7) virtually no 
overlap of information between chapters, but targeted, inter-chapter referrals, (8) 
suggestions of areas for future research and (9) balanced, data-driven answers to 
patient as well as health professionals questions which are based upon the totality of 
evidence rather than the  fi ndings of any single study. 

 The Series volumes are not the outcome of a symposium. Rather, each editor has 
the potential to examine a chosen area with a broad perspective, both in subject mat-
ter as well as in the choice of chapter authors. The editor(s), whose training(s) is 
(are) both research and practice oriented, have the opportunity to develop a primary 
objective for their book, de fi ne the scope and focus, and then invite the leading 
authorities to be part of their initiative. The authors are encouraged to provide an 
overview of the  fi eld, discuss their own research and relate the research  fi ndings to 
potential human health consequences. Because each book is developed de novo, the 
chapters are coordinated so that the resulting volume imparts greater knowledge 
than the sum of the information contained in the individual chapters. 

  Nutritional Health :  Strategies for Disease Prevention , Third Edition, edited by 
Norman J. Temple, Ph.D., Ted Wilson, Ph.D., and David R. Jacobs, Jr., Ph.D. clearly 
exempli fi es the goals of the Nutrition and Health Series. The major objective of this 
comprehensive volume is to review the growing evidence of the importance of 
nutrition-related decisions at all stages of life to healthful living. 

  Nutritional Health , again in this third edition, provides the reader with a compre-
hensive compilation of the newest data on the ways to conduct nutrition research as 
well as the many challenges associated with clinical research. It is to the credit of 
Drs. Temple, Wilson, and Jacobs that they have organized this volume so that it 
provides an in-depth overview of the role of diet and dietary components in chronic 
disease prevention; the importance of public health actions, regulatory decisions, 
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and academic research in assuring the safety and ef fi cacy of claims made on foods 
and dietary supplements. 

 The volume is organized into 26 comprehensive chapters. The Third Edition con-
tains  fi ve completely new chapters, in-depth updates of all chapters from the Second 
Edition, and several chapters have new authors who provide their perspectives in 
many areas of nutrition research. The  fi rst  fi ve chapters include reviews of nutrition 
research methodologies, beginning with cell culture studies and continuing to clini-
cal research including all aspects of epidemiological research. The recent methods 
used to develop meta-analyses and systematic reviews are discussed in detail. There 
is a new chapter on eating disorders that contains important de fi nitions and explana-
tions of anorexia, binge eating, pica, and bulimia and provides information about 
treatment strategies. There is an updated chapter by Dr. David Barker on recent 
 fi ndings concerning the Barker hypothesis that emphasizes the critical importance of 
fetal growth and weight gain in the  fi rst year of life in predicting diseases in middle 
age. Dr. Barry Popkin’s chapter on the nutrition transition provides an excellent 
global perspective of how dietary changes affect the health of emerging nations. 

 Ten chapters are devoted to examining medical nutrition modalities used in the 
care of patients with diabetes (Types I and II, as well as gestational diabetes), 
 obesity, cardiovascular disease, hypertension, and cancer. Speci fi c sources of bioac-
tive food components such as  n -3 polyunsaturated fatty acids,  fi ber, garlic, carote-
noids, phenolics, and foods with low glycemic indices are discussed in detail. 
Similarly, food components that can adversely affect chronic diseases are also 
reviewed including  trans  fats, saturated fats, sugar, animal protein, and food con-
taminants. The importance of physical activity in addition to healthful eating is also 
discussed in several chapters. 

 Four chapters are devoted to examining dietary patterns and whole foods and 
food groups. Alcoholic and nonalcoholic beverages each have their own chapter. 
The alcohol chapter includes reviews of bene fi ts as well as risks including fetal 
alcohol syndrome. Included in the nonalcoholic beverage chapter are discussions of 
water, green tea, coffee, milk, fruit juices, sports drinks, weight loss drinks, and 
energy drinks. Dr. Ted Wilson, author of this chapter, has coedited an entire 
 well-referenced volume in the “Nutrition and Health” Series entitled “Beverages in 
Health and Disease.” 

 Seven chapters examine the role of governments and public health issues in the 
development of national food policies. The major food and dietary supplement 
companies introduce hundreds of new products into the global marketplace annu-
ally and the decision-making process in new product development, label develop-
ment, and new claims development is explored in several chapters. Important, 
up-to-date information on the newest sugar, fat, and salt substitutes as well as novel 
sources of  fi ber is reviewed. 

 The  fi nal three chapters examine cutting edge topics that are critical to the under-
standing of the complexity of nutrition research. In one chapter, there is an insight-
ful examination of the importance of biotechnology for the enhancement of food 
production including genetic modi fi cations for disease and drought resistance. The 
chapter on nutritional anthropology looks at cultural patterns and societal norms 
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and taboos with relation to food included in diets and compares culturally related 
eating behaviors to biological requirements for consumption of sources of essential 
nutrients. The  fi nal chapter, written by the volume’s editors, outlines nutritional 
strategies available currently and proposes new strategic global nutrition strategies 
to reduce overeating and improve overall nutrient density of foods consumed. 

 The logical sequence of chapters enhances the understanding of the latest infor-
mation on the current standards of practice for clinicians, related health profession-
als including the dietician, nurse, pharmacist, physical therapist, behaviorist, 
psychologist, and others involved in the team effort required for successful treat-
ment of cardiovascular and other relevant diseases as well as conditions that 
adversely affect normal metabolic processes. This comprehensive volume also has 
great value for academicians involved in the education of graduate students and 
postdoctoral fellows, medical students, and allied health professionals who plan to 
interact with patients whose health is affected by their diet. Of great importance, the 
editors have provided chapters that balance the most technical information with 
discussions of its importance for clients and patients as well as graduate and medi-
cal students, health professionals, and academicians. 

 The volume contains 74 detailed tables and  fi gures that assist the reader in com-
prehending the complexities of the biological signi fi cance of nutritional strategies for 
human health. The overriding goal of this volume is to provide the health profes-
sional with balanced documentation and awareness of the newest research and thera-
peutic approaches including an appreciation of the complexity of this relatively new 
 fi eld of investigation. Hallmarks of the 26 chapters include key words and bulleted 
key points at the beginning of each chapter, complete de fi nitions of terms with the 
abbreviations fully de fi ned for the reader, and consistent use of terms between chap-
ters. There are over 1,900 up-to-date references; all chapters include a conclusion to 
highlight major  fi ndings. The volume also contains a highly annotated index. 

 This unique text provides practical, data-driven resources based upon the totality 
of the evidence to help the reader understand the basics, treatments, and preventive 
strategies that are involved in the understanding of the role nutrition interventions 
may play in healthy individuals as well as those with cardiovascular disease, diabe-
tes, or neurocognitive declines. The overarching goal of the editors is to provide 
fully referenced information to health professionals, so they may have a balanced 
perspective on the value of various preventive and treatment options that are avail-
able today as well as in the foreseeable future. 

 In conclusion,  Nutritional Health :  Strategies for Disease Prevention , Third 
Edition, edited by Norman J. Temple, Ph.D., Ted Wilson, Ph.D., and David R. 
Jacobs, Jr., Ph.D. provides health professionals in many areas of research and prac-
tice with the most up-to-date, well referenced and comprehensive volume on our 
current understanding of the nutritional sciences. This volume will serve the reader 
as the most authoritative resource in the  fi eld to date and is a very welcome addition 
to the Nutrition and Health Series.   

    Adrianne   Bendich, PhD., FACN
Series Editor    
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  The  fi rst edition of  Nutritional Health  was published in 2001, and the second  edition 
in 2006. During this  fi rst decade of the twenty- fi rst century much water has  fl own 
under the bridge of the advancing river that is nutrition research and practice. At the 
same time huge numbers of new foods are continually appearing in supermarkets, 
while hundreds of new “breakthrough” diet and health books are published every 
year. With these large accumulations of developments in the  fi eld of nutrition, the 
need for a new edition of this book is obvious. 

 During the last century of nutritional advancement, we have frequently been 
faced with great opportunities that were brilliantly disguised as insoluble prob-
lems. Perhaps we are biased but in our eyes problems associated with nutrition are 
among the most exciting of those in the life sciences. How many other branches of 
the life sciences offer the promise of slashing the burden of human disease by one 
third or more? 

 With a scattering of brilliant exceptions until the 1970s few gave serious consid-
eration to the notion that our diet plays an important role in such chronic diseases as 
heart disease and cancer. Today, we have a vastly greater understanding of the role 
of diet in disease; we know, for example, how meat affects colon cancer, how  fi sh 
fats affect heart disease, and how vitamin D affects osteoporosis. Now, in the early 
years of the twenty- fi rst century, our vastly improved nutrition knowledge gives us 
the capability of preventing a sizable fraction of the chronic diseases that af fl ict the 
people of our world, but only if we can fully inform its populace about these 
discoveries. 

 Ironically, despite overwhelming evidence that nutrition has such enormous 
potential to improve human well-being—at modest cost and using the knowledge 
we already have—it still fails to receive the resources it merits. Growth in funding 
for nutrition research and education remains stunted. By contrast, countless millions 
of dollars are spent on the glamor areas of biomedical research, such as genetic 
engineering and gene therapy. But we already know that our genes can only explain 
a fraction of our disease burden. Even if gene therapy reaches its full potential, it 
seems most improbable that it will ever achieve a quarter of what nutrition can do 
for us today. 

   Preface  
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 In the words of Confucius: “The essence of knowledge is that, having acquired 
it, one must apply it.” But a major barrier is that nutrition information often fails to 
reach the health professionals who most need to apply it, namely the physicians, 
dietitians, and nurses who represent the front-line workers in health care. How do 
we bring this information to others who also need this information, such as the 
nutrition professors who lack the time to read more than a tiny portion of the litera-
ture outside of their main area of interest? 

  Nutritional Health  endeavors to address the needs of those who would most 
bene fi t from up-to-date information on recent advances in the  fi eld of nutrition. 
Accordingly, our book contains a series of chapters by experts in a diverse range of 
nutritional areas. Our aim is not so much to cover all the leading edges of nutrition 
but rather to discuss recent thinking and discoveries that have the greatest capacity 
to improve human health and nutritional implementation. 

 Some readers may disagree with some of the opinions presented, but in nutrition 
differences of opinion are often unavoidable. Owing to the constant changes in our 
diet, nutrition is by nature in constant dynamic  fl ow, as are our opinions of what 
constitutes the best nutritional habits. The views expressed in  Nutritional Health  are 
in many cases particular interpretations by the authors of each chapter on their areas 
of specialization.   

   Athabasca ,  AB ,  Canada        Norman   J.   Temple   
   Winona ,  MN ,  USA       Ted   Wilson   
   Minneapolis ,  MN ,  USA       David   R.   Jacobs, Jr.      
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  Key Points 

    Many different research designs are available for investigating nutrition-related • 
questions. Each one has strengths and weaknesses.  
  Much nutrition-related research is carried out using epidemiological methods. • 
Major types of epidemiological research include cohort studies, case-control 
studies, cross-sectional studies, population studies, and historical studies.  
  Results from randomized clinical trials (RCTs) are internally valid and usually • 
are more uniformly reliable for causal inference than those from observational 
epidemiological studies. However, many kinds of nutritional studies do not  fi t 
well into the RCT framework. It is therefore important to use observational study 
logic effectively.  
  A recent development is the use of systematic reviews and meta-analyses. First, • 
the literature is reviewed according to strict criteria. Findings from the different 
studies are then analyzed by making formal pooled risk estimates. The pooled 
estimate gains power by increasing sample size, but at the expense of loosening 
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    Chapter 1   
 Methods in Nutrition Research       

      David   R.   Jacobs,   Jr.       and    Norman   J.   Temple       
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de fi nition of variables and concepts, which will vary across studies despite use of 
strict criteria. This strategy can be particularly helpful in evaluating consistency 
and in considering the possibility of residual confounding when only observa-
tional studies are available.  
  Experiments on animals are often used for nutrition-related research and can • 
help as a method to study detailed pathways. However, it is recognized that 
physiology and pathophysiology in animal models only approximates that in 
humans.  
  Another common strategy is mechanistic research. Here researchers study the • 
details of body physiology and biochemistry, for example by using cell culture. 
This method can have high throughput and illuminate detailed cellular and 
molecular relationships, but integrating such  fi ndings with the biology of intact 
humans is problematic. The method does contribute to basic understanding if 
carefully used.  
  There is some evidence of con fl ict of interest in studies that potentially affect • 
pro fi t of the research funder, most typically in industry funding. The solution to 
this problem is conceptually simple but practically dif fi cult: create a suf fi cient 
pool of research funds, independent of the food industry, to support needed 
research.  
  Research studies involving human subjects require prior approval from an ethics • 
committee.     

    1.1   Introduction 

 Excellent research designs are essential for ef fi ciently and accurately answering 
nutrition-related questions, the answers to which in turn are used in policy making. 
Such policy would include advice from the perspective of health about what foods 
people should eat, what foods industry should supply, and whether some compounds 
should be consumed as dietary supplements. Areas of inquiry range from molecular 
mechanisms in cells, animals, and humans; to descriptions of what population 
groups eat; to effects of food and nutrient intake on clinical outcomes and interme-
diate variables; and to behaviors, policies, and cost structures that in fl uence food 
preparation and consumption. 

 Formulating research questions carefully, as an essential part of choosing a 
research design and interpreting data, can optimize scienti fi c discovery. Coupled 
with the right methods for a particular issue, these principles can make a research 
budget go further. However, over the years many  fi ndings in the  fi eld of nutrition 
have been reported in scholarly journals, with seemingly strong supporting 
evidence, only to be disproved by later research. Particularly telling in the category 
of disproved research are two assumptions which are not likely to be correct. The 
 fi rst questionable assumption is that isolated compounds behave in the same way 
as they do as part of a food matrix. The second questionable assumption is that 
all of a macronutrient (i.e., total fat, total carbohydrate, or total protein) behaves in 
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a common way. Disproved research and rescinded health messages lead to 
widespread confusion in the scienti fi c community and among the general public. 
Thus, for both positive and negative reasons, an essential tool for a person who has 
a professional interest in the nutritional sciences is a reasonably good understanding 
of the methodology used in nutrition research. Such knowledge confers a greater 
ability to comprehend research studies and to critically evaluate new research 
 fi ndings. That is our primary objective in this chapter. 

 We present an overview of the major methods used in nutrition research and 
attempt to explain the strengths and weaknesses of each method. Nutrition is 
connected to many areas of biomedical science. For that reason the methods 
described here are equally valid for diverse  fi elds of health. In many cases, the 
examples given are not directly related to nutrition; rather, they illustrate a method 
that is also commonly used in nutrition. 

 We emphasize that this chapter is far from comprehensive. There are excellent 
texts and articles available that cover this subject in greater detail (e.g.,  [  1–  7  ] ). 

 Much of nutrition research is intended to discover causal pathways, e.g., if a 
person eats certain foods or nutrients, will there be a health bene fi t or harm? Because 
much of this research is observational, the reader is also encouraged to read Bradford 
Hill’s classic 1965 paper  [  8  ]  for fundamentals of causal inference in the absence of 
the “mathematical guarantee” for internal validity of causal conclusions afforded in 
randomized clinical trials (RCTs).  

    1.2   Fundamental Research Design Principles 

 The idea of “contrast” is fundamental to all research: to ascertain the effect on some 
outcome of an exposure of interest contrasted to the outcome under an alternate 
condition (i.e., when there is less or no such exposure). In nutrition research, the 
exposure of interest is consumption of food or a food derivative (often an isolated 
compound found in food and taken as a supplement). There are similarities and 
differences between nutrition research and pharmacologic research, in which the 
exposure of interest is a drug. In many ways, pharmacologic research has set a 
standard for identifying causal pathways; understanding areas in which nutrition 
and pharmacologic research part ways is therefore important for nutrition scientists. 
The outcome variable is often a health construct, including death, disability, a clini-
cal disorder, worsening of a clinical disorder, subclinical disease (such as asymp-
tomatic atherosclerosis or neoplastic cells), or an intermediate marker variable 
(assumed to be on the pathway to disease, such as obesity, blood cholesterol, 
immune status, or prostate speci fi c antigen). Alternatively, the outcome variable 
may be maintenance of health, quality of life, or good functioning (as in low absen-
teeism from work or school). The research target may be cost or other economic 
aspects. The research may be turned around, in which the outcome is food or 
nutrient intake and the exposure of interest is individual behavior, industry-related 
issues (such as advertising, placement of food outlets, and provision of more or less 
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healthy food products), or population policy strategies (such as dietary guidelines 
intended to in fl uence both food production and consumption). 

 In all of these cases, the research design adapts the basic principle of contrast: 
comparing one state of being to another on a level playing  fi eld, within a structure 
of assumed understanding of what the variables mean. The  fi rst issue is whether we 
are measuring what we think we are measuring, and whether that measurement is 
suf fi ciently precise to answer the research question? These are questions that deal 
with concepts such as validity, reliability, accuracy, precision, within person varia-
tion, and bias. These ideas hold for both the exposure and the outcome measures. 
Special to nutrition research is the structure of food intake. Actual food intake varies 
widely from day to day within an individual, although there is some evidence that 
this variation is within a more stable pattern, such as vegetarian, Mediterranean/
prudent diet, or Western diet  [  9  ] . For acute outcomes, such as the blood glucose 
response to a meal, the foods would likely be tightly controlled and well de fi ned. 
For chronic outcomes, however, average food intake over a long period is most 
salient. Recalled or stated usual intake is highly variable. It may be understated 
(as is typical of energy intake in obese persons) or overstated (as might be the case 
for whole grain foods, where the participant knows the desirable answer). Most 
commonly, the bias of a statement of dietary intake is not great, but consumption is 
a moving target. The stated amounts may be correct on average over a population of 
people, but much too low or much too high for any given individual. 

 The second issue is confounding, de fi ned as correlation of the exposure and the 
outcome with unmeasured variables. Such correlation may mask true associations 
or produce false associations. For example, in a general population study, whole 
grain food intake could relate positively to mortality if whole grain food intake 
increased sharply with age, because age is almost always strongly positively associ-
ated with mortality. Confounding assumes that the correlated variable is not on a 
causal pathway linking the exposure and the outcome. A similar situation is media-
tion, in which the correlated variable is in the causal pathway between the intake 
and the outcome. For example, whole grain food intake may lead to both lower body 
mass index (BMI) and less incident type 2 diabetes. Here we might conclude that 
whole grain food intake is associated with incident type 2 diabetes in part because 
it lowers body weight. Finally, the third issue is effect modi fi cation, wherein a given 
association is not homogeneous across a whole population; for example, when a 
nutritional factor leads to a good outcome in women but not in men, or leads to a bad 
outcome only in people with a certain genetic makeup (e.g., phenylalanine in 
phenylketonuria).  

    1.3   Errors, Bias, and Within-Person Variation 
in Dietary Assessment 

 Methods of self-report of dietary intake are discussed in the following chapter on 
research challenges in nutritional epidemiology (Chap.   2    ). Dietary assessment is 
prone to signi fi cant error  [  10  ] . Estimates of alcohol and energy intake, for example, 
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are usually substantially underestimated in heavy drinkers and obese persons, 
respectively. Errors in dietary assessment are not exclusively random and appear to 
vary with age, BMI, and race/ethnicity  [  11  ] . Dietary intake varies greatly from day 
to day  [  1  ] ; many days of recall may be needed to arrive at a stable individual 
estimate of intake  [  12  ] . It may be dif fi cult for a participant to properly average 
intake in a food frequency, whether for issues of memory, ability to synthesize, 
or rapidly changing intake which does not seem to be amenable to averaging. 
Nutrients that are derived from few foods (for example, the dairy-speci fi c fatty acids 
C15:0 and C17:0, or trans fatty acids derived from hydrogenation) may be more 
precisely measured than those that require precise input from many foods (such as 
total fat). Foods that are eaten in a regular pattern (breakfast cereal with milk as a 
typical breakfast) may be more precisely estimated than foods that are eaten irregu-
larly or rarely.  

    1.4   Epidemiological Studies 

 Epidemiology is the study of the incidence, distribution, control, and prevention of 
diseases. Many epidemiological studies share a common objective: to discover the 
factors that cause or prevent disease, while others aim to describe food or nutrient 
intake in general or across population subgroups, or to understand factors that lead 
to intake of a given food. We shall now look at the major types of epidemiological 
studies. These studies are sometimes referred to as “observational” as they are based 
on observing relationships rather than on experimental testing under a high level of 
experimenter control. 

    1.4.1   Cohort Studies 

 Cohort studies—also known as prospective, longitudinal, or panel studies—are a 
highly  fl exible, utilitarian, and informative research design. Under the right circum-
stances, they can yield reliable inferences about causal pathways. The  fi rst step in a 
study is the recruitment of large numbers of subjects; typically in the range 30,000–
100,000, but sometimes even more, such as half a million. Cohorts of a small 
number of people are also useful. Participants may be sampled at random from the 
general population (e.g., the Coronary Artery Risk Development in Young Adults 
study, CARDIA)  [  13  ] , may be free of serious disease (e.g., the Multi-Ethnic Study 
of Atherosclerosis, MESA, in which cardiovascular disease was excluded, although 
other conditions such as cancer were allowed)  [  14  ] , or may be speci fi cally selected 
because they have a disease (e.g., survivors of childhood cancer). Any assemblage 
of participants can serve as the baseline in a cohort study. They are questioned or 
examined to determine each person’s exposure to the particular factors under 
study, as well as many other variables that might be of importance as confounders, 
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mediators, or effect modi fi ers. The subjects are then monitored for a long period of 
time, typically from 5 to 20 years, by which time a suf fi cient number have devel-
oped the conditions or diseases of interest. A variant would be a life course study, 
where participants are observed even longer, even from birth to death. 

 The data can now be analyzed in order to determine the association between 
dietary and other lifestyle variables and risk of disease. If the participants are known 
to be free of the disease at study baseline, predictors of incident disease are of 
particular interest, as it is then known that the exposure and outcome occurred in a 
temporal ordering consistent with a causal association. The outcome results for 
low vs. high intake are presented as risk difference (appropriate to computing attrib-
utable risk) or relative risk (RR) (appropriate to characterizing disease that develops 
at a faster rate over time in one group than in another), hazard ratio (HR, used in life 
table-based methods, or odds ratio (appropriate to methods such as logistic regres-
sion that are based on odds (probability of having an event relative to not having it) 
rather than probability itself). In a format typical for long-term studies of an out-
come relative to a diet pattern, a food, or a nutrient, the subjects are divided into  fi ve 
equal sized groups (quintiles) based on their exposure to the variable of interest. It 
may be more valid and informative to categorize into substantively sensible group-
ings to capture important contrasts in level of exposure, or to divide into fewer 
groups if the sample size (especially of outcome events per category) is small or 
range of intake is limited. The relative risk of the disease in the category with the 
lowest exposure may be arbitrarily called 1.0. The risk in the other categories is then 
calculated relative to this reference group. If subjects in the quintile with the highest 
exposure have a 57% higher risk of the disease, then the RR is stated as 1.57. 
If subjects in that quintile have a 20% lower risk of the disease, then the RR is stated 
as 0.80. Typical  fi ndings from a cohort study on lifestyle and risk of stroke might be 
that exercise has a RR of 0.80 while smoking has a RR of 1.9. The RR values are 
normally given for all quintiles, not just the extreme quintiles. The pattern of abso-
lute risks or of RR values is also examined for linearity and thresholds. Outcome 
variables may also be continuous in cohort studies. Note that it is good practice to 
examine both absolute and relative risks to get a good picture of magnitude of asso-
ciation. For example, in a disease that occurs in 1% of the unexposed population, a 
relative risk of 2 means an excess of 1%, whereas for a condition that occurs in 20% 
of the unexposed, it would occur in 40% among the exposed. Even a small absolute 
risk may be important in the face of a substantial relative risk, because the risk may 
build to considerable proportions over time. The same relative risk of 2 in the con-
text of an incidence of 1% per year followed for 20 years would correspond to 
approximately 20% in the unexposed group, but 40% in the exposed. 

 The outstanding strength of cohort studies is that information is collected before 
the disease develops and this removes a major source of bias, namely that the 
participant may have started eating the food in question after or because of the dis-
ease outcome, in which case the situation would be one of reverse causality, where 
disease causes dietary exposure. However, there are still signi fi cant sources of error. 
An important one is that people are notoriously inaccurate in describing their diet, 
as was discussed earlier. 
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 Another signi fi cant error is that diet and other aspects of lifestyle, such as 
smoking and exercise, tend to change over time. It is indeed remarkable that a 
single assessment in mid-life of smoking, serum cholesterol, and blood pressure in 
the Framingham and many other studies predicts heart disease incidence far into the 
future. In contrast, for many variables a single measurement is not accurate or stable 
enough to predict disease over the long term. Therefore, data recorded at the start of 
a cohort study may not re fl ect actual lifestyle a decade later. Some cohort studies 
endeavor to minimize this source of error by repeating the data collection every few 
years and accounting in data analysis for these changes. Such dietary changes may 
be incorporated by changing the dietary assessment every couple of years, for 
example when the intake is thought to in fl uence disease over the short run only, or 
by averaging all dietary observations since baseline so that the exposure assessment 
becomes more and more precise estimate of long-term diet as the study progresses. 
For example, Stringhini et al.  [  15  ]  found that repeated measures of diet explained 
much more of the association of socioeconomic status than did baseline diet as a 
covariate. Cigarette smoking tends to occur daily over many years, so that a single 
indication that a person is a smoker anytime during life is indicative of a constant 
and long-term situation. Perhaps not surprisingly, repeated measures of smoking did 
not add information in this case. 

 For nonfatal outcomes, such as body size or insulin resistance, change in the 
outcome may also be examined according to change in the exposure; this strategy 
would tend to remove confounders that are constant within an individual, such as 
race/ethnicity or sex. 

 The greatest challenge in analyzing data from cohort studies is confounding. Let 
us suppose one is studying the relationship between dietary factor A and disease X. 
The  fi ndings may indicate that persons with a relatively high intake of dietary factor 
A have a 50% increased risk of developing disease X. However, further investiga-
tion reveals that dietary factor A is associated with smoking which is also associated 
with disease X. This means that the association between dietary factor A and 
disease X may be spurious. 

 Confounding is of great importance in epidemiological studies as lifestyle 
factors tend to cluster together in the natural setting, that is when the lifestyle asso-
ciations are not arti fi cially diminished by the action of an experimenter, as in an 
RCT. Most often this lifestyle clustering takes the form of some people leading a 
healthy lifestyle with respect to diet, smoking, and exercise, while others lead a 
generally unhealthy lifestyle. We can illustrate this by looking at  fi ndings from 
a cohort study on the relationship between meat intake and mortality  [  16  ] . Comparing 
men who were in the top quintile for intake of red meat with those in the bottom 
quintile, the former led a generally less healthy lifestyle: they were more likely to 
be smokers (14.8% vs. 4.9%), were less likely to engage in regular vigorous phys-
ical activity (16.3% vs. 30.7%), had a higher BMI (28.3 vs. 25.9 kg/m 2 ), and con-
sumed less  fi ber but more saturated fat (8.8 vs. 13.2 and 12.7 vs. 7.7 g/1,000 kcal, 
respectively). Thus, even if red meat has no effect on health, we can predict that a 
relatively high intake of red meat will still be  observed to be associated  with 
increased risk of death. Another factor associated with a unhealthy lifestyle (and 
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with a high intake of red meat in this study) is having less years of education. It should 
be noted that this type of clustering of behaviors tends to re fl ect popular beliefs 
about what is healthy at the time of data collection. Thus, the postmenopausal 
women who attempt to follow the healthiest lifestyle may typically also have been 
more likely to have used hormone replacement therapy decades ago, but not in 
studies that were initiated more recently. However, lifestyle associations may also 
re fl ect causal pathways among behaviors. People may feel less heaviness when 
eating less meat and therefore want to exercise. A good feeling from exercising may 
induce certain kinds of diet. Smoking, in contrast, may lead to upper respiratory 
symptoms that tend to extinguish any desire to do vigorous activity. 

 Epidemiologists attempt to overcome the error caused by confounding by 
making statistical corrections. In the above example, men in the top quintile for 
intake of red meat had a hazard ratio (HR) for death from all causes of 1.44 in com-
parison with those in the lowest quintile (i.e., they had a 44% increased risk of death 
during the period of the study)  [  16  ] . However, when the data were corrected for the 
various sources of confounding that were listed above (plus others not mentioned), 
then the HR was reduced to 1.31. This is known as attenuation. 

 Two related variations within the cohort design study are the nested case-control 
design and the case-cohort design. These are based on the collection of biological 
samples, usually blood, at the time of initial recruitment of the subjects. Years later, 
when a suf fi cient number of them have developed a disease of interest, their stored 
samples are analyzed for selected substances. The difference between the two 
methods is in how the comparison group is selected. For comparison in the case-
control design, samples from randomly selected or matched controls, free of the 
disease, are also analyzed. For comparison in the case-cohort design, participants 
randomly selected from the total cohort (which would include some of the cases) 
are selected. These strategies have two strong advantages over cohort studies as 
described earlier. First, only a limited number of samples must be analyzed. Second, 
they allow the researchers to respond to recent research  fi ndings. For example, 
evidence might have been published recently that suggests that phytochemical P is 
protective against disease D. The original dietary analysis data may not be appro-
priate for determining the intake of the phytochemical but blood analysis may allow 
this to be done. There are some advantages and disadvantages between the two 
designs. The nested case-control design can be highly speci fi c to a disease outcome 
of interest, with confounding controlled at the outset through matching or post hoc 
by regression analysis. The case-cohort design is much more  fl exible: the cohort 
subset is a miniature of the cohort itself, and can be used for any purpose that the 
full cohort can be used for, given only the sample size constraint. Only post hoc 
deconfounding is possible in the case-cohort design.  

    1.4.2   Case-Control Studies 

 In general, case-control studies have the same goal as cohort studies, namely to 
explain why particular individuals within a population suffer from certain diseases. 
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As noted before for the nested case-control study, the sampling rate is higher in 
cases (often all available cases) than in controls, which are typically a tiny subset of 
all existing noncases. Controls should be selected from the source population of the 
cases. This happens automatically in the nested case-control study (all cases are 
derived from the cohort participants), but can be dif fi cult to actuate in the nonnested 
case-control study, in part because it is not always obvious what the source popula-
tion for cases is. Thus, in all case-control studies a direct comparison is made 
between healthy subjects and people who already have the disease of interest. 
Nonnested case control studies lack the advantage of nested case-control studies of 
known temporality of exposure and outcome, but are often the only alternative in 
the study of cancer and other rare diseases. Typically, between 50 and 500 people 
with the disease of interest are recruited. One (sometimes two or more) healthy—
but otherwise similar—people are also recruited for comparison with each case. 
Subjects are asked about their diet at some past time. One may think of the case-
control study as being done backwards with respect to research intent. Because 
selection is within cases, an exposed-to-unexposed ratio can be estimated in cases. 
The same is true for controls, and a relative exposure ratio can be estimated. Thus, 
because cases are oversampled compared to noncases, the only excess risk measure 
available in a case-control design is the odds ratio for being a case in exposed vs. 
nonexposed participants. Fortunately, for rare diseases, the odds ratio is a close 
approximation to the relative risk. Absolute risk is not estimable (unless the 
different sampling rates for cases and for controls are known, in which case a rough 
reconstruction of the full population could be made). 

 From a practical point of view, nonnested case-control studies have several 
advantages over cohort studies. First, far fewer subjects are needed (hundreds rather 
than tens of thousands). This greatly reduces the cost. Second, the results are gener-
ated far more quickly as there is no need to wait years for diseases to develop. 

 Unfortunately, case-control studies can have serious inherent errors  [  17  ] . The 
 fi rst is known as “the healthy volunteer effect.” When patients with cancer are asked 
to participate, typically a high proportion agrees. But recruitment of “matched” 
controls is usually more problematic as a much lower proportion of healthy subjects 
agree to participate in the study. Moreover, the healthy subjects tend to include an 
overrepresentation of health-conscious people. The effect of this is that even if 
patients with a particular type of cancer have a history of eating an identical diet to 
the rest of the population, the results of case-control studies will likely indicate that 
their past diet was relatively unhealthy, such as having a low content of fruits and 
vegetables. The second problem is recall bias. This refers to the tendency of patients 
who have recently been diagnosed with cancer to have a distorted recollection of 
their past diet, usually in the direction of overstating its unhealthy features. Of note, 
a healthy volunteer bias also can enter the cohort study design, but exclusion of 
unhealthy, unwilling participants from the cohort baseline would not affect that 
relationship of exposures to future disease in those who did enter the study. 

 Studies of the relationship between consumption of fruits and vegetables and 
risk of cancer demonstrate the systematic bias that can be generated by case-
control studies. Well over 200 case-control studies have been published and these 
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consistently indicate that a generous intake of fruits and vegetables are strongly 
protective against several types of cancer. However,  fi ndings from large cohort 
studies, mostly published after 2000, have reported only minor protective bene fi ts. 
We can best illustrate this serious inconsistency by looking at the estimate of the 
decrease in the risk of developing cancer with each extra 100 g/day of fruits and 
vegetables. The  fi ndings from case-control studies suggest a  fi gure of about 10% 
 [  18  ]  whereas cohort studies suggest a  fi gure of between zero and 4%  [  18–  20  ] . 

 It should be remembered that if sampling is well done and exposure information 
is reliable and valid, the nonnested case-control study is both valid and ef fi cient. 
Exposures that are easy to recall accurately, such as smoking history or history of 
exposures at work may meet the needed standard of the case-control study. 
Furthermore, if the risk following exposure is short term, a cohort study will fail to 
detect the risk, while a case-control study would likely  fi nd such risk. Short-term 
risk is the rule by de fi nition in identi fi cation of triggers of sudden death. A case-
control study could be used in this case, asking proxies for sudden deaths and proxies 
for controls about habitual behavior. However, a better design is appropriate here, 
related to the case-control study, namely the case crossover study, in which each 
case serves as its own control. In the sudden death outcome, a proxy would be asked 
about possibly triggering behavior in the period immediately before death and again 
the same behavior at a more remote time. This method was used successfully in 
identifying a bout of physical activity as a trigger for sudden death, much more so 
in untrained than in trained people  [  21  ] . It is interesting that this study successfully 
decomposed a mixture of situations: trained people had lower overall risk for 
sudden death, even though their immediate risk increased somewhat for each bout 
of physical activity.  

    1.4.3   Cross-Sectional Studies 

 In the cross-sectional design, the sample is selected to be a snapshot in time, for 
example selected at random from the general population. As such it is a very 
general design. Like both cohort and case-control studies, it can investigate condi-
tions that are either present or absent, such as cancer (although only the cohort 
study can include deaths as outcomes, unless proxy respondents are used; and 
power to study rare diseases may be low, because they will be encountered in 
proportion to their existence in the population, i.e., rarely). Cross-sectional studies 
are often used to look at body parameters that increase by increments, such as 
BMI and blood pressure. Let us suppose that an investigator wishes to study the 
relationship between lifestyle and BMI in children. He then recruits several 
hundred children from the general population and measures both lifestyle factors 
and BMI. The results might reveal, for example, a positive association between 
hours of TV watching and BMI. 

 In principle, the information gathered in a cross-sectional study at a particular 
time can refer to any time in the past or present. A question like, “When did you 
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start smoking?” is inherently historical. Nevertheless, cross-sectional studies usually 
attempt to determine current lifestyle, including diet, whereas case-control studies, 
in line with their particular focus, usually ask about lifestyle at a former time, before 
diagnosis. Accordingly, cross-sectional studies for the most part reveal nothing 
about temporal sequence whereas case-control studies attempt to determine this. 
Because of the paucity of information about temporal sequence typical in the cross-
sectional design, it cannot distinguish causal direction, even if other aspects of the 
data lead to a belief that a causal relation is present. Let us look again at the study 
of the relationship between lifestyle and BMI in children. If that study reveals that 
children who spend more hours watching TV tend to have a higher BMI, this could 
mean that TV watching causes children to become overweight, or, conversely, that 
overweight children tend to watch more TV. Resolving this problem can only be 
properly addressed by studying children prospectively (i.e., monitoring a cohort of 
children over several years). A plausible but inferentially riskier strategy would be 
to ask people about their past BMI and TV watching, thereby emulating a prospec-
tive study, but without the security of measuring BMI and TV watching at their time 
of occurrence. 

 As with case-control studies there are signi fi cant errors that can easily enter into 
data collection. Everyone knows whether or not they are obese and this creates the 
potential error of recall bias. For example, obese people tend to underestimate their 
energy intake. The healthy volunteer effect may also be a source of error. 

 It is worth noting that most cohort studies have a cross-sectional design for their 
baseline.  

    1.4.4   Population Studies 

 Population studies—also known as ecological studies—have a long history in 
epidemiology and have yielded enormous amounts of valuable information. 
Typically, two dozen or more different countries are compared. Data are collected 
from each country on exposure to different diets and to possible risk factors and 
these are compared with disease rates. The  fi ndings indicate which variables are 
most strongly associated with each disease. Population studies take advantage of 
the enormous variations around the world in many aspects of lifestyle and in disease 
patterns. 

 There are several major sources of error in population studies. One is that disease 
statistics are often unreliable, especially in less developed countries. Food consump-
tion data can also be misleading. In richer countries, for example, much available 
food may be wasted. Let us take a hypothetical example to illustrate how research-
ers might easily reach seriously  fl awed conclusions. They are investigating the rela-
tionship between consumption of potatoes and colon cancer. The data reveal that the 
populations of countries in Group A eat 30% more potatoes than those in Group B 
and also have a 30% higher incidence of colon cancer. On the surface this suggests 
that potatoes may cause colon cancer. But closer inspection of the data reveals 
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signi fi cant sources of error:  fi rst, countries in Group A are rich and waste 30% of 
their potatoes, while countries in Group B are poor and fail to diagnose 30% of their 
cases of colon cancer. This means that, in actuality, people in the two groups of 
countries eat a similar amount of potatoes and have a similar incidence of colon 
cancer. 

 As with other types of population studies, confounding presents a serious chal-
lenge to the interpretation of  fi ndings. In the case of population studies, confound-
ing is a re fl ection of different populations having many lifestyle factors that cluster 
together. This is best illustrated by studies that have investigated the relationship 
between diet and chronic diseases of lifestyle. Since the 1970s many such studies 
have compared populations in highly developed countries and those still living a 
more traditional lifestyle (before the arrival of the nutrition transition). What the 
 fi ndings typically reveal is a strong association between a Western diet and many 
chronic diseases of lifestyle, including colon cancer, breast cancer, coronary heart 
disease (CHD), and type 2 diabetes. Detailed analysis reveals a strong correlation 
between all components of the Western diet (such as a high intake of dietary fat, 
animal protein, and sugar, and a low intake of dietary  fi ber) and several different 
diseases. 

 Population studies have historically been considered to suffer from the “ecologic 
fallacy.” In fact, ecologic variables do not necessarily even have the same substan-
tive meaning as their individual counterparts. For example, gender at the individual 
level brings to mind a man, a woman, sex hormones, social roles, etc. Ecologically, 
gender is not very informative; it is generally about 50% male and 50% female. 
A variable such as the taking of antihypertensive medication means something 
about high blood pressure and its treatment at the individual level, while the 
 corresponding ecologic variable may have more to do with the structure and focus 
of the health-care system and prescribing habits  [  22  ] . 

 In 1975, Armstrong and Doll  [  23  ]  published a paper using this methodology in 
order to explore the relationship between diet and cancer. This paper has become a 
classic and played a major role in sparking serious interest in the relationship 
between diet and risk of cancer. According to Google Scholar the paper has been 
cited 1,763 times (May 2011). The association between diet and breast cancer 
mortality in 27 countries illustrates the nature of the  fi ndings. The correlations ( r ) 
were as follows: animal protein 0.83, eggs 0.80, meat 0.74, and milk 0.73. The 
strongest association was seen for total fat: a correlation of 0.89. Conversely, cereals 
manifested a correlation of −0.70. Many investigators seized on the impressive 
association between fat intake and breast cancer and became convinced that there 
must be at least a small  fi re amid so much smoke. Alas, the search for solid support-
ing evidence has been largely futile. With the wisdom of hindsight what these 
 fi ndings really show is that a Western diet (and its associated lifestyle) is strongly 
 associated  with risk of breast cancer. Making inferences as to  cause-and-effect 
 relationships  for single dietary components should only be done with much caution, 
particularly when the evidence in favor of the existence of the association is based 
solely on ecologic data. 
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 Population studies can be done within a country; for example, comparisons of 
the states of the United States. The degree of variation between states is obviously 
far less than that seen between highly developed countries and developing coun-
tries. This has the advantage of greatly reducing the problem of confounding (i.e., 
differences in disease rates between states are not likely to be due to such factors 
as dietary intake of meat or sugar). However, the relatively small state-to-state 
variation in nutritional factors and disease rates limits the potential use of this 
technique. This approach has proven useful in situations of strong geographical 
variation in dietary status. One recent example of this is using regional variation 
in sunshine exposure as a surrogate marker for vitamin D status. Results from 
such studies have lent support to the view that vitamin D is protective against 
cancer  [  24  ] . 

 A variant of the population study performs cross-sectional studies in several 
countries, as was done in Intersalt  [  25  ] . This study showed a strong association 
between 24-h urinary sodium and blood pressure in most of 52 populations and was 
then able to show the generality of this  fi nding by displaying these slopes across 
countries. This study greatly reduced the likelihood of confounding by displaying 
within-country relationships, adjusted for confounding, rather than the simplistic 
display of country-wide means of urinary sodium arrayed against country-wide 
means of blood pressure. Another variant of the population study is one in which an 
integral ecologic characteristic is studied; for example, when an intervention is 
performed to alter lifestyle behavior with the community as the unit of analysis, or 
when the question is instances of food-borne bacterial infection as a function of the 
number of food production sites.  

    1.4.5   Historical Studies 

 The relationship between nutritional patterns and changing disease rates often 
provides valuable clues as to the role played by dietary components in the causation 
or prevention of different diseases. Such information suffers in the same way as 
population studies from potential ecologic biases, but can be helpful if used care-
fully, particularly in conjunction with other evidence. 

 A strong piece of evidence that supports the role of smoking in causing lung 
cancer comes from historical studies. The disease was rare at the time of the First 
World War. At around that time millions of men took up the habit of smoking. 
Starting around 1930, lung cancer then became progressively more common and is 
now by far the leading cancer in terms of numbers of deaths. Among women, by 
contrast, the rapid escalation in the numbers dying from the disease was delayed 
until around 1960. This much later date accords with the fact that smoking among 
women became common much later than it did for men. 

 Another example illustrating this method comes from looking at the relationship 
between the intake of folate by women and their risk of giving birth to a child with a 
neural tube defect (NTD). NTDs, such as spina bi fi da, are a serious congenital disorder. 
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Various evidence accumulated showing that a low dietary intake of this vitamin 
increases the risk for NTD. As a result in 1998 forti fi cation of grain products with 
folic acid became mandatory in Canada and the United States. The effectiveness of 
this policy was con fi rmed by the sharp fall in the incidence of NTD in the years 
following the implementation of this policy  [  26  ] . 

 The following example also used this approach to con fi rm that a particular inter-
vention would deliver the promised bene fi ts. The Pap smear is a test used for the 
detection of precancerous changes of the uterine cervix. This allows for interven-
tions that help prevent the progression to actual cervical cancer. Different countries 
or regions have adopted screening programs at different times. Several historical 
studies from different countries have shown a large fall in deaths from cervical can-
cer in the years following the implementation of such programs  [  27  ] . This evidence 
provides valuable con fi rmation that utilization of the Pap smear does indeed sub-
stantially reduce the risk of death from the disease.   

    1.5   Randomized Clinical Trials 

 Randomized clinical trials (also known as randomized controlled trials; RCTs) are 
often referred to as the “gold standard.” A single pool of participants is selected who 
would potentially bene fi t from an intervention; randomization into intervened and 
control groups breaks up any natural correlations between intervention/control and 
confounders that would exist if the intervention variable were encountered in an 
observational setting. Therefore, the RCT has internal validity for comparing inter-
vention to control. Certainly, the  fi ndings generated are usually much more reliable 
than those from epidemiological studies. However, they are still subject to some 
possible errors and other limitations. 

 RCTs have the following key features:

   Subjects are recruited who meet predetermined criteria, such as age, gender, • 
willingness to accept and comply with either intervention or control, and equi-
poise in respect to health status (that they would not clearly bene fi t or be harmed 
by either intervention or control treatment).  
  Subjects are randomized into at least two groups: a control (i.e., untreated, usual • 
care, placebo, known standard treatment) group and one or more intervention 
(test, treatment) groups.  
  The number of subjects is carefully calculated so that the results will be meaning-• 
ful. For example, based on the assumption that the intervention will cause a change 
in the target outcome parameter of 10% over a speci fi ed period of observation, the 
researchers estimate that 50 subjects are needed in both the test and control groups 
in order to have a 90% chance of the results being statistically signi fi cant.  
  Studies are carried out “double-blind” when possible. This means that neither the • 
subjects nor the personnel who are in direct contact with them know which group 
each subject is in. This is important in order to avoid various types of bias.  
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  Given perfect compliance within the treatment group assignments, inferences • 
about the relation of treatment to outcome are based solely on a mathematical 
computation; the scienti fi c thinking was done entirely in the setup of the RCT. In 
the face of noncompliance, data analysis assumes “intention to treat,” that is, that 
the randomized groups are compared to each other, even if there is some non-
compliance to the intervention or cross-over between intervention and control 
during the study. This feature assures that the confounding that was broken up 
by randomization is not reinstituted by noncompliance. This “rescue” from non-
compliance works less and less well, the more the noncompliance (and would be 
patently absurd if most of the control group received the intervention, while most 
of the intervention group did not receive it).    

 Additional characteristics of RCTs in relation to observational cohort studies are 
provided in Sect.  1.9 .  

    1.6   Systematic Reviews and Meta-analyses 

 Research methods are constantly evolving and being improved. An excellent 
example of this is the move towards systematic reviews and meta-analyses. In many 
 fi elds of health-related research, a dozen or more human studies are carried out on 
the same topic. In the traditional literature review, experts have then examined each 
study, one at the time, and made an overall evaluation. A typical conclusion might 
say: “While the evidence lacks consistency, the majority of studies indicate that a 
diet with a high content of vitamin X is associated with a reduced risk of disease Y. 
On balance, this suggests that supplements of vitamin X may reduce risk by 
20–30%.” This approach has a strong element of value judgment which makes it 
easy for the reviewer to reach a somewhat biased conclusion. 

 A trend in recent years has been the publication of systematic reviews and meta-
analyses. In a systematic review, the literature is reviewed using search engines 
according to strict criteria. These criteria might include the date of publication, 
language, the subject under study, and the type of study. Each paper that meets 
these criteria is then carefully read and relevant information extracted. The  fi ndings 
from these papers are compiled and then summarized as objectively as possible. 

 A meta-analysis takes this process one step further. Instead of guesstimating a 
“batting average” of what the results indicate, the reviewers assume that  fi ndings 
from the different studies are quantitatively poolable. They then make formal pooled 
risk estimates calculated using the weighted average according to set rules that con-
sider both within-study and between-study variance. By this means larger studies 
usually receive more weight than smaller ones. While it is clearly helpful in many 
instances to make a quantitative summary of evidence, it should be recognized that 
this activity involves a trade-off. The pooled estimate gains power by increasing 
sample size, but at the expense of loosening de fi nition of variables and concepts, 
which will vary across studies despite the use of strict criteria.  
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    1.7   Experiments Using Animals 

 From a statistical design perspective, experiments on animals are comparable to 
RCTs on humans. In particular, the experimenter sets up different treatment options, 
paralleling the intervention and control set-up in human RCTs. Compared to RCTs, 
experiments on animals have obvious advantages and disadvantages. The  fi rst 
advantage is that conditions can be far more rigidly controlled. So if, for example, 
the investigator wishes to test the effect of a low-fat diet, he can be con fi dent that all 
the experimental animals have consumed the intended diet, and that there are no 
other differences between the test and control groups. Such control is rarely possible 
in studies using human “guinea pigs.” The second advantage is that animals can be 
genetically modi fi ed to have or to knock out the capability to produce the bio-
chemical under study, enabling tight control over highly speci fi c pathways. Reporter 
genes can be introduced to indicate which tissues metabolize the treatment sub-
stance. The third advantage is that experimental animals can be subjected to 
dangerous treatments; later they can be killed and all tissues studied, whereas in 
humans only easily obtainable tissue can be studied, such as blood, urine, hair, 
toenails, and occasionally small biopsies. 

 Experiments on animals do, however, have major disadvantages; this is espe-
cially the case in the area of nutrition in relation to health and disease. The dominant 
problem here is the vast genetic, metabolic, and physiologic gap separating animals 
from humans. On top of that, humans live a completely different lifestyle to animals 
in a laboratory. For these reasons, we often  fi nd that experimental animals react very 
differently from humans when their diets are altered. Animals rarely get diseases of 
interest for humans, and “disease” models that exist are only approximations of 
human disease. For example, some mice have been bred to become obese and to get 
diabetes, and in some models diabetes is induced by a drug that greatly harms the 
pancreas. Whether these forms of “diabetes” are relevant to the diabetes usually 
encountered in humans is uncertain. Accordingly, while animal models can eluci-
date biological pathways in living tissues and thereby set some standards of knowl-
edge about how tissue and life work, data generated from studies on animals can 
only be extrapolated to humans with much caution.  

    1.8   Mechanistic Research 

 For many decades, nutritionists have followed the strategy that the road to under-
standing nutrition is to learn the details of body physiology and biochemistry, such 
as intermediary metabolism, and thence how the various chemicals in food are 
involved in health or disease. Certainly, this strategy has revealed a great deal about 
the role played in the body by vitamins, minerals, amino acids, and other substances, 
and why de fi ciencies of them lead to speci fi c symptoms. It is also true that the 
discovery of several important new drugs has grown out of an understanding of 
metabolic processes and cell physiology, such as cell receptors. 
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 But when we look at the wider arena of health research, this mechanistic strategy 
has serious weaknesses, as has been argued previously  [  28–  30  ] . In particular, in the 
 fi eld of nutrition the strategy is achieving less and less success in recent decades. 
The reason for this is really quite simple: the human body is so complex that it is 
extraordinarily dif fi cult to fully comprehend the  fi ner details of the pathways that 
lead to health and disease. Compounding this, foods have such great complexity 
that there are vast numbers of possible interactions between food components and 
body processes. As a result attempts to translate an understanding of intermediary 
metabolism and cellular function into practical nutritional advice on preventing or 
treating disease seldom achieve success. This argument perfectly complements the 
parallel arguments we present in our chapter on food synergy (Chap.   14    ). 
Nevertheless, as with animal studies, studies of the composition of food and of the 
effects of food on performance of cells in vitro can be helpful as part of a total pack-
age of knowledge about nutrition, not standing alone, but contributing to inferences 
about important causal pathways. 

 All nutrition-oriented research designs contribute knowledge about biology. 
However, our understanding of human nutrition can be led astray if too much reli-
ance is placed on aspects of intermediary metabolism and cellular function, merely 
assuming that such metabolism is pertinent to health and disease in intact humans. 
A better strategy might be to tie such mechanistic studies to metabolic features and 
nutritional aspects that have already been shown to have an effect in humans, that is, 
to use mechanistic studies to explain known nutritional associations rather than to 
 fi nd new ones.  

    1.9   Comparative Strengths and Weaknesses of Clinical 
Trials and Observational Cohort Studies in Investigations 
of Drugs vs. Foods 

 Although the RCT design is highly regarded for its internal validity, and the rele-
vance of internal validity to interpreting a difference between intervention and 
control as causal, all study designs have strengths and weaknesses. Kish  [  31  ]  cata-
logued what he called “the three Rs of research design,” namely randomization, 
representation, and realism. The  fi rst design dimension, randomization, referring to 
aspects of comparison and internal validity, may be rated as excellent in RCTs, but 
only good in observational mode. The second and third design dimensions, how-
ever, favor observational studies. Representation in RCTs is limited, restricted to 
eligibles in whom treatment is considered safe; in addition, the rigors of compliance 
to a speci fi c intervention regimen may limit and possibly bias participation. In the 
observational design, representation tends to be comprehensive. Realism in the RCT 
is limited by a stylized treatment delivery, designed to maximize internal validity 
even at the expense of somewhat altering the intervention itself. In the observational 
design, treatment delivery is naturalistic. Other design criteria also differ between 
the two research methods. The exposure period in the RCT tends to be relatively 
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short (weeks or years), while in the observational study it is long (e.g., whole prior 
life, adult life, since onset of condition). Confounding by baseline characteristics is 
controlled probabilistically in the RCT (that is, randomization to treatment induces 
a high probability that each measured and unmeasured covariate is equally distrib-
uted between treatment groups), but residual confounding is always possible in 
observational studies. The possibility of an important biasing effect of residual con-
founding is reduced when many observational studies in many settings concur, and 
when they also concur with animal or mechanistic evidence. Less well appreciated 
may be that confounding by changes during the study period are a problem in both 
designs. Finally, level of investigator control is a strong point of the RCT; clever 
design and procedures may help in this respect in observational studies. Thus, we 
conclude that each study design has strong and weak points, at the same time agree-
ing that the internal validity of RCTs is a short and secure path to causal inference. 

 Importantly for this chapter on research design in nutrition studies, the solution 
to the problem of optimal research design differs between the study of drugs and 
foods. We compare here how typical RCT features play out for drugs compared 
to foods:

    1.    Randomization is relatively easy to achieve with a drug, while it is possible, but 
hard to maintain long term in the case of a food intervention.  

    2.    Double blind is relatively easy with drugs, where look-alike placebos are possible; 
side effects may reveal the drug regimen. Food, in contrast, is hard to mask. 
Partial solutions exist, such as incorporation of different fats in margarine or 
different nuts in muf fi ns or breads, but complete masking is often impossible.  

    3.    Compliance is relatively easy with a drug delivered in a tasteless pill, although 
side effects of the drug may be limiting. Food, however, is at the center of life. 
Required drinking or not drinking of coffee, for example, or change in an entire 
diet pattern can have a major effect on life, several times a day. Factors such as 
taste, convenience, and effect on laxation are big issues in delivery of food, while 
they are usually not factors in drug delivery.  

    4.    Long duration of a drug trial may be expensive, but is possible. Food studies are 
usually weeks long, and long-term food studies are both expensive and likely to 
be compromised by compliance dif fi culties.  

    5.    Speci fi city of intervention is helpful in de fi ning what is being studied. Drugs are 
often a single compound or a simple combination of compounds. Food is much 
more complex, being an average over time, due to varietals, growing conditions, 
various preparations, food groups of similar foods, and additives such salt or 
emulsi fi ers added in preparation by the food industry.  

    6.    The outcome variable of most relevance is a clinical event. This outcome is easy 
to achieve in a drug trial. Food trials have mostly intermediate outcomes due to 
short duration. The relevance of such outcomes to clinical events may be ques-
tionable, particularly where multiple pathways are possible.  

    7.    Control in a drug trial is well de fi ned; it may be a placebo or other comparison 
drug. There are myriad possibilities for energy-bearing food; for example, satu-
rated fat may be replaced by polyunsaturated fat, any other fat, carbohydrate, or 
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protein. The possible replacements in terms of foods are also highly varied. The 
example of a different effect on CHD of saturated fat replaced by phytochemical-
poor carbohydrates than by polyunsaturated fats is salient here  [  32  ] .     

 For these reasons it is therefore much more dif fi cult to effectively study foods 
than drugs using an RCT design. Many of the disadvantages of RCTs for food 
become advantages in an observational setting. For example, food patterns estab-
lished and relatively consistent over many years are observable, with subsequent 
long-term follow-up for clinical events. Observed drug taking, however, is beset by 
indication bias. For example, RCTs have clearly shown the ef fi cacy of blood pressure 
lowering drugs for reduction of cardiovascular disease rates, but use of blood pres-
sure lowering medication is often observed to be associated with higher risk. The 
explanation is that drug taking is confounded by the indication for taking the drug, 
namely that those taking the drug were sicker at the outset. Thus, indication bias can 
induce reverse causation, even in a prospective observational study design.  

    1.10   Evaluating the Evidence 

 Causal inference is easy to make based on results of RCTs, especially when they are 
repeated and consistent. However, RCTs that investigate food and have a duration 
of more than a few weeks are rare, and even if done may be dif fi cult to interpret. For 
this reason, epidemiological studies have tremendous value in revealing diet–
disease relationships. But the process of concluding that an observed relationship is 
causal is much more complex when based on observational data. Such inferences 
must be made after evaluation of all aspects of the evidence. Convergent evidence 
across different ways of looking at the problem, including animal and mechanistic 
studies, multiple observational results in which residual confounding is unlikely to 
be the same across studies, and short-term RCTs may make causal inference 
reasonable. 

 Evidence regularly appears in nutrition science suggesting that a particular food, 
nutrient, or other substance in food either increases or reduces risk of a particular 
disease. But often the evidence is weak or inconsistent. How should such evidence 
be evaluated? We now examine several examples where evidence from different 
types of research has led to our current level of understanding. Often, some of this 
evidence has been misleading; this inevitably creates confusion before a clearer 
picture emerges. These examples are intended to explore what lessons we need to 
learn from past mistakes. We see, time and time again, that in recent decades the 
large majority of our information of practical value regarding how diet is related to 
the prevention or treatment of disease has come from epidemiology and RCTs. In 
several of these examples, we show that mechanistic studies either produced little of 
any real value or, in some cases, were actually misleading. 

 In our  fi rst example, we look at Ginkgo biloba. This herb is a popular supplement 
for aiding the memory. However, the supporting evidence was never strong. Small, 
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early studies showed modest improvements in cognitive function for older adults 
with dementia. A combination of articles in popular magazines, recommendations 
from the staff in health food stores, and the placebo effect can easily convince 
people that the supplement really does boost the memory. However, the results from 
a RCT published in 2009 provide strong evidence that Ginkgo does nothing to 
improve memory function  [  33  ] . The story of Ginkgo teaches the valuable lesson 
that people must be skeptical of weak evidence as it is often shot down by  fi ndings 
from well-conducted RCTs. This problem is especially common when those who 
are supporting a claimed treatment stand to make a  fi nancial pro fi t from claiming 
that it really does work. 

 The relationship between homocysteine and CHD is an object lesson in the limi-
tations of epidemiology. Numerous studies have revealed that an elevated blood 
level of homocysteine is a risk factor for CHD  [  34–  36  ] . It has also been shown that 
supplements of certain B vitamins (folic acid and vitamins B 

6
  and B 

12
 ) lower the 

blood level of homocysteine. These  fi ndings led to the hypothesis that supplements 
of these B vitamins would act to prevent CHD. But when this was tested in RCTs, 
there was no reduction of CHD  [  37–  39  ] . The clear lesson here is that  fi ndings 
coming from epidemiological research should be met with caution and that RCTs 
are required before statements as to cause-and-effect relationships can be stated 
with any con fi dence. 

 A contrasting example is provided by studies of the relationship between folate 
status and risk of NTDs. We referred earlier to the ef fi cacy of folic acid supplemen-
tation to prevent these birth defects. The original hypothesis was built on epidemio-
logical studies. This evidence was suf fi ciently strong to inspire researchers to carry 
out RCTs,  fi rst small ones and later larger ones. The  fi ndings from these trials 
provided convincing evidence in support of the hypothesis  [  40  ] . Historical studies 
(the fall in incidence of NTDs in the years following the forti fi cation of grain prod-
ucts with folic acid) gave additional con fi rmation. Mechanistic research is sugges-
tive of how folate is involved in neural tube development but was never able to 
reliably predict the dose–response relationship between intake of folate (or folic 
acid) and risk of NTDs. Therefore, the contribution of mechanistic research to this 
important discovery was quite minor: it offered a plausible rationale in support of 
the hypothesis but little more. 

 We see a similar story in the area of obesity. A combination of epidemiology and 
RCTs has provided a great deal of valuable information concerning the dietary 
factors that cause obesity and how the condition can be best prevented. But an 
altogether different story emerges when we look at mechanistic research: thousands 
of studies in intermediary metabolism have been of much less practical value. 

 The relationship between dietary sodium and blood pressure is another clear 
example of the value of epidemiology and RCTs and of the limited value of mecha-
nistic research. Numerous epidemiological studies, mostly population studies and 
cross-sectional studies, have reported a strong association between sodium intake 
and blood pressure  [  41  ] . The Intersalt study is one such epidemiological study 
and was referred to earlier. Numerous RCTs have been carried out and these have 
generally supported a signi fi cant role of excessive dietary sodium in raising blood 
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pressure and causing hypertension  [  42  ] . These studies are also of direct relevance to 
therapy for hypertension. A great deal of research activity has investigated the phys-
iological mechanisms of blood pressure control. These studies have led to the 
discovery of several new drugs; however, they have produced little of real value as 
regards the role of diet in either the prevention or therapy of hypertension. 

 The relationship between dietary vitamin E and CHD provides another informa-
tive example. Epidemiological studies had indicated that the vitamin has a protec-
tive association with risk of CHD  [  43  ] . Mechanistic studies had apparently provided 
an explanation for this, namely that the vitamin acts as an antioxidant and thereby 
protects the arterial wall from oxidized lipids  [  44  ] . However, contrary to what was 
predicted based on the epidemiological and mechanistic evidence, RCTs revealed 
that supplements of the vitamin have little or no preventive action against CHD 
 [  45  ] . The discrepancy may be due to food synergy in that the epidemiologic studies 
did not look at the foods that provided the vitamin E. 

 Arguably, the most intriguing story has come from research into the relationship 
between fruit, vegetables,  b -carotene, and cancer.  b -Carotene is a vitamin A pre-
cursor found in various vegetables. As was discussed earlier, many epidemiological 
studies, mostly case-control studies, have reported that intake of fruits and vegeta-
bles have a strong inverse association with risk of various types of cancer. A similar 
relationship has been reported for  b -carotene and cancer. Based on these  fi ndings 
there was much support for the hypothesis that  b -carotene is protective against 
cancer  [  46  ] .  b -Carotene is an antioxidant  [  47,   48  ]  and this provided a ready mecha-
nism to explain the anticarcinogenic action of the vitamin. We see here an obvious 
parallel with the previous example of vitamin E and CHD. The hypothesis that 
 b -carotene prevents cancer was tested in several RCTs but the results were 
negative  [  49  ] . 

 The story of  b -carotene and cancer spans 30 years. Clearly, many mistakes were 
made. The story can be summarized as follows: two plus two plus two does not 
equal twelve (or even seven). With the wisdom of hindsight we can see three clear 
mistakes in how the  fi ndings from research studies were interpreted:

   Epidemiological studies indicated that intake of fruits and vegetables have a strong • 
negative association with risk of various types of cancer. Much of this evidence 
was based on case-control studies. As was discussed earlier, we now know that the 
strength of the association was exaggerated and that it is really quite weak.  
  Epidemiological studies also indicated that  • b -carotene has a strong negative 
association with several types of cancer. From this it was reasoned that  b -caro-
tene is a factor in fruits and vegetables that deserves much of the credit for the 
anticarcinogenic action of these foods. However, fruits and vegetables contain 
hundreds of different substances, many of which may have anticarcinogenic 
bene fi ts. The negative association between  b -carotene and cancer is best 
explained as a combination of two incorrect interpretations of the literature: (1) 
that the  fi ndings from epidemiological studies are reliable. In reality, the strength 
of the negative association between  b -carotene and cancer was probably much 
exaggerated for the same reason as seen in the case of case-control studies of 
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fruit, vegetables, and cancer. (2) Much of the association between  b -carotene and 
cancer was due to confounding.  b -Carotene is really little more than a marker for 
the intake of fruits and vegetables, which may in turn in part be a marker for a 
generally phytochemical-rich diet.  
  Findings from mechanistic studies caused many researchers to have increased • 
con fi dence in the ability of  b -carotene to prevent cancer. While it is an attractive 
hypothesis that  b -carotene prevents cancer by acting as an antioxidant, in reality 
the supporting evidence was little more than speculation. While antioxidant 
defense is an important concept, the antioxidant defense system is itself highly 
complex and localized; free radicals can be both adverse and functional, and 
antioxidant defense is closely connected to other systems such as in fl ammatory 
processes  [  50  ] . Basing nutritional inferences solely on antioxidant potential has 
turned out to be somewhat naïve. Furthermore, cancer is an extremely complex 
disease process and great caution should be exercised before making bold state-
ments as to how the carcinogenic process can be moderated.    

 The lesson from these accounts of how various types of study have led to our 
present knowledge, often after several major errors were made, is that nutrition 
research is inherently uncertain. Mechanistic research consumes a large share of 
research resources. While it has led to important new drug discoveries, it has a poor 
track record in the area of advancing our understanding of how nutrition is related 
to the prevention or treatment of disease. We are not against mechanistic research 
but rather against having excessive faith in it as a methodology that will explain the 
relationship between foods, nutrients, and health. Mechanistic research that puts 
more emphasis on studying food rather than nutrients may prove to be a valuable 
form of inquiry. Epidemiology has been of far greater value, but is still prone to 
throwing up many misleading  fi ndings. RCTs are far more reliable. However, as we 
shall see in the next section, even here serious errors can be made.  

    1.11   The Problems of Con fl ict of Interest and of Inadequate 
Research Funding 

 In the  fi nal analysis, science is based on trust. If a researcher publishes a study, one 
assumes that he has done what he says he has done and the results are indeed those 
that were seen. Occasionally, a researcher publishes fraudulent data. This, of course, 
causes much confusion, wastes the time of many people, and tarnishes the good 
name of scientists. But such events are fairly rare. 

 A much more common problem is created by con fl ict of interest. There is an 
enormous amount of money tied up in the results of research studies. This problem 
is most strongly associated with pharmaceutical research  [  51,   52  ] . If a drug com-
pany can demonstrate that its latest drug is effective, then the potential sales may 
be worth billions of dollars. The pharmaceutical industry—big pharma—has 
been highly creative at manipulating the system in order to exaggerate the bene fi ts 
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of its drugs. Methods used include  fi nancially supporting researchers who are 
friendly to the drug industry, designing RCTs in such a way that positive results are 
more likely, analyzing the data so as to make the conclusions as close as possible to 
what the drug company wants to hear (“if you torture the data long enough, it will 
eventually confess”), and only allowing the  fi ndings of studies to be published if 
they report the “right” results. After one or more RCTs have been published, author-
itative  fi gures, such as university professors, are then hired to write reviews in 
journals that paint a very positive impression of the bene fi ts of the drug. The article 
may even be written by an employee of the drug company (a “ghost writer”) and 
simply passed to the supposedly independent expert (usually along with a generous 
fee) who then submits it in his own name to a journal. Finally, the committees who 
write the clinical practice guidelines are loaded up with experts (who coincidentally 
receive grants from the drug companies) and announce that physicians should 
prescribe the drug in question. 

 Fortunately, the situation in nutrition science bears little resemblance to the very 
sorry state of affairs regularly seen with drug research and development. However, 
reports have appeared that suggest that con fl ict of interest does exist and is distort-
ing the  fi ndings of some research studies. An analysis was made of studies con-
ducted between 1999 and 2003 on soft drinks, juice, and milk  [  53  ] . The  fi ndings of 
each study were classi fi ed as being favorable or unfavorable to the industry that 
sponsored the study. For interventional studies, none of the studies with industry 
 fi nancing reported a  fi nding that was unfavorable whereas 37% of studies with no 
industry funding did so. For all types of study, including observational studies and 
reviews, those with industry  fi nancing were 7.6 times more likely to report a  fi nding 
favorable to industry than studies with no industry  fi nancing. Much the same has 
been reported concerning research on olestra, a fat substitute  [  54  ] . 

 In 2009, proposals were made for dealing with con fl ict of interest with regard to 
studies which have industry funding, particularly in the area of health, nutrition, and 
food safety  [  55  ] . Nevertheless, intentional misreporting, or even shading of  fi ndings, 
is not likely to be the most dif fi cult problem. When pro fi t is a major factor in research 
about particular products, an even more insidious process may occur. In this 
process, the literature is reviewed, promising results are translated into products, 
and a marketing plan is put in place. Further research may be deemed unnecessary 
once pro fi ts start to come in. Alternatively, the researchers associated with a com-
pany may do some preliminary research that is deemed “inconclusive and not 
reportable” and further research in that direction is cut off. Thus omission, namely 
failure to pursue some lines of research at all, may be a bigger problem than com-
mission, namely shading of results in completed research. 

 These problems are very large in nutrition research, perhaps more so than in 
pharmaceutical research, because of funding infrastructure. Stringent government 
regulations of pharmaceuticals have led to huge expenditures to identify and prove 
new drugs, followed by a period of cost recovery and pro fi t for the patent-protected 
“winning drugs.” Drugs operate along relatively simple pathways and lead to 
interesting  fi ndings that can be pursued in government-funded basic research 
studies. Independent scientists serving as peer reviewers tend to like these detailed 
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mechanistic studies, and many are therefore funded. Nearly everything in this 
scenario is the opposite of food research. Food is considered “safe” and regulation 
is in areas such as avoiding pest contamination, rather than how food works to 
promote health or disease. There is no regulatory-induced pot of money directing 
certain foods into de fi nitive RCTs. Furthermore, studies of food are not as well 
suited as are drugs to detailed mechanistic studies. Such studies then are de facto 
less appealing to peer reviewers. For that reason government funding, which is not 
tainted by a pro fi t motive for the product under study, is hard to come by. The foods 
researcher is left with one obvious source for funding: the food industry. However, 
we have arrived back at the beginning of the story: the food industry has no incen-
tive to discover aspects of their product that are counter to pro fi ts. Thus, the ultimate 
solution to the problem of con fl ict of interest is probably to create a suf fi cient body 
of funds to perform foods-based research without such con fl ict.  

    1.12   Ethical Approval 

 In most Western countries, research studies involving human subjects can only be 
carried out after approval has been obtained from an ethics committee. This safe-
guard is designed to protect the rights of subjects. The procedure is that the research 
scientist makes an application to an ethics committee. The application must explain 
the procedures to be used, the potential risks to the subjects, and what safeguards 
will be taken. Normally, the degree of scrutiny is in proportion to the potential risk. 
Therefore, the process is normally much quicker and simpler for a study that poses 
minimal risk than for the test of, for example, an experimental anticancer drug. 

 One universal rule is “informed consent.” This means that at the time that sub-
jects are recruited, the purpose of the study must be explained as well as any poten-
tial hazards. This must be done in a way that the person is able to properly understand. 
Subjects must be free to refuse to participate without feeling pressured and must be 
free to withdraw from the study at any time without penalty. Therefore, a professor 
is not allowed to pressure students into “volunteering” for a study and a physician’s 
patients must not feel concerned that if they decline to participate in a study, this 
might somehow reduce the quality of the treatment they receive. 

 A fundamental rule is that the interests of the patient come before the interests 
of society. Accordingly, even if a researcher sincerely believes that a study is of 
great importance but will cause harm to the subjects in the study, this does not 
justify carrying out the study. For example, if the researcher wishes to investigate 
the effects of consuming a possibly toxic substance, this can only be done by study-
ing people who have accidentally or deliberately consumed the substance; it 
cannot be done by giving the substance to volunteers. This rule obviously restricts 
the design of RCTs. 

 Ethics also covers the protection of patient con fi dentiality. This means that all 
personal information collected must be securely stored and can only be viewed by 
those research personnel who need to see it. Moreover, when the research results are 
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published, no information may be included that identi fi es any subject (unless the 
subject gives permission). 

 Ethical approval must also be obtained in the case of experiments on animals. 
The rules here are, of course, quite different than with humans. Animals must not be 
subject to severe pain; there is a blanket ban on such experiments. Moreover, 
animals must be cared for humanely; they should not be subject to any unnecessary 
distress except where the experimental procedures being carried out make this 
unavoidable.      

   References 

    1.    Willett W. Nutritional epidemiology. New York: Oxford University Press; 1998.  
    2.    Boushey C, Harris J, Bruemmer B, Archer S, Van Horn L. Publishing nutrition research: 

a review of study design, statistical analysis, and other key elements of manuscript preparation, 
Part 1. J Am Diet Assoc. 2006;106:89–96.  

    3.    Boushey C, Harris J, Bruemmer B, Archer S. Publishing nutrition research: a review of 
sampling, sample size, statistical analysis, and other key elements of manuscript preparation, 
Part 4. J Am Diet Assoc. 2008;108:679–88.  

    4.    Harris J, Boushey C, Bruemmer B, Archer S. Publishing nutrition research: a review of non-
parametric methods, Part 3. J Am Diet Assoc. 2008;108:1488–96.  

    5.    Harris J, Gleason P, Sheean P, Boushey C, Beto J, Bruemmer B. An introduction to qualitative 
research for food and nutrition professionals. J Am Diet Assoc. 2009;109:80–90.  

    6.    Bruemmer B, Harris J, Gleason P, Boushey C, Sheean P, Van Horn L. Publishing nutrition 
research: a review of epidemiological methods. J Am Diet Assoc. 2009;109:1728–37.  

    7.    Gleason PM, Harris JE, Sheean PM, Boushey CJ, Bruemmer B. Publishing nutrition research: 
validity, reliability, and diagnostic test assessment in nutrition-related research. J Am Diet 
Assoc. 2010;110:409–19.  

    8.    Hill AB. The environment and disease: association or causation? Proc R Soc Med. 1965;58:
295–300.  

    9.    Cutler GJ, Flood A, Hannan P, Neumark-Sztainer D. Major patterns of dietary intake in 
adolescents and their stability over time. J Nutr. 2009;139:323–8.  

    10.    Prentice RL. Dietary assessment and the reliability of nutritional epidemiology research 
reports. J Natl Cancer Inst. 2010;102:583–5.  

    11.    Neuhouser ML, Tinker L, Shaw PA, et al. Use of recovery biomarkers to calibrate nutrient 
consumption self-reports in the Women’s Health Initiative. Am J Epidemiol. 2008;167:
1247–59.  

    12.    Beaton GH, Milner J, McGuire V, Feather TE, Little JA. Source of variance in 24-hour dietary 
recall data: implications for nutrition study design and interpretation. Carbohydrate sources, 
vitamins, and minerals. Am J Clin Nutr. 1983;37:986–95.  

    13.    Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs Jr DR, et al. CARDIA: 
study design, recruitment, and some characteristics of the examined subjects. J Clin Epidemiol. 
1988;41:1105–16.  

    14.    Bild DE, Bluemke DA, Burke GL, et al. Multi-ethnic study of atherosclerosis: objectives and 
design. Am J Epidemiol. 2002;156:871–81.  

    15.    Stringhini S, Sabia S, Shipley M, et al. Association of socioeconomic position with health 
behaviors and mortality. JAMA. 2010;303:1159–66.  

    16.    Sinha R, Cross AJ, Graubard BI, Leitzmann MF, Schatzkin A. Meat intake and mortality: 
a prospective study of over half a million people. Arch Intern Med. 2009;169:562–71.  



26 D.R. Jacobs, Jr. and N.J. Temple

    17.    Willett WC. Fruits, vegetables, and cancer prevention: turmoil in the produce section. J Natl 
Cancer Inst. 2010;102:510–1.  

    18.    Riboli E, Norat T. Epidemiologic evidence of the protective effect of fruit and vegetables on 
cancer risk. Am J Clin Nutr. 2003;78(3 Suppl):559S–69.  

    19.    Boffetta P, Couto E, Wichmann J, et al. Fruit and vegetable intake and overall cancer risk in the 
European Prospective Investigation into Cancer and Nutrition (EPIC). J Natl Cancer Inst. 
2010;102:529–37.  

    20.    Hung HC, Joshipura KJ, Jiang R, et al. Fruit and vegetable intake and risk of major chronic 
disease. J Natl Cancer Inst. 2004;96:1577–84.  

    21.    Siscovick DS, Weiss NS, Fletcher RH, Lasky T. The incidence of primary cardiac arrest during 
vigorous exercise. N Engl J Med. 1984;311:874–7.  

    22.    Jacobs Jr DR, McGovern PG, Blackburn H. The US decline in stroke mortality: what does 
ecological analysis tell us? Am J Public Health. 1992;82:1596–9.  

    23.    Armstrong B, Doll R. Environmental factors and cancer incidence and mortality in different 
countries, with special reference to dietary practices. Int J Cancer. 1975;15:617–31.  

    24.    Giovannucci E, Liu Y, Rimm EB, et al. Prospective study of predictors of vitamin D status and 
cancer incidence and mortality in men. J Natl Cancer Inst. 2006;98:451–9.  

    25.   Elliott P, Stamler J, Nichols R, et al., for the Intersalt Cooperative Research Group. Intersalt 
revisited: further analyses of 24 hour sodium excretion and blood pressure within and across 
populations. BMJ. 1996;312:1249–53.  

    26.    De Wals P, Tairou F, Van Allen MI, et al. Reduction in neural-tube defects after folic acid 
forti fi cation in Canada. N Engl J Med. 2007;357:135–42.  

    27.    Taylor R, Morrell S, Mamoon H, Wain G, Ross J. Decline in cervical cancer incidence and 
mortality in New South Wales in relation to control activities (Australia). Cancer Causes 
Control. 2006;17:299–306.  

    28.    Roberts S, Temple NJ. Medical research: a bettor’s guide. Am J Prev Med. 2002;23:231–2.  
    29.    Temple NJ. Medical research: a complex problem. In: Temple NJ, Burkitt DB, editors. Western 

diseases: their dietary prevention and reversibility. Totowa, NJ: Humana Press; 1994. p. 419–36.  
    30.    Temple NJ. Nutrition and disease: challenges of research design. Nutrition. 2002;18:343–7.  
    31.    Kish L. Statistical design for research. Hoboken, NJ: Wiley; 2004.  
    32.    Kromhout D, Geleijnse JM, Menotti A, Jacobs DR. The confusion about dietary fatty acids 

recommendations for CHD prevention. Br J Nutr. 2011;106:627–32.  
    33.    Snitz BE, O’Meara ES, Carlson MC, et al. Ginkgo biloba for preventing cognitive decline in 

older adults: a randomized trial. JAMA. 2009;302:2663–70.  
    34.    Seshadri N, Robinson K. Homocysteine, B vitamins, and coronary artery disease. Med Clin 

North Am. 2000;84:215–37.  
    35.    Chao CL, Tsai HH, Lee CM, et al. The graded effect of hyperhomocysteinemia on the severity 

and extent of coronary atherosclerosis. Atherosclerosis. 1999;147:379–86.  
    36.    Stubbs PJ, Al-Obaidi MK, Conroy RM, et al. Effect of plasma homocysteine concentration on 

early and late events in patients with acute coronary syndromes. Circulation. 2000;102:
605–10.  

    37.    Bazzano LA, Reynolds K, Holder KN, He J. Effect of folic acid supplementation on risk of 
cardiovascular diseases: a meta-analysis of randomized controlled trials. JAMA. 2006;296:
2720–6.  

    38.    Albert CM, Cook NR, Gaziano JM, et al. Effect of folic acid and B vitamins on risk of cardio-
vascular events and total mortality among women at high risk for cardiovascular disease: 
a randomized trial. JAMA. 2008;299:2027–36.  

    39.    Armitage JM, Bowman L, Clarke RJ, et al. Study of the Effectiveness of Additional Reductions 
in Cholesterol and Homocysteine (SEARCH) Collaborative Group. Effects of homocysteine-
lowering with folic acid plus vitamin B12 vs placebo on mortality and major morbidity in 
myocardial infarction survivors: a randomized trial. JAMA. 2010;303:2486–94.  

    40.    Czeizel AE, Dudás I. Prevention of the  fi rst occurrence of neural-tube defects by periconcep-
tional vitamin supplementation. N Engl J Med. 1992;327:1832–5.  



271 Methods in Nutrition Research

    41.    He FJ, MacGregor GA. A comprehensive review on salt and health and current experience of 
worldwide salt reduction programmes. J Hum Hypertens. 2009;23:363–84.  

    42.   Sacks FM, Svetkey LP, Vollmer WM, et al., for the DASH-Sodium Collaborative Research 
Group. Effects on blood pressure of reduced dietary sodium and the Dietary Approaches 
to Stop Hypertension (DASH) diet. DASH-Sodium Collaborative Research Group. N Engl 
J Med. 2001;344:3–10.  

    43.    Knekt P, Ritz J, Pereira MA, et al. Antioxidant vitamins and coronary heart disease risk: 
a pooled analysis of 9 cohorts. Am J Clin Nutr. 2004;80:1508–20.  

    44.    Princen HM, van Duyvenvoorde W, Buytenhek R, et al. Supplementation with low doses of 
vitamin E protects LDL from lipid peroxidation in men and women. Arterioscler Thromb Vasc 
Biol. 1995;15:325–33.  

    45.    Mente A, de Koning L, Shannon HS, Anand SS. A systematic review of the evidence support-
ing a causal link between dietary factors and coronary heart disease. Arch Intern Med. 
2009;169:659–69.  

    46.    Temple NJ, Basu TK. Role of beta-carotene in the prevention of cancer—a review. Nutr Res. 
1988;8:685–701.  

    47.    Panayiotidis M, Collins AR. Ex vivo assessment of lymphocyte antioxidant status using the 
comet assay. Free Radic Res. 1997;27:533–7.  

    48.    Duthie SJ, Ma A, Ross MA, Collins AR. Antioxidant supplementation decreases oxidative 
DNA damage in human lymphocytes. Cancer Res. 1996;56:1291–5.  

    49.    Druesne-Pecollo N, Latino-Martel P, Norat T, et al. Beta-carotene supplementation and cancer 
risk: a systematic review and metaanalysis of randomized controlled trials. Int J Cancer. 
2010;127:172–84.  

    50.    Hollman PC, Cassidy A, Comte B, et al. The biological relevance of direct antioxidant effects 
of polyphenols for cardiovascular health in humans is not established. J Nutr. 
2011;141:989S–1009.  

    51.    Fraser J. Con fl ict of interest: a major problem in medical research. In: Temple NJ, Thompson A, 
editors. Excessive medical spending: facing the challenge. Oxford: Radcliffe Publishing; 2007. 
p. 20–35.  

    52.    Kassirer JP. On the take: how medicine’s complicity with big business can endanger your 
health. New York: Oxford University Press; 2005.  

    53.    Lesser LI, Ebbeling CB, Goozner M, Wypij D, Ludwig DS. Relationship between funding 
source and conclusion among nutrition-related scienti fi c articles. PLoS Med. 2007;4:e5.  

    54.    Levine J, Gussow JD, Hastings D, Eccher A. Authors’  fi nancial relationships with the food and 
beverage industry and their published positions on the fat substitute olestra. Am J Public 
Health. 2003;93:664–9.  

    55.    Rowe S, Alexander N, Clydesdale FM, et al. Funding food science and nutrition research: 
 fi nancial con fl icts and scienti fi c integrity. J Nutr. 2009;139:1051–3.      



29N.J. Temple et al. (eds.), Nutritional Health: Strategies for Disease Prevention, 
Nutrition and Health, DOI 10.1007/978-1-61779-894-8_2, 
© Springer Science+Business Media, LLC 2012

    Keywords   Nutritional epidemiology  •  Methods of dietary assessment  •  Dietary 
recall  •  Food frequency questionnaire  •  Biomarkers  •  Dietary patterns      

  Key Points 

    Diet is a complex aggregate of foods and behaviors. The food is constituted of a • 
wide variety of intended and unintended chemicals which may act singly on 
human metabolism, but more likely act in groups in a synergistic fashion.  
  The study of nutrition and disease in aggregates of human beings—nutritional • 
epidemiology—is hampered by the dif fi culty in accurately characterizing this 
complex aggregate, that is, in stating what people are eating. Part of this dif fi culty 
is inherent in the large day-to-day variability in what is eaten. Another part of the 
dif fi culty relates to  fi nding ef fi cient and accurate ways to collect dietary informa-
tion, minimizing participant burden, and maximizing utility of the data for 
investigators.  
  Much progress has been made in nutritional epidemiology in recent years owing • 
to the use of food frequency questionnaires, which pose little participant burden 
and are relatively easy to analyze. However, such data collection instruments are 
still characterized by high within-person variation and at the same time severely 
limit collection of important details about diet.  
  A critical concept is whether the participant or the researcher synthesizes the • 
dietary information, including issues such as de fi ning the time period over which 
to average diet, what to do with unusual information, what constitutes a serving, 
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how foods are grouped (grouping fruit juice and fruit drink together, or not, for 
example), and what emphasis to put on brand names.  
  The author speculates on protocol changes and computer technology advances • 
that might allow more complete and accurate diet data collection.  
  It is important to study foods, food groups, and food patterns as well as nutrients • 
and other chemicals contained in food. Food is what people eat. Where many 
chemical constituents of a food act synergistically, an association will be found 
with the food but none will be found with individual constituents. The associa-
tions of food patterns with risk provide feedback to policy makers on the likely 
success of nutritional pronouncements.     

 Much has been written about the practice and challenges of research in nutritional 
epidemiology. For general details concerning this topic, the reader is referred to 
existing and extensive source materials, including  Design Concepts in Epidemiology , 
edited by Margetts and Nelson  [  1  ]  and  Nutritional Epidemiology  by Willett  [  2  ] . 
These books provide myriad technical details on the goals of nutritional epidemiol-
ogy and the conduct and interpretation of studies, with discussion of potential pit-
falls. This chapter focuses on two issues that are particularly challenging in nutritional 
epidemiology: (1) how to  fi nd out what people eat, and (2) how to think about the 
effect of diet on health. 

    2.1   How to Find Out What People Eat 

    2.1.1   The Nature of Dietary Information 

 A full characterization of a person’s diet would consist of a large number of discrete 
pieces of information. There are thousands of foods, prepared in myriad ways, and 
eaten in various amounts and combinations. Even a single “food” such as a carrot 
 [  2  ]  or an onion  [  3  ]  presents a challenge, as there are many varieties and genetic 
variation; growing conditions are in fl uential in food composition. The timing and 
context of eating, as well as the number of meals eaten, may all contribute to metab-
olism of food. Willett  [  2  ]  spends an entire chapter showing that actual consumption 
varies widely from day to day. It may take months for individual diets to settle down 
to a steady state average. 

 Each food supplies myriad chemicals. Among these chemicals, Willett  [  2  ]  lists 
essential nutrients (vitamins, minerals, lipids, amino acids), major energy sources 
(fat, protein, carbohydrate, alcohol), additives (preservatives,  fl avorings), agricul-
tural contaminants (pesticides, growth hormones), microbial toxins (a fl atoxins), 
inorganic contaminants (cadmium, lead), chemicals formed in the cooking or 
processing of food (nitrosamines), natural toxins (natural pesticides), and other 
natural compounds (including DNA, enzymes, and enzyme inhibitors, many of 
which he says are thought of as “incidental to the human diet”). Energy content and 
nutrients, along with a few natural compounds, are readily available in a variety of 
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food tables, while assessment of the remaining categories requires specialized 
databases. All of these chemicals pertain to each food eaten and can be summarized 
over the entire diet. The complete characterization of diet, foods, and the chemicals 
eaten, is clearly formidable. At some point in the research process, this large volume 
of information must be synthesized to be used in data analysis, that is statistical 
variables such as food groups and nutrients must be de fi ned based on the available 
information.  

    2.1.2   Methods of Dietary Assessment 

 Two primary classes of methods have been used historically to assemble individual 
dietary information and synthesize it into something usable in data analysis, 
described in detail by Willett  [  2  ] . The  fi rst method includes dietary recalls and 
records. Dietary recalls are obtained by an interviewer assisting the participant to 
remember precisely what was eaten, usually over the past 24 h. Dietary records, on 
the other hand, are obtained by having the participant write down what was eaten, 
shortly after it was consumed; in practice, participants often wait until the end of the 
day to do their recording, so that the record easily transmutes to a self-administered 
recall. Variations in these methods include weighing foods before eating; collecting 
a duplicate portion of the food for subsequent chemical analysis; and recording onto 
partially precoded forms. Dietary recalls may differ in how intensively they inquire 
about different aspects of diet; for example, an interviewer may inquire deeply and 
pointedly, to a greater or lesser extent, for hard-to-obtain full information on such 
topics as alcoholic beverages drunk, salt-containing condiments used, or brand 
names of products eaten. Timing of eating may be obtained so that the integrity of 
individual meals can be maintained in the database. In both recalls and records, the 
data consist of a description of the food eaten and its portion size, perhaps with 
notes on brand names and preparation methods. The fact that a hamburger and a bun 
were eaten will generally be maintained in the database, but it is fairly common not 
to maintain whether the two were eaten as a sandwich. 

 The second method is a food frequency questionnaire (FFQ), characterized by 
asking the participant general questions about diet. A typical question would be: 
“Do you eat hamburgers, and if so, how often and in what portion size?” Other kinds 
of general questions are also common. For example, one might ask: “When you eat 
a hamburger, is it usually a low-fat variety?” The scope of questions may include 
related aspects, for example: “Do you prefer white bread or whole wheat bread?” 
An important aspect is that foods are often grouped: “How often do you eat apples 
or pears?” FFQs come in several varieties, e.g., from 12 to 250 questions, with and 
without information about portion size. Those that ask about portion size are called 
semi-quantitative FFQs. In a popular variant, the Willett-style questionnaire, a 
portion size is given for each food and frequency of portions is queried. In the 
other popular variant, the Block-style questionnaire, frequency of eating occasions 
is queried for each food, with a separate question about portion size. Additional 
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variants exist, for example in which pictures or food models are provided to  facilitate 
food recognition and portion size estimation. 

 The dietary history method is closely related to the FFQ. Here, time is spent in 
general discussion of the diet prior to recording answers to the formal questions; 
this discussion is thought to improve the context of the interview and help the 
participant to put together the information needed. In the diet history, the close-
ended questions may be general, e.g., “Do you eat red meat?,” with an open-ended 
elicitation of foods eaten for those who answer af fi rmatively. The CARDIA Diet 
History  [  4–  6  ]  is of this form: 1,609 food codes or recipes were endorsed by at least 
one of over 5,000 participants in one of two administrations of this questionnaire 
through 1993. Due to expansion of the speci fi c products supplied by industry, the 
number of food codes endorsed expanded dramatically in the 2005–2006 adminis-
tration of this questionnaire. 

 It is probably a coincidence of history that the primary approach to dietary assess-
ment used in cardiovascular disease epidemiology in most major studies through the 
early 1980s was 24-h recalls; used, for example, in the Lipid Research Clinics  [  7,   8  ]  
and Multiple Risk Factor Intervention Studies  [  9,   10  ] . Special attention was paid to 
translating the myriad pieces of information into energy and nutrient intake. The 
synthesis of the data proved quite dif fi cult and relatively little work was done to 
study the associations of individual foods or food groups on long-term health 
outcomes. Where food grouping was done, it was done in fl exibly, so only certain 
combinations of foods could be examined. Examination of nutrients within food 
groups (e.g., monounsaturated fat from plant vs. animal foods) has received little 
attention. In principle, the data are available for such analyses, but it is unlikely that 
anyone will ever have the time, money, and study connections for such purposes. In 
contrast, cancer epidemiologists have long used FFQs  [  11  ] . This choice may be 
related to the traditional use of the case–control design for rare cancers. The desired 
information was the diet before diagnosis, and this would not be obtainable by 
recording or recalling current diet. In the cancer epidemiology  fi eld, much more has 
been written about foods and food groups than in the cardiovascular disease epide-
miology  fi eld. In contrast to analyses of dietary recall data, nutrient analyses within 
food groups are fairly common. On the other hand, the FFQ obtains much less infor-
mation than does the recall/record method. For example, information about “yellow 
and green leafy vegetables” may be all that is collected; therefore, no information is 
obtained regarding which vegetables were eaten. 

 An example of a local effort that addresses this issue is the foods and nutrient 
database maintained in the Department of Nutrition at the University of Oslo, which 
has long had a food grouping code for each food. Therefore, foods analysis has been 
available independent of the nature of the method of dietary data collection. Such 
analysis has been performed fruitfully, also allowing diet pattern analysis to take 
place  [  12  ] . Further, partially addressing this issue, the Nutrition Coordinating Center 
in the early 2000s added a food grouping system with 166 food subgroups in its 
Nutrition Data System for Research (NDS-R) diet analysis system (University of 
Minnesota, Minneapolis, MN,   http://www.ncc.umn.edu/index.html    , accessed May 
6, 2011). The CARDIA database added these for its diet history data in 1985–1986, 
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1992–1993, and 2005–2006, which has enabled substantial food group analyses. 
Nevertheless, a great number of details in the CARDIA diet database remain inac-
cessible, primarily for reasons of cost in pulling those data (other than the preformu-
lated food group) from those massive databases.  

    2.1.3   Ability to Represent Usual Diet 

 Two major conceptual differences exist between the recall/record and FFQ 
methods. The  fi rst relates to representativeness of usual diet. The strength of the 
recall/record method is that it can collect accurate and detailed information about 
actual consumption of particular meals. However, the particular day or meal is 
rarely of interest in nutritional epidemiology. It is well agreed that a single day’s 
recall or record is inadequate as a representation of typical intake  [  2  ] . The general 
experience has been that the recall/record method has not worked well in studies of 
diet and chronic disease outcomes. Nevertheless, multiple days of recalls or records 
can represent the typical diet quite accurately, as in the Framingham Children’s 
Study  [  13,   14  ] . However, it is rare for large studies to undertake more than one or 
possibly 2 days of recalls. 

 The FFQ class of methods, in contrast, asks about the typical dietary pattern 
during a longer time frame, typically the past year. Many studies have found asso-
ciations of nutrients and/or food groups with chronic disease outcomes using this 
method  [  15  ] . An even more powerful method uses repeated FFQ assessments 
during follow-up in a cohort study  [  16  ] . When the typical diet is not changing 
greatly over several years, averaging results from repeated FFQ assessments can be 
quite powerful.  

    2.1.4   Who Synthesizes Dietary Information? 

 The second major conceptual difference between the recall/record and FFQ 
methods relates to how the myriad dietary details get synthesized into data analytic 
variables. This refers to the acts of summarizing, as an average, or otherwise 
characterizing, such as eating or not, discounting or upweighting unusual days or 
periods, dealing with unusual items, setting defaults for portion size and other 
aspects that are not speci fi cally known, such as in restaurant eating, making  fi ne 
distinctions, such as between fruit, fruit juice, and fruit drink, focusing on brand 
names, or not, and how to deal with waste. In the recall/record method, a huge data-
base is created with near in fi nite  fl exibility. The researcher is responsible for putting 
this information together in a manner that is usable in data analysis. In practice, this 
synthesis is often limited to energy and nutrient intake analysis; however, it is quite 
possible that the inherent  fl exibility of this method may be better utilized in coming 
years as computer technology continues to improve; for example, as indicated above 
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this has occurred in the interactions between the Nutrition Coordinating Center 
and the CARDIA study. 

 In the FFQ class of methods, the participant synthesizes the information. Much 
potential detail, and therefore  fl exibility, is lost, but the vastly reduced amount of 
information collected tends to make it a small job to create arbitrary combinations 
of food and nutrient variables. It seems likely that the investigators’ formal 
synthesis of multiple recalls or records would be more accurate than the partici-
pant’s informal synthesis. However, especially if the investigators’ synthesis never 
gets done, the participant’s synthesis is not without merit, despite variability in 
synthetic capability across participants and dif fi culty in de fi ning typical patterns. 
For example, if a person actually drank 20 glasses of milk in a month, including 
one stretch of 5 days in which 10 of the glasses were drunk, one might say that the 
typical pattern is two-thirds glass per day. A recall could easily be done on a day 
when no milk or two glasses were drunk, thus getting the wrong answer, but it is 
easy for a person to summarize their pattern into something like a glass every 
other day. 

 Some cleverness may be needed in the FFQ mode to get at nutritional concepts 
with which the public is less familiar, such as whole grain bread. A prime example 
is the use by Willett of the term “dark bread” to elicit breads that were most likely 
to have at least moderate whole grain content. Although “dark bread” is a some-
what oblique reference, asking directly about whole grain bread might not have 
been well understood by participants, and most breads containing a substantial 
amount of whole grain are darker than American white bread. Dark bread is 
oblique due to exceptions popular in the US, including pumpernickel cooked with 
molasses and rye bread made with re fi ned rye. Despite these potential problems, 
the reference to “dark bread” succeeded in eliciting breads that were inversely 
associated with coronary heart disease mortality in the Iowa Women’s Health 
Study  [  15  ] . Another interesting Willett innovation in an attempt to get at an impor-
tant detail, and also used in the Iowa Women’s Health Study, was the additional 
query of the brand name of the usual breakfast cereal eaten  [  15  ] . Despite the fact 
that many people eat more than one breakfast cereal, this detail provided the 
ability to categorize brands, a great boon in the study of whole grains and health. 
Similarly, the CARDIA Diet History was innovative in that it intended to blend 
recall and synthesis. It asked for the last 30 days of typical intake, recent enough 
for some level of recall to assist the participant in synthesizing. It also allowed 
tremendous detail in the participant’s self-assessment of typical intake by prompt-
ing the participant with 100 general food categories (e.g., eggs), then asking the 
participant to name all foods consumed within each category. The question, “How 
often do you eat at fast food restaurants?,” while not speci fi cally asking about 
foods consumed, falls within the FFQ type of query. It has been used fruitfully in 
 fi nding, for example, that fast food intake appears to promote obesity and insulin 
resistance  [  17–  19  ] , while eating at “slow food restaurants” does not have the same 
effect  [  17,   18  ] .  
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    2.1.5   Can Accurate Dietary Information Be Obtained? 

 A great deal of progress has been made in understanding the relationship of diet 
with chronic disease, based mostly on FFQs. Nevertheless, validation studies of 
FFQs against 1–4 weeks of food diaries are somewhat discouraging. It is dif fi cult 
for most people to summarize their diet accurately. There are several reasons for this 
including: that such summarization requires considerable quantitative ability; that 
most people simply eat, without making habitual summaries of what they are 
eating; that diet varies considerably and what is typical for the past month might be 
different from what is typical for the past year; and that the researchers’ questions 
might not be the optimal formulation for eliciting particular dietary facts. Criterion 
measures have revealed correlations in the range of 0.3–0.6 between the two 
methods  [  5,   20–  22  ] . The resulting within-person error leads to serious problems in 
interpretation of dietary data  [  1,   2,   23,   24  ] . 

 Certain data analytic and interpretive approaches can be helpful. Cautious state-
ments and consistency checks are called for. For example, an assertion that a nutri-
ent is related to incident disease will be stronger if all the foods that contain the 
nutrient are individually also related to that disease, given that different foods 
contain different mixes of nutrients  [  2  ] . Conversely, if an apparent relationship of 
disease with a nutrient exists only for a single food that was eaten often and is high 
in the nutrient, that would be more consistent with the concept that the food, not the 
nutrient, is causally related to incident disease. Then the causal pathway might rely 
on a synergy of the components of the food or on a different single nutrient. An 
example of this type of  fi nding was that phosphorous from dairy, but not from 
other sources, was related to future hypertension  [  25  ] . While this type of  fi nding 
could re fl ect synergy of some type, other possible explanations include selective 
misclassi fi cation of the nutrient across the food groups (e.g., phosphate may be 
preferentially underestimated for processed foods) or introduction of new con-
founding. Meta-analysis showing consistency of  fi ndings across studies can also be 
helpful  [  26,   27  ] . Nevertheless, the FFQ method appears to have intrinsic limitations 
in how precisely it can de fi ne individual intake. Among possibilities for improve-
ment of the FFQ method are increasing precision and innovation of questions; 
repeated administrations of the questionnaire with averaging to reduce the in fl uence 
of within-person variation in intake; and enhancing dietary awareness of partici-
pants, for example by encouraging or requiring the participant to keep informal 
dietary records for a few days prior to  fi lling out the questionnaire or by giving 
advance instruction in portion size determination. 

 A single recall or record does not accurately represent typical dietary informa-
tion because of intrinsic day-to-day variation  [  2  ] . In contrast, in the Framingham 
Children’s Study the clarity of  fi ndings in only 95 children with repeated diet assess-
ments is impressive  [  13,   14  ] , but they obtained many more diet records than is 
typical of studies in nutritional epidemiology. The detail obtained from many dietary 
records is seductive from the research perspective. This approach, in its  fl exibility 
for the researcher, far outstrips the already successful studies, for example at Harvard 
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and the University of Minnesota, that have relied on FFQs. The multiple diet record 
method is a powerful cohort study design indeed that obtains unlimited accurate 
dietary characterization and follow-up for many different chronic disease outcomes. 
However, even with added power from such a large number of diet records, it is 
probable that thousands of participants would be needed in studies of remote and 
rare chronic disease outcomes. In most practical epidemiological situations, the 
possibilities are limited for obtaining four to twelve 24-h diet records per year in the 
assembly line fashion that would be needed for a cohort study of a chronic disease. 
Given present methodologies it is unlikely that many studies will achieve this stan-
dard. Nevertheless, we can dream. 

 The success of the internet and the surge in computer power means that one 
might optimistically hope for better methods in the future. In particular, one could 
imagine widespread collection of self-administered dietary information on the 
internet, with full software including help and dialog boxes that would simulate the 
support currently given by an interviewer. Thus the dietary collection instrument 
could even be a mixture of recall and synthesis. The open-ended methods of the 
CARDIA Diet History might be helpful, combined with some aspects of arti fi cial 
intelligence. Branching logic for  fi nding food codes could be employed, similar to 
that currently used by the NDS-R, a “Windows-based software package incorpo-
rating a time-tested, highly accurate database with an up-to-date interface,” released 
in 1998 by the Nutrition Coordinating Center of the University of Minnesota  [  28  ] . 
One could even envision questionnaires  fi lled out over the telephone, with auto-
mated voice prompts to assist in accuracy. As questionnaires accrued, the foods 
database could automatically expand in line with what was reported by participants. 
Thus a participant could repeatedly and at their convenience do a 24-h recall or 
report typical intake over the past week with verbal or online prompts that help  fi nd 
correct food codes and pointed questions to help improve the quality of the informa-
tion obtained. 

 A requisite for exploiting this type of ambitious scheme would be correspond-
ingly simple-to-use programs to extract nutrients, foods, food groups, and food 
group-speci fi c nutrients. The researcher would require package programs to assemble 
the data, to formulate and reformulate food groups, and to compute nutrient values. 
As new information comes along, it could be added to the food table, to simplify 
study of novel compounds. 

 These schemes are perhaps dreamlike, but maybe not completely out of the ques-
tion. Who would have imagined only a few years ago the internet, or, to cite one 
important application, millions of journal abstracts and articles themselves available 
at the touch of a few computer keystrokes? Or, for that matter, “telephones” that are 
really personal computers with highly specialized “apps” that enable highly indi-
vidualized and detailed participant contact. In the near term, however, it is most 
likely that nutritional studies of chronic disease outcomes will continue to be based 
on the FFQ class of methodologies, bolstered by  fi ndings from short-term human 
and animal studies and the native ingenuity of the scientists doing the research. 

 Willett  [  2  ]  comments on another method that has promise, but also pitfalls: 
correlation of food intake with biomarkers. A biomarker is a chemical measured in 
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some biological sample, commonly blood or urine, but others as well, for example 
feces, hair, toenails, cheek cells, adipocytes, and skin scrapings. Minerals reside in 
toenails, which grow over several months; therefore this measure represents an 
average intake over several months. This technique has been used in studies on the 
relationship between selenium status and risk of cancer  [  29  ] . Urinary nitrogen is a 
marker of nitrogen and therefore protein intake. Sodium and potassium intake are 
mirrored quite rapidly (over ~2 days) in urinary sodium and potassium. Serum caro-
tenoids and ascorbic acid are highly responsive to both dietary and supplemental 
intake of the same substances. Freedman and coworkers have suggested methods 
for combining biomarker and diet information to improve accuracy  [  30,   31  ] . 
Nevertheless, biomarkers have limitations as indicators of dietary intake. Each 
tissue and substance has its own half life and metabolism. Some tissues store 
substances, and some utilize them rapidly. The amount of a substance in blood may 
not be representative of its occurrence throughout the body. Substances may be 
maintained homeostatically, or may be partially under dietary and partially under 
homeostatic control. There may be changes in nutrients consumed prior to storage, 
for example, elongation of fatty acids. For all these reasons, biomarkers are rarely 
perfect representations of intake. An example of this is the imperfect relationship 
between serum carotenoids and total antioxidant intake  [  32  ] . Furthermore, bio-
markers tell us nothing about dietary behaviors. Still, biomarkers have a future in 
dietary assessment. Research should continue to identify and better understand 
biomarkers in relation to dietary intake.   

    2.2   What Element of Diet Should Be Studied? 

 In Sect.  2.1.1 , following Willett  [  2  ] , the kind of chemicals that are dietary compo-
nents was cited. The number and kind of such components present a very complex 
picture. Diet can also be described in terms of food, food groups, or dietary patterns. 
The early history of nutrition research focused primarily on chemicals, with some 
justi fi cation according to Willett. The existence of de fi ciency diseases such as 
scurvy (ascorbic acid), rickets (vitamin D), beriberi, pellagra, and neural tube 
defects (B vitamins) points to one class of nutritional problems. Willett cites a model 
of Mertz  [  33  ]  that begins with death and de fi ciency disease at suf fi ciently low level 
of a nutrient, complemented by similarly severely reduced function at levels that are 
suf fi ciently high. Also in the model is reduced function at modestly reduced or 
elevated levels of the nutrient. Willett calls this “subclinical dysfunction,” a view 
much in line with the slow, mostly subclinical development of diseases such as 
cancer and cardiovascular disease. There is also a broad plateau at highest function 
across a wide range of intake of the nutrient. 

 Willett  [  2  ]  further thinks that the focus on major energy sources is justi fi ed 
because they are quantitatively important in the diet and manifestly vary markedly 
across human populations. These focuses on nutrients have led to the development 
of extensive tables of energy and of these dietary chemicals. Furthermore, there is 
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a strong tendency among basic scientists toward reductionism: the belief that 
 worthwhile knowledge consists of simple pathways linking single nutrients to 
bodily function and pathogenesis  [  34,   35  ] , what Willett calls “linkage to our funda-
mental knowledge of biology.” An excellent example is the protective association of 
folate with neural tube defects  [  36  ] , as is improvement in insulin function and meta-
bolic control in diabetics with supplemental magnesium  [  37  ] . Much remains to be 
studied regarding the composition of foods. The tabulated nutrient composition of a 
food does not fully describe the physiological effect of that food, whether because 
of differential bioavailability or unknown constituents. There are thousands of 
untabulated or unidenti fi ed compounds in foods, including many phytochemicals. 
Additionally, a relatively undeveloped aspect of diet characterization is that of food 
function. For example, Blomhoff and colleagues  [  32,   38  ]  analyzed thousands of 
food samples for their total antioxidant content, measured as the molar content of 
donatable electrons using the ferric reducing ability of plasma, FRAP; those data 
are available as a dietary exposure measure. A similar functional assessment in the 
idea stage is the ability of a given food to prevent cell proliferation in in vitro incu-
bation with cancer cells, A la work by Eberhardt et al.  [  39  ] . 

 Foods themselves should also be studied even if that does not immediately lead 
to additional knowledge of speci fi c biological pathways. Foods are what people eat; 
 fi ndings regarding foods are directly applicable to people’s diets. Most importantly, 
it is quite likely that there are synergies among food constituents and between foods 
 [  34,   35  ] ; studies of individual chemical constituents may never  fi nd the relevant 
pathways because they are more complex than the researchers imagined. In a 
nonde fi ciency state, despite  fi ndings that foods containing antioxidants are associ-
ated with better long-term health, consumption of isolated nutrients or chemicals 
does not fare so well. The most striking example is that of supplementary  b -carotene, 
which has been administered in several large, long-term clinical trials, with the 
effect of increasing disease  [  40  ] . Higher antioxidant nutrient intake was associated 
with more diabetic retinopathy in one study  [  41  ] . Other provocative examples from 
the author’s observational work include that supplemental vitamin C in diabetics 
was associated with increased coronary heart disease  [  42  ] , and that supplemental 
iron in association with breakfast cereal intake (which is often forti fi ed with supple-
mental iron) was associated with an increased rate of distal colon cancer  [  43  ] . 

 These  fi ndings are supportive of the concept that food synergies are important: 
the compounds in question are part of foods that appear to be healthy, but do not 
work outside their food matrix. The food matrix arises from a living organism 
consisting of thousands of compounds with checks and balances among those 
compounds to maintain homeostasis and life by preventing the action of any one 
compound from getting out of control. It is likely that some of this multiplicity of 
function is retained during human metabolism of the food. For example, whole 
grain breakfast cereals are associated with reduced risk of chronic disease  [  14,   44, 
  45  ] , as are fruits and vegetables  [  46  ] , which are high in  b -carotene and vitamin C, 
among a wide variety of phytochemicals. The concept of food synergy is discussed 
at greater length in Chap.   14    . 

http://dx.doi.org/10.1007/978-1-61779-894-8_14


392 Research in Nutritional Epidemiology

 In a very simple example of food synergy, vitamin E functions as an antioxidant 
by accepting electrons, after which it exists in an oxidized state, that is, as a pro-
oxidant. To reduce the risk that it will cause damage, it must be reduced, which is 
done by vitamin C. The vitamin C is then oxidized and must be reduced, and so on 
until the cycle reaches an end. One important in vitro study was suggestive of the 
in fl uence of balancing substances in food by showing that cell proliferation in a 
cancer cell line was much lower when incubated with apple or apple skin than it was 
when incubated with an amount of isolated vitamin C that had an equivalent total 
antioxidant capacity  [  39  ] . 

 A  fi nal aspect of diet that has been successfully studied is food patterns. Dietary 
patterns have been discovered using factor analysis. For example, Hu et al.  [  47,   48  ]  
identi fi ed a “prudent” pattern associated with reduced incidence of cardiovascular 
disease and a “Western” pattern associated with increased incidence. Many other 
authors have followed a similar strategy, generally  fi nding support for the general 
prudent pattern  [  49  ] . The association of a food pattern with incident disease is 
suggestive of a synergy between foods. There has been much advice about a diet 
that has potential to prevent chronic disease; the lower risk associated with the 
“prudent” pattern suggests that many people have apparently taken that advice and 
that the advised diets do have merit in risk reduction.  

    2.3   Summary 

 Two particularly challenging issues in nutritional epidemiology were discussed in 
editorial fashion. Concerning how to  fi nd out what people eat, nutritional epidemi-
ologists use variants of two basic methods. In the  fi rst, the participant records or 
recalls extensive detail about recent intake. The investigator then synthesizes this 
information into analytically usable variables. This method does not represent 
typical diet well unless multiple recalls/records are obtained. In the second method, 
the participant synthesizes his/her dietary information by responding to general 
questions about diet, such as how often a particular class of foods is eaten. This 
method does determine the typical diet, but fails to obtain details that are necessary 
for many types of analysis. It is hoped that advances in technology will enable 
simpler and more extensive collection and processing of dietary intake data. 

 Concerning how to think about the effect of diet on health, I suggest that simple 
nutrient pathways are inadequate for a full understanding of diet. It is proposed that 
considerable attention be paid to the foods and food patterns that people eat, as well 
as to the relationships of these foods and food patterns with disease outcomes.      
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disorder  •  Night eating syndrome  •  Pica  •  Rumination  •  Avoidant/restrictive food 
intake disorder      

  Key Points 

    Eating disorder diagnoses consist of pica, rumination, avoidant/restrictive food • 
intake disorder, anorexia nervosa (AN; restricting type and binge-eating/purging 
type), bulimia nervosa (BN), binge-eating disorder (BED), and feeding and 
eating conditions not elsewhere classi fi ed (including atypical AN, subthreshold 
BN, purging disorder, and night eating syndrome [NES]).  
  Physical complications of AN affect most major systems in the body and are • 
caused by starvation and the effects of purging. Most physical complications of 
BN are due to purging.  
  Overweight and obesity are linked with BED and NES. Patients typically request • 
that weight loss be addressed with treatment.  
  AN is dif fi cult to treat and may need initial inpatient treatment for refeeding. • 
Subsequently, family therapy is recommended for patients still living with their 
families.  
  Cognitive behavioral therapy (CBT) is the  fi rst line of therapy recommended • 
for BN, purging disorder, BED, and NES. Interpersonal therapy has also been 
shown effective for BN and BED with similar ef fi cacy as CBT at 12-months 
posttreatment.  
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  Selective serotonin reuptake inhibitors have been shown effective for treating • 
BN, BED, and NES, as has topiramate. Medication trials have not identi fi ed a 
drug that effectively reduces the severity of AN or that maintain gains estab-
lished in inpatient treatment.  
  Prevention studies for eating disorders are in their infancy, but dissonance-based • 
programs have shown promise.     

    3.1   Introduction 

 Eating disorders can affect persons of all shapes and sizes. From extremes in under-
weight, across the spectrum of normal weight and overweight, and up to the extremes 
of obesity, underlying nutritional, psychological, and medical effects of eating 
disorders can be found. Disordered eating encompasses restriction of food as well 
as binge eating, inappropriate compensation with purging or excessive exercise, and 
patterns of eating that disrupt normal, daily functioning. Nutritional counseling is 
often an integral part of treatment for these complex, psychiatric disorders, typically 
in the context of a team approach. 

 Current diagnostic criteria for eating disorders that are outlined in the Diagnostic 
and Statistical Manual IV-TR (DSM-IV-TR) from the American Psychiatric 
Association  [  1  ]  are under revision for DSM 5 (  www.dsm5.org    ), to be released in 
2013. The criteria and proposed changes for eating disorders will be discussed in 
this chapter. These include pica, rumination disorder, avoidant/restrictive food 
intake disorder (ARFID), anorexia nervosa (AN), bulimia nervosa (BN), binge-
eating disorder (BED), and feeding and eating conditions not elsewhere classi fi ed 
(FEC-NEC; atypical anorexia, subthreshold BN, purging disorder, and night eating 
syndrome [NES]). Additionally, this chapter will provide a brief overview of preva-
lence, assessment issues, treatment, and prevention efforts, where available.  

    3.2   Pica, Rumination Disorder, and Avoidant/Restrictive 
Food Intake Disorder 

 These eating disorders were classi fi ed under a section entitled Feeding and Eating 
Disorders of Infancy or Early Childhood in the DSM-IV-TR. They will all be 
included in the eating disorders section in DSM-5, as pica and rumination can often 
occur in adulthood. These disorders are not as widely studied as the other disorders 
reviewed here, so assessment and treatments are still somewhat limited. 

    3.2.1   Pica 

 Pica involves: (1) persistent eating of nonnutritive, nonfood substances over a period 
of at least 1 month; (2) this eating is inappropriate to the developmental level of the 
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individual; (3) this eating is not part of a culturally sanctioned practice; and (4) if the 
eating behavior occurs in the context of another mental disorder, it is suf fi ciently 
severe to warrant independent clinical attention  [  2  ] . Pica often occurs comorbidly 
with mental retardation, pervasive developmental disorder, or schizophrenia. It is 
within these contexts that pica is typically  fi rst noted. In adulthood, pica more 
typically emerges during pregnancy, and noted more recently, after gastric bypass 
surgery. Kushner et al. note that the occurrence of pica during these times may be 
related to iron-de fi ciency anemia  [  3  ] .  

    3.2.2   Rumination Disorder 

 Rumination disorder is described as repeated regurgitation of food over a period of 
at least 1 month. The regurgitated food may be re-chewed, re-swallowed, or spit 
out. Additionally, there is no evidence that a gastrointestinal or other medical con-
dition is the sole source of the behavior. Rumination must not occur exclusively 
during the course of another eating disorder, and if they occur in the context of 
another mental disorder, such as mental retardation, they are suf fi ciently severe to 
require independent clinical attention  [  2  ] . Re-chewing food most often occurs in 
children. In adults, re fl ux and nausea can be related to this behavior. Among other 
mental disorders, rumination most often co-occurs with AN and BN, but it has also 
been noted among those with depression, obsessive-compulsive disorder, and other 
forms of anxiety  [  2  ] .  

    3.2.3   Avoidant/Restrictive Food Intake Disorder 

 The disorder formerly known as feeding and eating disorders of infancy or early 
adulthood is now proposed under the name avoidant/restrictive food intake disorder 
(ARFID). ARFID consists of an eating or feeding disturbance in which there is a 
persistent failure to meet expected nutritional and/or energy needs associated with 
at least one of these features: (1) signi fi cant weight loss or disturbance in growth 
curves in growing children; (2) signi fi cant nutritional de fi ciency; (3) dependence on 
enteral feeding; or (4) marked interference with psychosocial functioning. There 
appear to be three main presentations, including lack of interest in eating, avoidance 
related to the sensory characteristics of food, or concern about aversive conse-
quences of eating  [  4  ] . If the main presentation involves problems with the texture of 
food or other sensory properties, assessment may be warranted for autism spectrum 
disorder or pervasive developmental disorders. The food avoidance must not be 
related to food insecurity or cultural practices, and there should be no evidence of 
disturbance in the perception of body weight and shape, as there is so centrally in 
AN and BN. As this is a newly proposed group of disorders, research speci fi c to the 
ARFID diagnosis is rare.   
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    3.3   Anorexia Nervosa 

 AN was  fi rst noted in the scienti fi c community in the late seventeenth century and 
 fi rst appeared in the DSM-III in 1980 as a diagnostic entity. In its current conceptu-
alization, the  fi rst core feature is a refusal to maintain a minimally normal body 
weight for age and height. There is variability across individuals by body type, 
ethnicity, and gender for what is a “minimally acceptable weight,” and the current 
guidelines suggest a cutoff of weighing less than 85% of expected weight for height 
or at or below a body mass index (BMI) of 17.5 kg/m 2 . This criterion will be loos-
ened in DSM 5, with more clinical judgment allowed regarding what constitutes a 
“signi fi cantly low weight.” For adolescents and children, lack of weight gain, rather 
than active weight loss, would also be an appropriate measure of this criterion. The 
Centers for Disease Control growth charts  [  5  ]  or the World Health Organization’s 
growth charts  [  6  ]  should be reviewed to assess if a child or adolescent has fallen 
signi fi cantly below his or her original weight trajectory. 

 The second criterion describes an intense fear of gaining weight or persistent 
behavior that prevents weight gain. The third requires a distortion in the way that 
body weight and shape are viewed or a “persistent lack of recognition of the seri-
ousness of the low body weight”  [  4  ] . Persons with AN evaluate their self-worth 
almost entirely by their perceptions of their body weight and shape, and these 
distorted beliefs help maintain the severe caloric de fi cits necessary to sustain their 
low weight  [  7–  10  ] . Amenorrhea lasting >3 months has been a diagnostic criterion 
in the past. However, women on hormonal birth control, girls who have not reached 
menarche, and men are not able to apply this criterion; therefore, it will not be 
included in DSM 5. 

 There are two subtypes of AN. The restricting type is classi fi ed by the strict use 
of caloric restriction and excessive exercise as a means of controlling their weight. 
The binge eating/purging subtype describes those who engage in binge eating or 
inappropriate compensatory measures, such as vomiting or misuse of laxatives, 
diuretics, or enemas. Those with the AN, binge eating/purging subtype differ from 
persons with BN because of their extremely low body weight. Thus, a diagnosis of 
AN supersedes a diagnosis of BN. 

 Almost every physical system is negatively impacted by AN; this is due to star-
vation and, when present, the effects of purging. Resulting abnormalities include 
bradycardia, arrhythmia, hypothyroidism, low bone density, constipation, infertility, 
and perinatal complications  [  11  ] . Gray matter volume in the brain is decreased. 
Atrophied neural networks may maintain sufferers’ psychological delusions regard-
ing their fears of fat and beliefs that they are not thin enough, as well as obsessions 
and compulsive rituals with food. Despite the gravity of their symptoms, those with 
AN do not typically complain of their ailments and deny the seriousness of their 
physical and psychological states  [  12  ] . With this denial, many sufferers refuse 
medical treatment until they have been seriously medically compromised. 

 Paradoxically, excessive exercise and movement are observed in AN, perhaps 
due to lowered leptin levels that increase the drive for movement. This drive for 
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food was likely once associated with food- fi nding behaviors built for evolutionary 
purposes to avoid starvation  [  13  ] . Later in the illness, physical restlessness could be 
related to a biological drive to increase core body temperature. When excessive 
movement subsides and fatigue sets in, this may indicate severe depression, electro-
lyte imbalance, or severe dehydration. Cardiac functioning may also be poor at that 
point, and suicidal ideation and intent should be assessed  [  14  ] . For both of these 
reasons, AN is considered the deadliest psychiatric disorder.  

    3.4   Bulimia Nervosa 

 The core features of BN are binge eating and the subsequent use of inappropriate 
compensatory behaviors. These behaviors are used in an attempt to attain a low 
body weight or prevent weight gain. As with AN, there is undue in fl uence of weight 
and shape on self-evaluation and self-concept. DSM 5 criteria require that the binge-
eating episodes and inappropriate compensatory behaviors occur at least once/week 
for at least 3 months. 

 Inappropriate compensatory behaviors consist of various forms of purging, restrict-
ing, and excessive exercise. Purging behaviors most often consist of vomiting, used in 
80–90% of cases  [  1,   15  ] ; laxative abuse is the second most common type of purging. 
Many persons with BN become skilled at inducing vomiting so that they can vomit at 
will and no longer need to use their  fi ngers or another instrument. Four common signs 
associated with vomiting include “Russell’s sign” (scarring on the back of the knuckles 
due to self-induced vomiting), swollen cheeks associated with parotid gland enlarge-
ment, dental enamel erosion, and receding gums. Laxative abuse is commonly associ-
ated with peripheral edema and bloating. Constipation results when laxatives abuse is 
discontinued, but it generally resolves in less than a month with exercise and gradual 
increases in  fl uids and  fi ber. Both vomiting and laxative use are associated with elec-
trolyte imbalance, fatigue, heart arrhythmias, and gastrointestinal problems, such as 
gastroesophageal re fl ux disease (GERD)  [  16  ] . 

 Most persons with BN have a BMI in the healthy weight range, with some in the 
overweight and obese ranges. Individuals with BN feel free of their binge food after 
purging and consequently experience psychological relief (if only temporarily), but, 
in reality, many of the calories from their binge episodes are absorbed and metabo-
lized. Studies have shown that purging by laxatives eliminates the absorption of 
about 10% of calories from a binge  [  17,   18  ] , while about half, up to an apparent cap 
of about 1,200 kcal, are eliminated from vomiting  [  19  ] . With laxative use, laxatives 
affect the colon after much of the food has been absorbed through the intestine. 
The lack of effect with vomiting is likely related to the length of the binge and the 
volume rejected. 

 Persons with BN may also restrict between binge episodes and exercise, but not 
to the extent that is observed with AN, binge eating/purging subtype. Malnutrition 
may still occur in BN, but most of the medical complications in this disorder are 
caused by the purging behaviors. While these medical complications are not as 
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severe as those observed in AN, persons with BN generally are less tolerant of their 
physical symptoms. Those with BN typically have more insight into their disorder 
than those with AN, often feeling guilt and shame related to their binge-eating and 
purging behaviors. However, those with BN also have an increased risk for suicide, 
so this should be closely monitored  [  14  ] .  

    3.5   Binge-Eating Disorder 

 The hallmark of BED is eating large amounts of food, accompanied by a loss of 
control. Additionally, at least three of the following  fi ve signs must be present 
during binge-eating episodes: (1) eating more rapidly than normal; (2) eating until 
uncomfortably full; (3) eating when not physically hungry; (4) eating alone due to 
embarrassment; and (5) feeling disgusted, depressed, or markedly guilty after an 
episode. Diagnosis requires that distress regarding the binge eating must be present, 
and the episodes must occur, on average, at least once/week for 3 months  [  4  ] . 

 Most individuals with BED are overweight or obese, and many present primarily 
for weight loss. Persons with BN typically restrict more consistently between binges 
than do persons with binge-eating disorder, but in laboratory studies those with BN 
consume more energy during binges than those with BED. Persons with BED 
typically engage in binge episodes in addition to eating normal- to large-sized meals 
throughout the day. This general pattern of overeating coupled with the lack of com-
pensatory behaviors contributes to weight gain (see ref.  [  20  ]  for review).  

    3.6   Feeding and Eating Disorders: Not Elsewhere Classi fi ed 

 There are many forms of disordered eating that are serious and cause psychological 
and physical distress but that do not  fi t the diagnostic criteria for BN or AN. These 
are captured in the Feeding and Eating Disorders: Not Elsewhere Classi fi ed (FED-
NEC) category and include atypical AN, subthreshold BN, purging disorder, and 
NES. Each of these is described below. 

    3.6.1   Atypical Anorexia Nervosa 

 This diagnosis would be used when all of the criteria for AN are met except for the 
signi fi cantly low weight criterion. Examples of this include persons who have lost a 
signi fi cant amount of weight through behavioral weight loss, inappropriate com-
pensatory behaviors, or bariatric surgery. In these cases, weight may still fall in 
the obese or overweight range but preoccupation with body shape and size, along 
with the other core features of AN, is present. They could also be medically 
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compromised and show bradycardia and other hallmark features of AN, thus 
warranting clinical attention.  

    3.6.2   Subthreshold Bulimia Nervosa 

 Here, all criteria for BN are met except that the frequency of binge purge episodes 
occur, on average, less than once/week and/or the duration is <3 months.  

    3.6.3   Purging Disorder 

 Purging disorder is de fi ned as the regular occurrence of purging behaviors 
(e.g., vomiting, laxative use, or diuretic misuse) in order to in fl uence weight or 
shape  [  4  ] . The purging continues in the absence of regular binge-eating episodes 
and without a signi fi cantly low body weight  [  21  ] . As in BN, there is also undue 
in fl uence of weight and shape on self-evaluation. Thus, persons with purging 
disorder generally feel distressed after eating anywhere from a typical meal to a 
small snack and have an overwhelming urge to purge afterwards. 

 The effects of purging, as in the case of BN, can be dangerous and debilitating. 
A feeding study has shown that women with the disorder reported more postpran-
dial fullness and gastrointestinal discomfort after a standardized meal than those 
with BN, and greater release of cholecystokinin (CCK)  [  22  ] , suggesting that physi-
ological cues may contribute to the purging behavior. Persons with purging disorder 
report higher levels of body dissatisfaction and dietary restraint, but lower impulse 
control problems than persons with BED  [  23  ] .  

    3.6.4   Night Eating Syndrome 

 The NES was  fi rst described in 1955 as a disorder of morning anorexia, evening 
hyperphagia, and insomnia, usually accompanied by a depressed mood and stress-
ful life circumstances  [  24  ] . It did not receive much research or clinical attention 
until the 1990s. This renewed attention was likely in fl uenced by the rise of the 
prevalence of obesity and the search for correlates and contributors of excessive 
weight gain. In 1999, awakenings with ingestions ( nocturnal ingestions ) were added 
to the provisional set of criteria  [  25  ] . However, as research advanced our under-
standing of the condition, different criteria sets were increasingly used, making 
comparisons across studies dif fi cult. 

 The following diagnostic criteria were reached by consensus at the First 
International Night Eating Symposium in 2008  [  26  ] . First, the daily pattern of 
eating must show greatly increased intake in the evening and/or night time, as 
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manifested by one or both of the following: (a) at least 25% of food intake is 
consumed after the evening meal; and (b) at least two eating episodes occur each 
week upon awakening during the night. Second, the clinical picture is characterized 
by at least three of  fi ve of the following features: (a) a lack of desire to eat in the 
morning and/or breakfast is omitted on four or more mornings per week; (b) the 
presence of a strong urge to eat between dinner and bedtime and/or during the night; 
(c) sleep onset and/or sleep maintenance insomnia are present four or more nights/
week; (d) presence of a belief that one must eat in order to get to sleep; and (e) mood 
is frequently depressed and/or it worsens in the evening. 

 Persons who meet these criteria must also have awareness and recall of the 
evening and nocturnal eating episodes to distinguish the behavior from sleep-related 
eating disorder, which is a parasomnia marked by impaired consciousness and the 
consumption of unusual food or nonedible objects. Diagnosis requires that the night 
eating behaviors must be present for at least 3 months, and there must be distress or 
impairment of functioning present in relation to the night eating. 

 One epidemiological and two clinical studies have shown a link between NES 
and obesity. However, other studies have failed to verify this. Average caloric intake 
consumed during nocturnal ingestions is similar to regular snacks (approximately 
300–400 kcal)  [  25,   27  ] . An early report suggested that carbohydrates dominate 
nocturnal food choices  [  25  ] , but a subsequent report showed no difference in the 
proportion of macronutrient content of foods consumed during the night vs. the day 
 [  28  ] . However, the repeated and persistent nature of the disorder likely contributes 
to weight gain among its sufferers.   

    3.7   Prevalence 

 Hudson et al. provided recent and rigorous lifetime prevalence estimates for the 
most commonly studied of the eating disorders. Estimates for women and men, 
respectively, are as follows: AN had occurred in 0.9 and 0.3%; BN in 1.5 and 0.5%; 
and BED in 3.5 and 2.0%  [  29  ] . Subthreshold BED was also assessed (which did not 
include the  fi ve descriptors, such as eating more rapidly than usual, or the distress 
criteria); this yielded prevalence estimates of 0.6% of women and 1.9% of men. 

 Large-scale survey studies of women that assessed the prevalence of purging 
disorder revealed rates of 5.3% in an Australian twin cohort, 1.1% in an Italian 
cohort, and 0.85% in an adolescent Portuguese cohort  [  21  ] . The relative frequency 
of these rates, as compared to the other eating disorders, has varied, with some 
studies  fi nding purging disorder more common and others less common than BN 
and AN. Estimates of NES in the general population of the United States, Germany, 
Sweden, and Australia range from 1.5 up to 6%  [  30–  33  ] . 

 There are no prevalence estimates for the new, more inclusive criteria for pica, 
rumination, and ARFID. Relatively little research had been completed on these 
disorders when they were relegated to disorders of childhood, and with the inclu-
sion of adults, prevalence rates have yet to be established.  
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    3.8   Risk Factors for Eating Disorders 

 As indicated by the prevalence estimates, women are at higher risk for most of the 
eating disorders, although the rates are much closer between genders for BED and 
NES. Traditionally, non-Hispanic white women are at higher risk for AN and BN, 
although minority rates have been rising  [  34  ] . Certain medical conditions may also 
increase risk for disordered eating, such as type 1 diabetes, where insulin manipula-
tion becomes a means of inappropriate compensation for eating  [  35  ] . 

 Certain psychological factors have been identi fi ed as increasing risk for develop-
ing an eating disorder. Elevated dietary restraint has long been recognized as a risk 
factor for most of the eating disorders  [  36  ] . Increased attention to societal pressure 
to be thin and body image preoccupation have been linked to increased risk of BN 
and subthreshold BN  [  37  ] . Further, high levels of life stress have been associated 
with the onset of BED  [  38  ]  and NES  [  24  ] . 

 Using a variety of known risk factors in their model, Stice et al. recently reported 
an 8-year prospective study of nearly 500 adolescent girls identifying pathways to 
the onset of eating disorders  [  39  ] . They identi fi ed three prominent paths. First, the 
most powerful predictor was body dissatisfaction; the upper 24% were at a fourfold 
risk for developing any eating disorder. Second, those with body dissatisfaction plus 
elevated depressive symptoms were at a further 2.9 increased incidence rate. Third, 
a group with low body dissatisfaction but in the highest 12% for dieting showed a 
3.6 increased incidence for eating disorders. 

 Periods of transition are often identi fi ed as vulnerable periods for the onset of 
eating disorders. Clinician’s awareness of family transitions may help provide extra 
support and decrease risk of onset. Such events may be onset of new school, death 
of a family member, relationship changes, home and job transitions, illness or hospi-
talization (start losing weight and get reinforcement for it), and abuse/sexual assault/
incest  [  40  ] .  

    3.9   Treatment 

 Much progress has been made in treating BN, BED, and NES, with early studies of 
purging disorder suggesting it is responsive to treatments for BN. Treatments for 
AN that have long-term effectiveness lag behind, but family therapy seems to be 
promising. Table  3.1  provides an overview of effective treatment modalities. The 
 fi rst step in assigning treatment is to assess how medically compromised a patient 
may be  [  41  ] . With AN, inpatient hospitalization may warrant refeeding. The next 
step down is residential treatment, followed by partial hospitalization or day treat-
ment programs. These treatments typically involve a multidisciplinary team of pro-
fessionals, including physicians, dietitians, psychologists, and, in some cases, art 
therapists and occupational therapists. Interventions include both group and indi-
vidual treatments.  
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   Table 3.1    Effective treatments for eating disorders   

 Disorder 

 Cognitive 
behavioral 
therapy 

 Interpersonal 
therapy  SSRIs  Other 

 Anorexia nervosa  Mixed  Mixed  No  Inpatient/residential multidisciplinary 
treatment; family therapy; no 
medications proven effective 

 Bulimia nervosa  Yes  Yes  Yes  Topiramate, not buproprion 
 Binge eating 

disorder 
 Yes  Yes  Yes  Topiramate, behavioral weight loss 

 Night eating 
syndrome 

 Yes  Not tested  Yes  Topiramate (case reports only) 

   Note : Other disorders are not included because speci fi c treatment studies have not been reported  

 Therapeutic meals are included where patients are challenged to eat nutritionally 
balanced meals and snacks at regular intervals each day, typically every 3–4 h. 
Patients are encouraged to gain approximately 1–2 lb/week, at an initial intake of 
about 1,500 kcal/day (30–40 kcal/kg/day), increasing by 70–80 kcal/kg/day  [  42  ] . 
Liquid meal supplements are often used to help patients reach this goal. One risk of 
this process is “refeeding syndrome,” a potentially fatal shift of  fl uid and electro-
lytes that may occur among severely undernourished patients  [  43,   44  ] . Those who 
have been fasting for more than 10 days, have signi fi cant alcohol intake, abuse laxa-
tives, diuretics, or insulin, or who have had rapid weight loss may be at particular 
risk. Careful medical monitoring of patients at risk is therefore warranted during 
refeeding. 

 Patients must be carefully monitored after meals during inpatient or other inten-
sive treatment, particularly in the bathroom and their rooms, to prevent purging. BN 
can typically be treated on an outpatient basis, but persistent or very severe cases 
require residential or partial hospitalization treatment. Pica, rumination, BED, 
purging disorder, and NES are also most commonly treated on an outpatient basis. 
In patients presenting with pica, iron-de fi ciency anemia should be assessed, as treat-
ment of the anemia may diminish pica behaviors  [  3  ] . However, on the whole, most 
of the treatment literature on pica, rumination, and ARFID consist of case studies, 
so their treatments will not be reviewed here. More rigorous treatment trials for 
these disorders are needed. 

    3.9.1   Psychotherapy 

 The most effective outpatient psychotherapy approach for eating disorders is cogni-
tive behavioral therapy (CBT). A 20-session course of treatment is effective for BN 
and BED  [  45  ] . Sessions occur twice weekly for the  fi rst 2 weeks, followed by 
weekly sessions. Maintenance sessions are encouraged after the initial 20-week 
course. CBT produces abstinence from binge-eating and purging behaviors in varying 
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proportions of study participants with BN, ranging from 24 to 71%  [  46  ] . Similarly, 
CBT in binge-eating disorder produces abstinence in binge eating ranging from 37 
to 79% of study participants  [  20  ] . However, weight is not signi fi cantly reduced 
among persons with BED, despite large reductions in binge episodes. Less impres-
sive results have been reported using CBT for active AN, although it may be helpful 
in maintaining treatment gains. Only an uncontrolled pilot study among patients 
with NES has been tested to date with signi fi cant reductions in nocturnal ingestions 
and evening eating. 

 Interpersonal psychotherapy has been tested by several groups of researchers and 
applied successfully to BN and BED  [  47  ] . However, AN has not responded as 
robustly. As persons with eating disorders typically experience interpersonal or 
social dysfunction, interpersonal therapy for eating disorders focuses on how these 
social de fi cits contribute to binge-eating and purging behaviors. Interpersonal 
therapy focuses on one of four areas of interpersonal functioning, including unre-
solved grief, role transition (e.g., graduating high school or college), role dispute 
(e.g., problems in communicating with a boyfriend or parent), and interpersonal 
de fi cit. Interpersonal psychotherapy is not generally recommended as a  fi rst-line 
approach because it relieves symptoms at a slower pace than CBT. However, the 
treatment outcomes are similar at 1-year follow-up  [  20,   46  ] . 

 Family therapy has been shown to be the only effective psychotherapeutic 
approach for AN  [  48  ] , and it is also effective among those with BN  [  49  ] . It works 
particularly well for younger patients living with their families. The Maudsley 
Approach is the most well-validated family therapy approach for AN and is intended 
to reduce the need for inpatient treatment and to help parents successfully refeed 
their child, which is the  fi rst goal. The second goal is for the adolescent to start to 
take control again of eating and weight gain, at a level appropriate to maturational 
status. Finally, an overview of normal adolescent development is covered with the 
family, and the therapist helps to identify any other outstanding social–emotional 
issues for which the family may still need help. 

 Finally, behavioral weight loss therapy reduces binge eating and produces weight 
loss in persons with BED  [  50  ] . However, abstinence rates from binge eating are not 
as high as those produced through CBT. Thus, if weight loss is strongly desired by 
a patient and their other psychiatry comorbidities, such as major depression, sub-
stance abuse, or an anxiety disorder, are not causing noticeable impairments in 
functioning, then a behavioral weight loss program may suit those patients best.  

    3.9.2   Psychotropic Medications 

 Antidepressants are widely prescribed for the treatment of eating disorders. This is 
for two reasons: they are effective in reducing binge-eating and purging behaviors, 
and they improve comorbid mood and anxiety symptoms. Unfortunately, they have 
not been shown to reduce the core symptom of AN, i.e., refusal to maintain a healthy 
body weight. Thus, there are currently no ef fi cacious medications used for the 
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treatment or maintenance of AN  [  51,   52  ] . However, antidepressants may still relieve 
comorbid depression or anxiety, when present. 

 Tricyclic antidepressants, monoamine oxidase inhibitors (MAOIs), and selec-
tive serotonin reuptake inhibitors (SSRIs) have all shown ef fi cacy over placebos 
in reducing binge eating and purging  [  20,   46  ] . SSRIs are now most commonly 
used, with typical reductions of 45–65% in binge eating. Sertraline, a SSRI, has 
also been shown to signi fi cantly reduce evening hyperphagia and nocturnal inges-
tions among those with NES  [  53  ] . Topiramate decreases binge eating and purging 
as compared to placebo treatment and is associated with weight loss; however, 
cognitive side effects may be intolerable for some users  [  54  ] . Case reports of topi-
ramate in the treatment of NES have also shown signi fi cant reductions in evening 
hyperphagia, nocturnal ingestions, and weight  [  55  ] . Buproprion is not indicated 
for those who engage in purging behaviors as it has been associated with increased 
risk of seizures.   

    3.10   Prevention 

 Prevention programs aimed at reducing the incidence of eating disorders have been 
designed for children, adolescents, and college students. Dissonance-based inter-
ventions have been tested most rigorously and have been shown to have the greatest 
effect on reduction of eating disorder risk factors, symptoms, risk of onset, and 
future risk of development of obesity  [  56  ] . Cognitive dissonance programs involve 
having participants speak or behave in a manner that is opposite to their beliefs. As 
applied to eating disorders, women would be challenged to voice active criticism of 
the thin ideal; this is because internalization of the thin ideal is a risk factor for 
developing AN and BN. Among college students, peer-led dissonance-based inter-
ventions have been shown effective among women considered at high and low risk 
for developing AN or BN. These programs are likely most applicable in a school 
setting as they may be dif fi cult to administer in a community setting. 

 Other approaches have focused on media literacy and advocacy, but more 
evidence is needed, particularly in light of the superior effectiveness of the 
dissonance-based programs. In peer-led programs, the media advocacy intervention 
is effective in reducing risk for disordered eating among high-risk women, but not 
those at low risk  [  57  ] . One trial of a prevention program based on CBT delivered via 
the internet showed reductions in the onset of eating disorders in two subgroups, 
namely those who were overweight and a subset of those who reported preexisting 
purging behaviors  [  58  ] . Finally, programs that focus on body shape and weight 
acceptance for children and adolescents have also been used in school program-
ming, but little or no formal testing of the effects of these programs has been 
reported. As with other prevention approaches, more controlled studies are needed 
to test these interventions and to compare their ef fi cacy with the dissonance-based 
and media advocacy approaches. 



553 Eating Disorders

 Childhood and adult obesity are major medical concerns and warrant increased 
attention. As a result various obesity prevention programs have been established. 
These include programs at schools that change foods that are offered in cafeterias or 
send information home to parents about their children’s BMI status; laws that 
mandate posting calorie information at restaurants; and national efforts such as 
Michelle Obama’s  Let’s Move  campaign. However, some professionals believe that 
these programs have a detrimental effect on those with or prone to eating disorders, 
but studies that would measure their direct impact are dif fi cult to design and com-
plete. As a safeguard some professional groups, such as the Academy for Eating 
Disorders, have called for messages to be focused on health, good nutrition, and 
well-being instead of speci fi cally focusing on weight  [  59  ] .  

    3.11   Conclusion 

 Eating disorders range from severe caloric restriction to severe overeating. Extreme 
dissatisfaction with weight and shape is present across the different diagnoses. In 
most diagnoses, there is also an uncontrollable urge to binge eat. When medical 
complications are severe, inpatient treatment is warranted, particularly in AN. For 
most cases of BN, BED, purging disorder, and NES, outpatient psychotherapy is the 
 fi rst line of treatment. Psychotropic medications, most recently SSRIs, have also 
been proven effective in treating BN, BED, and NES. Family therapy is the most 
ef fi cacious treatment for AN. More research is needed on pica, rumination, and 
ARFID to establish effective treatment approaches. Prevention programs using 
dissonance-based interventions are promising for decreasing the incidence of eating 
disorders among college-age students, but other programs that target children and 
adolescents need to be formally evaluated.      
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  Key Points 

    Low birthweight, as a result of slow fetal growth, is associated with increased rates • 
of coronary heart disease and the related disorders stroke, hypertension, and type 
2 diabetes: these associations extend across the normal range of birthweight.  
  They are thought to be consequences of developmental plasticity, the phenome-• 
non by which one genotype can give rise to a range of different physiological or 
morphological states in response to environmental conditions during develop-
ment. This is often referred to as programming.  
  There is increasing evidence that a wide range of chronic diseases are • 
programed.  
  People who were small at birth may be vulnerable to later disease, because they • 
have reduced functional capacity in key organs, such as the kidney, or altered 
settings of hormones and metabolism, or altered responses to adverse in fl uences 
in the postnatal environment.  
  Slow growth in infancy and rapid weight gain after the age of 1 year further • 
increase the risk of later disease.  
  Slow fetal growth is the product of the mother’s body composition and diet • 
before and during pregnancy, together with her metabolism.  
  The placenta is complicit in the growth of the fetus and hence in the programing • 
of disease.     
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    4.1   Developmental Origins 

 The recent discovery that people who develop coronary heart disease (CHD) grew 
differently compared to other people during fetal life and childhood has led to a new 
“developmental” model for chronic disease  [  1,   2  ] . The model proposes that nutri-
tion during fetal life, infancy, and early childhood establishes functional capacity, 
metabolic competence, and responses to the later environment by changing gene 
expression  [  3  ] . There is now clear evidence that the pace and pathway of early 
growth is a major risk factor for the development of chronic disease in adult life. 

 To explore the developmental origins of chronic disease required studies of a 
kind that had not hitherto been carried out. It was necessary to identify groups of 
men and women, now in middle or late life, whose size at birth had been recorded. 
Their birthweight could thereby be related to the later occurrence of chronic 
disease. In the county of Hertfordshire, UK, from 1911 onwards, when women had 
their babies they were attended by a midwife who recorded the birthweight. A health 
visitor went to the baby’s home at intervals throughout infancy, and the weight at 
1 year was recorded. Table  4.1  shows the  fi ndings in 10,636 men born during 
1911–1930  [  1,   4  ] . Standardized mortality ratios for CHD fell with increasing 
birthweight. There were stronger trends with weight at 1 year. A subsequent study 
con fi rmed a similar trend with birthweight among women  [  4  ] . Table  4.2  shows the 
 fi ndings for a sample of 370 men aged 64 years in 1989  [  5  ] . The percentage with 
impaired glucose tolerance or type 2 diabetes fell steeply with increasing 
birthweight and with weight at 1 year. There were similar trends with birthweight 
among women.   

   Table 4.1    Hazard ratios (95% con fi dence intervals [CI]) for death from coronary heart disease 
(CHD) according to weight at birth and at age 1 year in 10,636 men in Hertfordshire   

 Weight (lb) 

 Death from CHD 

 Before 65 years  All ages 

 At birth 
  £ 5.5  1.50 (0.98–2.31)  1.37 (1.00–1.86) 
 −6.5  1.27 (0.89–1.83)  1.29 (1.01–1.66) 
 −7.5  1.17 (0.84–1.63)  1.14 (0.91–1.44) 
 −8.5  1.07 (0.77–1.49)  1.12 (0.89–1.40) 
 −9.5  0.96 (0.66–1.39)  0.97 (0.75–1.25) 
  ³ 10  1.00  1.00 
  p  for trend  0.001  0.005 

 Age 1 year 
  £ 18  2.22 (1.33–3.73)  1.89 (1.34–2.66) 
 −20  1.80 (1.11–2.93)  1.58 (1.15–2.16) 
 −22  1.96 (1.23–3.12)  1.66 (1.23–2.25) 
 −24  1.52 (0.95–2.45)  1.36 (1.00–1.85) 
 −26  1.36 (0.82–2.26)  1.29 (0.93–1.78) 
  ³ 27  1.00  1.00 
  p  for trend  <0.001  <0.001 
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 The association between low birthweight and CHD has now been replicated 
among men and women in Europe, North America, and India  [  6–  12  ] . The associa-
tion between low weight gain in infancy and CHD in men has been con fi rmed in 
Helsinki  [  13  ] . Low birthweight has been shown to predict altered glucose tolerance 
in studies around the world  [  14–  18  ] .  

    4.2   Confounding Variables 

 These  fi ndings suggest that in fl uences linked to early growth have an important 
effect on the risk of CHD and type 2 diabetes. It has been argued, however, that 
people whose growth was impaired in utero and during infancy may continue to be 
exposed to an adverse environment in childhood and adult life, and it is this later 
environment that produces the effects attributed to intrauterine in fl uences. There is 
now strong evidence that this argument cannot be sustained. 

 In a number of studies, data on lifestyle, including smoking habits, employment, 
alcohol consumption, and exercise, were collected. In the Nurses’ Health Study in 
the USA, allowance for these in fl uences had little effect on the association between 
birthweight and CHD  [  8  ] . Similar results came from Sweden and the UK  [  5,   10  ] . In 
studies of type 2 diabetes and blood pressure, the associations with size at birth are 
again independent of social class, cigarette smoking, and alcohol consumption. 
Adult lifestyle, however, adds to the effects of early life: for example, the prevalence 
of impaired glucose tolerance is highest in people who had low birthweight but 

   Table 4.2    Percentage of men aged 64 with impaired glucose tolerance or diabetes according to 
weight at birth and at age 1 year in 370 men in Hertfordshire   

 Weight (lb)  % of men with 2-h glucose of  ³ 7.8 mmol/L  Odds ratio (95% CI) a  

 At birth 
  £ 5.5  40  6.6 (1.5–28) 
 −6.5  34  4.8 (1.3–17) 
 −7.5  31  4.6 (1.4–16) 
 −8.5  22  2.6 (0.8–8.9) 
 −9.5  13  1.4 (0.3–5.6) 
 >9.5  14  1.0 
  p  for trend  <0.001 

 Age 1 year 
  £ 18  43  8.2 (1.8–38) 
 −20  32  4.8 (1.2–19) 
 −22  30  4.2 (1.1–16) 
 −24  18  2.1 (0.5–7.9) 
 −26  19  2.1 (0.5–9.0) 
  ³ 27  13  1.0 
  p  for trend  <0.001 

   a Adjusted for BMI  
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became obese as adults  [  5,   14–  18  ] . As described later in this chapter, slow fetal 
growth may also alter the body’s response to socioeconomic in fl uences in later life. 
Associations between low birthweight and altered glucose tolerance and raised 
blood pressure have been found in numerous studies of children, which is a further 
argument against these associations being the product of confounding variables in 
adult life.  

    4.3   Biological Basis 

 Like other living creatures in their early life, human beings are “plastic” and able to 
adapt to their environment. The development of the sweat glands provides a simple 
example of this. All humans have similar numbers of sweat glands at birth, but none 
of them function. In the  fi rst 3 years after birth, a proportion of the glands become 
functional, depending on the temperature to which the child is exposed. The hotter 
the conditions, the greater the number of sweat glands that are programmed to func-
tion. After 3 years the process is complete and the number of sweat glands is  fi xed. 
Thereafter, the child who has experienced hot conditions will be better equipped to 
adapt to similar conditions in later life because people with more functioning sweat 
glands cool down faster. 

 This brief description encapsulates the essence of developmental plasticity: 
a critical period when a system is plastic and sensitive to the environment, fol-
lowed by loss of plasticity and a  fi xed functional capacity. For most organs and 
systems, the critical period occurs in utero. There are good reasons why it may be 
advantageous, in evolutionary terms, for the body to remain plastic during devel-
opment. It enables the production of phenotypes that are better matched to their 
environment than would be possible if the same phenotype was produced in all 
environments. Developmental plasticity is de fi ned as the phenomenon by which 
one genotype can give rise to a range of different physiological or morphological 
states in response to different environmental conditions during development  [  19  ] . 
Plasticity during intrauterine life enables animals, and humans, to receive a 
“weather forecast” from their mothers that prepares them for the type of world in 
which they will have to live  [  20  ] . If the mother is poorly nourished, she signals to 
her unborn baby that the environment it is about to enter is likely to be harsh. The 
baby responds to these signals by adaptations, such as reduced body size and 
altered metabolism, which help it to survive a shortage of food after birth. In this 
way, plasticity gives a species the ability to make short-term adaptations, within 
one generation, in addition to the long-term genetic adaptations that come from 
natural selection. Since, as Mellanby noted many years ago, the ability of a human 
mother to nourish her baby is partly determined when she herself is in utero, and 
by her childhood growth, the human fetus is receiving a “weather forecast” based 
not only on conditions at the time of the pregnancy but on conditions a number of 
decades before  [  3,   21  ] . This may be advantageous in populations which experience 
periodic food shortages. 
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 Until recently, we have overlooked a growing body of evidence that systems of 
the body which are closely related to adult disease, such as the regulation of blood 
pressure, are also plastic during early development. In animals it is surprisingly easy 
to produce lifelong changes in the blood pressure and metabolism of a fetus by 
minor modi fi cations to the diet of the mother before and during pregnancy  [  22,   23  ] . 

 The different size of newborn human babies exempli fi es plasticity. The growth of 
babies has to be constrained by the size of the mother, otherwise normal birth could 
not occur. Small women have small babies: in pregnancies after ovum donation they 
have small babies even if the woman donating the egg is large  [  24  ] . Babies may be 
small because their growth is constrained in this way or because they lack the nutri-
ents for growth. As McCance wrote long ago, “The size attained in utero depends on 
the services which the mother is able to supply. These are mainly food and accom-
modation”  [  25  ] . Since the mother’s height or pelvic dimensions are generally not 
found to be important predictors of the baby’s long-term health, research into the 
developmental origins of disease has focused on the nutrient supply to the baby, 
while recognizing that other in fl uences, such as hypoxia and stress, also in fl uence 
fetal growth. This focus on fetal nutrition was endorsed in a recent review  [  26  ] .  

    4.4   Fetal Origins Hypothesis 

 The fetal origins hypothesis proposed that CHD, type 2 diabetes, stroke, and hyper-
tension originate in developmental plasticity, in response to undernutrition during 
fetal life and infancy  [  2,   27  ] . Why should fetal responses to undernutrition lead to 
disease in later life? The general answer is clear: “life history theory,” which 
embraces all living things, states that, during development, increased allocation of 
energy to one trait, such as brain development, necessarily reduces allocation to one 
or more other traits, such as tissue repair processes. Smaller babies, who have had a 
lesser allocation of energy, must incur higher costs and these, it seems, include 
disease in later life. A more speci fi c answer to the question is that people who were 
small at birth are vulnerable to later disease through three kinds of process. First, 
they have fewer cells in key organs, such as the kidney. One theory holds that hyper-
tension is initiated by the reduced number of glomeruli found in people who were 
small at birth  [  28  ] . A reduced number necessarily leads to increased blood  fl ow 
through each glomerulus. Over time, this hyper fi ltration is thought to lead to the 
development of glomerulosclerosis which, combined with the loss of glomeruli that 
accompanies normal aging, leads to accelerated age-related loss of glomeruli, and a 
self-perpetuating cycle of rising blood pressure and glomerular loss. 

 Another process by which slow fetal growth may be linked to later disease is in 
the setting of hormones and metabolism. An undernourished baby may establish a 
“thrifty” way of handling food. Insulin resistance, which is associated with low 
birthweight, may be viewed as persistence of a fetal response by which blood 
glucose concentrations were maintained for the bene fi t of the brain, but at the 
expense of glucose transport into the muscles and muscle growth  [  29  ] . 
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 A third link between low birthweight and later disease is that people who were 
small at birth are more vulnerable to adverse environmental in fl uences in later life. 
Observations on animals show that the environment during development perma-
nently changes not only the body’s structure and function but also its responses to 
environmental in fl uences encountered in later life  [  20  ] . Table  4.3  shows the effect 
of low income in adult life on CHD among men in Helsinki  [  30  ] . As expected, men 
who had a low taxable income had higher rates of the disease. There is no agreed 
explanation for this, but the association between poverty and CHD is a major com-
ponent of the social inequalities in health in many Western countries. Among the 
men in Helsinki the association was con fi ned to men who had slow fetal growth and 
were thin at birth, de fi ned by a ponderal index (birthweight/length 3 ) of less than 
26 kg/m 3  (see Table  4.3 ). Men who were not thin at birth showed no association 
between CHD and income, suggesting that they were resilient to the biological 
effects of low income.  

 One explanation for these  fi ndings emphasizes the psychosocial consequences of 
a low position in the social hierarchy, as indicated by low income and social class, 
and suggests that perceptions of low social status and lack of success lead to changes 
in neuroendocrine pathways and hence to disease  [  31  ] . The  fi ndings in Helsinki 
seem consistent with this. People who were small at birth are known to have per-
sisting alterations in responses to stress, including raised serum cortisol concentra-
tions  [  32  ] . It is suggested that persisting small elevations of cortisol concentrations 
over many years may have effects similar to those seen when tumors lead to 
more sudden, large increases in glucocorticoid concentrations. People with 
Cushing’s syndrome, the result of over-activity of the adrenal cortex, are insulin 
resistant and have raised blood pressure, both of which predispose to CHD.  

    4.5   Childhood Growth and Coronary Heart Disease 

 Figure  4.1  shows the growth of 357 men who were either admitted to hospital 
with CHD or died from it  [  33  ] . They belong to a cohort of 4,630 men who were 
born in Helsinki, Finland. Their mean height, weight, and body mass index (BMI, 

   Table 4.3    Hazard ratios (95% CI) for CHD among 3,676 men in Helsinki according to ponderal 
index at birth (birthweight/length 3 ) and taxable income in adult life   

 Household income in lb 
sterling/year 

 Hazard ratios 

 Ponderal index  £ 26.0 kg/m 3  
( n  = 1,475) 

 Ponderal index >26.0 kg/m 3  
( n  = 2,154) 

 >15,700  1.00  1.19 (0.65–2.19) 
 15,700  1.54 (0.83–2.87)  1.42 (0.78–2.57) 
 12,400  1.07 (0.51–2.22)  1.66 (0.90–3.07) 
 10,700  2.07 (1.13–3.79)  1.44 (0.79–2.62) 
  £ 8,400  2.58 (1.45–4.60)  1.37 (0.75–2.51) 
  p  for trend  <0.001  0.75 
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weight/height 2 ) at each month from birth to 2 years of age, and at each year from 2 
to 11 years of age, are expressed as standard deviations ( z  scores). The mean  z  score 
for the cohort is set at 0 and a boy maintaining a steady position as tall or short, or 
fat or thin, in relation to other boys would follow a horizontal path on the  fi gure. 
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  Fig. 4.1    Height, weight, and body mass index (BMI) in the  fi rst 11 years after birth among boys 
and girls who had coronary heart disease as adults. The mean values for all boys and all girls are 
set at 0, with deviations from the mean expressed as standard deviations ( z  scores)       
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The mean body size of the boys who later had CHD was approximately 0.2 standard 
deviations below the average and they were thin. Between birth and 2 years of age, 
mean  z  scores for each measurement fell, so that at 2 years the boys were thin and 
short. After 2 years of age their  z  scores for BMI began to increase and continued to 
do so. In a simultaneous regression, both low BMI at 2 years of age and high BMI 
at 11 years of age were associated with later coronary events ( p  < 0.001 and  p  = 0.05, 
respectively). When BMI at birth was added to the model, the measurements of 
body size at each of the three ages were associated with later coronary events 
( p  = 0.04 for low BMI at birth,  p  = 0.001 for low BMI at 2 years of age, and  p  = 0.03 
for high BMI at 11 years of age).  

 As with the boys, the mean body size of the 87 girls who later had coronary events 
was below the average (Fig.  4.1 ). They tended to be short at birth rather than thin, but 
their mean  z  scores for BMI fell progressively after birth so that, like the boys, they 
were thin at 2 years of age. After 4 years of age the  z  scores began to increase and 
continued to do so, reaching the average at approximately 8 years of age. Similarly 
to the boys, in a simultaneous regression body size at each of the three ages was 
associated with later coronary events ( p  = 0.02 for short length at birth,  p  = 0.002 for 
low BMI at 2 years of age, and  p  = 0.02 for high BMI at 11 years of age). 

 Table  4.4  shows the hazard ratios for CHD according to birthweight and fourths 
of BMI at age 11 years among 13,517 men and women in Helsinki born during 
1924–1944  [  27  ] . The risk of the disease fell with increasing birthweight and rose 
with increasing BMI at age 11. The pattern was similar in both sexes.   

    4.6   Type 2 Diabetes and Hypertension 

 People who were small at birth remain biologically different from people who were 
larger, and these differences include an increased susceptibility to type 2 diabetes 
and hypertension. Table  4.5  is based on the same cohort of men and women shown 

   Table 4.4    Hazard ratios for CHD according to birthweight and body mass index (BMI) at age 11 
years among 13,517 men and women in Helsinki   

 Birthweight (kg) 

 BMI at age 11 

 <15.7  −16.6  −17.6  >17.6 

 Hospital admissions and deaths (1,235 cases) 
 <3.0  1.4 (991)  1.6 (719)  1.8 (581)  2.1 (560) 
 −3.5  1.3 (1,394)  1.5 (1,422)  1.5 (1,264)  1.6 (1,246) 
 −4.0  1.3 (827)  1.4 (984)  1.3 (1,122)  1.4 (1,110) 
 >4.0  1.0 (167)  1.2 (254)  1.1 (413)  1.0 (463) 

 Deaths (480 cases) 
 <3.0  1.4  1.8  2.1  3.0 
 −3.5  1.4  1.9  2.2  2.7 
 −4.0  1.9  1.8  1.7  1.6 
 >4.0  1.0  1.4  1.6  1.3 
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in Table  4.4 , and shows odds ratios for type 2 diabetes and hypertension according 
to birthweight and fourths of BMI at age 11 years. The two disorders are associated 
with the same general pattern of growth as CHD  [  27  ] . Risk of disease falls with 
increasing birthweight and rises with increasing BMI.  

 Associations between low birthweight and type 2 diabetes, shown in Table  4.2 , 
have been found in other studies  [  5,   14–  18  ] . The association with hypertension has 
also been found elsewhere  [  34  ] . There is a substantial literature showing that birth-
weight is associated with differences in blood pressure and insulin sensitivity within 
the normal range  [  5,   14,   18,   35  ] . These differences are found in children and adults 
but they tend to be small. A 1-kg difference in birthweight is associated with around 
3 mmHg difference in systolic pressure. The contrast between this small effect and 
the large effect on hypertension (see Table  4.5 ) suggests that lesions that accompany 
poor fetal growth and that tend to elevate blood pressure, and which may include a 
reduced number of glomeruli, have a small in fl uence on blood pressure within the 
normal range because counter-regulatory mechanisms maintain normal blood pres-
sure levels. As the lesions progress through, for example, hyper- fi ltration of the 
reduced number of glomeruli and consequent glomerulosclerosis, these mecha-
nisms are no longer able to maintain homeostasis and, as a result, blood pressure 
rises. This may initiate a cycle of rise in blood pressure resulting in further progres-
sion of the lesions and further rise in blood pressure  [  28,   36  ] . Direct evidence in 
support of this has come from a study of the kidneys of people killed in road acci-
dents. Those being treated for hypertension had fewer, but larger, glomeruli  [  37  ] . 
Evidence to support the development of self-perpetuating cycles comes from a study 
of elderly people in Helsinki among whom the effect of birthweight on blood 
pressure was con fi ned to those being treated for hypertension  [  38  ] . Despite their 
treatment, the blood pressures of those who had low birthweight were markedly 
higher, whereas among the normotensive subjects birthweight was unrelated to 
blood pressure. Whether measured in the clinic or by ambulatory methods, there 

   Table 4.5    Odds ratios (95% con fi dence intervals) for type 2 diabetes and hypertension according 
to birthweight and BMI at age 11 years among 13,517 men and women in Helsinki   

 Birthweight (kg) 

 BMI at age 11 year 

 <15.7  −16.6  −17.6  >17.6 

 Type 2 diabetes (698 cases) 
 <3.0  1.3 (0.6–2.8) a   1.3 (0.6–2.8)  1.5 (0.7–3.4)  2.5 (1.2–5.5) 
 −3.5  1.0 (0.5–2.1)  1.0 (0.5–2.1)  1.5 (0.7–3.2)  1.7 (0.8–3.5) 
 −4.0  1.0 (0.5–2.2)  0.9 (0.4–1.9)  0.9 (0.4–2.0)  1.7 (0.8–3.6) 
 >4.0  1.0  1.1 (0.4–2.7)  0.7 (0.3–1.7)  1.2 (0.5–2.7) 

 Hypertension (2,997 cases) 
 <3.0  2.0 (1.3–3.2)  1.9 (1.2–3.1)  1.9 (1.2–3.0)  2.3 (1.5–3.8) 
 −3.5  1.7 (1.1–2.6)  1.9 (1.2–2.9)  1.9 (1.2–3.0)  2.2 (1.4–3.4) 
 −4.0  1.7 (1.0–2.6)  1.7 (1.1–2.6)  1.5 (1.0–2.4)  1.9 (1.2–2.9) 
 >4.0  1.0  1.9 (1.1–3.1)  1.0 (0.6–1.7)  1.7 (1.1–2.8) 

   a Odds ratios adjusted for sex and year of birth  
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was >20 mmHg difference in systolic pressure between those who weighed <2,500 g 
(5.5 lb) at birth and those who weighed >4,000 g (8.8 lb). An inference is that by the 
time they reach old age most of the people with lesions acquired in utero have devel-
oped clinical hypertension. Studies in South Carolina bear on this issue. They show 
that among 3,236 hypertensive patients the blood pressures of those with low birth-
weight tended to be more dif fi cult to control with medication  [  39  ] . 

 Figure  4.2  shows the growth of boys and girls who later developed type 2 
diabetes. They had below average body size at birth and at 1 year, after which their 
weight and BMI rose progressively to exceed the average  [  40  ] . Table  4.6  shows the 
relation between age at “adiposity rebound” and later type 2 diabetes. After the age 
of 2 years the degree of obesity of young children, as measured by BMI, decreases 
to a minimum around 6 years of age before increasing again—the so-called adiposity 
rebound. The age at adiposity rebound ranges from around 3 to 8 years or more. 
Table  4.6  shows that early adiposity rebound is strongly related to a high BMI in 
later childhood, as has previously been shown  [  41  ] . It also predicts an 
increased incidence of type 2 diabetes in later life. This new observation has been 
replicated in a longitudinal study in Delhi, India  [  42  ] . In both studies an early adi-
posity rebound was also associated with thinness at birth and at 1 year  [  40,   42  ] . It is 
not therefore the young child who is overweight that is at the greatest risk of type 2 
diabetes but the one who is thin but subsequently gains weight rapidly. There is, 
however, another path of growth that leads to type 2 diabetes: babies born to moth-
ers with gestational diabetes are obese at birth and are overweight as children.    

0 1 2 3 4 5 6 7 8 9 10 11 12
-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

BMI

Height

Weight

Cohort

Standard
deviation
Z-score

Age (years) 

  Fig. 4.2    Mean standard deviation scores ( z  scores) for height, weight, and BMI during childhood 
in 290 boys and girls who later developed type 2 diabetes within a cohort of 8,760 children. At any 
age, the mean  z -score for the cohort is set at 0 while the standard deviation is set at 1       
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    4.7   Compensatory Growth 

 When undernutrition during early development is followed by improved nutrition, 
many animals and plants stage accelerated or “compensatory” growth     [  27  ] . This has 
costs, however, which in animals include reduced lifespan  [  43  ] . A recent paper from 
Helsinki describes how compensatory growth among boys is associated with 
increased mortality from all causes and therefore a reduced lifespan  [  44  ] . There are 
a number of processes by which, in humans, undernutrition and small size at birth 
followed by rapid childhood growth could lead to cardiovascular disease and type 2 
diabetes in later life  [  13,   16  ] . Rapid growth may be associated with persisting 
hormonal and metabolic changes. Larger body size may increase the demand on 
functional capacity that has been reduced by slow early growth—fewer glomeruli, 
for example. Rapid weight gain may lead to an unfavorable body composition. 
Babies that are small and thin at birth lack muscle, a de fi ciency that will persist as 
the critical period for muscle growth occurs in utero and there is little cell replica-
tion after birth  [  45  ] . If they develop a high body mass during later childhood, they 
may have a disproportionately high fat mass in relation to lean body mass, which 
will lead to insulin resistance  [  46  ] .  

    4.8   Pathways to Disease 

 New studies, especially the Helsinki studies with their detailed information on child 
growth and socioeconomic circumstances, increasingly suggest that the patho-
genesis of CHD and the disorders related to it depend on a series of interactions 
occurring at different stages of development. To begin with, the effects of the genes 
acquired at conception may be conditioned by the early environment. Table  4.7  is 
based on a study of 476 elderly people in Helsinki  [  47  ] . It shows mean fasting 
plasma insulin concentrations according to which of two polymorphisms of the 
PPAR- g  (peroxisome proliferator-activated receptor) gene was present. 
The Pro12Ala polymorphism is known to be associated with insulin resistance, 

   Table 4.6    BMI at age 11 years and cumulative incidence of type 2 diabetes according to age at 
adiposity rebound in 8,760 men and women in Helsinki   

 Age at adiposity rebound 
(year) 

 Mean BMI at age 11  Cumulative incidence of diabetes % ( n ) 

 All  Men  Women  All 

  £ 4  19.7  8.1 (86)  8.9 (112)  8.6 (198) 
 5  17.6  6.2 (904)  2.5 (864)  4.4 (1,768) 
 6  17.0  3.7 (1,861)  2.5 (1,456)  3.2 (3,317) 
 7  16.8  2.4 (249)  2.1 (243)  2.2 (492) 
  ³ 8  16.7  3.0 (135)  0.7 (150)  1.8 (285) 
  p  for trend  <0.001  <0.001  0.002  <0.001 
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indicated by elevated fasting plasma insulin concentrations. Table  4.7  shows, 
 however, that this effect occurs only among men and women who had low birth-
weight. Conversely, low birthweight has been consistently linked to later insulin 
resistance  [  18  ] , but Table  4.7  shows that this effect occurs only among people with 
the Pro12Ala polymorphism. As birthweight serves as a marker of fetal nutrition 
 [  26  ] , this gene–birthweight interaction may re fl ect a gene–nutrient interaction 
 during development.  

 The effects of the intrauterine environment on later disease are conditioned not 
only by events at conception but by events after birth. Tables  4.4  and  4.5  show how 
the effects are conditioned by childhood weight gain. Table  4.3  shows that the 
effects of low ponderal index at birth are conditioned by living conditions in adult 
life. Table  4.8  shows how the effects of low birthweight on later hypertension are 
conditioned by living conditions in childhood, indicated by the occupational status 
of the father  [  48  ] . Among all the men and women low birthweight was associated 
with an increased incidence of hypertension, as has been shown before  [  34  ] . This 
association, however, was present only among those who were born into families 
where the father was a laborer or of lower middle class.  

 It seems that the pathogenesis of cardiovascular disease and type 2 diabetes can-
not be understood within a model in which risks associated with adverse in fl uences 
at different stages of life add to each other  [  49  ] . Rather, disease is the product of 
branching paths of development. The environment triggers the branchings and these 
determine the vulnerability of each individual to what lies ahead. The pathway to 
CHD can originate either in slow fetal growth as a consequence of undernutrition or 
in poor infant growth as a consequence of poor living conditions. 

 The effects of slow fetal growth and low birthweight, and the effects of postnatal 
development, depend on the environmental in fl uences and paths of development that 

   Table 4.8    Cumulative incidence % of hypertension according to birthweight and father’s social 
class in 8,760 men and women in Helsinki   

 Birthweight (g) 

 Father’s social class 

 Laborer  Lower middle class  Upper middle class   p  for trend 

 <3,000  22.2  20.2  10.5  0.002 
 −3,500  18.8  15.2  10.6  <0.001 
 −4,000  14.5  12.5  10.3  0.04 
 >4,000  11.1  15.6  15.7  0.11 
  p  for trend  <0.001  0.05  0.79 

   Table 4.7    Mean (number of subjects) fasting insulin concentrations (pmol/L) in 476 elderly 
people in Helsinki according to PPAR- g  gene polymorphism and birthweight   

 Birthweight (g) 

 <3,000  3,000–3,500  >3,500   p  for difference 

 Pro12Pro  84 (56)  71 (161)  65 (107)  0.003 
 Pro12Ala/Ala12Ala  60 (37)  60 (67)  65 (48)  0.31 
  p  for difference  0.008  0.02  0.99 
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precede and follow them. Low birthweight, or any other single in fl uence, does not 
have “an” effect that is best estimated by a pooled estimate from all published stud-
ies. A recent pooled estimate led to the conclusion that because the effects of birth-
weight on blood pressure within the normal range are small, the effects on disease are 
also small  [  50  ] . Such a conclusion is biologically fallacious for the reasons already 
described under “developmental origins hypothesis.” It is also statistically fallacious 
because it discounts interactions of the kind described. As Dubos  [  51  ]  wrote: “The 
effects of the physical and social environments cannot be understood without knowl-
edge of individual history.” Unraveling disease causation, and hence the way to pre-
vent it, will therefore require an understanding of heterogeneity.  

    4.9   Strength of Effects 

 Low birthweight, though a convenient marker in epidemiological studies, is an 
inadequate description of the phenotypic characteristics of a baby that determine 
its long-term health. The wartime famine in the Netherlands produced lifelong 
insulin resistance in babies who were in utero at the time, but there was little altera-
tion in birthweight  [  52  ] . In babies, as in children, slowing of growth is a response to 
a poor environment, especially undernutrition, but body weight at birth does not 
adequately describe the long-term morphological and physiological consequences 
of undernutrition. The same birthweight can be attained by many different paths of 
fetal growth and each is likely to be accompanied by different gene–environment 
interactions  [  26  ] . Nevertheless, birthweight provides a basis for estimating the 
magnitude of the effects of the fetal phase of development on later disease, though 
it is likely to underestimate them. 

 Because the risk of cardiovascular disease is in fl uenced both by small body size 
at birth and during infancy and by rapid weight gain in childhood, estimation of the 
risk of disease attributable to early development requires data on fetal, infant, and 
childhood growth. Currently, the Helsinki studies are the main source of informa-
tion  [  27  ] . Table  4.4  shows that men and women who had birthweights >4 kg (8.8 lb) 
and whose prepubertal BMI was in the lowest fourth had around half the risk of 
CHD when compared with people who had birthweights <3 kg (6.6 lb) but whose 
BMI at age 11 years was in the highest fourth. The hazard ratios for admissions and 
deaths were 0.80 (95% CI 0.72–0.90) for each kilogram increase in birthweight and 
1.06 (1.03–1.10) for each kg/m 2  increase in BMI at age 11 years. The hazard ratios 
for deaths alone were 0.83 (0.69–0.99) and 1.10 (1.04–1.16), respectively. 

 In Table  4.9 , subjects were divided according to thirds of body size at birth and 
whether their standard deviation score for BMI decreased or increased between 
ages 3 and 11 years. In both men and women, the highest incidence of CHD occurred 
in those who were in the lowest third of birthweight and whose standard deviation 
score for BMI increased between 3 and 11 years. Among men ponderal index at 
birth was more strongly related to CHD than birthweight, while among women 
length at birth was stronger. From these data it can be calculated that if each man 
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in the cohort had been in the highest third of ponderal index at birth, and each 
woman in the highest third of birth length, and if each man or woman had decreased 
their BMI score between ages 3 and 11 years, the incidence of CHD would have 
been reduced by 25% in men and 63% in women  [  27  ] .  

 Table  4.5  showed that men and women who had birthweights >4 kg and whose 
prepubertal BMI was in the lowest fourth had around half the risk of type 2 diabetes 
and hypertension when compared with people who had birthweights <3 kg but 
whose BMI was in the highest fourth. The odds ratio for type 2 diabetes was 0.67 
(95% CI 0.58–0.79) for each kilogram increase in birthweight and 1.18 (95% CI 
1.13–1.23) for each kg/m 2  increase in BMI at age 11 years. The corresponding 
 fi gures for hypertension were 0.77 (95% CI 0.71–0.84) and 1.07 (95% CI 1.04–
1.09), respectively. 

 In Table  4.10 , subjects are again divided into six groups according to thirds of 
birthweight and whether their standard deviation score for BMI decreased or 
increased between ages 3 and 11 years. For both type 2 diabetes and hypertension, 
there were independent effects of birthweight and change in BMI score. The 
patterns of odds ratios and incidence shown in Tables  4.5  and  4.10  were similar in 
the two sexes. If each individual in the cohort had been in the highest third of birth-
weight and had decreased their standard deviation score for BMI between ages 3 
and 11 years, the incidence of type 2 diabetes would have been reduced by 52% and 
the incidence of hypertension by 25%  [  27  ] .   

   Table 4.9    Cumulative incidence % of CHD according to body size at birth and 
change in standard deviation score for BMI between ages 3 and 11 years among 
6,345 men and women in Helsinki   

 Birth size 

 Change in standard deviation score 
for BMI between ages 3 and 11 

 Decrease  Increase 

 Men 
  Birthweight  (kg) 
 <3.2  8.8 (512)  9.0 (476)    a  
 −3.6  6.9 (662)  11.3 (512) 
 >3.6  5.9 (740)  8.6 (521) 
  Ponderal index  (kg/m 3 ) 
 <25  8.0 (411)  11.7 (394) 
 −27  7.6 (649)  10.8 (556) 
 >27  6.2 (838)  7.2 (539) 

 Women 
  Birthweight  (kg) 
 <3.2  1.6 (563)  3.8 (604) 
 −3.6  1.5 (612)  2.5 (438) 
 >3.6  0.7 (450)  3.6 (334) 
  Birth length  (cm) 
 <49  1.5 (543)  4.2 (520) 
 −50  1.5 (452)  3.3 (338) 
 >50  0.8 (609)  2.6 (496) 

   a  Cumulative incidence, % (n) of coronary heart disease (hospital admissions 
and deaths). There were 279 cases in men and 66 in women  
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    4.10   Maternal In fl uences on Fetal Nutrition 

 Size at birth is the product of the fetus’s trajectory of growth, which is set at an early 
stage in development, and the materno-placental capacity to supply suf fi cient nutri-
ents to maintain that trajectory. In Western communities, randomized controlled 
trials of maternal macronutrient supplementation have indicated relatively small 
effects on birthweight  [  53  ] . This has led to the view that regulatory mechanisms in 
the maternal and placental systems act to ensure that human fetal growth and devel-
opment is little in fl uenced by normal variations in maternal nutrient intake, and that 
there is a simple relationship between a woman’s body composition and the growth 
of her fetus. Recent experimental studies in animals and observational data in 
humans challenge these concepts  [  54  ] . They suggest that a mother’s own fetal 
growth and her dietary intakes and body composition can exert major effects on the 
balance between the fetal demand for nutrients and the materno-placental capacity 
to meet that demand. Speci fi c issues that have not yet been adequately addressed 
include: (1) maternal effects on the trajectory of fetal growth; (2) intergenerational 
effects; (3) paradoxical effects on placental growth; and (4) the importance of the 
mother’s body composition and the balance of macronutrients in her diet. 

    4.10.1   The Fetal Growth Trajectory 

 A rapid trajectory of growth increases the demand of the fetus for nutrients. This 
demand is greatest late in pregnancy but the trajectory is thought to be primarily 
determined by genetic and environmental effects in early gestation. Experimental 
studies of pregnant ewes have shown that, although a fast growth trajectory is gener-
ally associated with larger fetal size and improved neonatal survival, it renders the 

   Table 4.10    Cumulative incidence % (number of subjects) of type 2 diabetes 
and hypertension according to birthweight and change in standard deviation 
score for BMI between ages 3 and 11 years among 6,424 men and women in 
Helsinki   

 Birthweight (kg) 

 Change in standard deviation score 
for BMI between ages 3 and 11 

 Decrease  Increase 

 Type 2 diabetes (227 cases) 
 <3.2   3.1 (1,075)   5.5 (1,080) 
 −3.6   2.4 (1,274)   4.3 (950) 
 >3.6   1.5 (1,190)   5.4 (855) 

 Hypertension (1,036 cases) 
 <3.2  15.9 (1,075)  21.3 (1,080) 
  − 3.6  14.8 (1,274)  19.4 (950) 
 >3.6  12.0 (1,190)  13.9 (855) 
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fetus more vulnerable to a reduced materno-placental supply of nutrients in late 
gestation. Thus, maternal undernutrition during the last trimester adversely affects 
the development of rapidly growing fetuses with high requirements, while having 
little effect on those growing more slowly  [  55  ] . Rapidly growing fetuses were found 
to make a series of adaptations in order to survive, including fetal wasting and pla-
cental oxidation of fetal amino acids to maintain lactate output to the fetus  [  54  ] . 
Experiments in animals have shown that alterations in the maternal diet around the 
time of conception can change the fetal growth trajectory. In a recent study, rats 
were fed a 9% casein low-protein diet in the periconceptional period. This led to 
structural changes at the blastocyst stage of embryonic development, reduced fetal 
growth rates, small size at birth, and raised blood pressure in the offspring during 
adult life  [  56  ] . The sensitivity of the human embryo to its environment is 
being increasingly recognized with the development of assisted reproductive 
technology  [  57  ] . The trajectory of fetal growth is thought to increase with improve-
ments in periconceptional nutrition and is faster in male fetuses. The consequent 
greater vulnerability of male fetuses to undernutrition may contribute to the shorter 
lives of men  [  58  ] .  

    4.10.2   Intergenerational Effects 

 Experimental studies in animals have shown that undernutrition can have effects on 
reproductive performance which may persist for several generations. Among rats 
fed a protein-de fi cient diet over 12 generations, there was a progressive fall in fetal 
growth rates. When restored to a normal diet, it took three generations before growth 
and development were normalized  [  59  ] . 

 Strong evidence for major intergenerational effects in humans has come from 
studies showing that a woman’s birthweight in fl uences the birthweight of her off-
spring  [  60  ] . A study in the UK showed that whereas low-birthweight mothers tended 
to have thin infants with a low ponderal index, the father’s birthweight was unre-
lated to ponderal index at birth  [  61  ] . The effect of maternal birthweight on thinness 
at birth is consistent with the hypothesis that in low-birthweight mothers the fetal 
supply line is compromised and unable to meet fetal nutrient demand. Potential 
mechanisms underlying this effect include alterations in the uterine or systemic 
vasculature, changes in maternal metabolism, and impaired placentation.  

    4.10.3   Maternal Diet and Body Composition 

 Direct evidence supporting a long-term effect on the fetus of levels of maternal 
nutrient intake during pregnancy has come from a follow-up study in Argentina of 
children whose mothers took part in a randomized controlled trial of calcium sup-
plementation in pregnancy  [  62  ] . Supplementation was associated with lowering of 
the offspring’s blood pressure in childhood, even though it was not associated with 
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any change in birthweight. Follow-up studies after the Dutch famine of 1944–1945 
found that severe maternal caloric restriction at different stages of pregnancy was 
variously associated with obesity, dyslipidemia, and insulin resistance in the off-
spring, and there is preliminary evidence of an increased risk of CHD  [  52,   63,   64  ] . 
Again, these effects were largely independent of size at birth. 

 In the Dutch studies, famine exposure per se was not associated with raised blood 
pressure in the offspring, but there was an effect of macronutrient balance. Maternal 
rations with a low protein density were associated with raised blood pressure in the 
adult offspring  [  65  ] . This adds to the  fi ndings of studies in Aberdeen, UK, which 
show that maternal diets with either a low or a high ratio of animal protein to 
carbohydrate were associated with raised blood pressure in the offspring during 
adult life  [  66  ] . 

 In the Aberdeen study, maternal diets with a high protein density were not only 
associated with raised blood pressure in the offspring but also with insulin de fi ciency 
and impaired glucose tolerance  [  67  ] . While it may seem counter-intuitive that a 
high-protein diet should have adverse effects, these  fi ndings are consistent with the 
results of controlled trials of protein supplementation in pregnancy which show that 
high protein intakes are associated with reduced birthweight  [  68  ] . The Aberdeen 
 fi ndings have been replicated in a follow-up study of men and women in Motherwell, 
UK, whose mothers were advised to eat a diet high in meat protein and low in car-
bohydrate during pregnancy  [  69  ] . Those whose mothers had high intakes of meat 
and  fi sh in late pregnancy but low intakes of carbohydrate had raised blood pressure, 
particularly if the mother also had a low intake of green vegetables. Although raised 
blood pressure was also related to low birthweight, taking account of birthweight 
had little effect on the relation between the maternal diet and the offspring’s blood 
pressure. One possibility is that the effect on blood pressure may be a consequence 
of the metabolic stress imposed on the mother by an unbalanced diet in which high 
intakes of essential amino acids are not accompanied by the micronutrients required 
to utilize them. These high intakes create an excess which is potentially toxic unless 
they are degraded and oxidized. The degradation of essential amino acids consumes 
nonessential amino acids, which are synthesized by the body. Their synthesis 
requires cofactors, especially folate and other B vitamins  [  3  ] . Direct evidence of 
metabolic stress in the offspring comes from analysis of their fasting plasma cortisol 
concentrations  [  70  ] . Men and women whose mothers had high intakes of meat and 
 fi sh and low intakes of green vegetables had raised cortisol concentrations. 

 The fetus does not live on the mother’s diet alone: that would be too dangerous 
a strategy. It also lives off stored nutrients and the turnover of protein and fat in the 
mother’s tissues  [  71  ] . Maternal size and body composition account for up to 20% of 
the variability in birthweight  [  72  ] . Gestational diabetes is known to be associated 
with adverse long-term outcomes in the offspring  [  73  ] . More recently, studies in 
Europe and India have shown that high maternal weight and adiposity are associ-
ated with adult development of insulin de fi ciency, type 2 diabetes, and CHD in the 
offspring  [  9,   16,   74  ] . Of great importance is an increasing body of consistent 
evidence showing strong links between low maternal weight or BMI and insulin 
resistance in the adult offspring  [  52,   69,   75  ] . Table  4.11  shows plasma glucose and 
insulin concentrations in Chinese men and women aged around 45 years following 
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a standard oral glucose challenge. Low maternal BMI at 38 weeks of pregnancy was 
associated with raised plasma glucose and insulin concentrations  [  75  ] . Results for 
maternal BMI in early pregnancy, around 15 weeks, were stronger. In contrast to 
these associations between maternal BMI and insulin resistance, thin maternal skin-
fold thicknesses and low pregnancy weight gain have been consistently associated 
with raised blood pressure in the offspring  [  76–  79  ] . One of the metabolic links 
between maternal body composition and birth size is protein synthesis. Women with 
a greater lean body mass have higher rates of protein synthesis in pregnancy  [  80  ] . 
Variation in rates of maternal protein synthesis explains around a quarter of the vari-
ability in birth length.   

    4.10.4   Placental Transfer 

 A baby’s birthweight also depends on the placenta’s ability to transport nutrients to 
it from its mother. The placenta seems to act as a nutrient sensor regulating the 
transfer of nutrients to the fetus according to the mother’s ability to deliver them 
and the demands of the fetus for them  [  81  ] . The size, weight, and shape of the 
placenta are all subject to wide variations  [  82  ] . Its size re fl ects its ability to transfer 
nutrients  [  83  ] . Small babies generally have small placentas but, in some circum-
stances, an undernourished baby can expand its placental surface to extract more 
nutrients from the mother  [  84  ] . 

 In the last century, the surface of the placenta was described as being either 
“oval” or “round”  [  85  ] . In order to describe the extent to which the surface was more 
oval than round, two so-called diameters of the surface were routinely recorded in 
some hospitals, a maximal diameter (the length of the surface), and a lesser one 
bisecting it at right angles (the breadth)  [  86  ] . 

 Preeclampsia is associated with reduced placental size. The abnormal placenta-
tion is a result of impaired invasion of the maternal spiral arteries by the trophoblast 
at implantation  [  87  ] . In the Helsinki Birth Cohort, placentas from pregnancies com-
plicated by preeclampsia had a more oval surface than those from normotensive 
pregnancies because of a disproportionate reduction in the breadth  [  88  ] . The rela-
tion with the breadth was graded: the shorter the breadth, the greater the risk for, and 
severity of, preeclampsia. This led to the conclusion that placental growth is 
polarized from the time of implantation, so that growth along the major axis, the 
length, is qualitatively different to growth along the breadth. One possibility is that 

   Table 4.11    Mean 2-h plasma glucose and insulin concentrations according to maternal BMI in 
late pregnancy in 584 Chinese men and women   

 Maternal BMI at 38 weeks of pregnancy 

  £ 23  −24.5  −26  >26   p  for trend 

 2-h glucose (mmol/L)  7.6  6.6  6.7  5.7  0.003 
 2-h insulin (pmol/L)  304  277  282  177  0.007 
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growth along the major axis is aligned with the rostro-caudal axis of the embryo, 
while tissue along the minor axis may be the nutrient sensor. 

 Low placental weight is associated with an increased risk of hypertension in later 
life  [  89  ] . However, a study of men and women born in a maternity hospital in Preston, 
UK, showed that high placental weight in relation to birthweight is also associated with 
later hypertension  [  90  ] . Table  4.12  shows that, as expected, at any placental weight 
lower birthweight was associated with higher systolic pressure; but at any birthweight 
higher placental weight was associated with higher systolic pressure. The highest sys-
tolic pressure was in people who had the lowest birthweights but the highest placental 
weights. This observation has been replicated, and high placental weight in relation to 
birthweight has also been shown to predict CHD  [  91  ] . Observations in sheep show that 
in response to undernutrition in mid-gestation the fetus is able to extend the area of the 
placenta by expanding the individual cotyledons  [  84  ] . This increases the area available 
for nutrient and oxygen exchange, and results in a larger lamb than there would other-
wise have been. This is pro fi table for the farmer, and manipulation of placental size by 
changing the pasture of pregnant ewes is standard practice in sheep farming. There is 
evidence for a similar phenomenon in humans  [  86  ] .  

 It is becoming apparent that the shape and size of the placental surface at birth is 
a new marker for chronic disease in later life. The predictions of later disease depend 
on the combination of placental size/shape and mother’s body size. Particular com-
binations have been shown to predict hypertension  [  86  ] , chronic heart failure  [  92  ] , 
CHD  [  93  ] , and certain forms of cancer  [  94  ] . Presumably, the mother’s body size 
determines whether a placental phenotype programs disease because it re fl ects the 
availability of nutrients at the placental surface and because it affects the develop-
ment and function of the placenta. 

 The list of chronic diseases whose origins lie in early development now extends 
beyond cardiovascular disease and type 2 diabetes. There is, for example, strong 
evidence that osteoporosis is another of the body’s “memories” of undernutrition at 
a critical early stage of development  [  95  ] . This is perhaps unsurprising given that 
rickets has served as a long-standing example of the persisting structural changes 
induced by early undernutrition. The intrauterine origins of cancer are being 
explored  [  94,   96,   97  ] .   

    4.11   Research Challenges 

 Further research has to address two overarching questions. 

   Table 4.12    Mean systolic blood pressure mmHg among men 
and women aged 50, born at term   

 Birth weight (lb) 

 Placental weight (lb) 

  £ 1.0  −1.25  −1.5  >1.5 

  £ 6.5  149  152  151  167 
 −7.5  139  148  146  159 
 >7.5  131  143  148  153 



78 D.J.P. Barker

    4.11.1   Environmental In fl uences 

 What are the environmental in fl uences which, acting through the mother, or directly 
on the infant and young child, alter gene expression and thereby permanently change 
the body’s structure and function? Research on maternal in fl uences will need to 
address: (1) effects on the fetal growth trajectory; (2) effects on placental growth; 
(3) intergenerational effects; and (4) maternal dietary pattern during periconception 
period.  

    4.11.2   Pathogenesis 

 How do gene–environment interactions during development translate into chronic 
disease? Through a combination of clinical and experimental studies, progress is 
being made in understanding the developmental origins of altered glucose–insulin 
and lipid metabolism, stress responses, blood pressure, and renal function.   

    4.12   Disease Prevention 

 The evidence presented in this review indicates that prevention of a substantial pro-
portion of chronic diseases, including cardiovascular disease, type 2 diabetes, and 
osteoporosis, may depend on interventions at a number of stages of development. 
Strategies which target infants and young children may give the most immediate 
bene fi t but improving the intrauterine environment is an important long-term goal. 
Despite current levels of nutrition in Western countries, the nutrition of many fetuses 
and infants remains suboptimal because their mothers’ diets are unbalanced or 
because their delivery is constrained by maternal metabolism or inadequate placen-
tal development. There is suf fi cient knowledge to implement preventive programs 
now. More research is needed, however, to increase the effectiveness of these 
programs. 

 Mother:

   An optimal diet begins before pregnancy. In developing countries micronutrients • 
in the diet may be limiting factors in fetal growth, whereas in Western countries 
macronutrient balance, especially between protein and carbohydrate, seems 
likely to be important.  
  Women require an optimal body composition before pregnancy, with avoidance • 
of excessive thinness or overweight.  
  It is not known whether the greatest bene fi ts for the next generation will come • 
from improving the nutrition of adult women, adolescent girls, or girl children. 
Any rational policy needs to address all three.    
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 Infant:

   The growth in weight and length during the  fi rst year after birth needs to be • 
 protected by good infant feeding practices, including breastfeeding and avoid-
ance of recurrent infections.    

 Child:

   Young children who were small or thin at birth should not increase their centile • 
score for BMI after the age of 2 years.    

 Adult:

   People who were small at birth are more vulnerable to adverse in fl uences acting • 
in adult life. At present these are known to include obesity and aspects of psycho-
social stress.     

    4.13   Conclusions 

 Low birthweight is now known to be associated with increased rates of CHD and the 
related disorders, namely stroke, hypertension, and type 2 diabetes. These associa-
tions have been extensively replicated in studies in different countries and are not the 
result of confounding variables. They extend across the normal range of birthweight 
and depend on lower birthweights in relation to the duration of gestation rather than 
the effects of premature birth. The associations are thought to be consequences of 
developmental plasticity, the phenomenon by which one genotype can give rise to a 
range of different physiological or morphological states in response to different 
environmental conditions during development. Recent observations have shown that 
impaired growth in infancy and rapid childhood weight gain exacerbate the effects 
of impaired prenatal growth. CHD and the disorders related to it arise through a 
series of interactions between environmental in fl uences and the pathways of devel-
opment that preceded them. These diseases are the product of branching pathways 
of development in which the branchings are triggered by the environment before and 
after birth. 

 Variations in the normal processes of early human development have implica-
tions for health throughout life. This may be because these variations affect key 
processes that determine vulnerability to disease, including the quality of stem cells, 
antioxidant defenses, tissue repair, immune competence, and chronic in fl ammation. 
This new research is prompting a reevaluation of the regulation of early develop-
ment. Impetus has been added to this reevaluation by recent  fi ndings showing that a 
woman’s dietary balance and body composition in pregnancy are related to levels of 
cardiovascular risk factors and the risk of CHD in her offspring in adult life without 
necessarily affecting size at birth. These observations challenge the view that the 
fetus is little affected by variations in maternal nutrition, except in the extreme 
circumstance of famine. There is an increasing body of evidence that a woman’s 
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own fetal growth, and her diet and body composition through childhood up to the 
time of her pregnancy, play a major role in determining the future health of her 
children. A new vision of optimal early human development is emerging which 
takes account of both short- and long-term outcomes.      
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   Key Points 

 The speed of increase in the prevalence of overweight and obesity in the develop-• 
ing world is greater than that seen in higher-income developed countries. This 
very much relates to a mismatch between our biology and modern technology. 
The major dietary changes are: increased intake of edible oil (an increase that is • 
affordable by the world’s poor in the majority of even the lower income coun-
tries); increased intake of caloric sweetener (particularly in sweetened beverages 
in some countries but also in many other processed food sources); and also a 
rapid increase in the total intake of animal source foods.
A marked upward shift in the technologies available to the developing world for • 
work, transportation, home production, and leisure are combining to rapidly 
increase sedentarianism.
There is emerging research that indicates that there might be important biologi-• 
cal differences between the populations found in Asia, Africa, and Latin America 
that might predispose many of them to higher risk of many nutrition-related non-
communicable diseases at lower BMI levels than heretofore found in the United 
States and Europe. 
The United Kingdom has created an exemplary program to reduce the prevalence • 
of obesity while in the low income and developing world only Mexico today has 
an ongoing systematic effort underway.  
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    5.1   Introduction: What Is the Nutrition Transition? 

 The world is witnessing rapid shifts in diet and body composition, with resultant 
important changes in health pro fi les. In many ways, these shifts are a continuation 
of large-scale changes that have occurred repeatedly over time; the changes facing 
low- and moderate-income countries today, however, appear to be occurring very 
rapidly. Broad shifts in,  fi rst, population size and its age composition and second, in 
disease patterns are occurring around the world. These two sets of dynamic shifts 
are termed the demographic and epidemiological transitions. Third, large shifts 
have occurred in dietary and physical activity and inactivity patterns. These changes 
are re fl ected in nutritional outcomes, such as changes in average stature and body 
composition. These dietary and physical activity changes, re fl ected in nutritional 
outcomes such as changes in average stature and body composition, are referred to 
as the nutrition transition. 

 Human diet and activity patterns and nutritional status have undergone a sequence 
of major shifts, de fi ned as broad patterns of food use and corresponding to nutrition-
related disease. Over the last three centuries, the pace of dietary and activity change 
appears to have accelerated, to varying degrees in different regions of the world. In 
particular, changes have accelerated more in the past decade. These dietary, activity, 
and body composition distribution changes are paralleled by major changes in 
health status, as well as by major demographic and socioeconomic changes. Obesity 
emerges early in the shift as does the level and age composition of morbidity and 
mortality. We can think of  fi ve broad nutrition patterns. They are not restricted to 
particular periods of human history. For convenience, the patterns are outlined as 
historical developments; however, “earlier” patterns are not restricted to the periods 
in which they  fi rst arose, but continue to characterize certain geographic and socio-
economic subpopulations. 

    5.1.1   Pattern 1: Collecting Food 

 This diet, which characterizes hunter-gatherer populations, is high in carbohydrates 
and  fi ber and low in fat, especially saturated fat  [  1,   2  ] . Meat from wild animals has 
a signi fi cantly higher proportion of polyunsaturated fat than does meat from mod-
ern domesticated animals  [  3  ] . Activity patterns are very high and little obesity is 
found among hunter-gatherer societies. It is important to note that much of the 
research on hunter-gatherers is based on modern hunter-gatherers as there is much 
less evidence on prehistoric people. As we shift from hunter-gather populations to 
more sedentary communities, this is as much about the development of farming 
and the development of agriculture and how it affected our diet and overall life-
style. Famine accompanied the shift toward less-varied sources of food based on 
agriculture.  
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    5.1.2   Pattern 2: Famine 

 The diet becomes much less varied and subject to periods of acute scarcity of food. 
These changes related to a shift toward settlements and cultivation  fi rst of crops and 
later also livestock and poultry. These dietary changes are hypothesized to be asso-
ciated with nutritional stress and a reduction in stature (estimated by some at about 
4 in.)  [  4,   5  ] . During the later phases of this pattern, social strati fi cation intensi fi es, 
and dietary variation according to gender and social status increases  [  6  ] . The pattern 
of famine (as with each of the patterns) has varied over time and space. Some civi-
lizations are more successful than others in alleviating famine and chronic hunger, 
at least for their more privileged citizens  [  7  ] . The types of physical activities changed 
but there was little change in activity levels during this period.  

    5.1.3   Pattern 3: Receding Famine 

 The consumption of fruits, vegetables, and animal protein increases, and starchy 
staples become less important. Many earlier civilizations made great progress in 
reducing chronic hunger and famines, but only in the last third of the last millennium 
have these changes become widespread, leading to marked shifts in diet. However, 
famines continued well into the eighteenth century in portions of Europe and remain 
common in some regions of the world. Activity patterns start to shift and inactivity 
and leisure becomes a part of the lives of more people.  

    5.1.4   Pattern 4: Nutrition-Related Noncommunicable Disease 

 A diet high in total fat, cholesterol, sugar, and other re fi ned carbohydrates and low 
in polyunsaturated fatty acids and  fi ber, often accompanying an increasingly seden-
tary life, is characteristic of most high-income societies (and increasingly of por-
tions of the population in low-income societies). This results in increased prevalence 
of obesity and contributing to the degenerative diseases that characterize Omran’s 
 fi nal epidemiologic stage  [  8  ] . Omran’s epidemiologic transition moves from a pat-
tern of high prevalence of infectious diseases and malnutrition to a pattern where 
chronic and degenerative diseases predominate.  

    5.1.5   Pattern 5: Behavioral Change 

 A new dietary pattern appears to be emerging as a result of changes in diet evidently 
associated with the desire to prevent or delay degenerative diseases and prolong 
health. Whether these changes, instituted in some countries by consumers and in 
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others as a result of prodding by government policy, will constitute a large-scale 
transition in dietary structure and body composition remains to be seen  [  9–  11  ] . 
If such a new dietary pattern takes hold, it may be very important in enhancing “suc-
cessful aging,” that is, postponing in fi rmity and increasing the disability-free life 
expectancy  [  12,   13  ] . 

 Our focus is increasingly on patterns 3–5, in particular on the rapid shift in much 
of the world’s low- and moderate-income countries from the stage of receding fam-
ine to nutrition-related noncommunicable disease (NR-NCD). Figure  5.1  presents 
this focus. The concern on this period is so great that the term “Nutrition Transition” 
is synonymous for many with this shift from Pattern 3 to 4.    

    5.2   What Are Some Critical Dimensions? 

    5.2.1   Biological Mismatch 

 Many scholars, including this author, have discussed one or more ways that our 
evolved biology is mismatched with modern food and drink and the technologies 
of marketing and distribution  [  14,   15  ] . This perspective in many ways argues that 
obesity is a selective adaptation. However, it is the components that I note below 
that are critical to energy imbalance. There are four major domains for this mis-
match. They very much related to the ways modern technology clash with our 
evolved biology to profoundly affect overall energy imbalance.  

Urbanization, economic growth, technological changes for work, leisure,
& food processing, mass media growth

Pattern 3
Receding Famine

Slow mortality decline

• increased fat, sugar, 
processed foods

• shift in technology of
work and leisure

Pattern 4
Chronic Disease

accelerated life expectancy,
shift to increased NR-NCD,
increased disability period

• reduced fat, increased
fruit, veg, CHO, fiber

• replace sedentarianism
with purposeful changes
in recreation, other activity

Pattern 5
Behavioral Change

extended healthy aging,
reduced NR-NCD

Mat/child poor nutr.,
weaning disease,
stunting

• starchy, low variety,
low fat, high fiber

• labor-intensive
work/leisure

obesity emerges,
bone density problems

reduced body fatness,
improved bone health

  Fig. 5.1    Stages of the nutrition transition       

 



895 The Nutrition Transition Is Speeding Up: A Global Perspective

 Our evolved biology  Modern technology 

 • Sweet preferences 
 • Thirst vs. hunger/satiety mechanisms 

are not linked 
 • Fatty food preference 
 • Desire to reduce exertion 

 • Cheap caloric sweeteners, use of sugars in food 
processing 

 • Caloric beverage revolution 
 • Edible oil revolution, cheap edible oils 
 • Technology in all phases of movement and exertion 

 The area most discussed recently is the issue of beverage compensation. Mattes 
and others have led a revolution in our understanding of the way the body deals 
 differentially with food and beverages of any composition  [  16–  20  ] . The history of 
beverages is such that only recently have we shifted from water to these caloric 
beverages  [  21  ] . We do not fully understand why we do not compensate for sugar-
sweetened and any other caloric beverage by reducing food intake; however, this has 
been shown. Coupled with modern production and marketing of sugar-sweetened 
beverages, juices, and other equivalent high-calorie fatty and/or sweet drinks, a 
large shift in consumption of these beverages is occurring globally. The subject of 
beverages is examined in Chap.   16     by Wilson. 

 The other areas are documented by scholars in the  fi eld and are not addressed in 
this chapter  [  3,   4,   14,   15,   22–  27  ] .  

    5.2.2   The Speed of Change Is Greater Today 

 Is there anything about the great rapidity of change in diet, activity, and body com-
position that matters? What does the high prevalence of the undernutrition and over-
weight combination in the same household mean in this context  [  28  ] ? While there is 
no study that clearly explores these points, available data would lead us to believe 
that the rates of change in diet, activity, and obesity today in the developing world are 
far beyond that experienced earlier in Europe and the United States  [  29  ] . In a very 
short time many low- and middle-income countries have attained rates of overweight 
and obesity equal to or greater than that of the US and Western Europe  [  30,   31  ] . 

 The pace of the rapid nutrition transition shifts in diet and activity patterns from 
the period, termed the receding famine pattern, to one dominated by NR-NCDs 
seems to be accelerating in the lower- and middle-income transitional countries. 
I use nutrition rather than diet so that the term NR-NCD incorporates the effects of 
diet, physical activity, and body composition rather than solely focusing on dietary 
patterns and their effects. This is based partially on information that seems to indi-
cate that the prevalence of obesity and a number of NR-NCDs are increasing far 
faster in the lower- and middle-income world than it has in the West  [  30,   31  ] . Another 
element is that the rapid changes in urban populations are much greater than those 
experienced a century or less ago in the West; yet another element is the shift in 
occupation structure and the rapid introduction of the modern mass media. Underlying 
such changes is a general concern for rapid globalization as the root cause. 

http://dx.doi.org/10.1007/978-1-61779-894-8_16
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 Clearly, there are quantitative and qualitative dimensions to these changes. From 
the quantitative perspective, changes toward a high-density diet, reduced-complex 
carbohydrates, and other important elements, and inactivity may be proceeding 
faster than in the past. Similarly, the shift from labor-intensive occupations and lei-
sure activities toward more capital-intensive, less strenuous work and leisure is also 
occurring faster. On the other hand, the qualitative dimensions are the complex 
ways our overall eating pattern (the sources and types of foods) and activity pattern 
interrelate. Social and economic stresses people face and feel as these changes occur 
might also be included. 

 At the start of the new millennium, scholars often feel as if the pace and com-
plexity of life, re fl ected in all aspects of work and play, are increasing exponentially; 
there are also unanticipated developments, new technologies, and the impact of a 
very modern, high-powered communications system. It is this sense of rapid change 
that makes it so important to understand what is happening and anticipate the way 
changes in patterns of diet, activity, and body composition are occurring. While the 
penetration and in fl uence of modern communications, technology, and economic 
systems—related to what is termed globalization—have been a dominant theme of 
the last few decades, there seem to be some unique issues that have led to a rapid 
increase of “globalization and its impact.” 

 Placing the blame on globalization is, on the one hand, focusing on broad and 
vaguely measured sets of forces; this ignores the need to be focused and speci fi c 
which would allow us to develop potentially viable policy options. It is dif fi cult to 
measure each element of this globalization equation and its impact. These processes 
certainly have been expanded, as indicated by enhanced free trade, a push toward 
reduction of trade barriers in the developing world, and the increasing penetration 
of international corporations into the commerce of each country (measured by share 
of GNP or manufacturing). Similarly, other economic issues related to enhanced 
value given to market forces and international capital markets are important. Equally, 
the increasing access to Western media, the removal of communication barriers 
enhanced by the World Wide Web, cable TV, mobile telephone systems, etc. is 
important. The accelerated introduction of Western technology into the manufactur-
ing, basic sectors of agriculture, mining, and services is also a key element. 

 Another way to consider the types of changes the developing world is facing is 
to consider an urban squatter’s life and a rural villager’s life in China 25 year ago 
and today. During the 1970s, food supply concerns still existed, there was no televi-
sion, limited bus and mass transportation, little food trade, minimal availability of 
processed food, and most rural and urban occupations were very labor-intensive. 
Today, work and life activities have changed: small gas-powered tractors are avail-
able, modern industrial techniques are multiplying, of fi ces are quite automated, soft 
drinks and many processed foods are found everywhere, TVs are found in about 
89% of households (at least a  fi fth of whom are linked to Hong Kong Star and 
Western advertising and programming), and mass transit has become heavily used 
(to the point where children younger than 12 are not allowed even to ride bicycles). 
Multiply such changes by similar ones occurring in much of Asia, North Africa, the 
Middle East, Latin America, and many areas (particularly cities) in sub-Saharan 
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Africa and it is evident that the shift from a subsistence economy to a modern, 
industrialized one occurred in a mere 10–20 year, whereas in Europe and other 
industrialized high-income societies this occurred over many decades or centuries. 

 To truly measure and examine these issues, we would need to compare changes 
in the 1980–2000 period, for countries that are low and middle income, with changes 
that occurred a half century earlier for the developing world. However, data on diet 
and activity patterns are not available and there are only minimal data on NR-NCDs 
and obesity. 

 The elements of the nutrition transition that we know to be linked with 
NR-NCDs are:

   Obesity  • 
  Adverse dietary changes (e.g., shifts in the structure of diet toward a greater • 
content of higher fat and added sugar foods, and away from whole grains, nuts, 
legumes, and fruit and vegetable intake, and with an overall reduction in  fi ber 
intake, greater saturated fat intake, and greater energy density)  
  Reduced physical activity in work and leisure    • 

 We focus on these  fi rst, and then a few select underlying factors. The causes of 
these elements of the nutrition transition are not as well understood as are the trends 
in each of them. In fact, there are few studies attempting to study the causes of such 
changes and there are only a few data sets that are equipped to allow such crucial 
policy analyses to be undertaken.  

    5.2.3   Edible Oil 

 The edible vegetable oils story is particularly important as its effects have been quite 
profound. Until the decade following World War II, the majority of fats available for 
human consumption were animal fats obtained from milk, butter, and meat. 
Subsequently, a revolution in the production and processing of oilseed-based fats 
occurred. Principal vegetable oils include soybean, sun fl ower, rapeseed (as consumed 
in Asia vs. the genetically modi fi ed version consumed in North America called 
canola oil), palm, and peanut oil. Technological breakthroughs in the development of 
high-yield oilseeds and in the re fi ning of high-quality vegetable oils greatly reduced 
the cost of baking and frying fats, margarine, butter-like spreads, salad oils, and cook-
ing oils in relation to animal-based products  [  32  ] . Worldwide demand for vegetable 
fats was fueled by health concerns regarding the consumption of animal fats and 
cholesterol. Furthermore, a number of major economic and political initiatives led to 
the development of oil crops, not only in Europe and the United States, but also in 
South East Asia (palm oils), in Brazil, and in Argentina (soybean oils). The net effect 
was that from 1945 to 1965, there was almost a fourfold increase in the US produc-
tion of vegetable oils, while animal fat production increased by only 11%  [  33  ] . 

 In developing nations, one of the earliest shifts toward a higher-fat diet began with 
major increases in the domestic production and import of oilseeds and vegetable 
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oils, rather than increased import of meat and milk. At this stage, vegetable oils 
contributed far more energy to the human food supply than meat or animal fats  [  34  ] . 
Global availability of most vegetable oils (i.e., soybean, sun fl ower, rapeseed, and 
palm, though not peanut oil) has approximately tripled from 1961 to 1990. Soybeans 
now account for the bulk of vegetable oil consumption worldwide. It is also impor-
tant to note that many of these processed oils are not well regulated and some of the 
new edible oils are highly pathogenic  [  35  ] .  

    5.2.4   Caloric Sweetener Revolution 

 Sugar is the world’s predominant sweetener. It is not clear exactly when sugar 
became the world’s principal sweetener—most likely in the seventeenth or eigh-
teenth century, as the New World began producing large quantities of sugar at 
reduced prices  [  36,   37  ] . Sugar use has since been linked with industrialization, and 
with the proliferation of processed foods and beverages that have sugar added to 
them (e.g., tea, coffee, cocoa). We use the term caloric sweetener instead of added 
sugar as there are such a range of nonsugar products used today. High-fructose corn 
syrup is a prime example as it is the sweetener used in all US soft drinks. There are 
two major sugar crops: sugar beets and sugar cane. Sugar and syrups are also 
 produced from the sap of certain species of maple trees, from sweet sorghum when 
cultivated explicitly for making syrup, and from sugar palm. Under the name sweet-
eners, the Food and Agriculture Organization (FAO) includes products used for 
sweetening that are either derived from sugar crops, cereals, fruits, milk, or pro-
duced by insects. This category includes a wide variety of monosaccharides (glu-
cose and fructose) and disaccharides (sucrose and saccharose), which exist either in 
a crystallized state as sugar or in thick liquid form as syrups. Included in sweeteners 
are maple sugar and syrups, caramel, golden syrup, arti fi cial and natural honey, 
maltose, glucose, isoglucose (also known as high-fructose corn syrup), other types 
of fructose, sugar confectionery, and lactose. In the last several decades, increas-
ingly larger quantities of cereals (primarily maize) have been used to produce sweet-
eners derived from starch. 

 We provide detailed information elsewhere on the caloric sweetener revolution 
 [  38  ] . In 2000, there were 74 more kcal per capita per day of caloric sweetener con-
sumed than in 1962. This represents an increase of 32% in the percentage of energy 
from caloric sweeteners and a 21% increase in the proportion of carbohydrates from 
re fi ned caloric sweeteners. 

 Drewnowski and Popkin  [  39  ]  also show the profound changes that occurred 
between the 1960s and the past decade, and also the large urbanization effect. This 
regression model predicts that rapid urbanization, usually associated with greater 
incomes and economic growth, can have independent effects on diet structure. In 
1962 there was very little sweetener consumed by populations in lower-income 
countries. At lower-income levels, according to the regression model, urbanization 
can more than double the amount of sweeteners in the diet. The model con fi rms 
previous observations that people living in urban areas consume diets distinct from 
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those of their rural counterparts  [  40,   41  ] . The potential impact of urbanization in 
 fl attening the income-sweetener relationship deserves further analysis; however, it 
is clear that the increased urbanization of lower-income nations is accelerating the 
shift to increased consumption of sweeteners and fats.  

    5.2.5   Animal Source Foods 

 The animal source foods (ASF) revolution refers to the increase in demand and pro-
duction of meat,  fi sh, and milk in low-income developing countries. Dr. Christopher 
Delgado from the International Food Policy Research Institute has studied this issue 
extensively in a number of seminal reports and papers  [  42  ] . Most of the world’s 
growth in production and consumption of these foods is coming from the developing 
countries. Although cereal production is increasing, this is mainly used to feed ani-
mals that produce ASFs (in other words a derived demand for  additional ASF). 

 The ASF revolution is driven by demand as ASF are substituted into starch-
based diets. As income rises, there is a large demand for ASF in China, South 
Korea, and Morocco  [  43,   44  ] . Over time, we expect to see a larger share of house-
hold food expenditures on animal products. Red meat has what economists describe 
as possessing a very high-income elasticity; this means that price has a strong 
effect on sales. Price elasticity for cereals, on the other hand, tends to be low. Price 
changes impacts low-income groups faster than higher-income groups. Since 1970 
relative prices of food have dropped considerably, most dramatically for beef. Due 
to market saturation and technological changes that increase productivity, the 
 increase in demand for  ASF is projected to peak by 2020. As relative commodity 
prices decrease and income increases, people tend to both increase the diversity of 
their diet and to shift into higher priced foods that are more highly processed. 
While average income growth explains overall growth in total food expenditures, 
the greater increase in ASF demand in developing countries is explained by urban-
ization and population growth. 

 As Delgado has shown, 31% of food  fi sh is from aquaculture, but 60% of world 
aquaculture is in China, as well as 40% of the world’s pigs  [  42  ] . China is trying to 
promote beef consumption because beef requires less grain than pork. Projections 
to 2020 include huge increases in China’s food  fi sh consumption, as well as 31% of 
world beef production. India is the largest producer of milk, although 42% of the 
population still claim to not eat any ASF, and only the Muslim segment of the popu-
lation consumes beef. India already has food safety systems in place, especially in 
urban areas. Large amounts of sweets containing mostly milk and sugar are pro-
cessed and distributed in India. 

 Whether it is a curse or a blessing depends on policy and technology. The ASF 
revolution is driven by demand, substituting into starch-based diets. In 2020 devel-
oping countries will produce 63% of meat and 50% of milk. It is a global food 
 activity, transforming the grain markets for animal feed. It also leads to resource 
degradation, rapid increase in feed grain imports, rapid concentration of production 
and consumption, and promotion of social change.   
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    5.3   Increased Sedentarianism Is Occurring Concurrently 

 There are several important changes in physical activity taking place. These include 
reductions in activity at work, a shift from active to inactive transport (e.g., from 
biking or walking to taking a bus), and increased sedentariness in leisure. This topic 
is examined brie fl y as it is not central to this chapter. 

 The  fi rst dominant change has been a shift toward the service sector and away 
from high-energy expenditure activities, such as farming, mining, and forestry. We 
have described this large effect elsewhere  [  45  ] . 

 A second change is in the level of energy expenditure in the same occupation. 
From the 1980s onwards in urban areas there have been quite pervasive shifts in the 
technology for performing work. This appears to be the most important factor 
affecting physical activity  [  46  ] . The proportion of urban adults (male and female) 
working in occupations where they participate in vigorous activity patterns has 
decreased, and, conversely, increased where the activity pattern is light. In rural 
areas, however, there has been a shift toward increased physical activity linked to 
holding multiple jobs and more intensive effort. For rural women there is a shift 
toward a larger proportion engaged in more energy-intensive work, but there are 
also some for whom the shift is toward a lighter work effort. In contrast, for rural 
men there is a small decrease in the proportion engaged in light work effort. We 
have also shown how shifts in activity at an occupation represent a signi fi cant deter-
minant of the increase in obesity in China  [  47  ] . 

 Other major changes relate to mode of transportation and activity patterns during 
leisure hours. Fourteen percent of households in China acquired a motorized vehicle 
between 1989 and 1997. In one study in that country we showed that the odds of 
being obese were 80% higher ( p  < 0.05) for men and women in households who 
owned a motorized vehicle compared to those who did not  [  48  ] . Compared to those 
whose vehicle ownership did not change, men who acquired a vehicle experienced 
a 1.8 kg greater weight gain ( p  < 0.05) and were twice as likely to become obese. 

 The  fi nal pattern is a type of leisure activity. Television ownership has skyrock-
eted in China, leading to greater inactivity during leisure time  [  49  ] . The conse-
quences of this shift, not only in TV ownership but also in usage patterns for TV 
watching, remain to be fully studied.  

    5.4   Is the Biology Different? 

 There are a number of different ways in which this question could be answered in 
the af fi rmative. One is if the body composition and other unmeasured race-ethnic 
factors affect susceptibility to NR-NCDs. Another might be if previous disease pat-
terns (e.g., the presence of malaria or other tropical diseases) led to disease patterns 
that predisposed the population to certain problems. There is limited but strong 
evidence that there are potentially important biological differences between those 
from the developing world and those from Europe or European genetic backgrounds. 
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Do we need different body mass index (BMI) cut points for subpopulation groups, 
and is this based on biological differences or just adiposity measurement that is 
missed with the use of BMI? Both are probably true. There is evidence from a range 
of body composition and BMI-disease studies that would lead us to believe that 
Asians, Africans, and Latin Americans are more likely than whites in the United 
States and Europe to have larger amounts of body fat and central fat for the same 
BMI; in addition, the former groups have a higher likelihood of experiencing car-
diovascular disease (CVD) at lower BMI levels. 

 Another pathway of possible importance is related to the role of previous health 
problems. Examples of this are malnutrition causing virus mutation, parasitic infec-
tions affecting long-term absorption patterns, or a parasite linked with an unknown 
genotype—comparable to sickle cell anemia and its evolutionary linkage with 
malaria. We have no basis for speculation about this potential pathway and no real 
documentation of its impact. 

 However, the  fi nal pathway—the effect of fetal and infant insults on subsequent 
metabolic function—is one that appears to be a critical area. If the rapid shifts 
toward positive energy imbalance are occurring concurrently with previously high 
levels of low birth-weight in a population, then this becomes a very critical issue to 
understand. In the developing world, where intrauterine malnutrition rates are high 
and a high prevalence of nutrition insults during infancy exist, the work of Barker 
and many others portends important potential effects on the prevalence of NR-NCDs 
in coming decades. There an emerging consensus that fetal insults, in particular 
with regard to thin, low birth-weight infants who subsequently face a shift in the 
stage of the transition and become overweight, are linked with increased risk of the 
NR-NCDs. In addition, infancy may be a period of high vulnerability in that poor 
growth or stunting during that time period may have comparable effects to fetal 
insults. Termed fetal origins or infant programming, this literature suggests that a 
rapid shift toward energy imbalance, preceded by high levels of thin babies and 
infant stunting, will have important long-term effects in increasing the probability 
that the subsequent energy imbalance leads to CVD and various associated condi-
tions. This is discussed in more detail in Chap.   4     by Barker.  

    5.5   Can We Turn Back the Clock or Modify the Adverse 
Dynamics? Program and Policy Issues 

 The most interesting development over the past decade has been the emergence of a 
systematic and seemingly quite successful effort in the United Kingdom to not only 
prevent more obesity but also to reduce the prevalence of obesity across all age 
groups while enhancing dietary and activity patterns. The UK began with the 
Foresight Obesity Project, the goal of which was to produce a sustainable response 
to obesity in the UK over a 40-year period  [  50–  52  ] . This systematic government 
effort began with quantitative modeling of the growth of obesity, the economic 
effect of this, and the effect on the national health system  [  53  ] . It then created a 
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fairly complex systems-map of the causes of energy imbalance which laid out 
 societal as well as individual causes of food consumption and activity. Out of this 
came a broad examination of all potential leverage points with weighting of the 
causal linkages. 

 The project organizers established a goal of being the  fi rst major nation to reverse 
the rising tide of obesity. They also focused attention and action on the environmen-
tal causes. Actions taken provide some sense of the process and, signi fi cantly, fund-
ing that went with all activities and actions:

   Vending machines banned in schools, and drinking water promoted; schools • 
record annual assessments of all activities and changes  
  Advertisers banned from advertising to children and banned from advertising • 
unhealthy foods in the media  
  Children aged 6–8 required to receive weekly cooking classes to learn about food • 
and its preparation and handling  
  Government accountability created across all agencies  • 
  Set of initiatives and coalitions created, focused on Change4Life, Coalition for • 
Better Health, and the Healthy Food Code (e.g., traf fi c light system)  
  Power to restrict fast food restaurants near schools and parks  • 
  Project to provide fresh fruit and vegetables to small stores in deprived areas  • 
  Putting in systematic surveillance and monitoring    • 

 There were many other actions related to children. These began with midwife 
and nursery training, school workforce and nurse training, parent support advisers, 
training of school caterers, an array of people linked to supporting youth activity in 
and out of the schools, and many private sector activities. The organizers continue 
to study causes and solutions and remain most active in addressing obesity across 
the life cycle. They did not see this as one action but a long series of actions, evalu-
ations, studies, and new actions. 

 In the developing world, initial steps were taken by Brazil a decade ago but these 
have essentially not been followed with systematic meaningful change. Matsudo 
et al.  [  54  ]  presented some of the key elements used to launch a mass promotion of 
physical activity in São Paulo, Brazil. Termed the Agita São Paulo, it began as a 
multilevel, community-wide intervention designed to increase the knowledge about 
bene fi ts and the level of physical activity in a mega-population of 34 million of São 
Paulo State. It is slowly being expanded into a global effort; however, the documen-
tation of changes related to this is limited. This Agita movement began after the 
reduction in obesity noted in the paper by Monteiro et al.  [  55  ] . In Brazil, a more 
coordinated and systematic effort created a number of important legislative and 
regulatory policies, revised one very large school feeding program, and has done 
much to focus on the national policy environment. At the same time efforts are 
underway at mass communication directly via the mass media and through schools 
and food stores. 

 More recently, Mexico has become one of the few large countries to have sys-
tematically begun to address obesity. Research on beverage patterns and trends in 
Mexico were used to guide the Mexican Beverage Guidance Panel—established by 
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the Minister of Health  [  56  ] . Based on this and related research, the Minister of 
Health and the Mexican Beverage Guidance Panel shifted from whole milk to skim 
milk and are working now to reduce overall consumption of sugar added to juice, 
soda,  fl avored water, and water plus juice. As part of their recommendations, they 
are actively considering taxation as one option to reduce intake of whole milk and 
sugar-sweetened beverages  [  56  ] . The government has already shifted milk provided 
under various welfare programs serving about 20 million people from whole to 
1.5%, is working to do the same for the schools, and is considering other activities 
along with taxation to reduce energy intake from beverages in Mexico. A second 
component is front of the package labeling. There are many other components of 
their obesity prevention agenda that are slowly being initiated. 

 Earlier work in South Korea also showed how that country used a variety of edu-
cational and other nutrition programs to promote the traditional high-vegetable and 
low-fat diet  [  57,   58  ] .  

    5.6   Summary 

 This chapter explores shifts in nutrition transition from the period termed the reced-
ing famine pattern to one dominated by NR-NCDs. It examines the speed of these 
changes, summarizes dietary and physical activity changes, and provides some 
sense of the health effects and economic costs. The focus is on the lower- and mid-
dle-income countries of Asia, Africa, the Middle East, and Latin America. The 
article shows that changes are occurring at great speed and at earlier stages of coun-
tries’ economic and social development. The burden of disease from NR-NCDs is 
shifting towards the poor and the costs are also becoming greater than those for 
undernutrition. Policy options are identi fi ed.      
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  Key Points 

    Long-term clinical trials have documented the importance of metabolic control • 
of glucose, lipids, and blood pressure in persons with diabetes. Although new 
oral medications and insulin preparations are now available, nutrition therapy 
continues to be essential if desired medical goals are to be achieved. Successful 
nutrition therapy is an ongoing process.  
  Clinical trials and outcomes studies have documented the effectiveness of nutri-• 
tion therapy. In general, nutrition therapy provided by registered dietitians can 
lower hemoglobin A1c (A1C) by approximately 1–2%, depending on the type 
and duration of diabetes, LDL cholesterol by 19–25 mg/dL (0.46–0.65 mmol/L), 
and blood pressure by 5 mmHg.  
  For persons with type 1 diabetes, the  fi rst priority is to identify a food/meal plan • 
that can be used to integrate an insulin regimen into the person’s lifestyle. 
Physiological insulin regimens consisting of basal and bolus insulins or insulin 
pumps provide  fl exibility in timing and frequency of meals, amount of carbohy-
drate eaten, and timing of physical activity. Insulin-to-carbohydrate ratios are used 
to adjust the bolus insulin dose needed to cover the planned carbohydrate intake.  
  Type 2 diabetes is a progressive disease beginning with insulin resistance. • 
However, glucose levels remain normal if adequate insulin is available; it is not 
until insulin de fi ciency ( b -cell failure) develops that hyperglycemia occurs. 

    M.  J.   Franz ,  MS, RD, CDE   (*)
     Nutrition Concepts by Franz, Inc. ,   6635 Limerick Drive ,  Minneapolis ,  MN   55439 ,  USA    
e-mail:  MarionFranz@aol.com   

    Chapter 6   
 Medical Nutrition Therapy for Diabetes: 
Prioritizing Recommendations 
Based on Evidence       

      Marion   J.   Franz           



102 M.J. Franz

Therefore, for persons with type 2 diabetes, nutrition therapy progresses from 
improving insulin resistance and preventing diabetes by modest weight loss and 
regular physical activity to contributing to improved metabolic control by carbo-
hydrate counting and reduced energy intake.  
  Monitoring of glucose, lipids, and blood pressure is essential to assess the out-• 
comes of nutrition therapy and/or to determine if additional changes in nutrition 
therapy or medications are necessary.     

    6.1   Introduction 

 Diabetes mellitus is group of diseases characterized by elevated glucose concentra-
tions resulting from insulin de fi ciency. Without suf fi cient insulin, hyperglycemia 
occurs causing both the acute and long-term complications of diabetes. A primary 
function of insulin, a hormone produced by the  b -cells of the pancreas, is the use or 
storage of body fuels. In diabetes abnormalities in the metabolism of carbohydrate, 
protein, and fat are present. 

 Worldwide, the number of persons with diabetes and those who are at risk for 
diabetes is increasing at an alarming rate. According to the International Diabetes 
Federation (IDF), 285 million people worldwide have diabetes and the IDF predicts 
the total number of people with diabetes will exceed 435 million if the current rate 
of growth continues. India has 50.8 million people living with diabetes and close 
behind is China with 43.2 million. The IDF reported that diabetes costs the world 
economy at least $376 billion in 2010—11.6% of the total health-care expenditure 
and projects this number to exceed $490 billion by 2030  [  1  ] . 

 In 2011, approximately 26 million people in the United States—about 8.3% of 
the population—are reported to have diabetes, and an additional 79 million adults—
about 35% of US adults—are estimated to have prediabetes, a risk factor for type 2 
diabetes, heart disease, and stroke  [  2  ] . The burden of diabetes is extensive, includ-
ing serious microvascular and macrovascular complications, quality-of-life impair-
ments, and escalating costs of care.  

    6.2   Types of Diabetes 

    6.2.1   Type 1 Diabetes 

 Immune-mediated type 1 diabetes accounts for 5–10% of all diagnosed cases of 
diabetes. The primary defect is a cellular-mediated autoimmune destruction of pan-
creatic  b -cells, usually leading to absolute insulin de fi ciency and resulting in hyper-
glycemia, polyuria, polydipsia, weight loss, dehydration, electrolyte disturbance, 
and ketoacidosis. The capacity of a healthy pancreas to secrete insulin is far in 
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excess of what is needed normally; therefore, the clinical onset of diabetes may be 
preceded by an extensive asymptomatic period of months to years, during which 
 b -cells are undergoing gradual destruction. Persons with type 1 diabetes are depen-
dent on exogenous insulin to prevent ketoacidosis and death. Although type 1 dia-
betes can occur at any age, even in the eighth and ninth decades of life, most cases 
are diagnosed in people younger than 30 years, with peak incidence at around ages 
10–12 years in girls and 12–14 years in boys. 

 The etiology involves a genetic disposition and an autoimmune destruction of the 
islet  b -cells that produce insulin. At diagnosis, 85–90% of persons with type 1 dia-
betes have one or more circulating autoantibodies. Antibodies identi fi ed as contrib-
uting to the destruction of  b -cells are as follows:

    1.    Islet cell autoantibodies (ICAs).  
    2.    Insulin autoantibodies (IAAs), which may occur in persons who have never 

received insulin therapy.  
    3.    Autoantibodies to glutamic acid decarboxylase autoantibodies (GAD 

65
 ), a pro-

tein on the surface of  b -cells which appears to provoke an attack by the T cells 
(killer T lymphocytes) and to destroy the  b -cells.  

    4.    Autoantibodies to tyrosine phosphatases IA-2 and IA-2 b .     

 The disease also has strong human leukocyte antigen ( HLA ) associations, with 
linkage to the  DQA  and  DQB  genes, and in fl uenced by the  DRB  genes. These 
 HLA-DR/DQ  alleles can be either predisposing or protective  [  3  ] . 

 Frequently, after diagnosis and the correction of hyperglycemia, metabolic aci-
dosis, and ketoacidosis, there is a recovery of endogenous insulin secretion. During 
this “honeymoon phase,” exogenous insulin requirements decrease dramatically. 
However, the need for exogenous insulin is inevitable, and within 8–10 years after 
clinical onset,  b -cell loss is complete and insulin de fi ciency is absolute. These 
patients are also prone to other autoimmune disorders such as Graves’ disease, 
Hashimoto’s thyroiditis, Addison’s disease, celiac sprue, and pernicious anemia. 

 Latent autoimmune diabetes of adults (LADA) describes a minority of adult-
onset persons with diabetes. Typically, patients are positive for GAD antibodies, 
>35 years, nonobese, and present without ketosis and weight loss. Although many 
maintain good glycemic control for several years with sulfonylureas, these persons 
become “insulin-dependent” more rapidly than antibody-negative persons with type 
2 diabetes  [  4  ] .  

    6.2.2   Type 2 Diabetes 

 Type 2 diabetes accounts for 90–95% of all diagnosed cases of diabetes and is a 
progressive disease that is often present long before it is diagnosed. Persons may or 
may not experience the classic symptoms of uncontrolled diabetes and they are not 
prone to develop ketoacidosis. The progressive loss of  b -cell secretory function 
means that persons with type 2 diabetes will require additional medication(s) 
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over time to maintain the same level of glycemic control and eventually exogenous 
 insulin will be required  [  5  ] . Insulin is also required sooner during periods of 
 stress-induced hyperglycemia, such as during illness or surgery. 

 Risk factors include a strong genetic predisposition and the risk increases with 
age, obesity, and physical inactivity. Obesity alone causes some degree of insulin 
resistance. Even persons who develop diabetes and are not obese by traditional 
weight criteria usually have an increased percentage of intraabdominal body fat  [  3  ] . 

 Type 2 diabetes results from a combination of insulin resistance and insulin 
de fi ciency ( b -cell failure). Endogenous insulin levels may be normal, depressed, or 
elevated; but they are inadequate to overcome the concomitant insulin resistance 
and as a result hyperglycemia occurs. Insulin resistance is  fi rst demonstrated in 
target tissues, mainly muscle, liver, and adipose cells. Initially there is a compensa-
tory increase in insulin secretion, which maintains glucose concentrations in the 
normal or prediabetic range, but in many persons their pancreas is unable to  continue 
to produce adequate insulin, hyperglycemia occurs, and the diagnosis of diabetes is 
made. Therefore, hyperglycemia does not develop until there is inadequate insulin 
available (insulin de fi ciency) to control elevated blood glucose levels. 

 Hyperglycemia is  fi rst exhibited as an elevation of postprandial glucose due to 
insulin resistance at the cellular level. As insulin secretion decreases, hepatic glu-
cose production increases causing elevations in fasting glucose levels. The insulin 
response is also inadequate in suppressing  a -cell glucagon secretion, resulting in 
glucagon hypersecretion and increased hepatic glucose production. Compounding 
the problem is the deleterious effect of hyperglycemia itself—glucotoxicity—on 
both insulin sensitivity and insulin secretion, hence the importance of achieving 
near-euglycemia in persons with type 2 diabetes. 

 Insulin resistance is also demonstrated in adipocytes, leading to lipolysis and an 
elevation in circulating free fatty acids. Increased free fatty acids further cause a 
decrease in insulin sensitivity at the cellular level, impair insulin secretion by the 
pancreas, and augment hepatic glucose production (lipotoxicity). To slow the pro-
gressive nature of type 2 diabetes requires that both conditions (hyperglycemia and 
lipotoxicity) be corrected  [  6  ] .  

    6.2.3   Gestational Diabetes Mellitus 

 For many years gestational diabetes mellitus (GDM) was de fi ned as any degree of 
glucose intolerance with onset or  fi rst recognition during pregnancy. However, 
because of the increase in type 2 diabetes in women of childbearing age, the number 
of women with undiagnosed type 2 diabetes has increased. Therefore, based on 
recommendations from the International Association of Diabetes in Pregnancy 
Study Group, the American Diabetes Association recommended that high-risk 
women be screened for diabetes at their initial prenatal visit using the criteria in 
Table  6.1  and if they meet diagnostic criteria receive a diagnosis of overt, not gesta-
tional, diabetes  [  3,   7  ] . Pregnant women not known to have diabetes should be 
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screened for GDM between 24 and 28 weeks of gestation, using a 75-g 2-h oral 
glucose tolerance test (OGTT) and the diagnosis criteria in Table  6.2 . It is during the 
second and third trimester that insulin-antagonist hormones increase and insulin 
resistance occurs. However, the American College of Obstetricians and Gynecologists 
(ACOG) continue to support the previous two-step approach for screening and diag-
nosing diabetes  [  8  ] .   

 Using the new diagnostic criteria for gestational diabetes will increase the pro-
portion of women with a diagnosis of GDM. An international multicenter study 
found that 18% of pregnancies were affected by gestational diabetes  [  2  ] . Women 
with GDM should be screened for persistent diabetes 6–12 weeks postpartum and 
should have lifelong screening for diabetes or prediabetes at least every 3 years  [  7  ] . 
They have a 35–60% chance of developing diabetes in the next 10–20 years  [  2  ] .  

    6.2.4   Other Types of Diabetes 

 Diabetes associated with or secondary to other conditions may occur in about 2% of 
all disorders comprising the syndrome of diabetes. These conditions include genetic 
defects of the  b -cell, genetic defects in insulin action, other genetic syndromes, pan-
creatic disease, hormonal disease, and drug- or chemical-induced hyperglycemia  [  7  ] .  

   Table 6.1    Criteria for the diagnosis of diabetes   

  Hemoglobin A1c (A1C)  ≥  6.5%.  The test should be performed in a laboratory using a method that 
is certi fi ed and standardized to the Diabetes Control and Complications Trial (DCCT) assay a  

 or 
  Fasting plasma glucose (FPG)  ≥ 126 mg/dL (7.0 mmol/L) . Fasting is de fi ned as no caloric intake 

for at least 8 h a  
 or 
  2-h Plasma glucose (PG)  ≥  200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test 

(OGTT) . This test uses the equivalent of 75 g anhydrous glucose dissolved in water a  
 or 
  Classic symptoms of diabetes and casual PG  ≥  200 mg/dL (11.1 mmol/L)  

  Adapted from ref.  [  7  ]  
  a In the absence of unequivocal hyperglycemia, results should be con fi rmed with repeat testing  

   Table 6.2    Screening for and diagnosis of gestational diabetes mellitus (GDM)   

 In women not previously diagnosed with overt diabetes, screen at 24–28 weeks of gestation using 
a 75-g OGTT with plasma glucose testing fasting and at 1 and 2 h 
 • OGTT performed in the morning after an overnight fast of at least 8 h 

 Diagnosis of GDM is made when any of the following plasma glucose values are exceeded 
 • Fasting  ³ 92 mg/dL (5.1 mmol/L) 
 • 1 h  ³ 180 mg/dL (10.0 mmol/L) 
 • 2 h  ³ 153 mg/dL (8.5 mmol/L) 

  From ref.  [  7  ]   
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    6.2.5   Prediabetes 

 Individuals with impaired glucose tolerance (IGT), impaired fasting glucose (IFG), 
and/or hemoglobin A1c (A1C) levels between 5.7 and 6.4% have prediabetes and 
have an increased risk for diabetes. They are also at high risk for future cardiovascu-
lar disease (CVD). Prediabetes is associated with obesity, especially intraabdominal 
obesity, dyslipidemia with high triglycerides and/or low high-density lipoprotein 
(HDL) cholesterol, and hypertension (often referred to as metabolic syndrome). 
Lifestyle interventions for the prevention of type 2 diabetes are the subject of the 
following chapter.   

    6.3   Diagnosis and Testing for Prediabetes and Diabetes 

 Four tests to diagnosis diabetes are available and in the absence of unequivocal 
hyperglycemia with acute metabolic decompensation, each must be con fi rmed on a 
subsequent day. Criteria for the diagnosis of diabetes are listed in Table  6.1   [  7  ] . 
Categories of increased risk for diabetes (prediabetes) are listed in Table  6.3   [  7  ] . 
Both categories have added A1C as an accepted diagnostic test. When hemoglobin 
and other proteins are exposed to glucose, the glucose becomes attached in a slow, 
nonenzymatic, and concentration-dependent manner. In persons without diabetes, 
A1C values are 4–6%. These values correspond to mean glucose levels of ~70–
126 mg/dL (3.9–7.0 mmol/L).  

 Testing for prediabetes and diabetes should be considered in all adults who are 
overweight (BMI  ³ 25 kg/m 2 , although at-risk BMI may be lower in some ethnic 
groups) and who have one or more of the following risk factors for diabetes:

   Physical inactivity  • 
  First-degree relative with diabetes  • 
  Members of a high-risk race/ethnic population (e.g., African American, Latino, • 
Native American, Asian American, Paci fi c Islander)  
  Women who delivered a baby weighing >9 lb (4.1 kg) or were diagnosed with • 
GDM  
  Hypertension (blood pressure  • ³ 140/90 mmHg or on therapy for hypertension)  

   Table 6.3    Categories of increased risk for diabetes (prediabetes) a    

 A1C 5.7–6.4% 
 or 
 FPG 100–125 mg/dL (5.6–6.9 mmol/L): impaired fasting glucose (IFG) 
 or 
 2-h PG in the 75-g OGTT 140–199 mg/dL (7.8–11.0 mmol/L): impaired glucose tolerance (IGT) 

  From ref.  [  7  ]  
  a For all three tests, risk is continuous, extending below the lower limit of the range and becoming 
disproportionately greater at higher ends of the range  
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  HDL cholesterol level  • £ 0.90 mmol/L ( £ 35 mg/dL) and/or a triglyceride level 
 ³ 2.82 mmol/L ( ³ 250 mg/dL)  
  Women with polycystic ovarian syndrome (PCOS)  • 
  A1C  • ³ 5.7%, IGT, or IFG on previous testing  
  Other clinical considerations associated with insulin resistance (e.g., severe obe-• 
sity and acanthosis nigricans—gray-brown skin pigmentations)  
  History of CVD    • 

 Testing of those without these risk factors should begin at age 45. If tests are 
normal, repeat testing should be carried out at least at 3-year intervals  [  7  ] . 

 Children, and youth at increased risk for type 2 diabetes should be tested if they 
are both:

   Overweight (BMI >85th percentile for age and sex, weight for height >85th per-• 
centile, or >120% of ideal weight for height)  
  Have two of the following risk factors present—family history of type 2 diabetes • 
in  fi rst- or second-degree relative, member of high-risk ethnic populations, signs of 
insulin resistance or conditions associated with insulin resistance (acanthosis nig-
ricans, hypertension, dyslipidemia, PCOS, or small-for-gestational-age at birth)    

 Testing should be initiated at 10 years of age or at onset of puberty, if puberty 
occurs at a younger age, and, if normal, repeated every 3 years  [  7  ] .  

    6.4   Metabolic Goals 

 Landmark studies have documented the importance of glycemic control in persons 
with diabetes. The Diabetes Control and Complications Trial (DCCT) demonstrated 
beyond a doubt the clear link between glycemic control and microvascular compli-
cations in persons with type 1 diabetes. Patients who achieve control similar to the 
intensively treated patients in the study can expect a 50–75% reduction in the risk 
of progression to retinopathy, nephropathy, and neuropathy  [  9  ] . The long-term fol-
low-up of DCCT participants demonstrated that intensive diabetes treatment also 
signi fi cantly reduced the risk of long-term cardiovascular complications  [  10  ] . 

 The United Kingdom Prospective Diabetes Study (UKPDS) demonstrated con-
clusively that elevated blood glucose levels cause long-term complications in type 2 
diabetes just as in type 1 diabetes  [  11  ] . In the intensive therapy group, the microvas-
cular complications rate decreased signi fi cantly by 25% and the risk of macrovas-
cular disease decreased by 16%. Aggressive treatment of even mild-to-moderate 
hypertension was also bene fi cial in both groups  [  12  ] . 

 The UKPDS also illustrates the progressive nature of type 2 diabetes. Before 
randomization into intensive or conventional treatment, subjects received individu-
alized intensive nutrition therapy for 3 months. During this run-in period, the mean 
A1C decreased by 1.9% (from ~9 to ~7%) and patients lost an average of 3.5 kg 
(8 lb)  [  13  ] . UKPDS researchers concluded that a reduction of energy intake was at 
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least as important, if not more important than, the actual weight lost in determining 
glucose levels. An important lesson learned from the UKPDS is that therapy needs 
to be intensi fi ed overtime and that as the disease progresses, nutrition therapy alone 
is not enough to keep the majority of the patients’ A1C levels at 7%. Medication(s), 
and for many individuals eventually insulin, needs to be added to the treatment regi-
men. It is not the “diet” failing, but instead is the pancreas failing to secrete enough 
insulin to maintain adequate glucose control. 

 The ACCORD (Action to Control Cardiovascular Risk in Diabetes) trial was 
designed to determine whether targeting an A1C below 6% would reduce risk of 
serious cardiovascular events in middle-aged and elderly people with type 2 diabe-
tes compared to targeting an A1C of 7–7.9%  [  14  ] . The patients in the intensive 
treatment group were treated with multiple medications to reach the 6% goal. This 
part of the trial was discontinued after a mean of 3.7 years because of increased 
mortality among persons with advanced type 2 diabetes and a high risk of CVD. Use 
of intensive therapy for 3.7 years reduced 5-year nonfatal myocardial infarctions of 
this group but increased 5-year mortality  [  15  ] . Therefore an A1C goal of <6% 
should not be used in high-risk patients with advanced type 2 diabetes. The American 
Diabetes Association recommends that most people with diabetes should strive for 
an A1C of <7%, but as always stresses individualization of treatment goals  [  7  ] .  

    6.5   Medical Nutrition Therapy: Evidence-Based Nutrition 
Recommendations 

 The Academy of Nutrition and Dietetics (formerly the American Dietetic Association) 
published evidence-based nutrition practice guidelines for type 1 and type 2 adults 
in adults  [  16  ]  and American Diabetes Association nutrition recommendations are 
summarized in their annual standards of care  [  7  ]  and in a position statement  [  17  ] . 

    6.5.1   Goals and Outcomes of Medical Nutrition Therapy 
for Diabetes 

 Improving health through food choices and physical activity is the basis of all nutri-
tion recommendations for diabetes. The goals of nutrition therapy emphasize 
improving glucose control, lipid and lipoprotein pro fi les, and blood pressure. 
However, because lifestyle modi fi cations impact almost immediately on glycemia, 
glucose goals are often the  fi rst focus. 

 Research supports nutrition therapy as an effective therapy. Randomized con-
trolled trials and observational studies of diabetes nutrition therapy provided by 
registered dietitians (RDs) have demonstrated decreases in A1C of approximately 
1–2% (range = −0.5 to −2.6%), depending on the type and duration of diabetes  [  18  ] . 
These outcomes are similar to those from glucose-lowering medications. 
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 An example of the effectiveness of nutrition therapy for type 1 diabetes is the 
Dose Adjusted for Normal Eating (DAFNE) trial  [  19  ] . Conventional insulin therapy 
in the United Kingdom at the time of the study was to determine the insulin regimen 
 fi rst. This required individuals with type 1 diabetes to eat according to the times of 
action of the insulin they had been prescribed. This conventional therapy was com-
pared to use of insulin-to-carbohydrate ratios. Dietitians taught patients how to 
bolus insulin doses based on planned meal carbohydrate intake (DAFNE training). 
In the DAFNE training group, A1C levels were lowered by approximately 1% with 
no signi fi cant increase in hypoglycemia, along with positive effects on quality of 
life, despite an increase in insulin injections (but not in the total insulin amount) and 
in blood glucose monitoring. In a similar type of nutrition intervention, improve-
ments in A1C and quality of life were sustained for 1 year  [  20  ].  

 Although nutrition therapy has been shown to be effective at any time in the 
type 2 disease process, it appears to have its greatest impact earlier in the course 
of the disease. In individuals with newly diagnosed type 2 diabetes, decreases in 
A1C of ~2% are reported  [  13,   21  ] , whereas in individuals with an average duration 
of diabetes of 4 years, average decreases in A1C of ~1% are reported  [  21,   22  ]  Of 
interest is a randomized controlled trials of subjects with average duration of type 
2 of 9 years who had A1C levels >7% despite optimized drug therapy. The inter-
vention group received intensive individualized nutrition therapy. The difference 
in A1C between the intervention and control groups at 6 months (−0.4%) was 
highly signi fi cant as were changes in anthropometric measurements. This study 
demonstrates the effectiveness of nutrition therapy even in diabetes of long 
duration  [  23  ] . 

 Outcomes of nutrition therapy interventions are evident by 6 weeks to 3 months. 
Central to these interventions are multiple encounters to provide education and 
counseling initially and on a continued basis. A variety of nutrition interventions 
have been shown to improve glycemic control. Interventions used included reduced 
energy/fat intake, carbohydrate counting, simpli fi ed meal plan, healthy food choices, 
individualized meal-planning strategies, exchange lists, insulin-to-carbohydrate 
ratios, physical activity, and behavioral strategies  [  16  ] . 

 Nutrition therapy is reported to lower LDL cholesterol by 15–25 mg/dL or by 
9–12% compared to baseline values or to a Western diet  [  24  ] . Nutrition therapy for 
hypertension is reported to decrease both systolic and diastolic blood pressure 
~5 mmHg  [  25  ] .  

    6.5.2   Evidence-Based Nutrition Recommendations for Diabetes 

 Although numerous studies have attempted to identify ideal percentages of macro-
nutrients that would assist in achieving metabolic goals, it is unlikely that one such 
combination of macronutrients exits  [  16,   17  ] . If guidance is needed, the dietary 
reference intakes (DRIs) for healthy eating (45–65% of total energy from carbohy-
drate, 20–35% from fat, and 10–35% from protein) are encouraged  [  26  ] . 
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    6.5.2.1   Carbohydrate 

 Because carbohydrate is the nutrient that most affects postprandial glycemia and is 
the major determinant of bolus insulin doses, it is addressed  fi rst. Foods containing 
carbohydrate—grains, fruits, vegetables, low-fat milk—are important components of 
a healthful diet and should be included in the food/meal plan of persons with diabe-
tes. This recommendation re fl ects the concern that low-carbohydrate diets eliminate 
many foods that are important for all persons to eat as part of a healthy lifestyle. 

 Monitoring total grams of carbohydrate, whether by carbohydrate counting, 
exchanges, or experienced based estimation is a key strategy for achieving glycemic 
control  [  17  ] . Numerous studies have reported that when subjects are allowed to 
choose from a variety of starch and sugars, the glycemic response is similar, as long 
as the total amounts of carbohydrate is kept constant  [  16  ] . Day-to-day consistency 
in the amount of carbohydrate eaten at meals and snacks has been shown to improve 
glycemic control in persons on nutrition therapy alone, glucose-lowering medica-
tions, or on  fi xed insulin regimens. In persons with type 1 or type 2 diabetes who 
adjust their bolus insulin doses, insulin doses should be adjusted to match carbohy-
drate intake (insulin-to-carbohydrate ratios)  [  16  ] . 

 The glycemic index (GI) of food was developed to compare the physiologic 
effects of carbohydrate on glucose. The GI measures the relative area under the 
postprandial glucose curve of 50 g of digestible carbohydrates compared with 50 g 
of a standard food, either glucose or food. The GI does not measure how rapidly 
blood glucose levels increase. The peak glucose response for individual foods  [  27  ]  
and meals  [  28  ]  occurs at approximately the same time. The estimated glycemic load 
(GL) of foods, meals, and dietary patterns is calculated by multiplying the GI by the 
amount of carbohydrates in each food and then totaling the values for all foods in a 
meal or dietary pattern. Thus, whereas GI indicates the glycemic response to a quan-
tity of a particular food containing 50 g of carbohydrate, the GL attempts to measure 
the predicted impact on the body’s glycemic response to the actual meal or diet. 

 A major problem with the GI is the variability of response to a speci fi c carbohy-
drate food. For example, the mean glycemic response and standard deviation of 50 g 
of carbohydrate from white bread tested in 23 subjects was 78 ± 73 with an indi-
vidual coef fi cient of variation (CV) of 94%. Although the average GI of bread from 
three tests was 71%, the range of GI values was broad, ranging from 44 to 132 and 
a CV 34%  [  29  ] . 

 Although different carbohydrates do have different glycemic responses, there is 
limited evidence to show long-term glycemic bene fi t when low-GI diets vs. high-GI 
diets are implemented  [  17  ] . Two trials, each 1 year in duration, reported no signi fi cant 
differences in A1C levels from low-GI vs. high-GI diets  [  30  ]  or American Diabetes 
Association diets  [  31  ] . Therefore, for a primary nutrition therapy intervention, an 
approach documented to have the greatest impact on metabolic outcomes should be 
selected and information on the glycemic responses of foods can perhaps best be 
used for  fi ne-tuning glycemic control  [  17  ] . 

 As for the general population, people with diabetes are encouraged to consume a 
variety of  fi ber-containing foods, but there is no reason to recommend that people 
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with diabetes eat a greater amount of  fi ber than other Americans. Diets containing 
44–50 g/day  fi ber have been shown to improve glycemia; however, more usual  fi ber 
intake (up to 24 g/day) has not shown bene fi cial effects on glycemia  [  16,   17  ] . 
However, consuming foods containing 25–30 g/day  fi ber, with special emphasis on 
soluble  fi ber sources (7–13 g) is recommended as part of cardioprotective nutrition 
therapy  [  16  ] . 

 Even though sucrose restriction cannot be justi fi ed on the basis of its glycemic 
effect, people with diabetes, as is the general public, are advised to avoid foods 
containing large amounts of sucrose. Reduced calorie sweeteners approved by the 
US Food and Drug Administration (FDA) include sugar alcohols (erythritol, sorbi-
tol, mannitol, xylitol, isomalt, lactitol, and hydrogenated starch hydrolysates) and 
tagatose. They produce a lower glycemic response and, on average, 2 kcal/g. 
Although their use appears safe, gastric discomfort and diarrhea, after ingestion of 
large quantities is often a problem, especially in children. 

 Saccharin, aspartame, neotame, acesulfame potassium, and sucralose are non-
nutritive sweeteners approved for use by the FDA. All such products undergo rigor-
ous testing by the manufacturer and scrutiny by the FDA. An acceptable daily intake 
(ADI) is de fi ned as the amount of a food additive that can be safely consumed on a 
daily basis over a person’s lifetime. The ADI generally includes a 100-fold safety 
factor that greatly exceeds average intake levels. The risk to health of these sub-
stances is extremely small, especially when compared to that from added sugars. In 
2008, the FDA stated that the stevia-derived sweetener, Rebaudioside A, is gener-
ally recognized as safe (GRAS) and it is currently being marketed.  

    6.5.2.2   Protein 

 There is no evidence to suggest that usual intake of protein (15–20% of energy 
intake) be changed in people who do not have renal disease. In patients with diabetic 
nephropathy, a protein intake of <1.0 g/kg/day is recommended. Energy and protein 
intake must be monitored to ensure adequate intake  [  16  ] . 

 Usual protein intake has minimal acute effects on glucose and no long-term 
effect on insulin requirements. Although nonessential amino acids undergo gluco-
neogenesis, in well-controlled diabetes, the glucose produced does not enter into the 
general circulation; however, ingested protein is just as potent a stimulant of acute 
insulin release as dietary carbohydrate. Patients are often told that eating protein can 
slow the absorption of carbohydrate. However, research has clearly shown that 
ingested protein does not slow the absorption of carbohydrates. Furthermore, 
patients are often told that adding protein to the treatment of hypoglycemia will 
prevent subsequent hypoglycemia but research has also shown that this is not the 
case  [  32  ] . There is also no evidence that adding protein to bedtime snacks is helpful. 
The long-term effects of a diet higher in protein and lower in carbohydrate in per-
sons with diabetes on regulation of energy intake, satiety, and weight loss have not 
been adequately studied.  
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    6.5.2.3   Dietary Fat 

 Limiting intake of saturated fats,  trans  fatty acids, and dietary cholesterol is recom-
mended, especially in individuals with LDL cholesterol  ³ 100 mg/dL (2.6 mmol/L). 
Research in persons with diabetes supporting these guidelines is limited. However, 
persons with diabetes are considered to be at a CVD risk similar to persons with a 
past history of CVD. Therefore, after focusing on glycemic control, cardioprotective 
nutrition interventions should be implemented in the initial education series  [  16  ] . 

 There is evidence from the general population that foods containing  n -3 polyun-
saturated fatty acids are bene fi cial and two to three servings of  fi sh per week are 
recommended  [  17  ] . Studies in persons with diabetes using  n -3 supplements have 
shown bene fi cial effects on lowering triglycerides and platelet reactivity, whether 
they also reduce blood pressure, leukocyte reactivity, and arrhythmias in these 
patients similarly to what occurs in other patient groups remains to be established. 
The majority of the evidence suggests that any side effects from consuming  n -3 
supplements are minor and overall they are safe to ingest  [  33  ] .  

    6.5.2.4   Micronutrients 

 There is no evidence of bene fi t from vitamin or mineral supplementation in persons 
with diabetes who do not have underlying de fi ciencies  [  17  ] . In select groups such as 
the elderly, pregnant or lactating women, strict vegetarians, or those on calorie-
restricted diets, a multivitamin supplement may be needed. 

 Routine supplementation of the diet with antioxidants such as vitamin C and E 
and carotene has not proven bene fi cial  [  34,   35  ] . Routine supplementation is not 
advised because of lack of effectiveness and concern related to long-term safety  [  17  ] . 

 Several small studies suggested a role for chromium supplementation. However, 
a systematic review found no signi fi cant effects of chromium on lipid or glucose 
metabolism in people without diabetes and inconsistent effects in people with dia-
betes. Therefore, chromium supplementation is not recommended  [  17  ] . 

 Recent attention on the prevalence of vitamin D de fi ciency has raised questions 
about intake recommendations and supplemental needs. In addition questions have 
been raised about its possible role in diabetes  [  36,   37  ] . The latest research indicates 
that the association with diabetes is unclear  [  36  ] .  

    6.5.2.5   Alcohol 

 Recommendations for alcohol intake are similar to those for the general public. 
Alcoholic drinks should be limited to less than two per day for men and less than 
one per day for women. One drink is de fi ned as a 12 oz beer, 5 oz wine, or 1.5 oz of 
distilled spirits, each of which contains ~15 g alcohol. The type of alcoholic bever-
age does not make a difference. Moderate amounts of alcohol when ingested with 
food have minimal, if any, effect on blood glucose and insulin concentrations. 
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For individuals using insulin or insulin secretagogues, if alcohol is consumed, it 
should be consumed with food to prevent hypoglycemia. Excessive amounts of 
alcohol (three or more drinks per day on a consistent basis) can contribute to hyper-
glycemia but this improves as soon as alcohol use is discontinued  [  38  ] . 

 In persons with type 2 diabetes, light to moderate amounts of alcohol are associ-
ated with a decreased risk of atherosclerosis and coronary heart disease, perhaps 
due to increases in HDL cholesterol and improved insulin sensitivity  [  39  ] . In obser-
vational and short-term studies, moderate amounts of alcohol do not increase 
triglyceride levels and have bene fi cial effects on blood pressure levels. However, 
because the available evidence on alcohol use is primarily observational, it does not 
support recommending alcohol consumption to persons who do not currently drink. 
Abstention from alcohol should be advised for people with a history of alcohol 
abuse or dependency, women during pregnancy, and people with medical conditions 
such as liver disease, pancreatitis, advanced neuropathy, or severe hypertriglyceri-
demia  [  17  ] . The relationship between alcohol and various aspects of health is dis-
cussed in Chap.   15    .   

    6.5.3   Carbohydrate Counting 

 Carbohydrate counting is based on the evidence that it is the balance between 
ingested carbohydrate and available insulin that determines postprandial glucose 
levels. All persons with diabetes can bene fi t from basic information about carbohy-
drates—what foods contain carbohydrates (starches, fruit, starchy vegetables, milk, 
sweets), average 15 g portion sizes, and how many servings to select for meals (and 
snacks if desired). Table  6.4  lists some examples of a carbohydrate serving. One of 
the  fi rst decisions for food and meal planning is the total number of carbohydrate 
servings the person with diabetes chooses to eat at meals or for snacks.  

 Women often do well with 3 or 4 carbohydrate servings per meal and 1–2 for a 
snack. Men may need 4–5 carbohydrate servings per meal and 1–2 for a snack. 

   Table 6.4    Carbohydrate servings a    

  Starch    Milk  
 1 Slice of bread (1 oz)  1 Cup skim/reduced-fat milk 
 ⅓ Cup cooked rice or pasta  ⅔ Cup fat-free fruited yogurt sweetened with 

nonnutritive sweetener or fructose (6 oz)  ¾ Cup dry cereal 
 4–6 Crackers 
 ½ Large baked potato with skin (3 oz) 
 ¾ oz Pretzels, potato, or tortilla chips 

  Fruit    Sweets and desserts  
 1 Small fresh fruit (4 oz)  2 Small cookies 
 ½ Cup fruit juice  1 Tablespoon jam, honey, syrup 
 ¼ Cup dried fruit  ½ Cup ice cream, frozen yogurt, or sherbet 

   a One serving contains 15 g of carbohydrate  

http://dx.doi.org/10.1007/978-1-61779-894-8_15
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Food records along with blood glucose monitoring data can then be used to evaluate 
if treatment goals are being met, or if there is a need for additional lifestyle and/or 
medication changes. Learning how to use Nutrient Facts on food labels is also use-
ful. Individuals  fi rst should take note of the serving size and the total amount (grams) 
of carbohydrate. The total grams of carbohydrate are then divided by 15 to deter-
mine the number of carbohydrate servings in the serving size. 

 Carbohydrate counting does not mean that meat and fat portions can be ignored. 
Individuals with diabetes must also know the approximate number of meat and fat 
servings they should select for meals and snacks. Weight control is important as is 
the maintenance of a healthy balance of food choices.  

    6.5.4   Weight Management and Diabetes 

 A major challenge in diabetes care is the high prevalence of overweight and obesity 
in persons with type 2 diabetes. Weight loss is an important goal for overweight and 
obese persons as it assists in the prevention of diabetes and reduces other risk fac-
tors for CVD. Clinicians need to be alert to any weight increases and/or weight 
issues and intervene early to assist their patients in weight management. 
Unfortunately, in clinical practice, weight loss interventions are often recommended 
too late in the natural progression of diabetes. A moderate weight loss of 5–10% can 
reduce risk of developing type 2 diabetes and may improve glycemia, particularly in 
individuals who are primarily insulin resistant, including those with prediabetes and 
early-onset type 2 diabetes. However, as the disease progresses and individuals 
become more insulin de fi cient, weight loss may fail to signi fi cantly improve glycemia 
 [  40,   41  ] . 

 The Academy of Nutrition and Dietetics Association reviewed 11 studies which 
included a minimum of one weight-loss diet group and reported weight loss and 
A1C values at 12 months. Weight loss diet groups in  fi ve studies reported improve-
ment in A1C; however, weight loss diet groups in six studies reported no improve-
ment in A1C despite fairly similar weight losses  [  16  ] . Of interest is the Look 
AHEAD (Action for Health in Diabetes) trial being conducted in 16 centers around 
the United States in an attempt to determine the effectiveness of intentional weight 
loss in reducing CVD. Over 1 year participants randomized to the intensive lifestyle 
intervention consisting of meal replacements or structured food plans, 175 min/
week of physical activity, and three to four education/counseling sessions per month, 
experienced an average weight loss of 8.6% and a decrease in A1C of 0.6%  [  42  ] . At 
the end of 4 years, an average weight loss of 6.1% and a decrease in A1C of 0.4% 
was reported  [  43  ] . Participants will be followed for up to 11.5 years to determine if 
these outcomes result in a reduction in CVD events. 

 Energy restriction, with or without weight loss, can decrease insulin resistance. 
Weight loss strategies that use a behavioral approach, combining a reduction in energy 
intake with an increase in physical activity, are most effective. Individuals lose, on 
average, 5–10% of their starting weight by 6 months at which time weight loss reaches 
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a plateau. Adaptive mechanisms occur with a reduced energy intake (e.g., hormonal 
regulation, adaptive thermogenesis leading to a decrease in voluntary energy expen-
diture, and decline in basal energy metabolism) and, at this point, maintenance of the 
weight lost should become the focus of the ongoing care and intervention. In studies 
extending to 48 months, 3–6% of weight loss was maintained  [  44  ] . 

 Evidence supports the fact that weight loss is primarily associated with energy 
de fi cit, diet adherence, and enthusiasm of the counselor, but not with nutrient com-
position  [  45,   46  ] . Two 1-year trials in subjects with type 2 diabetes following a 
low-carbohydrate diet compared to subjects following a high-monounsaturated fat 
or low-fat diet reported no bene fi cial effects on weight, A1C, LDL cholesterol, or 
blood pressure from the low-carbohydrate diet  [  47,   48  ] . Advice for reducing energy 
intake should be individualized to account for food preferences and the individual’s 
preferred approach for reducing energy intake. A variety of behavioral strategies 
can be employed that have been shown to be successful.   

    6.6   Physical Activity/Exercise 

 The lifestyle factor most consistently reported to improve insulin resistance and 
glucose tolerance is physical training  [  49  ] . Several long-term studies reported 
improved insulin action in exercise-trained obese individuals, independent of weight 
loss  [  50,   51  ] . Exercise also decreases blood pressure and triglyceride levels. 
Although reported to increase HDL cholesterol in the general population, it is not 
clear if this is also the case in people with insulin resistance. Physical activity in the 
absence of calorie restriction has only a modest, if any, effect on weight loss, but is 
useful as an adjunct to other weight loss strategies and is important in long-term 
maintenance of weight loss. In persons with diabetes, regular exercise has been 
shown to improve blood glucose control, reduce CVD risk factors, contribute to 
weight management, and improve well-being  [  7  ] . It is especially noteworthy that 
among men with diabetes those who are overweight but  fi t are reported to have a 
lower risk of mortality from chronic disease than those who are lean but un fi t  [  52  ] . 

 People with diabetes should be advised to perform at least 150 min/week of 
moderate-intensity aerobic physical activity (50–70% of maximum heart rate) or at 
least 75 min/week of vigorous aerobic exercise (>70% of maximum heart rate). The 
physical activity should be distributed over at least 3 days/week and with no more 
than 2 consecutive days without physical activity. In the absence of contraindica-
tions, people with type 2 diabetes should also be encouraged to perform resistance 
exercise three times a week. There is an additive bene fi t of combined aerobic and 
resistance training in adults with type 2 diabetes  [  7  ] . 

 As the bene fi ts of screening asymptomatic persons with diabetes for coronary 
heart disease are unclear, it is recommended that providers should assess patients 
for conditions that might contraindicate certain types of exercise or predispose to 
injury. High-risk patients should be encouraged to start with short periods of low-
intensity activity and increase the intensity and duration slowly  [  7  ] .  
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    6.7   Medications 

    6.7.1   Insulin 

 Persons with type 1 diabetes depend on insulin to survive. In persons with type 2 
diabetes, insulin is frequently needed to restore glycemia to normal. Circumstances 
that require the use of insulin in type 2 include failure to achieve adequate control 
with use of glucose-lowering medications; periods of acute injury, infection, or sur-
gery; or pregnancy. 

 Insulin regimens are designed to mimic normal insulin action. Approximately 
50% of the total daily insulin dose is required to provide for basal or background 
insulin needed in the post-absorptive state to restrain endogenous glucose output 
primarily from the liver and to limit lipolysis and excess  fl ux of free fatty acids to 
the liver. Glargine or detemir are frequently used 24-h peakless insulins and are 
given at bedtime (or at any consistent time during the day). Detemir can last up to 
24 h, though its duration of action is thought to be less than that of glargine. NPH 
insulin is another basal insulin. It must be administered twice a day, usually before 
breakfast and the evening meal, but because of its peaking action often results in 
erratic glucose levels and overnight hypoglycemia. 

 Rapid-acting insulin is given before meals and is referred to a bolus or mealtime 
insulin. It is divided among the meals either proportionate to the amount of carbo-
hydrate planned to be eaten or by giving 1.0–1.5 units/10–15 g of carbohydrate. The 
larger amount is usually needed to cover breakfast carbohydrate. An insulin-to-
carbohydrate ratio can be established for an individual that will determine the 
amount of bolus insulin to inject. 

 Insulin pump therapy provides basal rapid-acting insulin pumped continuously 
by a mechanical device in micro amounts through a subcutaneous catheter that is 
monitored 24 h a day. Boluses of the insulin are then given before meals. 

 The administration of basal insulin once or twice a day may suf fi ce for persons 
with type 2 diabetes who still have signi fi cant endogenous insulin. Once daily 
glargine, determir, or NPH at bedtime or a premixed insulin before the evening 
meals is a commonly used regimen. The rationale is that supplementing with over-
night insulin will control fasting hyperglycemia. A concern with evening NPH is 
nocturnal hypoglycemia. Oral agents may be continued during the day to prevent 
worsening of daytime glycemia. However, many individuals with type 2 diabetes 
also will eventually require an insulin regimen that better mimics the physiological 
actions of insulin.  

    6.7.2   Glucose-Lowering Medications for Type 2 Diabetes 

 A consensus statement on management of hyperglycemia has been published by the 
American Diabetes Association and the European Association for the Study of 
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Diabetes  [  53  ] . Interventions at the time of diagnosis include nutrition therapy and 
metformin. If A1C is  ³ 7%, the next well-validated therapies are to add either a sul-
fonylurea or basal insulin. The alternative path is to add therapies of pioglitazone or 
an incretin glucagon-like peptide-1 (GLP-1) agonist, but these are not as well vali-
dated. A recent meta-analysis reported that the addition of an oral glucose- lowering 
agent in addition to current therapy caused an additional decrease in A1C levels of 
~1 to 1.25% with most of the treatment effect evident by 3–6 months of initiating 
therapy. The effect was fairly consistent between classes with sulfonylureas and 
thiazolidinediones (TZDs) having the greatest reduction in A1C  [  54  ] . 

 Biguanides, such as metformin, are categorized as insulin sensitizers because 
they reduce insulin-stimulated liver glucose production. This is manifested as 
improvement in fasting glucose values. 

 Sulfonylureas, such as glimepiride, glipizide, and glyburide, are known as insu-
lin secretagogues and cause insulin release from the  b -cells of the pancreas. They 
depend on the concentration of intracellular calcium. Sulfonylureas bind to recep-
tors on pancreatic  b -cell surfaces to enhance the entry of calcium into  b -cells with 
a resultant increase in insulin secretion. 

 The TZDs reduce insulin resistance by binding to a nuclear peroxisome- proliferation 
activated receptor  g  (PPAR- g ) in muscle and adipose cells. This changes transcription 
of genes mediating carbohydrate and lipid metabolism resulting in an increase in 
insulin stimulated uptake of glucose by skeletal muscle cells. TZDs also have a favor-
able effect on lipids and do not independently cause hypoglycemia. Adverse effects 
include increased incidence of heart failure, weight gain, edema, and bone fractures 
in postmenopausal women. Pioglitazone is the most commonly prescribed TZD. 

 The incretins are hormones secreted by the small intestine that mediate the effects 
of oral glucose and are primarily driven by GLP-1 and glucose-dependent insulino-
tropic peptide (GIP). GLP-1 stimulates insulin secretion, inhibits hyperglucagone-
mia in hyperglycemia, slows gastric emptying, reduces appetite, and improves 
satiety. It has a very short-life in plasma of 1–2 min because of degradation by the 
enzyme dipeptidyl peptidase IV (DPP-4). Exenatide (Byetta), the  fi rst incretin 
mimetic, mimics the action of GLP-1 but is resistant to DPP-4 degradation. 
Liraglutide (Victoza) activates the GLP-1 receptor leading to insulin release in the 
presence of elevated glucose concentrations. Both drugs are associated with modest 
weight loss and must be injected subcutaneously. The most common adverse effect 
is nausea which tends to wane over time. 

  a -Glucosidase inhibitors, such as acarbose and miglitol, unlike other classes of 
medications do not target the mechanisms underlying insulin resistance or de fi cient 
insulin secretion. Instead, they competitively inhibit the intestinal epithelial enzyme 
that catalyzes the conversion of polysaccharides and disaccharides to monosaccha-
rides in the small intestine, thereby delaying carbohydrate absorption and reducing 
postprandial glucose levels. 

 The meglitinides (repaglinide and nateglinide) differ from the sulfonylureas in 
that they have short metabolic half-lives, which result in brief episodic stimulation 
of insulin. They are given before meals decreasing postprandial glucose levels. 
Nateglinide only works in the presence of glucose. 
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 Numerous DPP-4 inhibitors are being developed. Sitagliptin and saxagliptin are 
the  fi rst available and produce an approximately twofold increase in GLP-1 and 
GIP. They are associated with an A1C reduction of ~0.7%, whether used as mono-
therapy or in combination with metformin, sulfonylureas, or TZDs, are weight neu-
tral, and are not associated with nausea. 

 Another injectable drug is an analog of human amylin, a hormone made in the 
 b -cells of the pancreas. It is called Symlin (Pramlinitide) and is used as adjunctive 
therapy to insulin to help control postprandial blood glucose in patients with type 1 
and type 2 diabetes who have failed to achieve desired glucose control despite opti-
mal insulin therapy. Small reductions in weight compared to persons on insulin 
alone are also reported.   

    6.8   Monitoring 

 It is important that persons with diabetes know their target blood glucose, lipid, and 
blood pressure goals. See Table  6.5  for a listing of target goals. Self-monitoring of 
blood glucose (SMBG) is used on a day-to-day basis to adjust treatment regimens; 
the frequency of monitoring depending on the type of diabetes and overall therapy. 
However, A1C measurement provides the best available index of overall diabetes 
control. The healthcare team, including the individual with diabetes, should work 
together to implement blood glucose monitoring and establish individual target 
blood glucose goals.  

   Table 6.5    Glucose, lipids, and blood pressure recommendations for adults with diabetes   

 Glycemic control 
  A1C  <7.0% a  
  Preprandial plasma glucose  70–130 mg/dL (3.9–7.2 mmol/L) 
  Postprandial plasma glucose  <180 mg/dL (<10.0 mmol/L) 
 Blood pressure  <130/80 mmHg 

 Lipids 
  LDL cholesterol  <100 mg/dL (<2.6 mmol/L) 
  Triglycerides  <150 mg/dL b  (<1.7 mmol/L) 
  HDL cholesterol  >40 mg/dL c  (>1.1 mmol/L) 

  From ref.  [  7  ]  
  a Referenced to a nondiabetic range of 4.0–6.0% using a DCCT-based assay 
  b In individuals with overt cardiovascular disease (CVD), a lower LDL cholesterol goal of <70 mg/
dL (1.8 mmol/L), using a high dose of a statin, is an option 
  c For women, it has been suggested that the HDL cholesterol goal be increased by 10 mg/dL  
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    6.8.1   A1C 

 Long-term glycemic control is assessed by use of A1C results. An A1C test should 
be performed at least two times a year in patients who are meeting treatment goals 
and have stable glycemic control. It should be performed quarterly in patients who 
therapy has changed or who are not meeting glycemic goals  [  7  ] .  

    6.8.2   Self-Monitoring of Blood Glucose 

 SMBG can be performed up to eight times per day—before breakfast, lunch, and 
dinner; at bedtime; 1–2 h after the start of meals; during the night; or when needed 
to determine causes of hypoglycemia or hyperglycemia. For patients using multiple 
insulin injections or insulin pump therapy, SMBG is recommended three or more 
times daily, generally before each meal and at bedtime  [  7  ] . Recommendations for 
SMBG for patients using less frequent insulin injections, noninsulin therapies, or 
nutrition therapy alone are controversial. The American Diabetes Association states 
that for these individuals SMBG may be useful as a guide to the success of 
therapy  [  7  ] . The American Dietetic Association reported that using SMBG was 
associated with greater improvement in A1C when it was a part of structured educa-
tion programs and individuals used the information to make changes in their man-
agement. Evidence on optimum frequency and duration of SMBG was inconclusive 
 [  16  ] . It is often recommended that these individuals perform SMBG one to four 
times a day, before breakfast and before and 2 h after the largest meal, but only 3 or 
4 days/week. When adding to or modifying therapy, patients with type 1 and type 2 
diabetes should test more often than usual. 

 In evaluating blood glucose monitoring records, it should be remembered that 
factors other than food affect blood glucose concentrations. An increase in blood 
glucose can be the result of insuf fi cient insulin or insulin secretagogues, too much 
food, or increases in glucagon and other counterregulatory hormones as a result of 
stress, illness, or infection. Factors contributing to hypoglycemia include too much 
insulin or insulin secretagogues, not enough food, unusual amounts of exercise, and 
skipped or delayed meals. 

 The next generation of glucose monitors is the continuous glucose monitoring 
(CGM) devices, which measure interstitial blood glucose and provide readings 
every 5–10 min. They also have alarms for glucose highs and lows and the ability 
to download data and track trends over time. Persons experiencing unexplained 
elevations in A1C or unexplained hypoglycemia and/or hyperglycemia may bene fi t 
from the use of CGM or more frequent SMBG. Use of CGM is likely to increase in 
the future and is also the next step in the development of closed loop insulin 
therapy.  
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    6.8.3   Lipids and Blood Pressure 

 Other parameters besides glucose that must be regularly monitored are lipids and 
blood pressure (see Table  6.5  for lipid and blood pressure goals). In most adults with 
diabetes, lipid tests should be done at least annually. In adults with low-risk values, 
lipid assessments may be repeated every 2 years  [  7  ] . Lifestyle interventions, including 
reduction in saturated fat,  trans  fat, and cholesterol intake; increase of  n -3 fatty acids, 
viscous  fi ber, and plant stanols/sterols, weight loss (if indicted); and increased physi-
cal activity, are recommended. Statin therapy, however, should be added to nutrition 
therapy, regardless of baseline lipid values for almost all patients  [  6  ] . In individuals 
without overt CVD, the primary goals is an LDL cholesterol to <2.6 mmol/L (<100 mg/
dL) and for individuals with overt CVD, a lower LDL cholesterol (<1.8 mmol/L; 
70 mg/dL) is recommended. Glucose control can also bene fi cially modify plasma 
lipid levels, while smoking cessation to decrease the risk of CVD is also important. 

 A goal blood pressure of <130/<80 mmHg is appropriate for most patients with 
diabetes  [  7  ] . The role of nutrition therapy in the control of blood pressure is 
examined in Chap.   11    . If lifestyle modi fi cations—weight loss, if overweight; 
Dietary Approaches to Stop Hypertension (DASH)-style eating pattern including 
reducing sodium; moderation of alcohol consumption; and increased physical activ-
ity levels—do not achieve these goals in 3 months, medication should be added 
until blood pressure goals are met. Multiple drug therapy (two or more agents at 
proper doses) is generally required to achieve blood pressure targets  [  7  ] .  

    6.8.4   Nephropathy Screening 

 The American Diabetes Association recommends that an annual screening to assess 
urine albumin excretion be performed in patients with type 1 diabetes  ³ 5 year dura-
tion and in all patients with type 2 diabetes starting at diagnosis  [  7  ] . Creatinine 
should also be measured at least annually in all adults with diabetes regardless of the 
degree of urine albumin excretion. The serum creatinine is used to estimate glom-
erular  fi ltration rate and stage the level of chronic kidney disease, if present.  

    6.8.5   Ketone Tests 

 Urine or blood testing can be used to detect ketones. Testing for ketonuria or ketone-
mia should be performed regularly during periods of illness and when blood glucose 
levels consistently exceed 240 mg/dL (13.3 mmol/L). The presence of persistent, 
moderate, or large amounts of ketones, along with elevated blood glucose 
levels, requires insulin adjustments. Persons with type 2 diabetes seldom have 
ketosis. However, ketone testing should be done in the presence of a serious illness.   

http://dx.doi.org/10.1007/978-1-61779-894-8_11
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    6.9   Prioritizing Nutrition-Related Interventions 
for Type 1 and Type 2 Diabetes 

 Evidence from metabolic goals, nutrition therapy recommendations, physical activ-
ity/exercise, medications, and monitoring can be used to prioritize nutrition-related 
interventions for type 1 and type 2 diabetes. 

    6.9.1   Type 1 Diabetes 

 The  fi rst priority for persons requiring insulin therapy is to integrate an insulin 
regimen into the patient’s lifestyle. The food/meal plan is developed  fi rst and is 
based on the individual’s appetite, preferred foods, and usual schedule of meals and 
physical activity. After the dietitian, working with the individual with diabetes, 
develops a food plan, this information is shared with the professional determining 
the insulin regimen. Insulin therapy can then be integrated into food and physical 
activity schedules. 

    6.9.1.1   Insulin-to-Carbohydrate Ratios 

 Persons are encouraged to learn carbohydrate counting and to calculate their insu-
lin-to-carbohydrate (I:C) ratio which is used to adjust bolus insulin doses based on 
the planned carbohydrate content of the meal. To determine the I:C ratio, the indi-
vidual can either (1) eat a  fi xed amount of carbohydrate at a meal, adjust the bolus 
insulin dose to meet postmeal glucose goals, and then determine the ratio, or 
(2) start with an estimated ratio and adjust it based on the resulting patterns of post-
prandial glucose levels. Different I:C ratios may be needed for each meal  [  55  ] .  

    6.9.1.2   Correction Factors 

 A correction factor (CF) is used to correct preprandial glucose levels that are outside 
of target goal ranges. The insulin CF is de fi ned as the estimated number of mg/dL 
(mmol/L) blood glucose levels will drop over a 2–4 h period following 
administration of 1 unit of rapid-acting insulin. The CF is determined using the 
“1,700 rule”; some centers use a 1,800 rule. The CF is 1,700 (or 1,800) divided by 
the total daily insulin dose. For example, if an individual’s total daily insulin dose is 
60 units of insulin (basal and bolus), the CF = 1,700/60 = 28. For this individual, 
I unit of insulin should lower their blood glucose by 28 mg/dL (1.6 mmol/L). The 
CF is added to the bolus insulin dose. Because of overlapping dosing effect, the CF 
insulin dose should only be given at 4 h intervals. The CF can also be used in sick-
day management for correcting hyperglycemia  [  55  ] .   
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    6.9.2   Type 2 Diabetes 

 As individuals move from being insulin resistant to insulin de fi cient, priorities of 
nutrition therapy shift from weight loss to glucose, lipid, and blood pressure control. 
The goal of therapy is to achieve euglycemia in order to slow  b -cell exhaustion. 
Although moderate weight loss may be bene fi cial for some individuals, primarily 
those who are still insulin resistant, for most it is too late for weight loss to improve 
hyperglycemia. At later stages of the disease when medications—including 
insulin—need to be combined with nutrition therapy, weight gain often occurs and 
preventing this weight gain becomes a factor. However, glycemic control must still 
take precedence over concern about weight. 

 Teaching individuals how to make appropriate food choices (usually by means of 
carbohydrate counting) and using data from blood glucose monitoring to evaluate 
short-term effectiveness are important components of successful nutrition therapy 
for type 2 diabetes. Regular physical activity is encouraged, primarily for the 
bene fi ts associated with enhanced cardiorespiratory  fi tness that are independent of 
weight. The impact of nutrition interventions on glycemic control is evident by 6 
weeks to 3 months. At this point, it can be determined if medications need to be 
added (or adjusted). When insulin is required, consistency in timing of meals and of 
their carbohydrate content becomes important. 

 Many individuals with type 2 diabetes also have dyslipidemia and hypertension, so 
decreasing intakes of saturated fat, cholesterol, and sodium should also be a priority.   

    6.10   Summary 

 Nutrition therapy begins by developing a rapport with the individual with diabetes. 
Whether provided individually or in groups, nutrition therapy involves a common 
process: (1) assessment (evaluation at follow-up visits) for determining nutrition-
related problems, (2) nutrition interventions including self-management education 
and counseling, and (3) monitoring and evaluation of nutrition-related outcomes. 
Planned follow-up and ongoing education and support are also important. 

 It is important that all health-care providers understand nutrition issues and guide 
the individual’s efforts by referring patients with prediabetes or diabetes for nutri-
tion therapy as soon as the diagnosis is made, by promoting and reinforcing the 
importance of lifestyle modi fi cations, and by providing support for the nutrition 
therapy intervention process.      
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  Key Points 

    The prevalence of type 2 diabetes is increasing rapidly in all parts of the world.  • 
  Obesity and physical inactivity are major modi fi able risk factors.  • 
  Whereas cohort studies indicate that cereal  fi ber, a major source of insoluble • 
 fi ber, is most potent for preventing diabetes, intervention studies indicate that 
soluble  fi ber is most effective for improving glycemic control.  
  Evidence from cohort studies shows an association between the glycemic index • 
and the glycemic load of the diet and the risk of diabetes.  
  Saturated fat appears to increase the risk of diabetes whereas polyunsaturated fat • 
appears to be protective.  
  Diets poor in magnesium may increase the risk of diabetes.     • 

 By far the most common type of diabetes is type 2. The focus of this chapter is the 
role of diet in the prevention of that condition. The previous chapter by Marion 
Franz focused on the therapy of both type 1 and type 2 diabetes. For the past several 
decades the prevalence of type 2 diabetes has been rising rapidly around the world. 
We can con fi dently ascribe this to changes in lifestyle, most notably on diet, a reduc-
tion in physical activity, and the resulting obesity epidemic. 
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    7.1   Classi fi cation and Diagnosis 

 Type 2 diabetes was formerly known as non-insulin-dependent diabetes (NIDDM). 
As many as half of all people with the disease have not been diagnosed. For this 
reason unless systematic testing of a population is carried out, estimates of the prev-
alence of the disease are likely to be serious underestimates. Furthermore, because 
of the differences in criteria, comparisons of rates from recent and earlier studies 
must be made with caution. 

 The fasting plasma glucose concentration (FPG) is now given greater importance 
as a criterion for diagnosis. The FPG considered diagnostic of diabetes is 
 ³ 7.0 mmol/L ( ³ 126 mg/dL)  [  1,   2  ] . This value was introduced in the late 1990s and 
is a decrease from the former value of 7.8 mmol/L (140 mg/dL). Diagnosis can also 
be made based on an oral glucose tolerance test using 75 g of glucose. A 2-h post-
load glucose level of  ³ 11.1 mmol/L (200 mg/dL) indicates diabetes. If the oral glu-
cose tolerance test reveals a level above normal (7.8 mmol/L or 140 mg/dL) but 
below the cut-off for diabetes, this is indicative of impaired glucose tolerance (IGT). 
An additional category, impaired fasting glycemia (IFG), has been introduced. This 
refers to a FPG level that is above normal but below the cut-off for diabetes, i.e., 
6.1 mmol/L (110 mg/dL) to <7.0 mmol/L (125 mg/dL). Only a minority of indi-
viduals with IGT have IFG, and conversely, only a minority of those with IFG have 
IGT. The above values are WHO criteria. The criteria used by the American Diabetes 
Association (ADA) are almost the same (see Table 6.1 in the previous Chap.   6    ). The 
one notable difference is that the ADA uses a slightly lower cut-off for IFG: a FPG 
of  ³ 5.6 mmol/L ( ³ 100 mg/dL).  

    7.2   Epidemiology 

    7.2.1   Prevalence and Incidence of Type 2 Diabetes 

 Based on the National Health Interview Survey, the estimated lifetime risk of devel-
oping diabetes for an individual born in the USA in 2000 is 32.8% for men and 
38.5% for women  [  3  ] . However, the authors of this estimate note that the true risk 
may well be higher. The following chapter gives prevalence data for the USA and 
other countries. 

 The lowest rates are found in rural communities where people retain traditional 
lifestyles. But dramatic increases in the prevalence and incidence of type 2 diabetes 
have been observed in communities where the diet has shifted from a traditional 
indigenous diet to a typical “Western” diet. There is growing evidence that the dis-
ease has reached epidemic proportions in many developing and newly industrialized 
countries  [  4  ] . 

 The prevalence of type 2 diabetes differs considerably between different ethnic 
groups living in the same country in apparently similar environments. For example, 
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in the United Kingdom and other countries, Asian Indians have high prevalence 
rates of diabetes compared with the indigenous populations  [  5,   6  ] . Similarly, the 
prevalence in Hispanic Americans is slightly higher than in African-Americans, 
while the white population has a much lower prevalence  [  3  ] . Native American pop-
ulations have the highest prevalence rates  [  7,   8  ] . The Pima Indians of Arizona have 
the unfortunate distinction of having the highest prevalence rates in the world; 
roughly 50% of all adults have the condition  [  9  ] . The one other population with a 
comparable prevalence (about 40%) is the Micronesians of the Paci fi c island of 
Nauru  [  10  ] .  

    7.2.2   Mortality 

 Age-adjusted mortality rates among persons with type 2 diabetes are 1.5–2.5 times 
higher than in the general population; this translates to a reduction of life expec-
tancy of approximately 10 year  [  11  ] . Other researchers estimated that for an indi-
vidual diagnosed at age 40 with the condition, the number of years of life lost will 
be 11.6 in men and 14.3 in women; for quality-adjusted life years the loss will be 
18.6 and 22.0 year, respectively  [  3  ] . This is strongly related to the considerably 
higher risk of cardiovascular disease, especially coronary heart disease  [  12  ] , as well 
as of renal disease. This risk is greatest where other risk factors are also present, 
notably hyperlipidemia, hypertension, and smoking, and if the diabetes has been 
present for a long period of time.   

    7.3   Metabolic Changes During Development of Type 2 
Diabetes: Insulin Resistance and Impaired Glucose 
Homeostasis 

 The underlying metabolic defect in type 2 diabetes is resistance to the action of 
insulin  [  13,   14  ] . The beta cells of the pancreas respond to this by increasing output 
of insulin in order to maintain normal blood glucose levels. Therefore, insulin resis-
tance is indicated by elevated insulin concentrations, either in the fasting state or 
after a glucose load. 

 In the early stages of the disease process glucose tolerance may be normal. 
However, hypersecretion of insulin is usually insuf fi cient to maintain normal glu-
cose levels inde fi nitely and, as a result there is progression to IGT and IFG. At this 
stage insulin secretion declines at a variable rate and the disease process advances 
from IGT and IFG to overt diabetes. The early abnormalities of glucose metabolism 
are steps on the road to type 2 diabetes  [  13,   14  ] . This occurs either as a result of an 
inherent defect of the beta cell or because of glucotoxicity whereby the beta cell is 
damaged as blood glucose levels rise. As will be discussed in Sect.  6 , we have 
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growing evidence that this sequence of events can be slowed or even reversed by 
appropriate intervention, especially lifestyle change. 

 IGT, IFG, and type 2 diabetes are often associated with a cluster of clinical and 
metabolic abnormalities including central obesity, hypertension, hyperuricemia, 
raised levels of plasminogen activator inhibitor-1, and an abnormal blood lipid 
pattern, namely raised levels of triglyceride and reduced levels of high-density lipo-
protein cholesterol. This constellation of features constitutes the “syndrome” now 
known as the metabolic syndrome or insulin resistance syndrome  [  15  ] . These fea-
tures all contribute to the increased risk of cardiovascular disease associated with 
IGT and type 2 diabetes and may coexist with hyperinsulinemia before abnormali-
ties of blood glucose are detectable. 

 A wide range of lifestyle-related factors have been implicated, including physi-
cal inactivity, several aspects of the diet, and the subsequent development of over-
weight and obesity. These factors may be associated both with the development of 
insulin resistance as well as with its progression to impaired glucose metabolism 
(IFG, IGT) and eventually to type 2 diabetes. The nutritional status of a person 
before birth as well as in infancy and childhood appears to be a signi fi cant factor as 
discussed in Chap.   4     by Barker.  

    7.4   Irreversible Risk Factors 

    7.4.1   Genetic Factors 

 As discussed earlier the prevalence of type 2 diabetes varies considerably among 
different ethnic groups living in apparently similar environments. While differences 
in lifestyle undoubtedly account for some of this, inherent genetic differences in 
susceptibility to the disease are also probably involved. 

 The importance of genetic factors is further strongly suggested by studies of 
family history as a risk factor. The risk of having type 2 diabetes is increased two to 
sixfold if a parent or sibling has the disease  [  16  ] . At present it is impossible to 
quantify the relative contributions of genetic and environmental factors. The disease 
is believed to be polygenic; some relevant genes have been identi fi ed, but by no 
means all.  

    7.4.2   Age 

 Among Caucasians in the developed world the prevalence of type 2 diabetes 
increases with age, at least into the seventies. But in developing countries many 
cases occur in younger adults. A newly emerging feature of type 2 diabetes is its 
occurrence in adolescence  [  17  ] . This has been observed in many ethnic groups in 
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recent years. In Japan, for example, increasing numbers of cases are seen in school 
children so that the disease is now more common than type 1 diabetes  [  18  ] . 
Caucasians, however, have largely escaped this trend. As in adults, type 2 diabetes 
in adolescents is frequently asymptomatic and is detected mainly by screening.   

    7.5   Modi fi able Risk Factors 

    7.5.1   Obesity 

 Many studies have documented that obesity is a major risk factor. For example, data 
from the Nurses’ Health Study revealed that the risk of diabetes is 20-fold greater in 
obese women (BMI 30–35) as compared with slim women (BMI < 23)  [  19  ] . Even 
being at the high end of normal may carry signi fi cant risk: the risk ratio was 2.7 
when comparing those with a BMI of 23–25 with those with a BMI of <23  [  19  ] . 
Obesity has increased rapidly in many populations in recent years and this is associ-
ated with a parallel rise in the prevalence of type 2 diabetes. 

 The distribution of body fat may be a more reliable predictor than BMI of the risk 
of developing diabetes. Several studies indicate that a high waist circumference or a 
high waist-to-hip ratio (an apple shape) is an important risk factor  [  20  ] . For exam-
ple, in a study of Japanese-American men, the anthropometric measure that best 
predicted the disease was the amount of intra-abdominal fat  [  21  ] . As there are rela-
tively little data available concerning the waist circumference or waist-to-hip ratio 
in different populations, BMI is still the most common tool used to measure risk 
associated with excess adiposity and to provide guidelines. However, future studies 
may permit guidelines to be established that utilize waist circumference or waist-to-
hip ratio. Waist circumference is generally considered a more useful parameter than 
waist-to-hip ratio as it is easier to measure and has good predictive ability  [  22  ] .  

    7.5.2   Physical Inactivity 

 Physical activity has repeatedly been shown to have a protective association with 
the risk of diabetes  [  23–  25  ] . The relationship is most pronounced in subjects who 
also have other risk factors, such as obesity, hypertension, or parental diabetes. 

 Guidelines used today typically recommend moderate exercise on at least 5 day/
week but do not specify heart rate targets. However, more recent evidence suggests 
that vigorous exercise may be required to improve insulin sensitivity. This was 
shown in a study conducted by McAuley et al.  [  26  ]  on normoglycemic, insulin-
resistant adults. Insulin sensitivity improved in those who engaged in vigorous exer-
cise but not in those who participated in moderate exercise. The vigorous exercise 
program required participants to train  fi ve times/week for at least 20 min/session at 
an intensity of 80–90% of predicted maximum heart rate.  
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    7.5.3   Carbohydrates and Dietary Fat 

 A debate that has been ongoing for decades is the question of whether high intakes 
of either carbohydrate or fat predispose to diabetes  [  27  ] . One important piece of 
indirect evidence is that a relatively high intake of dietary fat increases the risk of 
obesity, a subject that is reviewed in Chap.   8     by Whittle, McKinley, and Woodside. 
By extension this also implicates dietary fat in the causation of diabetes. The same 
applies to sugar, as discussed below. 

 In experimental animals diets rich in any type of fat (with the exception of  n -3 
fatty acids) have been shown to result in insulin resistance relative to high- 
carbohydrate diets  [  28–  30  ] . The data from epidemiological studies are less consis-
tent. While some studies have suggested that a high-fat or low-carbohydrate intake 
may hasten the progress of diabetes  [  31–  35  ] , most studies, especially large cohort 
studies, have shown little association between the quantity of fat or carbohydrate in 
the diet and the risk of the disease  [  36–  39  ] . Thus a wide range of carbohydrate 
intakes may be acceptable in terms of achieving a low risk of type 2 diabetes. We 
now examine a more important question, namely the impact of the type of carbohy-
drate-containing foods, especially the  fi ber content, and also the type of fat.  

    7.5.4   Dietary Fiber 

 During the 1970s Trowell proposed that dietary  fi ber had an important role in the 
prevention and management of a range of diseases, including type 2 diabetes  [  40, 
  41  ] . Subsequent research studies have clearly shown that dietary  fi ber is one of the 
factors that in fl uence postprandial glucose and insulin response. 

 Cross-sectional studies have revealed an inverse relationship between  fi ber intake 
and blood insulin levels  [  33,   35,   42,   43  ] , implying that  fi ber improves insulin sensi-
tivity. Three large cohort studies, the Health Professionals Follow-up Study carried 
out on men aged 40–75  [  36  ] , the (original) Nurses’ Health Study carried out on 
women aged 40–65  [  44  ] , the Nurses’ Health Study II carried out on women aged 
24–44  [  45  ] , and the Iowa Women’s Health Study carried out on women aged 55–69 
 [  38  ] , have studied the effects of  fi ber on the risk of developing diabetes. All four 
studies clearly showed that a relatively low intake of dietary  fi ber poses a signi fi cantly 
increased risk for the disease. The association was found to be strongest for cereal 
 fi ber; comparison of the extreme quintiles revealed a risk ratio of 0.64–0.72, after 
correcting for confounding variables such as age, BMI, smoking, and physical 
activity. Later studies have lent con fi rmation to these  fi ndings  [  46  ] . These  fi ndings 
suggest that insoluble  fi ber is strongly protective against diabetes. By contrast, a 
much weaker protective association has been seen for sources of soluble  fi ber. 

 As the main dietary source of cereal  fi ber is whole grain products, these  fi ndings 
strongly imply that whole grains are protective against the development of diabetes. 
There are many substances contained in whole grains that may deserve the credit 
for this. We must be cautious, therefore, before bestowing the credit on dietary 
 fi ber. Other possibilities include vitamin E, antioxidants, phytochemicals (such as 
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iso fl avins), and lignans. Since many of these factors occur together in cereals, it is 
extremely dif fi cult to determine the precise bene fi ts of each. 

 Dietary intervention studies have been conducted in which supplements of dietary 
 fi ber have been given for several weeks. This has been shown to lower both postpran-
dial glycemia and insulin levels  [  47  ]  and to lead to an overall improvement in glyce-
mic control as measured by HbA 

1C
 . This is seen in both normal subjects and in those 

with type 2 diabetes. The effects are most pronounced when soluble  fi ber is given, 
regardless of whether it is taken as a supplement or in food. Lesser effects have been 
reported using insoluble  fi ber. We therefore see a clear contrast between what has 
been observed in the above cohort studies and in intervention studies: the former indi-
cate that insoluble  fi ber from cereals is most potent for preventing diabetes whereas 
the latter indicate that soluble  fi ber is most effective for improving glycemic control. 

 The studies discussed here leave little doubt that the great majority of people 
consume insuf fi cient dietary  fi ber, especially cereal  fi ber; this is a signi fi cant factor 
in increasing the risk of diabetes while also worsening glycemic control in those 
with the disease. The required intake is likely to be at least as great as the median 
amount consumed by people in the highest quintile in the cohort studies discussed 
earlier. That amount was 24.1 g  [  44  ]  and 26.5 g  [  38  ]  in women and 29.7 g  [  36  ]  in 
men. This is similar to the Dietary Reference Intakes for  fi ber published in the USA 
which recommended an intake of 21–25 g for women and 30–38 g for men. 

 As there is still conjecture as to both the ideal intake and most bene fi cial type of 
 fi ber, it makes most sense to emphasize appropriate carbohydrate sources rather 
than to specify quantities of  fi ber. In other words, people should be encouraged to 
eat generous amounts of whole grain cereals, legumes, vegetables, and fruit.  

    7.5.5   Sugar 

 There had been much speculation over the past several decades that a high intake of 
sugar is a factor in the causation of diabetes, but the supporting evidence was never 
convincing. However, evidence that has emerged in recent years has changed the 
picture. Findings from cohort studies have revealed that intake of sugar-sweetened 
beverages (SSBs) signi fi cantly increase the risk of developing type 2 diabetes. 
Comparing extreme quantiles of intake of SSBs (typically 1–2 servings/day vs. 
<1/month) persons with the highest intake had a 26% greater risk of developing 
type 2 diabetes than those in the lowest quantile  [  48  ] . A major reason that SSBs 
cause diabetes is because they induce weight gain  [  49  ] .  

    7.5.6   Glycemic Index and Glycemic Load 

 Different forms of carbohydrate-rich foods cause very different postprandial gly-
cemic responses. In recognition of this, the term glycemic index (GI) was coined 
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in 1981  [  50  ] . It is de fi ned as the glycemic response elicited by a 50 g carbohydrate 
portion of a food expressed as a percentage of that elicited by a 50 g portion of a 
reference food (glucose or white bread). Low-GI foods have lower 2-h areas under 
the glucose curve than the reference food, while high GI foods have higher 
areas. 

 GI is a valuable means for comparing different types of food. However, an 
important limitation of the term is that it ignores the quantity of carbohydrate in the 
food. For instance, carrots have a high GI but this is misleading as their content of 
carbohydrate is low. For that reason a newer concept is glycemic load (GL). This 
is the mean GI of the diet multiplied by its carbohydrate content. Thus a diet rich 
in foods that have both a high content of carbohydrate and a high GI will have a 
high GL. 

 Foods with a low GL include pasta, bran cereals, beans, nuts, apples, apple juice, 
milk, and yogurt. Intermediate foods include shredded wheat, muesli, banana, 
pineapple, orange juice, and ice cream. High-GL foods include white bread, rye 
bread, instant rice, corn fl akes, and potatoes. Soft drinks generally have a low GI as 
the carbohydrate they contain is sucrose which is 50% fructose. In brief, a low-GI 
diet is plentiful in fruit, vegetables, legumes, bran-rich cereals, and stone-ground 
bread, while limited in potatoes and white  fl our. A low-GI diet is really quite similar 
to a high- fi ber diet. 

 Numerous cohort studies have examined whether GI or GL is associated with the 
risk of diabetes  [  51,   52  ] . Overall, persons who consume a diet with a high GI or 
high GL value have a 30–40% elevated risk of diabetes. 

 While the exact mechanisms by which a diet with a high GL may accelerate the 
development of type 2 diabetes are not fully understood, there is evidence that 
the following is a reasonably accurate picture of the etiology of the disease  [  53  ] . 
A diet with a high GL repeatedly causes hyperglycemia and thence hyperinsuline-
mia. The next step in the chain is insulin resistance (though other factors may also 
cause this). The cycle of hyperinsulinemia and insulin resistance places the beta 
cells of the pancreas under long-term increased demand. Eventually, the beta cells 
start to lose their ability to function properly and the body is now on the road from 
IGT to type 2 diabetes. 

 The evidence is quite strong that a diet with a high GI and GL signi fi cantly 
increases the risk of diabetes. Much the same applies to cardiovascular disease 
 [  52  ] . However, this does not constitute a strong reason to incorporate this infor-
mation into dietary recommendations. One reason for this is that there is a lack 
of strong evidence for an association with other health problems, such as obesity 
 [  54  ] . Another reason is that methodological problems means that GI values for 
foods, especially mixed dishes, are poorly de fi ned. Additionally, it is confusing 
for people to follow recommendations for a low-GI diet  [  54  ] . It makes most 
sense for people to be encouraged to simply follow the well-established dietary 
recommendations; it is unsure whether anything more is achieved by adding 
speci fi c recommendations for a low-GI diet. In the following chapter Franz 
makes the same argument with respect to therapy for persons who already have 
diabetes.  
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    7.5.7   Type of Dietary Fat 

 There is evidence that the type of dietary fat may modify glucose tolerance and 
insulin sensitivity  [  55,   56  ] . In epidemiological studies intake of saturated fat has 
been associated with poor glucose tolerance  [  31  ]  and higher fasting levels of 
both glucose  [  57,   58  ] , and insulin  [  33,   59  ] . Conversely, the intake of polyunsatu-
rated fat has been associated with lower fasting and 2-h glucose concentrations 
 [  58,   60  ]  as well as lower risk of type 2 diabetes  [  37,   61,   62  ] . There is some evi-
dence that  n -3 fatty acids may be protective, but these  fi ndings are not consistent 
 [  63–  66  ] . In a short-term intervention study substitution of saturated fat by unsat-
urated fat improved glucose tolerance in young healthy women  [  67  ] . Longer-
term studies (3 month)  [  68  ]  showed that replacing saturated fat with 
monounsaturated fat signi fi cantly improves insulin sensitivity in healthy sub-
jects. These  fi ndings parallel the situation with heart disease: saturated fat appears 
to accelerate the metabolic process leading to diabetes whereas polyunsaturated 
fat is protective.  

    7.5.8   Magnesium 

 Several large cohort studies have reported that intake of magnesium shows a strong 
inverse association with the risk of type 2 diabetes  [  46  ] . A meta-analysis reported 
that the risk ratio is 0.77 when comparing the extreme quintiles, after correcting for 
confounding variables such as age, BMI, smoking, and physical activity. Some of 
the studies also adjusted for cereal  fi ber, an important source of magnesium. When 
this was done, the strength of the association was reduced but still remained strong 
and statistically signi fi cant. However, in the absence of any randomized trials it 
would be premature to make speci fi c recommendations concerning magnesium 
intake.  

    7.5.9   Meat, Vegetables, and Nuts 

 Epidemiological evidence has reported that several different foods affect the risk 
of development of type 2 diabetes. In a recent systematic review, consumption of 
50 g/day of processed meat was associated with a 19% higher risk of diabetes, 
while consumption of unprocessed red meat was associated with a nonsigni fi cant 
trend toward a higher risk of diabetes  [  69  ] . By contrast, the following two foods 
appear to have a protective association with risk of diabetes. People with a higher 
intake of green leafy vegetables were reported to have a 14% reduction in risk 
 [  70  ] . The Nurses’ Health Study observed a lower risk in regular consumers of 
nuts  [  71  ] .  
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    7.5.10   Alcohol 

 Consumption of moderate amounts of alcohol has a protective association with the 
risk of diabetes. This is discussed further in the Chap.   15     by Temple.   

    7.6   Lifestyle Modi fi cations and Risk Reduction 

 One of the most dramatic demonstrations of the power of lifestyle change to prevent 
diabetes took place in Cuba  [  72  ] . That country experienced a severe economic crisis 
from 1989 to 2000 following the collapse of the Soviet Union. Because of shortages 
of both food and fuel there was an estimated 1,040 kcal/day decrease in energy 
intake while at the same people had to engage in more physical activity. These 
changes were followed by a decrease in BMI of 1.5 units. During this period deaths 
from diabetes fell by half. 

 Several randomized intervention trials (RCTs) have been conducted that have 
examined the ef fi cacy of lifestyle intervention to prevent or at least slow the pro-
gression of IGT to diabetes. Two RCTs on overweight subjects with IGT demon-
strated that weight loss achieved by an increase in physical activity and dietary 
change, including a reduction in total and saturated fat and increased dietary  fi ber, 
can reduce the incidence of type 2 diabetes. The Finnish Diabetes Prevention Study 
(FDPS) assessed the ef fi cacy of an intensive diet and exercise program in 522 adults 
 [  73  ] . The intervention group received individual counseling with respect to diet, 
weight loss, and physical activity. Weight loss was about 3 kg greater in the inter-
vention group than in the control group. The cumulative incidence of diabetes after 
4 year was 23% in the control group and 11% in the intervention group. A similar 
intervention program, the Diabetes Prevention Program, was conducted in the 
United States on a larger sample of 3,234 adults  [  74  ] . During the 3 year of follow-up 
about 29% of the control group developed diabetes but only 14% of the diet and 
exercise group (a second intervention group was treated with a drug). In both stud-
ies the estimated risk reduction was about 58%. 

 The Da Qing Study, conducted in China, was undertaken over a longer interven-
tion period (6 year) than the above studies  [  75  ] . The 577 participants with IGT were 
randomized by clinic rather than as individuals, into a control group or into one of 
three lifestyle interventions: diet only (including weight loss if the BMI was >25), 
exercise only, or both diet and exercise. The cumulative incidence of diabetes after 
6 year was 68% in the control group, 44% in the diet group, 41% in the exercise 
group, and 46% in the diet plus exercise group. After adjusting for differences in 
baseline BMI and fasting glucose, reduction in risk was 31% with diet alone, 46% 
with exercise alone, and 42% with both diet and exercise. 

 Follow-up continued for a further 14 year after the 6 year of active intervention 
had ended  [  76  ] . A large decrease in diabetes risk was seen over the 20-year period: 
compared with control participants, those in the combined lifestyle intervention 
groups had a 43% lower incidence. The average annual incidence of diabetes was 
7% for intervention participants vs. 11% in control participants. 
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 In addition to the above three studies several smaller RCTs have been carried out 
in recent years. Gillies et al. carried out a systematic review and meta-analysis  [  77  ] . 
The pooled results indicate that diet reduces the risk of IGT progressing to diabetes 
by 33%, exercise by 51%, and the two interventions together by 51%. This suggests 
that exercise has a stronger impact than diet. 

 These studies provide strong evidence that for adults who are at high risk of 
developing type 2 diabetes, changes in lifestyle can be highly protective. This was 
achieved even though the average amount of weight lost was relatively small. This 
emphasizes the importance of even a small degree of weight loss in conjunction 
with an increase in physical activity in the prevention of diabetes. While these life-
style intervention studies show that quite modest changes can substantially reduce 
the progression of IGT to diabetes, it is not clear whether it will be possible to 
achieve this success in the general population or to maintain these lifestyle changes 
for longer periods. 

 While these trials are of enormous importance, it is nevertheless equally impor-
tant to appreciate that even in the intensive intervention groups, many of the partici-
pants go on to develop diabetes, and this steadily worsens over the years. It is not 
clear whether this is due to an inability to sustain the necessary intensive lifestyle 
interventions or whether there is an inevitable deterioration in beta cell function. It 
is well established that the ability to secrete insulin has already started to decrease 
even during the phase of IGT and then declines progressively as the disease process 
continues, regardless of treatment. Thus the best hope of truly “preventing” type 2 
diabetes probably lies not in focusing on those with IGT but rather in implementing 
lifestyle intervention programs in obese people in the general population and others 
at elevated risk, especially in populations where the disease is common.  

    7.7   Conclusions 

 Type 2 diabetes was previously a disease of the middle-aged and elderly, but in 
recent years it has escalated in younger age groups and the condition is now seen in 
adolescence, especially in high-risk populations. The disease has a devastating 
health impact. 

 The fast growing epidemic of the disease has occurred in parallel with a dramatic 
rise in the frequency of overweight and obesity. There is convincing evidence that 
obesity, particularly when centrally distributed, increases insulin resistance and 
thence leads to IGT, and eventually to diabetes. The risk of diabetes is seen to 
increase with weight, even within the normal range of BMI. An optimum BMI is 
therefore at the lower end of the normal range (i.e., around 21). Weight loss in the 
overweight and obese has been convincingly shown to reduce insulin resistance and 
diabetes risk. 

 Lack of physical activity is also a major factor in the causation of diabetes. 
Ideally, people should engage in moderate or vigorous physical activity for at least 
1 h every day. Vigorous activity appears to be more effective than moderate activity. 
Physical activity that results in weight loss is likely to prove especially effective. 
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 Much research indicates that while both carbohydrates and fats are associated 
with diabetes, it is the type of carbohydrate-containing food and the type of fat that 
is probably critical, rather than the quantity. A generous intake of dietary  fi ber, espe-
cially the soluble type, appears to improve insulin sensitivity and glycemic control 
in type 2 diabetes. However, cohort studies have revealed that cereal  fi ber (i.e., 
insoluble  fi ber) is most closely associated with a reduced risk of the disease, conso-
nant with a general bene fi t of whole grain foods. Other evidence indicates that 
replacement of foods with a high GI by foods with a lower GI, thereby lowering the 
GL of the diet, is another bene fi cial step. 

 Saturated fat has been shown to be associated with higher fasting glucose and 
insulin levels, an increased risk of IGT, and increased rates of progression from IGT 
to diabetes. Replacing an appreciable proportion of dietary saturated fat with unsat-
urated fat, within the usual range of total fat intake, is associated with improved 
glucose tolerance and improved insulin sensitivity. 

 A dietary pattern that minimizes the risk of IGT and diabetes is therefore one that 
emphasizes foods with a low GL and that are rich in  fi ber but low in saturated fat. 
However, the ef fi cacy of this dietary strategy has not yet been conclusively estab-
lished using intervention studies. Nevertheless, it should be noted that low rates of 
type 2 diabetes are seen in groups and populations consuming diets rich in whole 
grain cereals, legumes, fruit, and vegetables, and with low intakes of foods rich in 
saturated fat. 

 In view of the enormous and growing economic, social, and personal cost of the 
disease, it seems prudent that primary prevention should be a major priority. 
Accordingly, there is an urgent need to tackle the epidemic of overweight and obe-
sity, and to encourage greater participation in physical activity. These are the two 
central components of an antidiabetes strategy. Simultaneously, a healthy diet 
should be a key feature of such a lifestyle approach. 

 The dietary factors and lifestyle changes that help prevent diabetes are also effec-
tive in therapy. In that regard diabetes resembles the conditions that are closely 
associated with it, namely obesity, hypertension, hyperlipidemia, and cardiovascu-
lar disease. Indeed, the similarities with these conditions go much further: the life-
style approach outlined above for the prevention of diabetes will, in general, help 
prevent all of them.      
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    8.1   Introduction 

 Prevalence rates of obesity have increased dramatically worldwide over the past 3 
decades in adults  [  1,   2  ] . The condition is caused by an accumulation of excess body 
fat and has now become the major nutrition-related disease, due to its association 
with a host of debilitating and life-threatening disorders. Overweight and obesity 
are associated with the development of hypertension, type 2 diabetes, hyperinsu-
linemia, dyslipidemia, atherosclerosis, and certain types of cancer (Table  8.1 ) 
among other conditions. This is already placing a substantial burden on health-care 
systems  [  3  ] , and this is projected to escalate. However, obesity is generally prevent-
able by making lifestyle changes, in particular dietary changes.  

    8.1.1   De fi nition of Obesity 

 As the direct measure of body fat is dif fi cult, body mass index (BMI) is a simple 
ratio which describes relative weight for height and is signi fi cantly correlated with 
total body fat content. BMI is calculated as weight in kilograms divided by height 
in meters squared. The World Health Organization (WHO) classi fi es underweight, 
normal weight, overweight, and obesity according to categories of BMI 
(Table  8.2 ). Unusually large muscle mass, as in trained athletes, such as body build-
ers, cyclists, and rugby players, can increase BMI to 30 kg/m 2 , but rarely to >32. 
This height-independent measure of weight allows comparisons to be made more 
readily within and between populations of the same ethnic origins.  

   Table 8.1    Health consequences of obesity   

 Greatly increased risk (relative risk >3) 
 Type 2 diabetes 
 Hypertension 
 Dyslipidemia 
 Breathlessness 
 Sleep apnoea 
 Gallbladder disease 

 Moderately increased risk (relative risk about 2–3) 
 Coronary heart disease or heart failure 
 Osteoarthritis (knees) 
 Hyperuricemia and gout 
 Complications of pregnancy (e.g., pre-eclampsia) 

 Increased risk (relative risk about 1–2) 
 Cancer (many cancers in men and women) 
 Impaired fertility/polycystic ovary syndrome 
 Low back pain 
 Increased risk during anesthesia 
 Fetal defects arising from maternal obesity 

  Based on ref.  [  137  ]   
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 In recent years there has been much debate whether there is a need to develop 
different BMI cut-off points for different ethnic groups, such as Asian populations, 
as a result of accumulating evidence that the associations between BMI, percentage 
of body fat, and body fat distribution differ across populations. Therefore, for cer-
tain ethnic groups, the health risks may actually increase below the overweight cut-
off point of 25. A WHO Expert Consultation concluded that the proportion of Asian 
people with a high risk of type 2 diabetes and cardiovascular disease is substantial 
at BMIs lower than the existing WHO cut-off point for overweight. However, data 
available to date do not indicate a clear BMI cut-point for increased risk. The 
Consultation, therefore, recommended that the current WHO BMI cut-off points 
should be retained as the international classi fi cation  [  4  ] . 

 Current guidelines with respect to obesity also recommend the measurement of 
waist circumference in individuals with a BMI between 25 and 35  [  5  ] , as the dispro-
portionate accumulation of abdominal fat relative to total body fat is an independent 
predictor of disease risk and morbidity. Waist circumference is positively correlated 
with abdominal fat. There are sex-speci fi c cut-offs which can be used to identify an 
increased relative risk for the development of obesity-associated diseases in adults, 
such as type 2 diabetes, hypertension, and coronary heart disease (Table  8.3 ). Thus, 
in men and women with a BMI between 25 and 35, high risk is considered as having 
a waist circumference >102 cm (>40 in.) and 88 cm (>35 in.), respectively  [  5  ] .   

    8.1.2   Overweight and Obesity: Prevalence 
and Trends Over Time 

 Obesity rates have increased worldwide in recent years, with the condition now 
being referred to as an epidemic or even a pandemic, because almost every country 
and age group has been affected. It is estimated by the International Obesity Task 

   Table 8.2    Interpretation of adult body mass index (BMI) in 
white individuals   

 Classi fi cation 

 BMI (kg/m 2 ) 

 Principal cut-off points 

 Underweight  <18.5 
 Normal range  18.5–24.9 
 Overweight  25.0–29.9 
 Obese  30.0–39.9 
 Morbidly obese   ³ 40.0 

   Table 8.3    Waist circumference and level of associated 
health risk in white men and women   
 Level  Men  Women  Health risk a  

 Below action level 1  <94  <80  Low 
 Action level 1–2   ³ 94–101.9   ³ 80–87.9  Increased 
 Above action level 2   ³ 102   ³ 88  High 

   a Risk for type 2 diabetes, coronary heart disease, or 
hypertension  
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Force that approximately one billion adults are currently overweight and a further 
475 million are obese. The US consistently has the greatest prevalence rates and 
most signi fi cant increases of overweight and obesity over time, with rates of obesity 
having doubled since 1970  [  1  ] . In 2007–2008, the prevalence of adults who were 
overweight was 68%, of whom 32% were obese  [  1  ] . Europe is following the same 
pathway, although in most cases the prevalence rates are somewhat lower. 
Approximately 53% of European adults are overweight, of which 17.2% are obese 
 [  6  ] . In total it is estimated that over 143 million Europeans are overweight, with 
68.5 million obese  [  6  ] . There are variations within Europe, with the higher preva-
lence rates in Central, Eastern, and Southern Europe  [  7  ] . In all countries, variations 
have been documented for racial and ethnic groups. Obesity is now becoming a 
problem even in some of the poorest countries of the world  [  8  ] ; in the past, obesity 
would have generally been a condition affecting more af fl uent and developed coun-
tries; however, nowadays prevalence rates are particularly high among groups with 
low income, low education, and low socioeconomic status. 

 As adult obesity has increased so too has childhood obesity. This has occurred in 
most industrialized countries, with the exception of Russia and Poland, and in sev-
eral low-income countries, particularly in urbanized areas  [  9  ] . Globally, it is esti-
mated that up to 200 million school-aged children are either overweight or obese; of 
those 40–50 million are classi fi ed as obese. In the USA, 17% of children and ado-
lescents aged 2–19-year old were classi fi ed as overweight in the National Health 
and Nutrition Examination Survey (NHANES) carried out in 2003–2004  [  10  ] . 
Prevalence rates in children doubled or trebled between the early 1970s and late 
1990s in Australia, Brazil, Canada, Chile, Finland, France, Germany, Greece, Japan, 
the UK, and the USA  [  9  ] . Some recent evidence suggests that the increase in child-
hood obesity might be abating in the USA, UK, and Sweden  [  11,   12  ] , but this 
remains to be con fi rmed.  

    8.1.3   Health Consequences of Obesity 

 It has been known for centuries that obesity is the cause of many serious conditions 
and diseases. In more recent years, however, the full spectrum of diseases which are 
strongly associated with obesity has become clear. The increase in obesity prevalence 
has had a signi fi cant impact on the global incidence of cardiovascular disease, type 2 
diabetes, some cancers, dyslipidemia, infertility, and pregnancy complications, 
among other conditions (Table  8.1 ). BMI is also a strong predictor of overall mor-
tality, with risk being lowest at 22.5–25 in both males and females of all ages. With 
each increase of 5 Units of BMI above this range, risk of all-cause mortality is 30% 
higher, whereas the increased mortality observed below 22.5 is mostly secondary to 
smoking-related diseases  [  13  ] . 

 In addition, individuals who are overweight or obese may suffer from psycho-
logical issues. This can particularly be the case for women, due the media perception 
that being slender is ideal, and can result in feeling increasingly unacceptable, 
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leading to low self-esteem, anxiety, and depression. Individuals who are obese tend 
to be discriminated against in many ways, including being less acceptable as mar-
riage partners, and also in the workplace in relation to promotions and salary. One 
study reported that obesity increased the risk of major depression by 37% in 
American women, although obese men had a 37% lower risk of depression than 
normal weight men. Moreover, two eating disorders have been linked to depression 
and obesity: binge eating disorder and night eating syndrome  [  14  ] .   

    8.2   Causes of Obesity 

 In the steady state, the energy balance equation indicates that energy input (EI) 
equals energy output (EO), so that EI − EO = 0. However, both EI and EO are 
modi fi able, in that EI is represented by food intake and EO is represented by energy 
expenditure. Obesity is caused by a state where EI exceeds EO. This positive energy 
imbalance leads to an increase in body fat stores. This can be due to several rea-
sons: (1) an increase in energy intake with no compensatory change in energy 
expenditure; (2) a decrease in energy expenditure with no compensatory change in 
energy intake; or (3) an increase in energy intake and a decrease in energy expen-
diture. The following sections focus on factors likely to contribute to an increased 
energy intake. 

    8.2.1   Energy Density 

 Energy density re fl ects the energy content of foods, and is expressed per unit weight. 
Foods with a low energy density provide less energy relative to their weight than 
foods with a higher energy density. Therefore, when eating food with a low energy 
density, a larger and more satiating portion can be consumed for the same amount 
of energy. The energy density of foods consumed is dependent on water and macro-
nutrient content; water has a considerable in fl uence on energy density as it adds 
substantial weight without adding energy. Dietary fat is the most energy-dense 
macronutrient: 9 kcal/g compared with 4 kcal/g in carbohydrate and protein. Foods 
high in fat also have a high palatability. For these reasons it is thought that consum-
ing foods with a high energy density leads to an overconsumption of energy. This 
overeating effect has been referred to as passive overconsumption  [  15  ] . 

 Nowadays, there is a higher consumption of readily-available processed conve-
nience foods, which tend to have a high energy density. This is particularly the case 
in those from lower socioeconomic backgrounds, as a diet based on added fats, 
sugars, and re fi ned grains is more affordable than the recommended healthy diet of 
lean meats,  fi sh, fresh fruit, and vegetables  [  16  ] . Moreover, foods which are marketed 
as “low fat” can be high in sugar, and therefore still have a high energy density. The 
marketing of low-fat food therefore may imply—falsely—that they can bene fi t 
weight control.  
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    8.2.2   Portion Size 

 A strong environmental factor in fl uencing energy intake is food portion size. Studies 
have demonstrated that the portion sizes of many foods and beverages have increased 
since the 1970s, both inside and outside the home, in supermarkets and restaurants 
 [  17–  20  ] . This has been suggested as a contributing factor to the obesity epidemic  [  20  ] . 

 There is a substantial body of evidence showing that when larger portions are 
provided, signi fi cantly greater amounts of food are consumed  [  21  ] . In one study, 
energy intake was increased with the increasing size of a sandwich (from 6 to 8 in. 
and 12 in.)  [  22  ] . No signi fi cant differences in hunger or fullness were reported. 
Research indicates that on average subjects provided with larger portions consume 
30% more energy  [  23  ] . One might assume that an individual might compensate for 
this by reducing energy intake in subsequent meals, but, on the contrary, the oppo-
site has been observed. One study which provided varied portion sizes of potato 
chips observed that when served the largest compared to the smallest portion, sub-
jects consumed an additional 143 kcal at snack and dinner time combined  [  24  ] . This 
additional energy intake was sustained over a period of 2 days  [  25  ] . In a longer-term 
study, participants were provided with 11 days of food and beverages on two occa-
sions, one of standard portions and the other increased by 50%. During the period 
with the larger portion sizes, a mean increase in intake of 423 kcal/day was observed, 
compared to the days when a standard portion was provided. This evidence strongly 
supports increased portion sizes contributing to overconsumption  [  26  ] . 

 What is not clear is at which stage of life people become responsive to portion 
size. Even though portion sizes have increased over the past number of decades, 
together with changes in our eating environment, surveys reveal that the average 
portion sizes consumed by very young children (1–2 years) remained relatively 
stable from the late 1970s to the late 1990s  [  27  ] . However, for children older than 
2 years, increases in portion sizes were observed for many foods, particularly bever-
ages, over the same time period  [  17,   18  ] . For children to establish what is an ade-
quate portion size to satisfy their energy requirements, one potential strategy to help 
children regulate appetite and food intake is to allow them to serve their own por-
tions, rather than be served by an adult. One study observed that children consumed 
25% less of a main meal when allowed to serve themselves compared to when 
served by an adult  [  28  ] . Such a strategy means they are relying on their own biologi-
cal cues of hunger rather than being in fl uenced by the external environment.  

    8.2.3   Soft Drinks 

 In recent years the consumption of sugar-sweetened beverages (SSBs), which 
includes all soda, fruit drinks (not fruit juices), and energy and vitamin drinks, has 
increased globally. The largest increase has been documented in the USA with per 
capita consumption increasing from 65 to 142 kcal/day between the late 1970s and 
2006  [  29  ] , with SSBs being a major source of added sugar in the American 
diet  [  30  ] . Large prospective studies and meta-analyses have shown that increased 
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consumption of SSBs is associated with weight gain and obesity  [  31–  33  ] , as well as 
the development of the metabolic syndrome and type 2 diabetes  [  33–  35  ] . The addi-
tional energy intake from SSBs does not appear to be compensated for at 
mealtimes  [  31  ] . Some research suggests that SSBs have a different mechanistic 
effect on hunger and satiety compared to solid foods, or liquid foods such as milk 
and fruit juices  [  36  ] .  

    8.2.4   Eating Out and Fast Food 

 The frequency of eating outside the home has increased greatly in Westernized 
countries in recent years. This shift has occurred in parallel with increasing obesity 
prevalence rates  [  37,   38  ] . There is some evidence that food prepared at home may 
be generally of higher nutritional quality, with food purchased out of the home 
being higher in total energy, total fat, saturated fat, cholesterol, and sodium, and 
lower in  fi ber and calcium. In addition, the fat content of foods prepared at home has 
decreased over time, but there has been no change to food prepared outside the 
home  [  39  ] . 

 There has also been a dramatic growth over time in the number of fast-food out-
lets. This has been classi fi ed as the most rapidly expanding sector in US food distri-
bution. Observational studies have shown a positive relationship between fast-food 
consumption and weight gain and obesity  [  40  ] . The American population study 
CARDIA observed that those who consumed fast food meals twice a week at base-
line and at follow-up gained 4.5 kg more weight, and had a twofold greater increase 
in insulin resistance when compared to those who ate fast food less than once a 
week  [  41  ] . Together, increasing portion size and eating outside the home, in particu-
lar from fast-food outlets, are thought to be major contributing factors to the obesity 
epidemic  [  40  ] . 

 A worrying side-effect of the increase in fast food consumption, apart from the 
possible direct effects on weight gain and obesity, concerns the  trans  fat content of 
fast food. Foods commonly sold by fast-food outlets, such as French fries, fried meat, 
and donuts, and baked goods including pastries, pie crusts, cookies, and pizza dough 
tend to contain large amounts of industrially produced  trans  fat. These are produced 
by the industrial hardening of vegetable or marine oils, which results in more stable 
products with a longer shelf life. Observational studies have shown that a high intake 
of  trans  fats in the diet increases the risk of weight gain and abdominal fat  [  42  ] . 

 Currently, the American Heart Association’s recommendation is to limit the 
amount of  trans  fats eaten to less than 1% of total energy intake; however, survey 
data from the USA have indicated that double this amount is being consumed  [  43  ] . 
In comparison the National Diet and Nutrition Survey (NDNS) rolling program has 
shown that  trans  fat intake has decreased over time in the UK and is currently within 
the recommended levels for all age groups  [  44  ] . A worldwide investigation of the 
content of  trans  fat in commonly consumed fast food, cookies, and snacks, found 
 trans  fats to contribute up to 50% of the fat in these products. This could potentially 
equate to 36 g of  trans  fat being ingested in one meal in the USA  [  45  ] . In addition, 
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fast food from major chains in most countries has been found to still contain 
 unacceptably high levels of  trans  fats  [  45  ] . This is alarming, given that research has 
shown that 5 g/day of  trans  fat (corresponding to approximately 2% energy intake) 
is associated with a 30% increase in the risk of coronary heart disease  [  46  ] . There 
has been a response from both the food industry and governments to the potential 
public health implications of this, but this has varied by country  [  47,   48  ] .  

    8.2.5   Snacking 

 Traditionally, people consume three meals every day. However, in recent times this 
has changed, and it is now common to have more frequent eating episodes per day 
with variable sizes; this is commonly referred to as snacking. Findings from large 
dietary surveys suggests that snacking prevalence is increasing, and the energy den-
sity of snack foods is also increasing; it therefore follows that the contribution of 
snacking to total energy is also increasing  [  49–  51  ] . Snacking prevalence increased 
signi fi cantly from 71 to 97% in surveys conducted between 1989–1994 and 2003–
2006  [  50  ] . Foods sources which increased progressively were desserts, salty snacks, 
candies, and sweetened beverages  [  50  ] . However, there is little direct evidence to 
link snacking behavior directly to obesity.   

    8.3   Diet and the Prevention and Treatment of Obesity 

 Prevention is always preferable to treatment and is universally viewed as the best 
approach to reverse the rising global prevalence of obesity, particularly because 
body weight tracks from childhood to adulthood  [  52  ] . The recommendations for the 
dietary prevention of obesity are similar to those for the treatment of obesity, and 
therefore the two topics will be discussed together. 

 The dietary treatment of obesity is now a major focus for nutritional research. 
Dietary weight-loss strategies have changed somewhat over time with a number of 
variations in macronutrient and  fi ber composition suggested. However, there is still 
extensive debate as to which dietary strategy, particularly concerning macronutrient 
composition, is most effective for weight loss and for the long-term maintenance of 
a healthy body weight. 

    8.3.1   Level of Energy De fi cit 

 The key aim for overweight and obese individuals is to reduce energy intake whilst 
maintaining a nutritionally adequate diet. The de fi cit required for weight loss 
depends on the person’s level of excess weight and his or her energy requirements. 
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This energy de fi cit can be anywhere in the region of 300–1,000 kcal/day with the 
ideal weight loss for most people being 1–2 lb (0.5–1 kg)/week. Clinical guidance 
for obesity recommends setting an ideal weight-loss target of 5–10% of original 
weight  [  53  ] . Depending on the level of obesity, it may be the case that further weight 
loss is required and, in that case, progressive weight-loss targets can be set; a series 
of smaller targets will be more motivating for the individual rather than one large 
target which may be unattainable. 

    8.3.1.1   Very-Low-Energy Diet 

 Traditionally, the recommendation for the treatment of obesity was to follow a very-
low-energy diet (VLED) (450–800 kcal/day), but with all the essential nutrients. 
However, this strategy has proved dif fi cult to construct with natural foods. VLED 
has proven to be very effective for weight loss, at least in the short term  [  54  ] , but 
there are concerns over its safety and long-term ef fi cacy. Most individuals  fi nd com-
pliance with VLED particularly dif fi cult because of increased hunger and lack of 
variety  [  55  ] .  

    8.3.1.2   The 600-kcal-De fi cit Diet 

 One of the key strategies in dietary treatment is to reduce energy intake below 
expenditure in a way that is acceptable and feasible for the patient. Research has 
suggested that adherence to an energy-de fi cient diet may be in fl uenced by the extent 
of the energy de fi cit suggested  [  56  ] . A more modest energy restriction may there-
fore be more successful. The 600-kcal-de fi cit diet has been demonstrated to be an 
effective approach for some individuals. A systematic review reported that it pro-
duces an 11.7 lb (5.3 kg) weight loss in 12 months  [  57  ] . The diet is in line with the 
dietary recommendations for good health  [  58  ] . Moreover, a systematic review has 
shown that the diet is an effective long-term lifestyle intervention for the prevention 
of weight gain after a follow-up period of 2 years  [  59  ] .  

    8.3.1.3   Meal-Replacement Products 

 In recent years, there has been increasing use of commercial replacement meals that 
are supplemented with the recommended daily amounts of vitamins and minerals. 
Meal replacement may simplify weight-loss treatment by allowing the replacement 
of one or two meals a day with a product which has a de fi ned calori fi c and nutri-
tional content  [  60  ] . These diets have proven to be effective, but, like VLED, compli-
ance is an issue due to limited variety and hunger. Furthermore, such diets do 
nothing to address the suboptimal eating patterns that contributed to obesity and 
thus do not help to establish lifelong healthy eating habit. As a result, this type of 
diet is generally unsustainable in the long term  [  61,   62  ] .   
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    8.3.2   Macronutrient Pro fi le, Weight Gain, and Weight Loss 

 Much evidence suggests that macronutrients have different effects on satiety and 
possibly on metabolism. Different proportions of fat, protein, and carbohydrate 
within the diet may have different effects on weight gain and loss. The main 
approaches that have been studied are discussed below. 

    8.3.2.1   Low-Fat Diets 

 As fat is the most energy-dense nutrient, many studies have investigated whether 
the manipulation of the fat content of the diet can help in the prevention or treatment 
of obesity. Population studies have often reported a positive association between 
dietary fat and obesity or weight gain, particularly in countries with a lower overall 
intake of fat  [  63,   64  ] . Longitudinal studies have shown positive associations between 
changes in dietary fat intake and obesity in countries which are undergoing the 
nutrition transition, whereas inverse relationships have been observed in many 
Westernized countries  [  64,   65  ] . The large observational European Prospective 
Investigation into Cancer and Nutrition (EPIC) study found no signi fi cant associa-
tion between the amount and type of fat consumed and subsequent weight change 
over time in men or women  [  66  ] . However, epidemiological studies are prone to 
multiple sources of bias, such as different methods of dietary assessment and under-
reporting of fat and overall energy intake (particularly from individuals who are 
overweight or obese); such studies are therefore unable to identify causal relation-
ships. Results from randomized-controlled trials (RCTs) may provide a better 
insight into this issue. 

 A recent RCT was the Women’s Health Initiative Dietary Modi fi cation Trial. 
Findings from a subset of this study showed that a low-fat diet (compared a to a 
usual diet) was associated with modest decreases in percentage body fat and fat 
mass after 1 and 3 year  [  67  ] . The evidence from earlier RCTs has been subjected to 
a number of robust systematic reviews and meta-analyses. One such systematic 
review compared the effects of low-carbohydrate/high protein diets and low-fat/
high-carbohydrate diets on weight loss. It was reported that low-carbohydrate/
high-protein diets were more effective at 6 months, and as effective, if not more so, 
for up to 1 year. However, this review consisted of only 13 studies, some of which 
allowed the reintroduction of carbohydrates in the low-carbohydrate/high-protein 
diet; therefore the long-term ef fi cacy of these diets in unknown  [  68  ] . In another 
systematic review of RCTs that investigated long-term diets ( ³ 1 year) in obese 
adults, low-fat diets produced a mean weight loss of 8 lb (3.6 kg) up to 3 years 
when compared to control diets. Improvements in blood pressure, lipid pro fi le, and 
fasting plasma glucose levels were also reported. The authors concluded that very 
little evidence supports the use of other diets for weight reduction  [  57  ] . A further 
meta-analysis which examined the effectiveness of long-term lifestyle interven-
tions for the prevention of weight gain in normal weight, overweight, and obese 
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adults found a 600-kcal-de fi cit/low-fat diet an effective strategy to prevent weight 
gain  [  59  ] . 

 Overall, reducing the fat content of the diet consistently results in weight loss. 
However, it is likely that other macronutrients are also being reduced when fat 
intake is reduced, such as staple carbohydrates, and such a reduction would also be 
a contributing factor to the resulting weight loss  [  69  ] . One criticism of low-fat diets 
is that studies show the tendency to return to pre-intervention weight. There are a 
number of speculated reasons for this including: a reduced compliance, perhaps due 
to boredom; an environment which is not supportive of healthier eating, such as 
family members having a diet higher in fat; and overeating of foods which are low 
in fat  [  70  ] .  

    8.3.2.2   Low-Carbohydrate Diets 

 Low-carbohydrate diets have become increasingly popular in recent years. This 
dietary regime is often viewed as an alternative to a low-fat diet for weight loss, 
particularly in the short term  [  71–  73  ] . In addition to weight loss, bene fi cial meta-
bolic changes have been documented, such as improvements in lipid pro fi le and 
glycemic control  [  71,   74,   75  ] , even in the absence of weight loss and with increases 
in saturated fat intake  [  76  ] . However, some adverse effects have also been reported 
such as fatigue, constipation, accumulation of ketone bodies, headache, impaired 
liver and kidney function, and dif fi culties in maintaining the weight loss after the 
diet  [  55,   77  ] . Although low-carbohydrate diets for weight loss have been around for 
many years, the most widely-known one is the “Atkins Diet” named after Dr. Atkins 
who has sold millions of books detailing this diet. This book portrays the 
low-carbohydrate eating plan as “lifetime nutritional philosophy” rather than sim-
ply a diet. 

 There are numerous short-term studies detailing the effectiveness of a low-
carbohydrate diet  [  71–  73  ] , including the systematic review mentioned previously 
which reported that low-carbohydrate/high-protein diets are more effective at 6 
months and 1 year when compared to low-fat diets  [  68  ] . In contrast, another system-
atic review reported that the weight-loss observed with low-carbohydrate diets was 
associated with a reduced energy intake and the duration of the diet but not with 
reduced carbohydrate intake  [  77  ] . Longer-term (>1 year) investigations are more 
limited and the results are equivocal. One long-term study reported successful 
weight loss in healthy men and women. Moreover, the diet did not result in any 
deleterious metabolic effects and did not increase cardiovascular risk factors  [  74  ] . 
Likewise, in a comparison of three diets after 2 years larger weight decreases were 
observed in those following a Mediterranean diet and a low-carbohydrate diets than 
in a low-fat, low-carbohydrate diet. More favorable changes in lipid pro fi le were 
observed in those following the low-carbohydrate diet  [  78  ] . However, in another 
trial, even though more weight loss was reported at 6 months with a diet low in 
carbohydrate and high in protein and fat, compared to a conventional diet, the dif-
ferences were not signi fi cant after 1 year  [  72  ] . Moreover, little is known about the 
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clinical impact of adhering to a low-carbohydrate diet for weight maintenance: more 
research is warranted. One study observed higher total cholesterol and LDL choles-
terol, and that the increased consumption of saturated fat was inversely associated 
with endothelial function, therefore demonstrating an overall negative effect on car-
diovascular health over time with a low-carbohydrate diet  [  79  ] . 

 Therefore, it is still unresolved whether ingestion of a low-carbohydrate diet is 
more successful than a low-fat diet for long-term weight loss and whether adher-
ence to such a diet has any adverse health outcomes. It is also worth noting that 
very-low-carbohydrate diets are relatively unpalatable, and may be low in important 
food components such as  fi ber  [  80  ] . Until the long-term ef fi cacy and safety has been 
established, caution should be applied when using low-carbohydrate diets for weight 
loss. Of particular concern is the increased intake of saturated fat and whether long-
term adherence to this particular diet will consequently have an adverse effect on 
cardiovascular health  [  81  ] .  

    8.3.2.3   Moderate-Protein Diets 

 Alongside manipulation of fat and carbohydrate there has also been interest in 
manipulating the protein content of the diet. It is suggested that a modest increase 
in protein (30–35% energy), in substitution for other macronutrients, may promote 
satiety and facilitate weight loss through reduced energy consumption  [  82  ] . A higher 
proportion of dietary protein has also been associated with greater diet-induced 
thermogenesis than other macronutrients  [  83  ] , enhanced energy expenditure, pro-
tein balance, fat oxidation, and greater maintenance of lean muscle mass  [  84,   85  ] . 

 The number of trials in this area is currently limited, but they do provide some 
support for the effectiveness of moderate-protein diets in relation to weight loss. 
Reviews of the literature have concluded that a diet moderately increased in protein 
with modestly restricted consumption of carbohydrates and fat, particularly satu-
rated fats, can have a bene fi cial effect on body composition and weight  [  86,   87  ] . 

 This approach was illustrated in a randomized, crossover intervention study in 
women who were fed a diet that was either adequate or moderately high in protein for 
4 days. Protein and carbohydrate were either 10% and 60% of energy, or 30% and 
40%, respectively. Both diets provided 30% of energy as fat. The higher-protein diet 
produced greater satiety, thermogenesis, sleeping metabolic rate, protein balance, and 
fat oxidation. This suggests more positive results for weight loss and weight mainte-
nance than a diet with usual protein content  [  84  ] . Another multi-center study com-
pared the effectiveness of a diet moderately high in protein for weight maintenance 
with a conventional high-carbohydrate diet  [  88  ] . A 4-month period of active weight 
loss was followed by an 8-month weight-maintenance diet. Protein and carbohydrate 
were either 30% and 40% of energy, or 15% and 55%, respectively. Both diets pro-
vided 30% of energy as fat. Although similar weight loss was observed in both groups, 
the moderate-protein diet was more effective for fat-mass loss and body composition 
improvement in both the initial weight loss and maintenance periods. In addition, the 
completion rate was better in the moderate-protein group (64% vs. 45%). This study 
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suggests that a moderate-protein diet may be effective for weight loss and also for 
weight maintenance, and these effects may be more sustainable than those attained 
with conventional high-carbohydrate diets, but this requires further con fi rmation. 
Given this evidence, moderate-protein diets (30–35%) may be an effective method for 
weight loss and maintenance, particularly as reducing fat mass whilst maintaining 
lean mass is important for long-term health and the prevention of weight regain. 
However, studies examining the effect of moderate-protein diets are, to date, limited 
in number and therefore further work.   

    8.3.3   Other Nutritional Factors Contributing to Prevention 
and Treatment of Obesity 

    8.3.3.1   Fatty Acids 

 Most current healthy eating strategies emphasize the importance of increasing the 
consumption of “good fats” such as monounsaturated fatty acids (MUFA) and  n -3 
fatty acids, whilst reducing intake of saturated and  trans  fats. The effect of MUFA 
and  n -3 fatty acids on weight loss and weight management has been investigated in 
recent years. In one study overweight and obese diabetics were randomized to a 
high-MUFA diet (45% carbohydrate and 40% fat, of which 20% was MUFA) or a 
high-carbohydrate/low-fat diet (60%/25%). Both diets provided 15% of energy as 
protein. After 1 year there was similar weight loss in both groups suggesting that a 
high-MUFA diet may be a suitable alternative to common high-carbohydrate/low-
fat diets  [  89  ] . Another randomized trial aimed to assess the best method of weight-
loss maintenance in overweight and obese men and women after an initial loss of 
 ³ 8% of body weight. Three ad libitum diets were assessed: (1) a diet of moderate fat 
intake (35–45%) and greater than 20% of fat from MUFA; (2) a low-fat diet 
(20–30%); (3) or a control diet (35% of energy as fat). Over the 6-month assessment 
period, participants following all three diets regained weight, but weight regain was 
slower in the low-fat diet group and the MUFA diet group  [  90  ] . Overall evidence to 
date suggests that high-MUFA diets may be bene fi cial for weight loss and could 
perhaps be an alternative to conventional low-fat diets; however, research to date is 
limited. 

 Fish and  fi sh oil are considered important components of a healthy diet as they 
are rich in  n -3 fatty acids. Generally, the bene fi ts of  fi sh and  fi sh oil consumption 
have been re fl ected in improved cardiovascular health  [  91  ] . In addition it has been 
suggested that  n -3 fatty acids may be bene fi cial for successful weight reduction. 
A 3.7 lb (1.7 kg) greater weight loss was reported in men adhering to a weight-
reduction diet (30% energy restriction) which included 150 g of cod,  fi ve times/
week, than those following a similar diet but with no seafood  [  92  ] . This may, how-
ever, suggest a bene fi t of  fi sh in general rather than  n -3 fatty acids, as cod is rela-
tively low in  n -3 fatty acids in comparison with other  fi sh.  n -3 Fatty acids from  fi sh 
consumption have been suggested to in fl uence postprandial satiety in overweight 
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and obese subjects, which is an important factor when adhering to a weight-loss diet 
 [  93  ] . Overall, the evidence suggests that  fi sh,  fi sh oils, and foods rich in  n -3 fatty 
acids may contribute to weight loss and maintenance but to date the research in this 
area is limited. Moreover,  fi sh consumption in Western societies is generally low, 
and major dietary changes would need to take place for this to have any impact on 
the current obesity rates.  

    8.3.3.2   Glycemic Index 

 The glycemic index (GI) is a system for the classi fi cation of carbohydrate-containing 
foods based on their potential to raise the blood glucose level  [  94  ] . It was discussed 
in Chap.   7    . The GI of a food varies depending on its rate of digestion, with the 
higher GI (>70) value meaning a faster rate of digestion. Foods such as potatoes, 
white bread, and re fi ned cereals are digested and absorbed rapidly and thus have a 
high GI and induce increased insulin secretion. However, the GI concept is not 
intuitive and can be confusing. For example, the GI of potatoes is dependent on how 
they are cooked, and some seemingly less healthy foods, such as chocolate, can 
have a low GI. 

 The GI of foods may have an impact on body weight  [  95  ] . It is thought that low-
GI foods may bene fi t weight control by promoting satiety, minimizing postprandial 
insulin secretion, maintaining insulin sensitivity, and by promoting fat oxidation at 
the expense of carbohydrate oxidation  [  96  ] . In a recent Cochrane review of the lit-
erature it was reported that overweight and obese individuals adhering to a low-GI 
diet had signi fi cantly greater decreases in BMI, total fat mass, total cholesterol, and 
LDL-cholesterol over time, when compared to those on high-GI diets or conven-
tional energy-restricted diets  [  97  ] . In addition, a low-GI diet may be easier to adhere 
to than conventional weight-loss diets as there is less need to restrict the actual 
intake of food  [  97  ] . In contrast, in a systematic review of intervention studies to 
clarify the role of GI in body weight regulation, no clear pattern was observed. The 
authors concluded that it is still advisable to recommend a low-fat diet with increased 
amounts of carbohydrates or protein and increased  fi ber content for weight loss 
 [  98  ] . These systematic reviews differed in their inclusion criteria and therefore in 
the number of RCTs included, and therefore comparisons between them are dif fi cult. 
In general the current evidence supports a potential relationship of GI with weight 
loss and body composition; however studies are needed to investigate compliance 
and effectiveness in the long term before  fi rm conclusions can be drawn.  

    8.3.3.3   Portion Size and Energy Density 

 Approaches to reduce energy intake have primarily focused on reducing portion 
sizes and cutting the amount of food energy eaten. However, to move from a com-
pletely ad libitum diet to one which is restrictive can be associated with low satiety, 
hunger, boredom, and dissatisfaction; these problems can lead to little weight loss 
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and poor weight loss maintenance  [  99  ] . Major reductions in portion size may 
therefore not be an optimal strategy. Several studies have demonstrated that eating 
foods with a low energy density, such as fruit, vegetables, and soups, especially 
those with a high water content, such as tomatoes, apples, and melon, maintains 
satiety while reducing energy intake  [  100  ] . In addition, increasing fruit and vegeta-
ble consumption not only lowers the energy density of the diet but also increases the 
 fi ber content, which may help curb hunger  [  101,   102  ] . 

 Findings from a clinical trial revealed that advising subjects to eat portions of 
foods with a low energy density was a more successful weight-loss strategy than fat 
reduction coupled with restriction of portion sizes. Therefore, eating satisfying por-
tions of foods with a low energy density can help to enhance satiety and control 
hunger while restricting energy intake for weight management  [  21  ] . Thus, for the 
same energy intake, individuals adhering to a diet with a low energy density can eat 
a greater weight of food and may experience less hunger than those following a diet 
which has smaller portion sizes. This may help achieve long-term adherence to a 
weight-loss diet and maintenance of weight loss. 

 Clinical studies support the effectiveness of this strategy. In a weight-loss inter-
vention conducted on overweight and obese subjects who were following an energy-
restricted diet, each of the participants were randomized to consume either one or 
two servings of soup daily with a low energy density, two servings of energy-dense 
snack foods daily, or no special food (control group). Even though all groups showed 
signi fi cant weight loss after 6 months, which was maintained after 12 months, con-
suming soup led to 50% more weight loss than consuming the same amount of 
energy as energy-dense snack food  [  103  ] . Another 1-year trial in obese women 
tested two strategies; one group was counseled to reduce fat intake and restrict por-
tions, and the other to reduce dietary intake and increase consumption of water-rich 
foods, particularly fruit and vegetables. Both strategies were effective for weight 
loss; however the group who were counseled to eat more fruit and vegetables were 
found to have a greater reduction in the energy density of their diet and had greater 
weight loss  [  21  ] . In a 2-year follow-up of a study which promoted foods with a low 
energy density for weight loss, adhering to the diet was associated with mainte-
nance of the weight loss. In addition, when the weight-loss maintainers did consume 
foods with a high energy density, these tended to be in smaller portions  [  104  ] . This 
evidence suggests that incorporation of foods with a low energy density into a 
reduced-energy diet can increase the weight loss and help with maintenance. 
However, there is a need for more studies of this dietary strategy with long-term 
follow-up.   

    8.3.4   Weight Maintenance 

 Weight regain after weight loss, as well as weight cycling, is common in overweight 
and obese individuals; long-term maintenance remains a critical challenge. 
Moreover, there is the possibility that weight regain and weight cycling may be 
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linked to increased mortality  [  105  ] , although this was not con fi rmed in a recent 
large study  [  106  ] . The beginning stages of weight loss are typically the most inten-
sive phase, with subjects being highly motivated. However, at the maintenance 
stage, motivation can wane as people are no longer receiving grati fi cation from 
watching their weight reduce week by week, dropping dress sizes, and receiving 
positive comments from friends and family. Research suggests that only 20% of 
overweight individuals can lose 10% of their body weight and maintain this at 12 
months  [  107  ] . 

 The National Weight Control Registry is a US-based registry that records data 
from a self-selected population of more than 4,000 adults who have lost >30 lb 
(13.6 kg) and maintained that loss for at least 1 year  [  108  ] . Members lost an average 
of 72.8 lb (33 kg) and maintained the minimum weight loss for an average of >5 
year. Analysis of data available from the registry indicates that several factors 
predict long-term weight maintenance: (1) participation in high levels of physical 
activity; (2) following a low-calorie, low-fat diet; (3) eating breakfast; (4) self- 
monitoring weight on a regular basis; (5) maintaining a consistent eating pattern; 
and (6) identifying minor lapses before they result in larger weight regains  [  107  ] . 
Moreover, weight loss maintenance may get easier over time; after individuals have 
successfully maintained their weight loss for 2–5 years, the chance of longer-term 
success greatly increases  [  107  ] .  

    8.3.5   Other Non-nutritional Factors Contributing 
to Prevention and Treatment of Obesity 

    8.3.5.1   Physical Activity 

 Physical activity has many health bene fi ts and is an important component in the 
prevention and treatment of obesity. Evidence from a longitudinal study showed 
that every extra 30 min/day of walking was associated with an annual reduced 
weight gain of 1 lb (0.54 kg) or 15 lb over 15 years for women who were heaviest 
at baseline  [  109  ] . A similar trend, albeit smaller, was seen in men. Similar  fi ndings 
were reported in another large prospective study  [  110  ] . However, exercise alone is 
relatively ineffective for weight loss and maintenance, probably owing to the lim-
ited ability of physical activity to induce large enough energy de fi cits. Evidence 
indicates that diet combined with physical activity has a greater impact on weight 
reduction than either of these alone  [  111  ] . 

 Over time, populations have become more sedentary, with estimates suggesting 
that over half of Americans and Canadians do not meet the 30 min of recommended 
physical activity on most days of the week  [  112  ] . Those who are overweight and 
obese should be encouraged to become more physically active. Evidence shows that 
150–250 min/week of moderate-intensity physical activity can be effective for 
preventing weight gain but will only bring about modest weight loss. However, 
weight loss can be improved if this frequency of physical activity is combined with 
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moderate dietary restriction. Greater amounts of physical activity (>250 min/week) 
have been associated with clinically signi fi cant weight loss  [  112  ] . 

 It is important to identify the barriers an individual may encounter as this will 
have an effect on the adoption of this recommendation. Also, it is important to stress 
to the individual that increasing physical activity can be achieved with small changes 
in everyday life, such as walking to work, taking the stairs, and in household tasks, 
and that the 30 min/day recommendation can be split into smaller bouts of activity, 
for example two 15 min walks. In the long term, this approach is more likely to be 
successful and maintained.  

    8.3.5.2   Breastfeeding 

 Breastfeeding has been suggested as a protective factor against weight gain in child-
hood and adolescence, which is important as obesity tends to track into adulthood 
 [  113,   114  ] . A dose-dependent relationship has also been reported between the dura-
tion of breastfeeding and the risk of obesity  [  115  ] . Thus, infants who are breastfed 
or who are breastfed for longer periods (and exclusively) have a lower risk of being 
overweight during older childhood and adolescence  [  115,   116  ] . However, there is 
much variability between the studies and the  fi ndings are likely to be affected by 
residual confounding.  

    8.3.5.3   Weight-Loss Drugs 

 The  fi rst line of treatment of obesity should always be through diet and physical 
activity, but many patients also need pharmacological intervention to assist with 
weight loss or the maintenance of weight loss. Pharmaceuticals will, however, 
not “cure” obesity, and it is important that patients prescribed weight-control 
drugs understand the potential side-effects of these mediations and are also aware 
that they should endeavor to make life-long changes to their lifestyle. 
Approximately two-thirds of patients can achieve a 5–10% weight-loss in 3–6 
months with drug treatment and adequate lifestyle modi fi cation. An inadequate 
response to weight-loss drugs would be a 1–2 kg loss after 6 weeks, except in 
patients who have already lost weight by lifestyle modi fi cations  [  117  ] . Despite 
promising results on weight loss and some cardiovascular risk factors, the major-
ity of obesity drugs developed to date has not been approved or have been with-
drawn due to adverse side effects. Currently, Orlistat is the only drug licensed for 
long-term use in the USA, Europe, and Australia  [  118  ] ; a systematic review has 
shown that a third of obese people taking the standard therapeutic dosage (120 mg 
three times daily) lost at least 10% of their initial weight  [  119  ] . This is the thresh-
old value that is generally assumed to confer clinically important reductions in 
the metabolic and cardiovascular risks associated with obesity  [  120  ] . Other drugs 
have shown promising results but their long-term safety and ef fi cacy still has to 
established  [  121  ] .  
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    8.3.5.4   Surgery 

 There has been an increasing use in recent years of bariatric surgery for the  treatment 
of obesity. Although this is an extreme and expensive option, the National Institutes 
of Health (NIH) have proposed that surgery should be considered in patients with a 
BMI of >40, or of >35 in those with coexisting illnesses, but only after all other 
treatments have failed  [  122  ] . Bariatric surgery leads to weight loss of around 
20–30 kg  [  123,   124  ]  as well as reduced mortality rates  [  124  ] . Similarly, in a retro-
spective study of patients who had undergone surgery, deaths from all causes were 
reduced by 40%, from diabetes by 92%, from coronary heart disease by 56%, and 
from cancer by 60%  [  125  ] . Obesity is a well-established risk factor for diabetes; 
research shows that weight loss in patients with prediabetic conditions delays or 
prevents the development of diabetes  [  126  ] . Findings from a clinical trial showed 
that as a result of weight loss type 2 diabetic patients randomized to surgical treat-
ment were far more likely to achieve remission from diabetes than those given con-
ventional weight-loss therapy (73% vs. 13%)  [  127  ] . 

 Surgery should, however, be considered with care by the health professional, and 
only after the patient has been fully informed of the long-term impact it will have 
and that the risks are explained  [  123  ] .   

    8.3.6   Government-Led Population Strategies to Prevent 
and Treat Obesity 

 Earlier sections of this chapter discussed the major causes of obesity. As countries 
adopt an increasingly Westernized lifestyle and move further along the nutrition 
transition, their environments, with easy exposure to cheap, unhealthy diets and 
increasingly sedentary lifestyles, have been termed obesogenic. Any attempt to 
tackle obesity will have to be multifaceted and target this obesogenic environment. 
The obesity epidemic is of so much concern, in terms of its potential health-care and 
economic impact, that governments are exploring various measures to promote 
weight loss and reduce or prevent weight gain. 

    8.3.6.1   Fat Tax 

 Studies have suggested that as the price of a food increases, consumption decreases. 
It has been estimated that for every 10% increase in price, consumption decreases 
by 7.8%. Such evidence suggests that a “fat tax” on such foods as SSBs would 
encourage consumers to switch to healthier beverages. Some governments are con-
sidering taxing SSBs and other foods that are thought to contribute to obesity, such 
as high-sugar/high-fat snacks. This could potentially offset the economic costs of 
obesity, with the extra revenue generated used to subsidize healthy foods, such as 
fruit and vegetables. 
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 One of the current population strategies adopted in the USA is the taxation of 
SSBs. About 40 states have already applied a small tax (mean tax rate 5.2%) on 
SSBs and snack foods such as chips, cookies, and chocolate; although the level 
required to elicit the desired effect on consumer behavior is still being debated 
 [  128  ] . Moreover, the extra revenue generated is not being used to fund public-health 
interventions. If the revenue generated was used to support nutrition and obesity 
prevention programs, a national tax of one cent per ounce of SSB could raise $14.9 
billion in the  fi rst year alone  [  128  ] . However, this is a very controversial issue and 
many argue that the government should not interfere with the food market, and that 
price should continue to be based on costs and demand. This topic is discussed in 
more detail by Temple in Chap.   23    .  

    8.3.6.2   Nutritional Information Panels and Food Claims 

 Nutrition information panels have now been introduced on many food and beverage 
labels across the world, with approximately two-thirds of Americans using labels to 
help make food purchases  [  37  ] . In comparison, about half of the population in the 
UK read and use nutrition information on food labels  [  129  ] . However, their useful-
ness is still under debate, and the extent to which they actually in fl uence food selec-
tion  [  129  ] . The number of foods displaying nutritional claims, such as “low in 
calories” or “fat free,” has also increased. Nutrition information on food labels may 
assist selection of a healthier diet, and ultimately have an impact on obesity rates, 
but this is reliant on individuals taking time to check labels and carefully consider 
their food choices. However, nutrition claims are not straightforward; for example, 
many foods have been modi fi ed to reduce the fat content so that a low-fat claim can 
be made, but these foods may still have a high energy density as sugar is added. The 
issue of food labels is further discussed in Chap.   17    .  

    8.3.6.3   Food Marketing to Children 

 It has long been debated whether the volume of marketing directed at children and 
adolescents should be reduced, particularly television advertising  [  130  ] . Food mar-
keting for children is dominated by television advertisements for sugared breakfast 
cereals, soft drinks, confectionary, savory snacks, and fast food. Such advertising is 
antithetical to a healthy diet. However, promotion is just one part of the complex 
process of marketing; actually measuring its effects on consumer behavior is notori-
ously dif fi cult. 

 In a systematic review it was found that children engage with food advertising 
and that it has a signi fi cant effect on children’s preferences, purchasing behavior, 
and consumption  [  131  ] . Further evidence to support the negative effect of food 
marketing on children’s health was shown in a review of surveys from the USA, 
Europe, and Australia. This review observed a signi fi cant association between the 
number of overweight children and the number of advertisements per hour on 
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children’s television, particularly those which encouraged the consumption of foods 
with a high energy density  [  132  ] . 

 Reducing food marketing to children has been proposed as a central part of any 
successful anti-obesity strategy  [  133  ] , but signi fi cant social, legal,  fi nancial, and 
public perception barriers stand in the way. Food marketing to children is extensive 
and has the potential to expand further through such mediums as the internet and 
video games. However, this is a contentious issue and policies differ from country 
to country, therefore leaving the effect of different levels of such marketing on obe-
sity rates dif fi cult to evaluate  [  134  ] .   

    8.3.7   Tackling Obesity Across a Broad Front 

 It is clear from the information in this chapter than many factors contribute to the 
obesity epidemic. Reversing, or at least slowing, the epidemic requires action at all 
levels, including government policy initiatives, and education of the general public, 
including action in schools and workplaces. A broad-based but local approach with 
community support has been shown to be successful  [  135  ] . The need for a broad 
strategy was recognized in a 2007 report by senior scientists working for the UK 
government  [  136  ] :

  The obesity epidemic cannot be prevented by individual action alone and demands a soci-
etal approach. Tackling obesity requires far greater change than anything tried so far, and at 
multiple levels: personal, family, community, and national. Preventing obesity is a societal 
challenge, similar to climate change. It requires partnership between government, science, 
business, and civil society.   

 This broad strategy is explored in Chap.   18    .   

    8.4   Conclusions 

 The causes of obesity and the dramatic increases documented over time are multi-
factorial. There has been a steady increase in the availability of foods and beverages 
with a high energy density at affordable prices; this, together with growing portion 
sizes, has provided populations with easy access to excessive energy intakes. 

 There has been much debate as to which weight-loss strategy is most effective, 
and this has proven to be a lucrative market for industry. A diet which is successful 
for one person may not be effective for everyone. Ultimately, individuals must 
weigh up the likelihood of weight-loss success against the potential for adverse 
effects and long-term maintenance of weight loss when they are making their choice 
about which weight-loss regime to follow. 

 The strongest evidence is that adherence to a low-fat diet is successful for the 
prevention and treatment of obesity. Moreover, a diet with reduced saturated and 
 trans  fats may have bene fi cial effects on many other aspects of health, such as 

http://dx.doi.org/10.1007/978-1-61779-894-8_18
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reducing risk of cardiovascular disease. However, portion sizes and the energy 
density of foods consumed also need to be controlled. Consuming more foods with 
a low energy density, such as fruit, vegetables, and soups, may help to create a nega-
tive energy balance whilst still maintaining satiety. 

 Governments need to develop multilevel strategies that will help to make people 
aware of the need to monitor their food consumption, including portion sizes, adopt 
a balanced diet, and increase physical activity. The food industry also needs to con-
sider the portion size issue as well as focusing on the availability and promotion of 
healthier food choices. 

 Given that obesity is a chronic disease, and is also related to many other debilitat-
ing conditions, there is an urgent need for cost-effective strategies to help achieve 
the above goals.      
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  Key Points 

    Lipids and lipoproteins play a key role in the development of coronary heart • 
disease (CHD).  
  Many nutrients, especially fatty acids, affect the risk of developing CHD by • 
modifying lipids and lipoproteins.  
  Certain foods are effective in improving the lipid pro fi le.  • 
  A variety of different dietary patterns to manage lipids and lipoproteins provide • 
options to target speci fi c CHD risk factors.  
  Dietary strategies that affect cardiovascular health are evolving continually, resulting • 
in a better understanding of effective dietary practices to reduce CHD risk.     

    9.1   Introduction 

 Lipids and lipoproteins play an important role in modulating risk of coronary heart 
disease (CHD). It is well established that elevated levels of total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG) increase CHD 
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risk. In contrast, elevated high-density lipoprotein cholesterol (HDL-C) exerts a 
cardioprotective effect. Thus, a greater ratio of TC to HDL-C (TC/HDL-C) indi-
cates an increased CHD risk. Many epidemiologic and controlled clinical studies 
have demonstrated effects of single nutrients, speci fi c foods, and dietary patterns, 
on lipids and lipoproteins. Diet can increase or decrease CHD risk via changes in 
the blood lipid pro fi le as well as other risk factors (e.g., elevated blood pressure, 
in fl ammation, oxidative stress). This research has led to dietary recommendations 
that can markedly lower the risk of CHD. Consequently, a healthy diet is important 
in the prevention of CHD. 

 This chapter will review both epidemiologic and clinical studies that have evalu-
ated single nutrients, speci fi c foods, and dietary patterns on lipid and lipoprotein 
CHD risk factors. Identifying the role that dietary factors play in affecting CHD 
lipids and lipoprotein is important for implementation of diet strategies that maxi-
mally reduce CHD risk. New dietary interventions can be implemented to control 
blood lipids and provide a variety of options for individualizing diets to enhance 
CHD risk reduction and promote overall adherence.  

    9.2   Food Components That Modify Lipids and Affect 
Risk of Heart Disease 

 The nutrients that modify blood lipids have been the most extensively studied diet 
components to date. The emphasis has been on examining the effects of different 
fatty acids and cholesterol on lipids and lipoproteins. Certain saturated fatty acids 
(SFA),  trans  fatty acids (TFA), conjugated linoleic acids (CLA), and cholesterol 
adversely affect blood lipid levels, whereas viscous  fi ber, unsaturated fatty acids 
(monounsaturated [MUFA] and polyunsaturated fatty acids [PUFA]), plant sterols/
stanols, and to a certain extent, polyphenols have favorable effects. Alcohol in mod-
eration positively in fl uences the lipid pro fi le, whereas adverse effects have been 
associated with excessive consumption. 

    9.2.1   Saturated Fatty Acids 

 The role of dietary SFA in relation to CHD has been evaluated extensively in epide-
miologic investigations, controlled clinical studies/trials, animal studies, and differ-
ent in vitro models. There is a large body of clinical evidence showing that SFA 
(speci fi cally certain SFA) increase blood lipid levels. Early studies by Keys et al.  [  1  ]  
and Hegsted et al.  [  2  ]  in the 1950s and 1960s culminated in predictive equations 
evaluating the effect of fatty acids on blood cholesterol levels in humans, using 
regression analysis of data from many clinical studies. The studies found that SFA 
raises TC levels compared to carbohydrate (CHO) and MUFA (which both had 
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neutral effects) whereas PUFA lowers TC levels. The effect of SFA is twice as 
potent in raising TC as PUFA was in lowering TC. 

 Since the development of the blood cholesterol prediction equations by Keys 
et al.  [  1  ]  and Hegsted et al.  [  2  ]  for TC, several equations have been published that 
predict the effects of SFA, MUFA, and PUFA on TC, LDL-C, and HDL-C levels 
 [  3–  5  ] . Regression analyses demonstrate that for every 1% increase in energy from 
SFA, LDL-C levels increase approximately 0.033–0.045 mmol/L  [  3,   6,   7  ] . In addi-
tion to raising TC and LDL-C, SFAs also increase HDL-C. Studies have shown that 
for every 1% increase in SFA, HDL-C levels increase by 0.011–0.013 mmol/L 
 [  3,   6,   7  ] . 

    9.2.1.1   Individual Saturated Fatty Acids 

 It is evident that individual SFAs have different effects on lipids and lipoproteins  [  8  ] . 
These results are based on blood cholesterol prediction equations that have been 
developed for individual fatty acids. Regression analyses have demonstrated that 
stearic acid (18:0) has a neutral effect on TC, LDL-C, and HDL-C  [  5  ] , while myris-
tic acid (14:0) is more hypercholesterolemic than lauric acid (12:0) and palmitic 
acid (16:0)  [  4  ] . 

 A meta-analysis of 60 controlled trials determined the effects of different SFA 
relative to CHO on LDL-C, HDL-C, and TC/HDL-C ratio  [  9  ] . All individual 
SFA with the exception of stearic acid increased LDL-C and HDL-C (Fig.  9.1 ). 
Although lauric acid (12:0) was found to have the greatest LDL-C raising effect, it 
decreases the ratio of TC/HDL-C as a result of causing the greatest increase in 
HDL-C compared to other SFA. Myristic acid (14:0) and palmitic acid (16:0) have 
little effect on the ratio due to comparable increases in both TC and HDL-C  [  10  ] . 
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  Fig. 9.1    Predicted changes in the ratio of TC/HDL-C and in LDL-C and HDL-C concentrations 
when carbohydrates are replaced with lauric acid (12:0), myristic acid (14:0), palmitic acid (16:0), 
or stearic acid (18:0).  *  p  < 0.05. Reprinted from Mensink et al.  [  9  ]  with permission from the 
 American Journal of Clinical Nutrition        
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Stearic acid (18:0) has a neutral effect on the clinical markers of CHD risk. 
Figure  9.1  shows the effect of replacing CHO with each individual SFA.  

 Stearic acid is preferred over partially hydrogenated vegetable oils for solid fat 
food applications (see Sect.  9.2.2 )  [  11  ] . Unsaturated fats also are suitable in food 
applications that require a fat that is liquid at room temperature (rather than a solid 
fat) for structure and functionality. Current research shows substitution of partially 
hydrogenated vegetable oils with stearic acid decreases LDL-C as well as the TC/
HDL-C ratio  [  11–  13  ] . In addition, the Dietary Guidelines Advisory Committee 
(DGAC) 2010 Report recommended that stearic acid not be categorized as a “cho-
lesterol-raising fat” since it is does not increase LDL-C  [  14  ] . A speci fi c target rec-
ommendation for individual SFAs, such as stearic acid, has not been made. Since fat 
in food consists of a mixture of fatty acids, it is challenging to develop dietary rec-
ommendations for individual SFAs. Therefore, current recommendations focus on 
limiting total SFA intake. The DGAC 2010 Report and the American Heart 
Association (AHA) 2020 Impact Goals both recommend that SFA intake be <7% of 
calories  [  14,   15  ] .  

    9.2.1.2   Early Epidemiologic Associations 

 Early epidemiologic evidence revealed an adverse effect of SFA intake on the lipid 
pro fi le. The landmark Seven Countries Study reported a signi fi cant association 
between total SFA intake and TC among different populations  [  16  ] . Subsequent epi-
demiologic studies also reported positive correlations between SFA intake and TC 
levels, as well as the incidence of CHD  [  17,   18  ] . An additional analysis of the Seven 
Countries Study data reported associations between individual SFA and TC, as well 
as with SFA and CHD mortality. Intakes of lauric acid (12:0) and myristic acid (14:0) 
were most strongly associated with TC ( r  = 0.84, 0.81, respectively)  [  19  ] . 

 In the 1960s, men in Finland had the highest rates of CHD mortality in the world. 
However, during the following decades, community-based interventions aimed at 
reducing cholesterol levels, blood pressure, and smoking led to remarkable declines 
in CHD mortality. From 1972 to 2007, CHD mortality decreased by 80%, with risk 
factor changes explaining 60% of the reduction  [  20  ] . Dramatic changes in diet as well 
as individual fat intakes likely explained a large part of the decrease in CHD. The 
total intake of SFA in Finland decreased from 22% of total energy in 1972 to 13% in 
2007  [  20  ] . Butter and whole-milk consumption declined during this period, while the 
use of vegetable oil increased. Collectively, the dramatic changes in CHD mortality 
in a Finnish population demonstrates that decreasing SFA intake (together with reduc-
ing other CHD risk factors) was associated with the reduction in CHD risk.  

    9.2.1.3   Replacement Nutrient for SFA 

 Inherent to decreasing dietary SFA in a calorie-controlled diet is that an alternative 
nutrient increases to maintain an equal caloric intake. Consequently, the nutrient(s) 
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substituted for SFA will impart a unique effect on the blood lipid response, which, 
in turn, affects overall CHD risk. The DGAC 2010 Report concluded that a 5% 
energy decrease in SFA replaced by MUFA or PUFA results in a meaningful 
decrease in the risk of CHD and type 2 diabetes  [  14  ] . 

 Replacing SFA with MUFA  [  21–  23  ]  and PUFA  [  22,   24,   25  ]  consistently lowers 
LDL-C as does replacing SFA with CHO (Fig.  9.2 )  [  21  ] . However, isoenergetically 
replacing SFA with CHO has been associated with a decrease in HDL-C and an 
increase in TG compared to replacement with MUFA and PUFA  [  9,   21  ] . In addition, 
replacing SFA with re fi ned CHO may increase the number of small LDL particles, 
another CHD risk factor, while SFA intake has been associated with larger LDL 
particle size  [  9,   26  ] . Some studies have shown that small dense LDL particles are 
more atherogenic, possibly due to their greater ability to penetrate the endothelium 
 [  27–  29  ] . Although LDL and HDL particle size may provide a more detailed assess-
ment of CHD risk, additional research is needed to determine the effect that particle 
size has on CHD.  

 Clinical evidence also demonstrates a lower CHD risk when SFA is replaced 
with MUFA or PUFA (see Sects.  9.2.3  and  9.2.4 ). Sacks and Katan  [  30  ]  predicted 
that diets high in unsaturated fat decrease coronary events by 16% in women and 
19% in men. Mozaffarian et al.  [  31  ]  reported that each 5% energy increase in PUFA 
as a replacement for SFA decreases CHD events by 10%. Collectively, clinical stud-
ies have consistently demonstrated that replacing SFA with MUFA or PUFA 
improves the lipid pro fi le and decreases CHD risk.  

    9.2.1.4   Recent Epidemiologic Associations 

 Recent epidemiologic studies have reported that when SFA is replaced by CHO 
(which typically represents re fi ned carbohydrates), CHD risk is unchanged; yet, 

0.06

0.04

0.02

−0.02

−0.04

0.00

Saturated fatty acids
cis Polyunsaturated fatty acids

cis Monounsaturated fatty acids

H
D

L cholesterol (m
m

ol/L)

trans Monounsaturated fatty acids

0.04

0.02

−0.02

−0.04

0.00

T
ot

al
:H

D
L 

ch
ol

es
te

ro
l

LD
L 

ch
ol

es
te

ro
l (

m
m

ol
/L

)

∇

∇

∇

  Fig. 9.2    Predicted changes in the ratio of TC/HDL-C and in LDL-C and HDL-C concentrations 
when carbohydrates are replaced (1% of energy isocalorically) with SFA, MUFA, PUFA, and TFA. 
 *  p  < 0.05;  +  p  < 0.01;  ¥  p  < 0.001. Reprinted from Mensink et al.  [  9  ]  with permission from the 
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when MUFA or PUFA replace SFA, CHD risk is decreased. Thus, the results re fl ect 
the replacement nutrient for SFA. 

 A recent meta-analysis conducted by Skeaff and Miller  [  32  ]  using results from 
prospective cohort evaluated fatty acid associations on CHD risk (Table  9.1 ). While 
some epidemiologic studies have reported that SFA intake is positively associated 
with CHD risk, SFA intake was not signi fi cantly associated with CHD death (RR 
1.14 [95% CI: 0.82–1.60]) or CHD events (RR 0.93 [CI: 0.83–1.05]) in this analy-
sis. The authors concluded that the available evidence was unsatisfactory and unre-
liable due to various limitations  [  32,   33  ] . One problem has been an inadequate 
number of subjects. Another problem is regression dilution bias, which can be 
described as the underestimation of associations with disease outcomes due to 
measurement errors and within-individual variability in the exposure variable. 
A third problem is dietary assessment methods. Frequency of food consumption in 
epidemiologic studies is self-reported; therefore, reporting bias can potentially 
in fl uence the observations. Although many studies used food frequency question-
naires, several studies used a 24-h recall to assess dietary intake, a particularly 
imprecise method to estimate an individual’s long-term dietary habits  [  34  ] . Siri-
Tarino et al.  [  35  ]  also conducted a recent meta-analysis summarizing evidence 
from epidemiologic studies associating SFA with CHD risk. Only six of the 16 
studies included that examined SFA intake found a positive association with CHD. 
Overall, SFA did not have a statistically signi fi cant relationship with CHD (RR 
1.07 [95% CI: 0.96, 1.19]). However, the authors did not de fi ne CHD nor did they 
evaluate substitutions for SFA. A decrease in dietary SFA intake is associated with 
an increased intake of another nutrient, which would be expected to affect CHD 
risk. In addition, more than half of the studies used 24-h recalls or some other 
unvalidated dietary assessment method, which would question the reliability of the 
results and potentially reduce the strength of association (through regression dilu-
tion bias)  [  36  ] .  

 A recent pooled-analysis by Jakobsen et al.  [  37  ]  of 11 cohort studies from both 
Europe and the United States reported that substituting SFA with PUFA reduces the 
risk of CHD death (HR 0.74 [95% CI: 0.61, 0.89]) and CHD events (HR 0.87 [CI: 
0.77,0.97]). However, replacing MUFA or CHO for SFA was associated with a 
greater risk of CHD events (HR 1.19 [CI: 1.00, 1.42] and HR 1.07 [CI: 1.01, 1.14]), 

   Table 9.1    Estimates of relative risk of fatty acids on CHD death and event (cohort studies)   

 Type of fat 

 Relative risk (95% CI) 

 CHD death   p  Value  CHD events   p  Value 

 Total fat  0.94 (0.74–1.18)  0.583  0.93 (0.84–1.03)  0.177 
 TFA  1.32 (1.08–1.61)  0.006  1.25 (1.07–1.46)  0.007 
 SFA  1.14 (0.82–1.60)  0.431  0.93 (0.83–1.05)  0.269 
 MUFA  0.85 (0.60–1.20)  0.356  0.87 (0.74–1.03)  0.110 
 PUFA  1.25 (1.06–1.47)  0.009  0.97 (0.74–1.27)  0.825 
  n -3 LCPUFA  0.82 (0.71–0.94)  0.006  0.87 (0.71–1.10)  0.066 

  Adapted from ref.  [  32  ]   
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but not CHD death. These  fi ndings suggest that in order to prevent CHD SFA should 
be replaced with PUFA rather than MUFA or CHO. Although most of the studies 
included did adjust for TFA intake in estimating HRs for MUFA intake, the adjust-
ments may have been incomplete due to industrial modi fi cations of the TFA in the 
foods consumed during the follow-up period  [  37  ] . Also, no differentiation was 
made between CHO sources of different glycemic indexes, which signi fi cantly 
in fl uence CHD risk  [  37  ] . In contrast, a recent systematic review by Mente et al.  [  38  ]  
also pooled prospective cohort studies and found strong evidence indicating a posi-
tive association between TFA and CHD risk (RR 1.32 [95% CI: 1.16–1.48]) and an 
inverse association between MUFA and CHD risk (RR 0.80 [CI: 0.67, 0.93]). Only 
weak evidence was found for SFA (RR 1.06 [CI: 0.96, 1.15]) and PUFA (RR 1.02 
[CI: 0.81, 1.23]). It is signi fi cant that the Mediterranean dietary pattern, typically 
low in SFA and high in MUFA, did report a strong inverse association with CHD 
risk in prospective studies (RR 0.66 [CI: 0.53, 0.72]). 

 Clearly, the nutrient substituted for SFA is important in assessing the role of SFA 
on CHD risk. Further research is needed to distinguish the bene fi ts associated with 
decreasing SFA or increasing MUFA or PUFA as well as complex CHO intake in 
order to clarify inconsistencies reported among epidemiologic studies and to iden-
tify why some epidemiologic studies differ from the consistent body of clinical 
evidence. Replacement of SFA with MUFA has not yet been tested by randomized 
controlled trials (RCTs) that have evaluated clinical endpoints; therefore, the stron-
gest and most consistent evidence for reducing CHD risk has been associated with 
replacing SFA with PUFA  [  31,   32  ] .   

    9.2.2   Industrial  Trans -Fatty Acids 

 Industrially synthesized TFAs behave similarly to SFA relative to increasing 
LDL-C, but also adversely affect (i.e., lower) HDL-C levels. Mensink and Katan 
 [  39  ]  measured the effects of TFA on HDL-C by placing subjects on three diets iden-
tical in nutrient composition except that 10% of total energy was from oleic acid, 
 trans -isomers of oleic acid, or SFA. The mean HDL-C level was the same on the 
SFA and oleic acid diets, but was 0.17 mmol/L lower on the TFA diet ( p  < 0.0001). 

 In a controlled clinical trial, Lichtenstein et al.  [  40  ]  evaluated the effects of dif-
ferent hydrogenated fats on lipids and lipoproteins. The experimental diets provided 
30% energy from total fat and were identical with the exception of the test fats fed. 
Two-thirds of the fat was provided by either soybean oil (<0.5 g TFA per 100 g of 
fat), semiliquid margarine (<0.5 g/100 g), soft margarine (7.4 g/100 g), shortening 
(9.9 g/100 g), stick margarine (20.1 g/100 g), or butter (1.25 g/100 g). Compared 
with the butter diet, the vegetable fat diets elicited the following reductions in TC, 
LDL-C, and HDL-C:

   Soybean-oil diet: 10%, 12%, and 3%, respectively  • 
  Semiliquid margarine diet: 10%, 11%, and 4%, respectively  • 
  Stick margarine diet: 3%, 5%, and 6%, respectively    • 
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 Although every vegetable fat diet resulted in lower TC, LDL-C, and HDL-C 
compared with the butter diet, stick margarine (containing the highest amount of 
TFA) decreased LDL-C the least and decreased HDL-C the most compared with the 
other vegetable fats, resulting in a 4% increase in the TC/HDL-C ratio. By compari-
son, the other vegetable fats slightly decreased the ratio. TFA also decreased LDL 
particle size in a dose-dependent manner ( p  < 0.001). On balance, the soybean oil 
diet elicited the most favorable effects on the lipid pro fi le with the greatest reduction 
in TC and LDL-C and the smallest reduction in HDL-C. The soybean oil diet 
decreased the TC/HDL-C ratio 6%, and the semiliquid margarine diet elicited a 5% 
reduction. This study demonstrates that increasing industrially synthesized TFA 
results in a dose-dependent increase in LDL-C and a decrease in HDL-C at high 
levels (higher than typical consumption, which is about 2.6% of calories), thereby 
increasing the TC/HDL-C ratio. Consequently, industrially synthesized TFA 
increases risk for CHD death and CHD events more than other fatty acids, including 
SFA (Table  9.1 ). 

 Judd et al.  [  41  ]  conducted a clinical trial to assess the change in LDL-C that 
occurred when CHO was replaced with TFA. Subjects were fed experimental 
diets that provided approximately 15% of total calories from protein, 39% from 
total fat, and 46% from CHO. TC and LDL-C increased 5.8% and 10.1%, respec-
tively, when TFA replaced 8% of the calories from CHO. When 8% of calories 
were replaced with a combination of 4% TFA and 4% stearic acid, TC and LDL-C 
were increased by 5.6% and 8.7%, respectively. There were no signi fi cant differ-
ences in HDL-C with either replacement compared to the CHO control diet. 
Ascherio and Willett  [  42  ]  demonstrated a linear dose-dependent relationship 
between TFA intake and the LDL-C/HDL-C ratio from intakes of 0.5–10% of 
total calories. The magnitude of this LDL-C/HDL-C raising effect is greater for 
TFA than it is for SFA. 

    9.2.2.1   Epidemiologic Associations 

 Through regression analysis, the effects of TFA on TC, LDL-C, HDL-C, and TG 
levels have been compared to other fatty acids using predictive equations. TFA has 
been shown to increase TC and LDL-C similarly to SFA; however, it lowers HDL-C 
vs. SFA. A recent meta-analysis by Mozaffarian et al.  [  43  ]  found TFA consumption 
to consistently increase LDL-C and the TC/HDL-C ratio, and consistently decrease 
HDL-C in both experimental and observational studies. These effects were most 
prominent when TFA was compared with MUFA and PUFA. 

 A strong body of epidemiologic evidence supports the link between industrially 
synthesized TFA and CHD  [  38  ] . In a follow-up of the Seven Countries Study, elaidic 
acid, the predominant TFA in hydrogenated vegetable oil, was signi fi cantly associ-
ated with TC ( r  = 0.70,  p  < 0.01) and 25-year mortality rates from CHD ( r  = 0.78, 
 p  < 0.001)  [  19  ] . Therefore, reducing TFA, speci fi cally elaidic acid, often is 
recommended to lower CHD risk; although the effects of ruminant TFA on lipids 
and lipoproteins may be less understood.  
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    9.2.2.2   Conjugated Linoleic Acid and Vaccenic Acid 

 CLA, an isomer of linoleic acid ( n -6 fatty acid), is found in ruminant fats in meat 
and dairy products. Although CLA does contain a trans bond, an adjacent cis bond 
may allow CLA to possess different characteristics compared to the TFA found in 
partially hydrogenated oils  [  44  ] . The  cis -9,  trans -11 CLA isomer in addition with 
vaccenic acid, a precursor to CLA, combines to form the majority of ruminant TFA 
in beef and dairy. However, research on naturally occurring TFA has been limited 
compared to industrial TFA (hydrogenated oils). In addition, most of the conclusive 
research on CLA has been done in animal models and not humans. In animals, CLA 
isomers have been shown to decrease body fat, improve insulin sensitivity, improve 
lipid pro fi les, and, consequently, decrease risk of atherosclerosis  [  45  ] . Human stud-
ies, however, have produced con fl icting results. Attention has focused recently on 
the possible bene fi ts of CLA intake, particularly as an aide for achieving an improved 
body composition. Intervention studies in humans usually involve diets enriched 
with CLA, often using CLA supplements. One double-blind study found that CLA 
supplementation (0.6 g three times/day) promoted a greater loss of body fat  [  46  ] ; 
yet numerous other double-blind studies reported no effect  [  47–  50  ] . The evidence 
of a CLA effect on blood levels of lipids and lipoproteins has also been minimal and 
inconsistent  [  51–  53  ] . 

 Wanders et al.  [  53  ]  recently reported the results of a RCT that evaluated the effects 
of CLA intake on lipoprotein levels in healthy adults. For 3 weeks subjects received 
7% of total calories from oleic acid, industrial TFA, or a mixture of 80%  cis -9,  trans -
11 and 20%  trans -10,  cis -12 CLA. LDL-C levels were 11.6% ( p  < 0.001) higher after 
the industrial TFA diet and 8.7% ( p  < 0.001) higher after the CLA diet than after the 
oleic acid diet. Both the TFA and CLA diets also decreased HDL-C levels compara-
bly. The authors concluded that “an intake of 3 g/day of CLA, as recommended by 
manufacturers of CLA supplements, could theoretically increase the risk of CHD 
by 3 to 12%”  [  53  ] . Tholstrup et al.  [  54  ]  conducted a RCT evaluating the effects of 
vaccenic acid on blood lipids and lipoproteins in healthy young men. Subjects were 
either on a high (3.6 g/day) or low (0.4 g/day) vaccenic acid diet. The high vaccenic 
acid diet resulted in a 6% ( p  = 0.05) decrease in TC as well as a 9% ( p  = 0.002) 
decrease in HDL-C. Consequently, the TC/HDL-C ratio remained unchanged. 

 Jakobsen et al.  [  55  ]  evaluated the evidence on ruminant TFA and CHD outcomes 
and reported no statistically signi fi cant association. Similarly, Field et al.  [  56  ]  
recently reviewed current research on vaccenic acid and CHD risk. Evidence did 
not show convincingly an association between vaccenic acid and MI. More well- 
controlled clinical trials are needed to determine bene fi ts and/or risks associated 
with ruminant TFA consumption.  

    9.2.2.3   Ruminant vs. Industrial TFA 

 Ruminant and industrial TFAs are structurally similar, while the fat sources of these 
TFAs have a different fatty acid pro fi le. Ruminant fat contains signi fi cant amounts 
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of CLA, while partially hydrogenated oils contain very small amounts  [  57  ] . Thus, 
there may be metabolic differences between ruminant and industrial TFAs. 

 Brouwer et al.  [  57  ]  recently conducted a quantitative review to determine the 
effects of both ruminant TFA and industrial TFA on HDL-C and LDL-C in humans. 
The analysis of 39 randomized trials reported that all classes of TFA (0.4–10.9% of 
energy) increase the LDL-C/HDL-C ratio. Most studies used supplements with an 
equal ratio of  cis -9,  trans -11 and  trans -10,  cis -12 CLAs (1.8 and 6.8 g/day). 
Although the difference was not signi fi cant, the effect of ruminant TFA was less 
than that of industrial TFA. However, the daily intake of ruminant TFA is a fairly 
small amount, approximately 1.5 g for men and 0.9 g for women (less than 2% of 
total daily caloric intake)  [  14  ] . The DGAC 2010 Report concluded that total TFA 
intake should be the focus for dietary change rather than individual TFAs due to 
insuf fi cient evidence suggesting differences among types of TFA on CHD risk  [  14  ] . 
Clearly, further clinical research is needed that compares ruminant and industrial 
TFAs, particularly with respect to CHD risk.   

    9.2.3   Monounsaturated Fatty Acids 

 Evidence has demonstrated that substituting MUFA for SFA in the diet improves the 
lipid pro fi le. In particular, replacing SFA with MUFA decreases LDL-C (Fig.  9.2 ) 
 [  21–  23  ] . HDL-C levels are reduced less or unchanged when SFA is replaced with 
MUFA rather than PUFA  [  58  ] . However, replacement of SFA with CHO has been 
standard advice for reducing CHD risk, even though low-fat, high-CHO diets may 
unfavorably affect lipid and lipoprotein risk factors. There has been much debate 
about whether high-MUFA diets or high-CHO diets are more effective in reducing 
obesity and CHD risk factors  [  59  ] . Rodriguez-Villar et al.  [  59  ]  conducted a study 
reporting that a high MUFA diet (25% kcal from MUFA) compared to a high-CHO 
diet (12% kcal from MUFA) signi fi cantly lowered VLDL-C by 35% ( p  = 0.023) and 
VLDL-TG by 16% ( p  = 0.016) in subjects with type 2 diabetes. As a result, particles 
were believed to be less atherogenic (due to greater lipid depletion) although TC, 
LDL-C, HDL-C, and TG levels were similar after both diets  [  59  ] . Substantial evi-
dence also suggests that MUFA is protective against oxidative stress and smooth 
muscle cell proliferation, two factors that promote atherosclerosis  [  60  ] . In addition, 
compared to PUFAs, MUFAs are less likely to be converted to disruptive bioactive 
compounds, due to a lower susceptibility to oxidation  [  61–  63  ] . 

 Clinical studies have shown that MUFA—and oleic acid in particular—have 
demonstrated either a neutral or slight lowering effect on TC levels, particularly 
when SFA intake is low  [  8  ] . A meta-analysis conducted by Garg  [  64  ]  evaluated the 
effects of high-MUFA diets (22–33% kcal) vs. high-CHO diets (49–60% kcal). 
High-MUFA diets led to a decrease in VLDL-C (22%) and TG levels (19%) as well 
as a slight decrease in TC (3%), when compared with high-CHO diets. High-MUFA 
diets also caused a slight increase in HDL-C (4%), although inconsistent among 
studies with either a small increase or no change, depending on the comparison diet. 
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No change in LDL-C was observed in the high-MUFA diets compared to high-CHO 
diets; however, high-MUFA diets were noted as having a lower susceptibility of 
LDL oxidation, potentially reducing the risk of atherosclerosis  [  64  ] . 

 Mensink et al.  [  9  ]  conducted a meta-analysis of dietary fatty acids and CHO 
effects on lipids and lipoproteins. MUFAs increased HDL-C levels vs. CHO while 
both signi fi cantly lowered LDL-C levels (Fig.  9.2 ). In addition, MUFA decreased 
apolipoprotein B levels, the primary apolipoprotein in LDL-C. The TC/HDL-C 
ratio did not change when SFA was replaced with CHO; however, the ratio decreased 
when SFA was replaced with MUFA. More recently, Cao et al.  [  65  ]  conducted a 
meta-analysis of 30 controlled trials evaluating moderate vs. low-fat diets (MF and 
LF) in subjects with and without diabetes. MF diets contained on average 23.6% of 
total calories as MUFA, whereas LF had 11.4%. Both diets lowered TC and LDL-C 
similarly; however, the MF diets resulted in more favorable HDL-C and TG levels 
compared to the LF diets. HDL-C increased 0.06 mmol/L ( p  < 0.0001) and TG 
decreased 0.11 mmol/L ( p  < 0.00001) after MF diets vs. LF diets. Consequently, the 
reduction in the TC/HDL-C ratio was signi fi cant after MF diets (−0.36,  p  < 0.0001) 
with a −0.30 ( p  < 0.001) difference between MF and LF diets. Predicted changes in 
CHD risk were calculated based on these changes in blood lipids, estimating a 
greater reduction in CHD risk after MF diets compared to LF diets for both men and 
women (−6.4% and −9.3%, respectively). Therefore, it was concluded that a diet 
high in MUFA and unsaturated fatty acids reduces CHD risk greater than a LF diet, 
typically higher in re fi ned CHO  [  65  ] . 

    9.2.3.1   Epidemiologic Associations 

 Epidemiologic evidence for replacing SFA with MUFA has been mixed with regard to 
CHD risk. A strong prospective cohort study consisting of 5,672 diabetic women from 
the Nurses’ Health Study  [  66  ]  reported that replacement of 5% of calories from SFA 
with equivalent calories from MUFA was associated with a 37% lower CVD risk, 
greater than the 22% decrease in CVD risk associated with CHO replacement. In con-
trast, a recent pooled analysis of prospective cohort studies reported a direct associa-
tion between substitution of MUFA for SFA and CHD events (HR: 1.19 [95% CI: 1.00, 
1.42]). It was speculated that the increased CHD risk associated with higher MUFA 
intake may be explained in part by intake of TFAs, which were included in MUFAs. 
Most of the studies included did adjust for TFA intake in estimating HRs for MUFA 
intake; however, the adjustments may have been incomplete due to industrial 
modi fi cations of the TFA in the foods consumed during the follow-up period  [  37  ] . 

 The DGAC 2010 Report stated a 5% energy replacement of SFA with MUFA 
improves lipids and lipoproteins as well as decreases the risk of CHD and type 2 
diabetes  [  14  ] . In addition, MUFA intake in place of high CHO intake improves 
glucose tolerance and insulin and diabetic control  [  14  ] . Therefore, MUFA can serve 
as a suitable replacement for SFA, TFA, and/or CHO to improve the lipid pro fi le as 
well as other biomarkers of CHD, although further research is needed to clarify 
inconsistencies reported in epidemiologic studies.   
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    9.2.4   Polyunsaturated Fatty Acids 

 There is strong evidence that PUFA improves the lipid pro fi le, particularly when 
replacing SFA or TFA. Some of the earliest clinical trials evaluated the effects of 
consuming a diet high in PUFA (13–21% of energy) and low in SFA on TC and 
CHD events  [  67–  70  ] . Three of the studies reported a 13–15% decrease in TC that 
was accompanied by a 25–43% decrease in CHD events  [  67,   69,   70  ] . These studies 
established that consuming a diet high in PUFA substantially decreases TC. In addi-
tion, data from many controlled clinical studies have been used to develop predic-
tive equations demonstrating that PUFA lowers both TC and LDL-C. These 
equations predict that for each 1% increase in PUFA, TC is reduced by 0.024 mmol/L; 
this cholesterol-lowering effect is approximately half that of the cholesterol-raising 
effect of SFA  [  1,   2  ] . In addition, replacement of SFA with PUFA may increase LDL 
receptor mediated uptake of LDL-C from the blood  [  14  ] . A blunted receptor medi-
ated uptake of LDL-C results in increased levels of LDL-C in circulation. Therefore, 
replacing SFA with PUFA lowers LDL-C by increasing LDL receptor mediated 
removal  [  71  ] . 

    9.2.4.1    n -6 Fatty Acids 

 Predictive equations for individual fatty acids demonstrate that  n -6 fatty acids, 
speci fi cally linoleic acid (18:2, LA), have potent TC and LDL-C lowering effects 
(Fig.  9.2 ). In addition, LA raises HDL-C when compared with stearic acid (18:0) 
 [  8  ] . Mattson and Grundy  [  72  ]  reported an HDL-C lowering effect (−0.13 mmol/L, 
 p  < 0.02) of PUFA intake at very high levels (28% of energy). However, other stud-
ies reported no signi fi cant change in HDL-C at a high PUFA intake (15.9% energy, 
with a range of 10–30%)  [  73  ] . A recent review by Czernichow et al.  [  74  ]  reported 
that the decrease in HDL-C related to  n -6 fatty acid consumption, although not 
observed in all intervention studies, could be challenged considering the increased 
CHD risk associated with low HDL-C levels. However, the TC/HDL-C ratio is 
considered a better predictor of CHD risk  [  75  ]  and the authors conclude that eating 
a diet enriched with  n -6 PUFA or replacing SFA with  n -6 PUFA signi fi cantly 
reduces TC, LDL-C, and the TC/HDL-C, which may reduce the risk of CHD  [  74  ] . 
LA is also more susceptible to lipid peroxidation compared to MUFA or SFA. This 
may increase the risk of oxidizing LDL-C particles in the blood, potentially exac-
erbating the development of atherosclerosis if consumed in excessive amounts. 
However, LA clearly imparts bene fi cial effects on the lipid pro fi le. A recent AHA 
Scienti fi c Statement based on a review of clinical and epidemiologic evidence rec-
ommended that  n -6 PUFA should provide at least 5–10% of total calories and that 
any reduction in  n -6 PUFA would increase CHD risk  [  76  ] . The AHA review reported 
that higher intakes of  n -6 PUFA appear to be safe and may even provide additional 
bene fi ts as part of a low-SFA, low-cholesterol diet. Based on clinical evidence,  n -6 
PUFA intakes of 10–21% of energy, compared with lower intakes, might reduce 
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CHD risk without evidence of harmful effects  [  76  ] . In addition, epidemiologic 
evidence shows no indication that higher  n -6 PUFA intakes increase CHD risk 
 [  31,   76  ] . Mozaffarian et al.  [  31  ] , in a recent systematic review and meta-analysis, 
concluded that increasing PUFA consumption as a replacement for SFA reduces the 
occurrence of CHD by 19%; each 5% energy increase in PUFA consumption 
decreased CHD events by 10%. No increase in CHD risk was associated with very 
high levels of PUFA consumption in long-term studies (mean of 14.9% total energy; 
range 8–20%). Therefore, the authors concluded that current recommendations of 
<10% energy from PUFA need to be reevaluated  [  31  ] . More research, particularly 
long-term studies, is needed to determine the effect and safety of high intakes of  n -6 
PUFA.   

    9.2.5    n -3 Fatty Acids 

 Much research has been conducted on marine long-chain  n -3 fatty acids: eicosap-
entaenoic acid (EPA) and docosahexaenoic acid (DHA). A strong body of evi-
dence demonstrates that these fats signi fi cantly decrease TG levels, although 
LDL-C may increase in proportion to the TG lowering effect. For this reason,  n -3 
consumption combined with therapies that lower LDL-C would be expected to 
concurrently reduce both LDL-C and TG levels  [  77  ] . The consistent TG-lowering 
effect of marine  n -3 fatty acids generally has not been found at physiologically 
relevant concentrations of plant sources of  n -3 fatty acids (alpha-linolenic acid, 
ALA). Although dietary ALA is a source of EPA and DPA, the conversion 
ef fi ciency is very limited, converting between 0.01 and 8% of ALA to EPA and 
less to DHA  [  78,   79  ] . 

 Numerous clinical trials have shown that consumption of EPA and DHA from 
 fi sh or from  fi sh oil supplements reduces all-cause mortality and/or various CHD 
outcomes  [  80–  82  ] . A review by Mozaffarian and Rimm  [  83  ]  demonstrated that 
the effects of EPA + DHA intake on CHD depend on the dose and time responses. 
The authors reported that antiarrhythmic effects are strongest in reducing risk of 
CHD death and sudden death, having an effect within weeks of a modest intake 
(<750 mg/day EPA + DHA). However, at higher intakes (>750 mg/day 
EPA + DHA) maximum antiarrhythmic effects are achieved, while TG lowering 
begins to have a clinically relevant effect within months to years. The major 
mechanism responsible for the cardioprotective effect of  n -3 fatty acids does not 
appear to be associated with changes in lipids. Although TG lowering provides 
some bene fi t in reducing CHD risk, it is likely a minor factor. Rather, the reduced 
CHD risk associated with  n -3 fatty acid consumption is thought to be the result 
of stabilizing atherosclerotic plaques, decreasing production of chemoattrac-
tants, growth factors, adhesion molecules, in fl ammatory eicosanoids and cytok-
ines, increasing endothelial relaxation and vascular compliance, and reducing 
sudden death  [  80,   82–  84  ] . This is discussed in greater detail in the following 
chapter.  
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    9.2.6   Dietary Cholesterol 

    9.2.6.1   Effect on Blood Lipids 

 The effect of dietary cholesterol on CHD risk varies from person to person. The 
effect of dietary cholesterol on lipids and lipoproteins depends largely on whether 
an individual’s cholesterol synthesis is increased or decreased by cholesterol con-
sumption  [  85  ] . Hyperresponders are more inclined to experience a greater increase 
in LDL-C following intake of dietary cholesterol than hypo-responders. Dietary 
cholesterol is absorbed with the aid of bile acids, packaged in chylomicrons, then 
transported to the liver, where it can suppress LDL receptor activity, leading to an 
increase in LDL-C as a result of decreased cholesterol clearance from plasma  [  86  ] . 

 Jones et al.  [  87  ]  conducted a study to determine whether cholesterol synthesis is 
suppressed by cholesterol intake in subjects with normal TC or elevated TC. They 
were randomized to consume varying amounts of cholesterol (50, 350, or 650 mg 
cholesterol/2,800 kcal). Cholesterol was provided as egg yolk and whole egg added 
to baked or cooked products. In all subjects, cholesterol synthesis was signi fi cantly 
lower ( p  < 0.05) following the transition from low to medium and low to high cho-
lesterol diets. The authors concluded that dietary cholesterol causes a slight feedback 
inhibition of cholesterol biosynthesis, independent of blood cholesterol levels  [  87  ] . 

 Clinical studies evaluating the effect of dietary cholesterol on blood lipids have 
been somewhat inconsistent. Green et al.  [  88  ]  conducted a randomized crossover 
trial where subjects 29–60 years of age consumed diets consisting of 3 eggs/day or 
a fat-free egg substitute. Consuming dietary cholesterol from 3 eggs/day (~640 mg 
dietary cholesterol) signi fi cantly increased LDL-C ( p  < 0.05) and HDL-C ( p  < 0.001) 
in both men and women, with no signi fi cant change in the LDL-C/HDL-C or TC/
HDL-C ratios. Lecithin cholesteryl acyl transferase (LCAT) activity also was greater 
in hyperresponders. The increase in LCAT activity in addition to the elevation of 
lipoprotein cholesterol levels suggests that the reverse cholesterol transport pathway 
actively mobilizes excess dietary cholesterol in order to maintain cholesterol homeo-
stasis  [  88  ] . Some studies have shown that dietary cholesterol (2–3 eggs/day) may 
increase the size of LDL-C particles by 0.4–1.5 nm  [  88,   89  ] . However, not all clini-
cal trials have found that egg consumption increases cholesterol levels  [  90,   91  ] . For 
example, Goodrow et al.  [  90  ]  saw no signi fi cant increase in LDL-C, HDL-C, or TG 
when elderly adults (mean age of 79 year) consumed 1 egg/day. 

 Based on a meta-analysis of 27 controlled feeding studies, each 100 mg/day 
increase in dietary cholesterol (up to 400 mg/day) results in a corresponding increase 
of TC from 0.16 to 0.51 mmol/L, when baseline intake of dietary cholesterol is 
zero  [  92  ] . However, with a higher baseline cholesterol intake (300 mg/day), the 
increase in TC induced by an additional 100 mg/day of dietary cholesterol is only 
0.05–0.16 mmol/L. Therefore, additional dietary cholesterol has a greater impact on 
blood lipids when baseline dietary cholesterol consumption is low. An increase in 
LDL-C accounts for 80% of the increase predicted in TC  [  92  ] . Calculations from a 
similar analysis reported that a 100 mg/day increase in dietary cholesterol increases 
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the LDL-C/HDL-C ratio from 3.00 to 3.01 in subjects with elevated blood 
cholesterol. It is not clear how this small change in the LDL-C/HDL-C ratio would 
affect CHD risk  [  93  ] .  

    9.2.6.2   Epidemiologic Associations 

 Moderate evidence from epidemiologic studies indicates a positive relationship 
between dietary cholesterol and TC and LDL-C, yet many recent prospective stud-
ies have reported no association  [  14  ] . The Harvard Egg Study  [  94  ]  concluded that 
adverse effects of egg yolk cholesterol on LDL-C levels are often counterbalanced 
by bene fi ts on HDL-C, TG, and other nutrients related to the risk of CHD. 
Kritchevsky and Kritchevsky  [  95  ]  reviewed epidemiologic studies that evaluated 
egg consumption and reported that there was no association between eating one 
egg a day and risk of CHD. The Oxford Vegetarian Health Study  [  96  ]  and the 
Seventh-day Adventist Study  [  97  ]  both found no association between egg con-
sumption and CHD risk when they followed subjects over several years (13 and 
6 years, respectively). However, several studies have reported that egg consump-
tion in type 2 diabetics was associated with an increase in CHD risk  [  66,   94,   98  ] . 
The Health Professionals Study and the Nurses’ Health Study both reported no 
association between egg consumption and CHD  [  94  ] . However, when considering 
individuals with diabetes separately, 1 egg/day was found to signi fi cantly increase 
CHD risk twofold compared to an intake of less than 1 egg/week  [  94,   98  ] . 
Consequently, the DGAC 2010 Report concluded that consuming 1 egg/day does 
not lead to negative changes in lipid and lipoprotein levels, although, a greater risk 
is associated with individuals having type 2 diabetes  [  14  ] . Therefore, limiting cho-
lesterol to <200 mg/day is recommended for individuals with or at high risk for 
type 2 diabetes or CHD, while <300 mg/day remains the recommendation for per-
sons at low risk for CHD  [  14  ] .   

    9.2.7   Dietary Fiber 

    9.2.7.1   Effect on Blood Lipids 

 Some  fi bers that form viscous solutions in water have been shown to interfere with 
the reabsorption of bile in the intestines, resulting in an increased bile acid produc-
tion and/or enhanced LDL receptor status  [  99  ] . These viscous  fi bers include pectins, 
beta-glucans, some gums, and mucilages (ex. psyllium). Numerous intervention 
studies have demonstrated that viscous  fi ber reduces TC and LDL-C  [  92,   100–  106  ]  
and may prevent TG increases associated with greater CHO consumption. The 
National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP) III 
Report  [  107  ]  stated that an increase in viscous  fi ber of 5–10 g/day would be expected 
to lower LDL-C by approximately 3–5%. The NCEP recommends 10–25 g/day of 
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viscous  fi ber as an additional option of the Therapeutic Lifestyle Changes (TLC) 
diet to lower LDL-C and reduce CHD risk. 

 Although LDL-C lowering effects of viscous  fi ber have been well established in 
clinical trials, the changes in TG appear to be mixed. In the Dietary Approaches to 
Stop Hypertension (DASH) Trial  [  103  ] , individuals with elevated blood pressure 
were randomly assigned to the DASH diet (58% total calories from CHO, 27% from 
total fat, 7% SFA) that provided 30 g of  fi ber/day had signi fi cantly lower TC (7.3%), 
LDL-C (9.0%), and HDL-C (7.5%), compared to subjects fed a control diet (50% 
calories from CHO, 37% from total fat, 14% SFA) with intakes of only 11 g of  fi ber/
day (all  p  < 0.0001). TG levels were not signi fi cantly affected by the DASH diet. 
However, a study of individuals with type 2 diabetes following a diet that provided 
50 g of  fi ber/day (25 g viscous  fi ber) reported a 10.2% decrease in TG levels in addi-
tion to a 6.7 and 12.5% reduction in LDL-C and TC, respectively (all  p  < 0.05), 
compared to a diet that contained 24 g of  fi ber/day (8 g viscous  fi ber)  [  100  ] . In a 
double-blind study conducted by Naumann et al.  [  106  ] , healthy subjects were ran-
domly assigned to consume either a fruit drink daily enriched with 5 g of beta-glucan 
from oats or a rice starch-based placebo. After 5 weeks, the beta-glucan enriched 
drink signi fi cantly decreased TC by 4.8% and LDL-C by 7.7%, respectively (both 
 p  < 0.05), when compared to the placebo, but no signi fi cant difference in TG was 
reported between groups. Therefore, the effects of  fi ber on TG levels may vary 
depending on the subject population, the amount of  fi ber, and the type of  fi ber. In the 
case of diabetes, a decrease in TG following high  fi ber consumption might be attrib-
uted to the improvement in glycemic control  [  100  ] . 

 A study involving 36 overweight men with normal blood glucose levels found 
that consuming about 30 g/day of oat  fi ber for 12 weeks lowered LDL-C by 2.5% 
( p  = 0.02) and reduced the concentration of small, dense LDL-C particles by 17.3% 
( p  = 0.01). By contrast, subjects who consumed 30 g/day of wheat  fi ber for 12 weeks 
increased LDL-C by 8.0% ( p  = 0.02) and increased the concentration of small, dense 
LDL-C particles by 60.4% ( p  = 0.02), with a signi fi cant time-by-treatment interac-
tion ( p  < 0.05). TG levels tended to be lower in subjects consuming oat  fi ber but 
higher in subjects consuming the wheat  fi ber ( p  < 0.07)  [  101  ] . This lipid-lowering 
effect of oat  fi ber is likely due to the action of viscous  fi ber, speci fi cally beta-glucan, 
which is not present in wheat  fi ber. The FDA states that intakes of beta-glucan  ³ 3 g/
day can effectively lower LDL-C  [  108  ] , although the changes in TG appear to be 
mixed. 

 A meta-analysis of 20 controlled trials using viscous  fi ber from oat sources dem-
onstrated that the reduction in TC ranged from 0.1 to 2.5% per gram intake of vis-
cous  fi ber  [  109  ] . Larger reductions were seen in studies conducted with subjects 
who had higher baseline blood cholesterol levels ( ³ 5.9 mmol/L), speci fi cally sup-
plemental viscous  fi ber intakes of at least 3 g/day. A meta-analysis of 67 controlled 
trials evaluating different sources of viscous  fi ber (oats, pectin, guar, and psyllium) 
reported that 2–10 g/day signi fi cantly reduced LDL-C (−0.057 mmol/L,  p  < 0.001) 
 [  110  ] . Not all studies reported a cholesterol-lowering effect, perhaps due to varia-
tion in viscosity as a result of different molecular weights and solubility of beta-
glucan sources. Beta-glucan, with a higher molecular weight, has been shown to 
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reduce LDL-C by about 5%, whereas lower molecular weight beta-glucan does not 
appear to have a signi fi cant effect  [  111  ] . The molecular weight of beta-glucan often 
is reduced during extraction and occasionally decreased to improve the functional 
properties of food products  [  111  ] . Therefore, it is likely that beta-glucan effects vary 
among products, indicating that the molecular weight and solubility are fundamen-
tal for establishing the effects of  fi ber on increasing intestinal viscosity and lower-
ing cholesterol levels.  

    9.2.7.2   Epidemiologic Associations 

 Observational data have demonstrated an inverse relationship between dietary  fi ber 
and TC and LDL-C. However, the cardiovascular bene fi ts associated with  fi ber 
depend largely on the particular food source. Jacobs et al.  [  112  ]  demonstrated that 
 fi ber from whole grains but not re fi ned grains was associated with reduced risk of 
mortality. The authors concluded that other constituents (e.g., vitamins, minerals, 
and phytonutrients) found in whole grains may provide bene fi ts beyond the indi-
vidual effects of  fi ber (see Sect.  9.3.2 )  [  112  ] . 

 Overall, evidence suggests that dietary  fi ber improves blood lipids, lowers 
blood pressure, and reduces markers of in fl ammation  [  113  ] . These bene fi ts may 
occur with intakes as low as 12–33 g/day of  fi ber from whole foods (or up to 43 g 
from supplements)  [  113  ] . Americans on average only consume 15 g/day of  fi ber, 
below the recommended intake of 25 g for a 2,000 kcal diet  [  14  ] . In addition, 
white  fl our and processed potatoes provide the majority of  fi ber consumed in the 
average American diet  [  18  ] . Manufacturers are allowed to label a food a “good 
source of  fi ber” if it contains 10% of the recommended amount (2.5 g/serving) and 
an “excellent source of  fi ber” if it contains 20% of the recommended amount (5 g/
serving)  [  14  ] . However, a consistent de fi nition of dietary  fi ber continues to be a 
challenge. 

 In the 2002 DRIs, total  fi ber was de fi ned as dietary  fi ber and added  fi ber (func-
tional  fi ber); speci fi c de fi nitions were issued for each type of  fi ber. Dietary  fi ber was 
de fi ned as nondigestible CHOs and lignin that are intrinsic and intact in plants  [  92  ] . 
Added  fi ber, or functional  fi ber, consists of isolated nondigestible CHOs that have 
bene fi cial effects in humans  [  92  ] . The Codex Alimentarius Commission (Codex), 
the food standards program of the United Nations Food and Agriculture Organization 
(FAO) and the World Health Organization (WHO), recently established a similar 
dietary  fi ber de fi nition after years of opposition and debate. Codex de fi ned dietary 
 fi ber as CHO polymers with ten or more monomeric units, which are not hydro-
lyzed by the endogenous enzymes in the small intestine  [  114  ] . However, several 
countries continue to use more restrictive de fi nitions. For example, Canada requires 
that “novel  fi bers” can only be included in the de fi nition after approval from Health 
Canada and cannot include certain chemically processed ingredients  [  115  ] . 
Therefore, it may be possible that the dietary  fi ber de fi nition and analytical method 
used by one organization varies from that of another. Consistency in the measure-
ment and description of dietary  fi ber is needed. 
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 More information on the bioactive components contained in  fi ber and the 
mechanisms of action is also needed to understand the effects of  fi ber consumption 
on CHD risk, speci fi cally lipids and lipoproteins. In addition, research addressing 
the effect of different dietary  fi bers as well as added  fi bers on lipids and lipoproteins 
will play a role in updating current dietary  fi ber recommendations.   

    9.2.8   Plant Sterols/Stanols 

    9.2.8.1   Effect on Blood Lipids 

 Evidence from several randomized studies has demonstrated that plant sterols/
stanols, similar to cholesterol in structure, decrease TC and LDL-C in subjects with 
both normal and elevated cholesterol levels  [  113,   116–  119  ] . Sterols/stanols may 
reduce dietary and biliary cholesterol absorption by displacing cholesterol from 
micelles in the intestine, resulting in lower cholesterol solubility. Both sterols and 
stanols modify lipids and lipoproteins similarly  [  120  ] . 

 Clinical studies involving normocholesteromic subjects have demonstrated that 
sterols may reduce TC by 4–9% and LDL-C by 6–15%, respectively  [  118,   119  ] . 
Similar studies have evaluated the effectiveness of sterols in hypercholesterolemic 
adults. Devaraj et al.  [  117  ]  randomly assigned 72 free-living adults with mild hyper-
cholesterolemia to consume a placebo orange juice or an orange juice forti fi ed with 
plant sterols (2 g/day) for 8 weeks while following an average American diet. The 
sterols signi fi cantly decreased TC (7.2%) and LDL-C (12.4%) compared with base-
line and placebo ( p  < 0.01). Other studies have reported similar reductions in TC 
(2.8–11.9%) and LDL-C (1.7–13.4%) when consuming 1.6–3.2 g/day of sterol-
enriched products  [  121–  123  ] . Christiansen et al.  [  116  ]  measured the lipid lowering 
effect of sterols at different doses. Subjects in the control group consumed a placebo 
spread while test groups consumed a spread containing either 1.5 or 3.0 g/day of 
plant sterols for 6 months. TC and LDL-C levels were signi fi cantly lower in groups 
consuming the sterols compared to the control, i.e., 7.5–11.6% (0.46–0.62 mmol/L). 
However, no signi fi cant difference was reported between 1.5 and 3.0 g/day of ste-
rols on TC and LDL levels  [  116  ] . Moruisi et al.  [  124  ]  conducted a systematic review 
and meta-analysis to evaluate the cholesterol-lowering effects of sterols in subjects 
with hypercholesterolemia for 4 weeks to 3 months of intervention. An intake of 
2.3 g/day of sterols/stanols was associated with a reduction in TC of 7–11% with a 
mean decrease of 0.65 mmol/L and LDL-C by 10–15% with a mean decrease of 
0.64 mmol/L (both  p  < 0.00001).  

    9.2.8.2   Epidemiologic Associations 

 Epidemiologic evidence of an association between plant sterols and CHD is limited. 
Data from population studies have been mixed, reporting inconsistent associations 
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between plasma sterol concentration and CHD risk  [  125–  127  ] . The Prospective 
Cardiovascular Munster study  [  125  ]  found that the upper quartile of plasma sterol 
concentration (>2.18 mg/L) was associated with a greater CHD risk (1.8-fold 
increase) compared with the lower three quartiles ( p  < 0.05), while the European 
Prospective Investigation into Cancer-Norfolk Study  [  127  ]  and the Longitudinal 
Aging Study Amsterdam  [  126  ]  both reported that high plasma sterol concentrations 
were associated with lower CHD risk (OR 0.79 and 0.78,  p  < 0.05). Plant sterols can 
interfere with the absorption of fat-soluble vitamins and carotenoids  [  116,   122, 
  124  ] , which may explain part of the discrepancy in epidemiologic evidence. 
However, a diet rich in carotenoids and fat-soluble vitamins has been shown to 
maintain nutrient adequacy when consuming sterols/stanols  [  116,   124  ] . Although 
sterols/stanols occur naturally in some vegetable oils, nuts/seeds, fruits, vegetables, 
legumes, and whole grains, many commercial foods, such as juices, breads, and 
dairy products, are forti fi ed with sterol/stanols. Additional research is still needed 
though to evaluate the long-term safety of plant sterols/stanols.   

    9.2.9   Other Bioactive Compounds 

 A large body of evidence has reported that numerous bioactive compounds reduce 
CHD risk through a variety of mechanisms, many of which are nonlipid related. 
Bioactive compounds, found in small quantities in plant-based foods, may exhibit 
antioxidant, antithrombotic, and/or anti-in fl ammatory properties  [  128  ] . Some com-
pounds may also protect against several forms of cancer. Though the lipid-lowering 
effects of bioactive compounds are minimal at best, the cardioprotective bene fi ts are 
well established. Therefore, incorporating foods that contain these bioactive com-
pounds may be bene fi cial in the prevention of CHD. 

    9.2.9.1   Polyphenols 

 Data from experimental and clinical studies suggest polyphenols, particularly  fl avonoid-
rich foods, can reduce CHD risk by improving endothelial function and decreasing 
blood pressure (BP)  [  129  ] . In addition,  fl avonoids have a high antioxidant capacity 
capable of inactivating reactive oxygen species (ROS) associated with oxidizing 
LDL-C in blood. Flavanols, a subgroup of  fl avonoids, are present in high concentra-
tions in plant foods, speci fi cally fruits and vegetables. Green and black tea, chocolate, 
red wine or grapes, apples, pears, berries, and cocoa are all rich sources of  fl avanols 
that have been associated with a lower CHD mortality (Table  9.2 )  [  130  ] . Although 
 fl avanols occur as monomers catechin and epicatechin, they often are assembled as 
procyanidins (also known as condensed tannins)  [  131  ] . Resveratrol is a non fl avonoid 
antioxidant found in grapes, red wine, peanuts, and some berries. It also has been asso-
ciated with reducing CHD risk by inhibiting LDL-C oxidation, improving endothelial 
function, and providing antiplatelet and anti-in fl ammatory effects  [  132–  135  ] .   
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    9.2.9.2   Cocoa 

 A moderate amount of evidence demonstrates that modest consumption of choco-
late, speci fi cally cocoa, has cardiovascular bene fi ts capable of reducing CHD 
risk  [  14  ] . These bene fi ts have been accredited speci fi cally to the  fl avanol compounds 
contained in cocoa. The  fl avanol content and the antioxidant capacity in blood have 
been shown to increase following cocoa consumption  [  136  ] . Both the manufactur-
ing process as well as the type of cocoa bean (along with the geographic region of 
agricultural production) determines the amount of  fl avanols contained in chocolate. 
Cocoa beans are often treated with alkali to reduce the bitterness and increase the 
dispersability of cocoa; however, this process also modi fi es or destroys the polyphe-
nols and  fl avanols (Table  9.2 )  [  137  ] . As a result milk chocolate generally contains a 
lower  fl avanol content than cocoa powder or dark chocolate  [  136  ] . It is noteworthy 
that the predominant fat in chocolate is cocoa butter which is high in stearic acid, a 
fatty acid that does not signi fi cantly affect blood lipids  [  9  ] . However, the DGAC 
2010 Report advised that since chocolate is energy dense, the potential bene fi ts 
need to be balanced with caloric intake  [  14  ] . 

 In a crossover study by Grassi et al.  [  138  ] , 20 hypertensive patients were ran-
domly assigned to consume 100 g/day of dark chocolate (containing 88 mg of 
 fl avanols) or 90 g/day of  fl avanol-free white chocolate for 2 weeks. The dark choco-
late was found to increase insulin sensitivity and  fl ow-mediated vasodilation (FMD) 
with a 12% reduction in LDL-C ( p  < 0.05) as well as a decrease in systolic and dia-
stolic BP (−11.9/−8.5 mmHg, both  p  < 0.0001). Other studies also have reported 
bene fi cial effects of cocoa on lipids and lipoproteins  [  139–  141  ] ; however, neutral 

   Table 9.2    Catechin/epicatechin content found in food   

 Source  Mean content a  (mg/kg FW or mg/L) 

 Cocoa power  2,711 
 Dark chocolate  960 
 Green tea  657 
 Black tea  495 
 Milk chocolate  192 
 Peaches  135 
 Grapes (black)  124 
 Red wine  115 
 Apricots  77 
 Pistachios  69 
 Strawberries  68 
 Raspberries  56 
 Beans  53 
 Almonds  49 
 Pears  41 
 Lentils  37 

  Adapted from ref.  [  214  ]  
  a Values determined by chromatography;  FW  fresh weight for solid foods  
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effects on lipids and biomarkers of in fl ammation have also been reported as well 
 [  142,   143  ] . In a clinical study by Taubert et al.  [  143  ] , subjects in good health except 
for upper-range prehypertension (BP between 130/85 and 139/89 mmHg) or stage 
1 hypertension (BP between 140/90 and 160/100 mmHg) were randomly assigned 
to consume either 6.3 g/day dark chocolate (30 mg of polyphenols) or polyphenol-
free white chocolate for 18 weeks. Following the intervention, dark chocolate 
decreased mean systolic and diastolic BP (−2.9/−1.9 mmHg, both  p  < 0.001) with no 
signi fi cant changes in blood lipids. White chocolate did not change BP or plasma 
biomarkers of CVD risk. Taubert et al.  [  143  ]  provided subjects with much less choc-
olate than Grassi et al.  [  138  ]  (6.3 vs. 100 g/day) which may explain the smaller 
changes in BP. The American Dietetic Association (ADA) Evidence Analysis 
Library concluded that limited evidence demonstrates positive effects of cocoa or 
chocolate on BP when consumed for more than 2 weeks  [  144  ] . 

 Flavanols and procyanidins in cocoa also provide strong antioxidant effects that 
may counteract lipid peroxidation. The improvement in FMD following chocolate 
consumption suggests induction of endothelial NO synthase, resulting in elevated 
NO levels and enhanced endothelial function  [  131  ] . A randomized study involving 
cardiac transplant patients evaluated the effect of  fl avonoid-rich dark chocolate 
(40 g) vs. a cocoa-free control chocolate on coronary vasomotion, the change in 
diameter of coronary artery  [  145  ] . Coronary vasomotion was analyzed with quanti-
tative coronary angiography and cold pressor testing (immersion of the right hand 
in ice-cold water for 2 min) before and 2 h after chocolate consumption. After 2 h, 
the dark chocolate consumption induced coronary vasodilatation and decreased 
platelet adhesion. Both effects were proportional to the amount of serum epicate-
chin, suggesting that the  fl avanol epicatechin may be responsible for improving 
coronary vasomotion  [  145  ] . 

 A meta-analysis of 135 RCTs by Hooper et al.  [  129  ]  evaluated the effects of vari-
ous  fl avonoid subclasses as well as foods rich in  fl avonoids, including cocoa and 
chocolate, on CHD risk factors. The heterogeneity was signi fi cant for LDL-C 
( p  = 0.002 for heterogeneity), which likely re fl ects the diverse effects of each 
 fl avonoid subclass. Only soy protein isolate (SPI), a source of iso fl avones, and green 
tea had a signi fi cant LDL-C lowering effect (−0.19 mmol/L,  p  = 0.03 for heteroge-
neity and −0.23 mmol/L,  p  = 0.62). It must be noted, however, that it requires a 
rather large amount of these food products to achieve signi fi cant reductions in LDL-
C: 20–56 g of SPI and 2–5 mugs/day (~480–1,200 mL) of green tea. Chocolate 
intake did not signi fi cantly affect levels of LDL-C or HDL-C ( p  = 0.03 for 
heterogeneity). Chocolate consumption did, however, increase FMD after acute and 
chronic intake (4.0 and 1.45%) as well as decrease systolic and diastolic BP 
(−5.9/−3.3 mmHg,  p  < 0.001). Many of the chocolate and cocoa studies used formu-
lations that are not readily available to the public. Therefore, additional studies 
using commonly consumed formulations would allow for more relevant implica-
tions. Also, consistent  fl avonoid content is important to evaluate the individual 
effects of each  fl avonoid subclass on CHD risk. 

 Evidence from epidemiologic studies suggests an inverse relationship between 
 fl avonoid-rich foods and CHD risk. A meta-analysis of seven prospective cohort 
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studies with 105,000 subjects reported that a high intake of  fl avonoids from fruits 
and vegetables, red wine, and tea was inversely associated with CHD risk  [  146  ] . 
Individuals in the top tertile of dietary  fl avonoid intake had a 20% lower risk of 
CHD mortality compared with those in the lower tertile; this was independent of 
other dietary components and CHD risk factors ( p  < 0.001). 

 Research is needed to address dose–response effects of polyphenols, particularly 
 fl avonoids, on risk factors associated with CHD. In addition, the effectiveness of 
foods rich in  fl avonoids may be in part due to a variety of other confounding factors 
within the food, such as vitamins, minerals, and other bioactive compounds. There 
is suf fi cient evidence to recommend consuming foods rich in bioactive compounds, 
including polyphenols. More research is needed to understand the effects of indi-
vidual polyphenols and the cardiovascular bene fi ts associated with each polyphenol 
 [  128  ] ; however, a complex interaction likely exists among food substances. Chapter 
  14     discusses food synergy in greater detail.    

    9.3   Foods That Modify Lipids and Affect Risk 
of Heart Disease 

 The Dietary Guidelines (DG) and AHA provide food-based dietary recommenda-
tions for healthy Americans to decrease risk of CHD and other chronic diseases. 
These guidelines recommend an overall healthy eating pattern to achieve and 
maintain a healthy body weight, a desirable cholesterol pro fi le, and a desirable BP. 
The recommendations provide  fl exibility in selecting foods to meet nutritional needs 
and reduce CHD risk. A healthy eating pattern includes a variety of fruits, vegeta-
bles, grain products (of which whole grains should comprise at least one half of the 
total servings), low-fat or nonfat dairy products,  fi sh, legumes, poultry and lean 
meats, and liquid vegetable oil. To achieve a desirable lipid pro fi le, the DG and AHA 
recommend limiting foods high in SFA, TFA, and cholesterol that are provided by 
full-fat dairy products, fatty meats, partially hydrogenated vegetable oils, and egg 
yolks  [  147  ] . In addition, SFA should be decreased and replaced with calories from 
either nutrient-dense CHO (from whole grain products, fruits, vegetables, and fat-
free dairy products) or unsaturated fat (from vegetables,  fi sh, legumes, and nuts). 

 The following is an overview of the speci fi c food groups that are recommended 
as part of a healthy diet and their apparent bene fi cial effects on blood lipids and on 
risk of CHD. 

    9.3.1   Fruits and Vegetables 

 A large epidemiologic database has found that an increased intake of fruits and 
vegetables is associated with a signi fi cant reduction in at least one CHD outcome, 
including total mortality  [  14  ] . The mechanisms of action are thought to be mediated, 
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in part, through CHD risk factor reduction including bene fi cial effects on lipids and 
lipoproteins. Tande et al.  [  148  ]  used NHANES III data to evaluate the relationship 
between the Food Guide Pyramid recommendations (i.e., food groups) and serum 
lipids in 9,111 participants. Fruit intake was found to be inversely related to TC, 
LDL-C, and HDL-C ( p  = 0.012, 0.014, 0.001, respectively) and positively related to 
TG levels ( p  = 0.003). High intake of viscous  fi ber may have accounted for part of 
the lower TC and LDL-C levels. Antioxidants and phytonutrients, including poly-
phenols, may provide additional bene fi ts. The National Heart, Lung, and Blood 
Institute Family Heart Study  [  149  ]  reported similar  fi ndings. Consumption of fruit 
and vegetables was inversely related to LDL-C. Subjects consuming more fruit and 
vegetables (>4 vs. <1.9 servings/day) had lower LDL-C concentrations (3.14 vs. 
3.36 mmol/L;  p  < 0.0001)  [  149  ] . In a recent cross-sectional study, individuals with 
the highest fruit and vegetable consumption (compared to those with lower con-
sumption) had lower LDL-C levels (2.46 vs. 3.36 mmol/L,  p  < 0.01)  [  150  ] . 

 A meta-analysis by Dauchet et al.  [  151  ]  found that each additional serving per 
day of fruit and vegetables resulted in a 4% ( p  = 0.0027) decrease in CHD risk and 
for each additional serving per day of fruit, a 7% ( p  < 0.0001) decrease in CHD risk. 
The DGAC 2010 Report found that the lowest risk of CHD was associated with a 
fruit and vegetable intake >5 servings/day, and highest risk with an intake 
<3 servings/day, suggesting a linear relationship between fruit and vegetable con-
sumption and CHD risk  [  14  ] .  

    9.3.2   Whole Grain Breads and Cereals 

 A moderate amount of evidence suggests that whole grain consumption may protect 
against CHD  [  14  ] . In the United States, grains are typically overconsumed com-
pared to current recommendations, although consumption of whole grains is inad-
equate  [  14  ] . White  fl our makes up a large portion of the grain consumed in the 
average American diet  [  18  ] . 

 Distinguishing whole grains from terms such as “whole wheat” or “multigrain” 
can be dif fi cult. The FDA and the American Association of Cereal Chemists estab-
lished that to be considered a “whole grain,” the main components of the grain 
(endosperm, germ, and bran) need to be provided in the same relative proportion as 
it would be in the natural seed  [  152  ] . Therefore, a product containing 100% whole 
wheat  fl our may not technically be a whole grain since the germ is often removed. 
In order for a product to be labeled as a whole grain, it must contain whole grain as 
the  fi rst ingredient, making up 51% of the products total weight  [  153  ] . 

 Clinical evidence regarding the effect of whole grain intake on lipids and lipo-
proteins has been mixed, depending on the type of whole grain consumed. Oats and 
barley demonstrate a greater lipid lowering effect than wheat or brown rice, likely 
due to their viscous  fi ber content (see Sect.  9.2.7 )  [  154  ] . A systematic review of 10 
intervention studies found that whole grain intake, speci fi cally oats, was associated 
with lower TC (−0.20 mmol/L,  p  = 0.0001) and LDL-C (−0.18 mmol/L,  p  < 0.0001) 
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compared to diets based on re fi ned grains; there were no difference in HDL-C or TG 
 [  155  ] . However, the studies included in the analysis only evaluated short-term 
effects. Long-term controlled trials are needed to determine the sustained effects of 
whole grains on blood lipids. 

 Epidemiologic evidence has also suggested an inverse relationship between 
whole grain intake and CHD risk. Jacobs and Gallaher  [  156  ]  reviewed 13 prospec-
tive epidemiologic studies and reported a 20–40% reduction in risk of CHD when 
comparing habitual consumers of whole grains vs. those who seldom consumed 
them. Most whole grains are eaten as whole wheat which has only a small lowering 
effect on blood lipids. This might be expected to reduce CHD by a few percent, but 
not by 20–40%. This suggests that other mechanisms are largely responsible for the 
lower CHD risk associated with whole grains.  

    9.3.3   Nuts 

 Both clinical and epidemiologic evidence have  fi rmly established the bene fi t of nut 
consumption in lowering CHD risk across a variety of population groups, including 
elderly persons. Nuts are low in SFA and high in MUFAs and PUFAs (Table  9.3 ), 
which favorably affect blood lipids and lipoproteins  [  157  ] . In addition, they are rich 
sources of other nutrients including folate, vitamin E, and polyphenols. Furthermore, 
nuts contain plant sterols and dietary  fi ber, which would also contribute to their 
cholesterol-lowering effect.  

 Numerous clinical studies have consistently reported a TC and LDL-C  lowering 
effect of diets low in SFA and cholesterol and high in unsaturated fat provided 
by a variety of nuts. Based on clinical studies, an intake of 1–2 oz/day of nuts 
reduces LDL-C by 2–19%  [  158,   159  ] . A systematic review by Mukuddem-
Petersen et al.  [  159  ]  showed that consuming 50–100 g (1.7–3.5 oz) of nuts  ³ 5 times/

   Table 9.3    Fatty acid composition and caloric value in 1 oz of nuts   
 Amount 

 1 oz 
(28.35 g) 

 Energy 
(kcal) 

 Total 
fat (g) 

 SFA 
(g) 

 MUFA 
(g) 

 PUFA 
(g)   n -3 (g)   n -6 (g) 

 Almonds  22 nuts  169  15.0  1.2  9.5  3.6  0.00  3.59 
 Brazil nuts  6–8 nuts  186  18.8  4.3  7.0  5.8  0.01  5.82 
 Cashews  12 nuts  163  13.1  2.6  7.7  2.2  0.05  2.17 
 Hazelnuts  12 nuts  183  17.7  1.3  13.2  2.4  0.02  2.38 
 Macadamia nuts  10–12 nuts  204  21.6  3.4  16.8  0.4  0.06  0.37 
 Peanuts  35 pieces  168  14.6  2.0  8.9  3.1  0.05  2.99 
 Pecans  15 halves  201  21.1  1.8  12.5  5.8  0.28  5.55 
 Pistachios  49 kernels  162  13.9  1.6  6.9  3.9  0.07  3.87 
 Walnuts  14 halves  175  16.7  1.0  4.3  9.9  0.57  9.38 

  Adapted from ref.  [  215  ]  
 All values given are for dried or dry roasted nuts  
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week as part of a moderate-fat diet (35% of total calories) results in greater 
 reductions of TC (2–16%) and LDL-C (2–19%) compared to a low-fat, cholesterol-
lowering diet. 

 In a recent pooled analysis of 25 intervention studies ranging from 3 to 8 weeks 
in length, a mean daily nut consumption of 67 g reduced TC by 5.1%, LDL-C by 
7.4%, the LDL-C/HDL-C ratio by 8.3%, and the TC/HDL-C ratio by 5.6% ( p  < 0.001 
for all)  [  160  ] . In addition, increasing amounts of nuts resulted in a dose–response 
effect when compared to nut-free control diets. Subjects with a high baseline LDL-C 
or low BMI experienced the greatest cholesterol-lowering effect. This indicates that 
nuts were less effective in lowering blood cholesterol among obese subjects. Obesity 
is associated with decreased intestinal cholesterol absorption, due in part to the 
development of insulin resistance that results from adipose-induced in fl ammation. 
Insulin resistance causes impaired receptor mediated removal of LDL-C and 
decreases chylomicron clearance  [  161  ] , thereby diminishing reductions in LDL-C 
associated with plant sterols. 

 Large cohort studies consistently reveal that frequent nut consumption is associ-
ated with a 30–50% decrease in risk of CHD  [  162  ] . In the Nurses’ Health Study, 
women who reported eating more than 5 oz/week of nuts had a signi fi cantly lower 
relative risk of total CHD (0.65;  p  = 0.0009) compared to women who ate less than 
1 oz/month, after adjusting for various risk factors for CHD  [  163  ] . Similarly, the 
Seventh-day Adventist Study reported that men and women consuming  ³ 5 oz nuts/
week had 50% less risk of fatal and nonfatal CHD compared to individuals eating 
 £ 1 oz/week (RR of 0.49, 0.52, respectively)  [  162  ] . 

 Other biomarkers of CHD have also been associated with nut consumption. 
A review by Ros  [  164  ]  found that nuts, high in MUFAs, moderately improve 
oxidative status by reducing the susceptibility of LDL-C to oxidation. In addition, 
anti-in fl ammatory effects and improved endothelial function were associated 
with nuts and their bioactive components (antioxidants and polyphenols)  [  164  ] . 
Therefore, nuts appear to reduce CHD risk through a variety of mechanisms. 
Additional studies are needed to better understand all of the cardioprotective effects 
of nut consumption beyond changes in the lipid pro fi le.  

    9.3.4   Vegetable Oils 

 Vegetable oils are excellent sources of unsaturated fatty acids—MUFA and 
PUFA—depending upon the seed oil (Table  9.4 ). Bene fi cial effects of unsaturated 
fatty acids have been studied extensively in both epidemiologic and clinical stud-
ies. The TC/HDL-C ratio has been shown to decrease the most when CHO (mostly 
re fi ned) is replaced with MUFA or PUFA in the diet  [  9  ] . The Nurses’ Health 
Study found that a 5% increment in energy from MUFA was associated with a 
decrease in CHD risk (RR = 0.81,  p  = 0.05) compared to an equivalent energy from 
mostly re fi ned CHO  [  17  ] . In addition, a 5% increment in energy from PUFA was 
associated with lower CHD risk (0.62,  p  = 0.003) compared with CHO. This is 
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similar to the lower risk associated with replacing SFA with PUFA or MUFA (see 
Sect.  9.2.1.3 ).  

 Evidence from clinical trials convincingly af fi rms the bene fi cial effects reported 
in the epidemiologic literature of MUFA and PUFA is partially due to favorable 
effects on lipids and lipoproteins (see Sects.  9.2.3  and  9.2.4 ). The contrasting fatty 
acid pro fi le of different vegetable oils has enabled several clinical studies to be done 
that have manipulated dietary fatty acid composition in a variety of ways. These 
studies have shown consistently that  n -6 PUFA lowers TC and LDL-C and that 
MUFA has either a slight or neutral cholesterol-lowering effect, when substituted 
isoenergetically for CHO  [  3  ] . 

 Some vegetable oils are solid at room temperature. This is especially the case 
with tropical oils, notably palm and palm kernel oil; they contain higher amounts of 
SFA and are associated with adverse effects on blood lipids. Many organizations, 
including the WHO, encourage that palm oil consumption be reduced to decrease 
CHD risk  [  165  ] . Coconut oil is another tropical oil rich in SFA. 

 Unsaturated oils typically lack the chemical stability necessary for certain pro-
cessed foods; therefore, food manufacturers frequently use partially hydrogenated 
oils as an alternative to achieve functionality in some food products (see Sects.  9.2.1.1  
and  9.2.2 ). A current challenge for many food manufactures has been to decrease 
the use of saturated and partially hydrogenated oils while maintaining the chemical 
stability and functionality required for their products. The removal of partially 
hydrogenated oils from foods would confer health bene fi ts, especially when replaced 
with oils rich in MUFA and/or PUFA  [  43  ] . 

   Table 9.4    Fatty acid composition and caloric value of vegetable oils in 1 tbsp   

 Oil 
 Energy 
(kcal) 

 Total 
fat (g) 

 SFA 
(g) 

 MUFA 
(g) 

 PUFA 
(g)   n -3 (g)   n -6 (g) 

 Canola  124  14.0  1.0  8.2  4.1  1.30  2.84 
 Canola (high oleic)  124  14.0  0.9  10.1  2.4  0.36  2.03 
 Corn  120  13.6  1.7  3.3  8.0  0.16  7.28 
 Cottonseed  120  13.6  3.5  2.4  7.1  0.03  7.00 
 Flaxseed oil  120  13.6  1.3  2.8  9.0  7.25  1.73 
 Olive  119  13.5  1.8  10.0  1.4  0.11  1.24 
 Palm  120  13.6  6.7  5.0  1.3  0.03  1.24 
 Palm-kernel  117  13.6  11.1  1.6  0.2  0.00  0.22 
 Peanut  119  13.5  2.3  6.2  4.3  0.00  4.32 
 Saf fl ower  120  13.6  0.8  2.0  10.2  0.00  10.15 
 Saf fl ower (high oleic)  120  13.6  0.8  10.2  2.0  0.00  1.95 
 Sesame  120  13.6  1.9  5.4  5.7  0.04  5.62 
 Soybean  120  13.6  2.0  3.2  7.9  0.93  6.94 
 Sun fl ower  120  13.6  1.4  2.7  8.9  0.00  8.94 
 Sun fl ower (high oleic)  124  14.0  1.4  11.7  0.5  0.03  0.51 
 Walnut oil  120  13.6  1.2  3.1  8.6  1.41  7.19 

  Adapted from ref.  [  215  ]  
  SFA  saturated fatty acids;  MUFA  monounsaturated fatty acids;  PUFA  polyunsaturated fatty acids  
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 New unhydrogenated oils, particularly high-oleic oils, recently entered the 
marketplace to provide a healthier alterative to partially hydrogenated oils and SFA. 
Through selective breeding or genetic modi fi cation, several oils, including canola, 
sun fl ower, saf fl ower, and soybean, have been developed with an increasing proportion 
of oleic acid. These new high-oleic oils deliver a higher resistance to oxidation, 
allowing for greater use in food applications. Lichtenstein et al.  [  22  ]  analyzed several 
oils from genetically modi fi ed soybeans and compared them with common soybean 
and partially hydrogenated soybean oils on CVD risk. Subjects consumed  fi ve exper-
imental diets for 35 day, each containing the same foods and providing 30% of energy 
from fat. Two-thirds of the fat energy was soybean oil, low-SFA soybean oil, high-
oleic soybean oil, low-ALA soybean oil, or partially hydrogenated soybean oil. All 
varieties of soybean oils resulted in more favorable lipoprotein pro fi les except the 
partially hydrogenated oil. LDL-C was highest following the partially hydrogenated 
and low-ALA oil diets. HDL-C was not signi fi cantly different between diets, although 
for men the high-oleic diet resulted in signi fi cantly greater HDL-C levels compared 
to the common soybean oil diet. All unhydrogenated soybean oil diets resulted in 
lower TC/HDL-C ratios compared to the partially hydrogenated form, with high-
oleic oil diets resulting in the lowest TC/HDL-C ratio. The  fi ndings from this study 
indicate, therefore, that several unhydrogenated oils, including high-oleic oils, are 
viable substitutes for TFA and/or SFA. Additional studies are needed to evaluate 
the effect of novel vegetable oils on lipids and lipoproteins as well as other CHD risk 
factors. The effect of different vegetable oils on cholesterol lowering will re fl ect the 
type and amount of oil(s) used in the diet. Furthermore, the fatty acid pro fi le of 
the total diet is the de fi ning determinant of the blood cholesterol response.  

    9.3.5   Dairy Products 

 Multiple systematic reviews and meta-analyses have reported that low-fat/fat-free 
dairy intake is protective against CHD. In contrast, Tande et al.  [  148  ]  analyzed 
NHANES III data and found that dairy consumption was associated with an increase 
in LDL-C. This is likely due to the higher SFA intake associated with fat-containing 
dairy products. Therefore, consumption of low-fat/fat-free dairy rather than higher 
fat dairy would reduce SFA intake. Other dairy constituents, such as calcium, mag-
nesium, potassium, and vitamin D, may decrease CHD risk via other mechanisms. 
CLA also is found in dairy products; however, the amount is probably too low to 
have any effect on CHD risk  [  166  ] . 

 Tholstrup et al.  [  167  ]  investigated the effect of the different physical states of fat 
on blood lipids and lipoproteins. Fourteen healthy men were randomized to one of 
three groups (whole milk, butter, or hard cheese) for 3 weeks, each in a controlled 
crossover study. All diets resulted in a slight increase of LDL-C. The most notewor-
thy  fi ndings was that butter diet resulted in 0.21 mmol/L higher LDL-C than cheese 
( p  = 0.037). More research is needed to understand how the physical state of fat in 
dairy foods affects blood lipids. 
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 A model community-based CHD intervention program, the North Karelia Project 
in eastern Finland, reported that a decrease in SFA intake (principally from dairy 
fat) from 20–21% of energy in 1972 to 14–15% of energy in 1997 was associated 
with a decrease in TC levels of 15–19% among men and women  [  168  ] . The primary 
changes in diet were decreased use of butter and increased use of low-fat and skim 
milk instead of whole milk. In the North Karelia Project, CHD mortality declined 
73% from 1971 to 1995  [  169  ] . The reduced mortality was associated with a decrease 
in blood cholesterol and also bene fi cial changes in BP and cigarette smoking. 

 More recently, Elwood et al.  [  170  ]  conducted a systematic review of 15 prospec-
tive cohort studies evaluating the association between dairy consumption and CHD 
risk. The highest consumption of milk was associated with a signi fi cant reduction in 
the risk of CHD, stroke, and MI. The RR of CHD risk in subjects with high milk or 
dairy consumption was 0.84 and 0.79, respectively, compared to those with low 
consumption. In addition, several prospective studies have reported that consump-
tion of milk and dairy products is inversely associated with the prevalence of meta-
bolic syndrome, a signi fi cant contributor of CHD  [  170,   171  ] . Therefore, a 
cardioprotective effect appears to be associated with dairy consumption. Clinical 
evidence has demonstrated a consistent BP-lowering effect of dairy consumption, 
possibly due in part to bioactive dairy peptides and the micronutrient pro fi le of dairy 
products (i.e., calcium, magnesium, and potassium). Hilpert et al.  [  172  ]  found that 
stage I hypertensive patients fed a diet rich in dairy foods correlated with a decrease 
in diastolic BP ( r  = 0.52,  p  < 0.05). The increase in calcium associated with dairy 
intake presumably caused the decrease in intracellular calcium by depressing the 
levels of calcitropic hormones (parathyroid hormone and 1,25-hydroxy vitamin D) 
responsible for regulating intracellular calcium. This reduction in intracellular 
calcium also has been shown to inhibit lipogenesis and stimulate lipolysis  [  173  ] ; 
therefore, dairy products containing calcium may in fl uence whether fat is stored or 
broken down in the body. 

 Although not entirely consistent, epidemiologic evidence also suggests an inverse 
relationship between dairy consumption and elevated BP. The Coronary Artery Risk 
Development in Young Adults (CARDIA) study found that the 15-year incidence of 
elevated BP was inversely related to dairy consumption  [  174  ] . However, there is 
still a need to evaluate dairy components, including milk proteins, to understand the 
underlying mechanisms associated with a reduced risk of CHD in response to dairy 
consumption. Further research also should be conducted to investigate the effects of 
dairy consumption on both established and novel CHD risk factors.  

    9.3.6   Meat 

 The Third National Health and Nutrition Examination Survey  [  148  ]  found that 
increasing consumption of higher fat red meats was associated with an increase in 
LDL-C, which could be explained by the increase in SFA intake. However, con-
trolled clinical studies have shown consistently that including lean red meat (beef, 
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veal, and pork) in a NCEP Step I diet in hypercholesterolemic subjects decreases 
LDL-C and increases HDL-C similar to that of lean white meat (poultry and  fi sh) 
 [  175–  177  ] . 

 Studies of the relationship between meat consumption and CHD have generated 
inconsistent  fi ndings. The Nurses’ Health Study  [  178  ]  and the Iowa Women’s Health 
Study  [  179  ]  both found no relationship between intake of meat and CHD. However, 
in a prospective study of 84,136 women in the Nurses’ Health Study followed for 
26 years, Bernstein et al.  [  180  ]  found that higher intakes of both red meat and red 
meat excluding processed meats were signi fi cantly associated with increased risk of 
CHD. Consumption of these foods was associated with higher rates of smoking, 
TFA consumption, lower physical activity, and decreased intake of various vita-
mins. It is therefore essential to adjust for these confounding variables. After doing 
so the associations were still signi fi cant for both red meat and red meat excluding 
processed meats (RR = 1.16 per serving/day,  p  for trend <0.001, and RR = 1.19, 
 p  = 0.02, respectively). Serving size was not de fi ned, but according to the USDA 
3 oz is the recommended serving size. Similarly, the National Institutes of Health-
AARP Diet and Health Study  [  181  ] , a prospective study of over half a million peo-
ple, reported that CVD mortality risk was elevated for men and women in the highest 
intake of red (HR = 1.27 and 1.50, respectively,  p  for trend <0.001) and processed 
meat (HR = 1.09 and 1.38,  p  for trend <0.001) after adjusting for confounding 
variables. 

 A review by McAfee et al.  [  182  ]  reported that many studies evaluating red meat 
consumption and CHD risk were not consistent in measuring meat intake, with 
several studies including processed meat in the red meat category. In the absence of 
a clear de fi nition about what can be classi fi ed as processed or red meat, results from 
future prospective studies will most likely continue to vary. However, the review did 
not  fi nd any increase in CHD risk associated with consuming moderate amounts of 
lean red meat. 

 Micha et al.  [  183  ]  recently conducted a systematic review and meta-analysis. 
The analysis included 17 prospective cohort studies and 3 case-control studies con-
ducted in the United States ( n  = 11), Europe ( n  = 6), Asia ( n  = 2), and Australia 
( n  = 1), consisting of over one million subjects. Red meat intake was not associated 
with CHD risk (RR = 1.00 per 50 g serving/day); however, processed meat was asso-
ciated with a 42% higher risk of CHD. The authors concluded that consumption of 
processed meats, but not red meats, was associated with an increase in CHD risk; 
therefore, differentiating between processed and unprocessed meats is necessary to 
assess health effects and underlying mechanisms  [  183  ] . In addition, no RCTs of red 
or processed meat consumption and risk of CHD were identi fi ed in this analysis; 
therefore, a controlled clinical study is needed to validate these  fi ndings. 

 Lean red meat can be included in a cholesterol-lowering diet as long as the quan-
tity is consistent with the daily amount recommended (5 oz/day for the TLC diet). 
In addition, the total diet must meet current recommendations for cholesterol-
 znutrients. SFA and cholesterol content of selected cuts/species of red meat, poultry, 
and  fi sh are shown in Table  9.5 . A recommendation of less than 7% energy from 
SFA translates to 15.6 g/day for a 2,000 kcal diet. A 6-oz serving of lean beef 
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   Table 9.5    Fatty acid composition, cholesterol, and caloric value of raw meat,  fi sh, poultry, dairy, 
and soy products in 100 g portions   

 Source 
 Energy 
(kcal) 

 Total 
fat (g) 

 SFA 
(g) 

 MUFA 
(g) 

 PUFA 
(g) 

  n -3 
(g) 

  n -6 
(g) 

 Cholesterol 
(mg) 

 Ground beef, 95% lean  137  6.0  2.2  2.1  0.2  0.04  0.22  62 
 Beef, bottom round, fat trimmed  187  7.7  2.8  3.3  0.3  0.04  0.22  86 
 Beef, top sirloin, fat trimmed  183  5.8  2.2  2.3  0.2  0.02  0.17  58 
 Pork tenderloin  120  3.5  1.2  1.4  0.6  0.03  1.02  65 
 Ham, lean  195  8.3  2.8  3.8  1.0  0.09  0.88  70 
 Chicken, light meat, no skin  114  1.7  0.4  0.4  0.4  0.05  0.28  58 
 Chicken, dark meat, no skin  125  4.3  1.1  1.3  1.1  0.11  0.82  80 
 Turkey, light meat, no skin  108  0.5  0.2  0.1  0.1  0.01  0.12  66 
 Salmon, farm raised  183  10.9  2.2  3.9  3.9  2.16  1.74  59 
 Tuna, light, canned in water  116  0.8  0.2  0.2  0.3  0.29  0.04  30 
 Tofu,  fi rm  145  8.7  1.3  1.9  4.9  0.58  4.34  0 
 Yogurt, low fat, plain  63  1.6  1.0  0.4  <0.1  0.01  0.03  0.6 
 Cottage cheese, low fat, 1%  72  1.0  0.6  0.3  <0.1  0.01  0.02  4 

  Adapted from ref.  [  215  ]  
  SFA  saturated fatty acids;  MUFA  monounsaturated fatty acids;  PUFA  polyunsaturated fatty acids  

provides about 8 g of SFA. Lean red meats include bottom round and sirloin cuts, 
whereas lean poultry includes skinless white meat.   

    9.3.7   Seafood 

 A moderate amount of evidence suggests that consuming two servings of seafood 
per week (4 oz/serving) reduces cardiac mortality from CHD  [  14  ] . However, not all 
 fi sh or seafood provide equal bene fi ts given that certain sources contain substantially 
more EPA + DHA than others. The AHA recommends consuming two servings of 
 fi sh per week, preferably fatty  fi sh, to decrease CHD risk  [  184  ] . Furthermore, choos-
ing  fi sh with a low content of methylmercury is recommended so as to maximize 
cardiovascular bene fi ts. Children, pregnant women, and women who may become 
pregnant are advised to avoid eating  fi sh with higher levels of mercury. Good sources 
of fatty  fi sh lower in mercury include salmon, light tuna, trout, herring, and sar-
dines. Albacore (“white”) tuna is a commonly eaten  fi sh, yet it contains a moder-
ately high level of mercury compared to canned light tuna, intermediate to the high 
and low mercury seafood (Fig.  9.3 ).  

 Many other marine sources of  n -3 fatty acids, high in EPA and DHA, have gained 
recent attention, especially krill, a zooplankton crustacean found in cold ocean 
waters. Maki et al.  [  185  ]  examined the effects of krill oil supplementation on plasma 
EPA and DHA concentrations compared to  fi sh oil in overweight and obese patients. 
Subjects were randomly assigned to one of three treatment groups and consumed 
2 g/day of krill oil (216 mg/day EPA and 90 mg/day DHA),  fi sh (menhaden) oil 
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(212 mg/day EPA and 178 mg/day DHA), or control (olive oil). At the end of the 
4-week treatment, plasma EPA and DHA concentrations increased signi fi cantly 
more in the krill oil (178 and 90  m mol/L) and  fi sh oil (132 and 150  m mol/L) groups 
compared to the control (3 and −1  m mol/L) ( p  < 0.001). Mean plasma EPA was 
greater in the krill oil group compared to the  fi sh oil group (377 vs. 293  m mol/L). 
Although the krill oil supplement provided only half the amount of DHA as the 
 fi sh oil supplement, plasma DHA was comparable at the end the trial (476 vs. 
478  m mol/L). Therefore, EPA + DHA in krill oil appear to be absorbed equally as 
well if not better than that from  fi sh oil. Blood lipid levels did not differ signi fi cantly 
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  Fig. 9.3    EPA/DHA intake and methyl mercury intake exposure from one 3-oz portion of seafood. 
Reprinted from ref.  [  216  ]  with permission by the  National Academy   of Sciences .  Asterisk  cooked, 
dry heat;  double asterisk  cooked, moist heat;  triple asterisk  The EPA and DHA content in Paci fi c 
salmon is a composite from chum, coho, and sockeye       
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across treatments, likely due to the short treatment period, lower dosage, and 
relatively normal lipid levels at baseline  [  185  ] . 

 A study by Bunea et al.  [  186  ]  compared the effects of krill oil and  fi sh oil on 
subjects with moderate-to-high TC (5.0–9.0 mmol/L) and TG (2.3–4.0 mmol/L). 
After 12 weeks, subjects consuming krill oil at 1–3 g/day all signi fi cantly reduced 
LDL-C by approximately 32–39% ( p  = 0.000 for all), whereas 3 g/day of  fi sh oil 
reduced LDL-C by only 4.6% (not signi fi cant,  p  = 0.14). Those receiving the pla-
cebo (microcrystalline cellulose) had an increase in LDL-C of 13% ( p  = 0.000). 
HDL-C levels increased by 43–59% in those consuming 1–3 g/day of krill oil 
( p  = 0.000) while the  fi sh oil group only increased by 4.2% ( p  = 0.000). No signi fi cant 
change in HDL-C was observed in the placebo group. Furthermore, TG reductions 
were signi fi cant only in the krill oil group at amounts of 2 and 3 g/day, decreasing 
TG by 27.6% and 26.5%, respectively (both  p  < 0.05). The authors concluded that 
krill oil was more effective than  fi sh oil for managing blood lipids  [  186  ] . Although 
the early results are promising, more clinical studies are needed to determine the 
effects of krill oil on lipids and lipoproteins as well as its safety.  

    9.3.8   Soy 

 A moderate amount of evidence suggests that soy intake reduces CHD risk by low-
ering TC and LDL-C levels, although results from epidemiologic studies have been 
inconsistent  [  14  ] . 

 Early studies reported lower TC and LDL-C levels with increasing soy consump-
tion. In 1995, a meta-analysis of 38 controlled trials by Anderson et al.  [  187  ]  com-
pared a soy protein diet to a control diet and found that soy protein diets (average 
intake of 47 g/day) lowered TC by 0.59 mmol/L, LDL-C by 0.57 mmol/L, and TG 
by 0.34 mmol/L (decreases of 9%, 13%, and 11%, respectively). However, more 
recent analyses indicate that the cholesterol-lowering bene fi ts of soy are not as 
signi fi cant. 

 In 1999, the FDA issued a health claim based largely on the meta-analysis by 
Anderson et al. stating that 25 g/day of soy protein was associated with a decrease 
in CHD risk  [  188  ] . A food must contain at least 6.25 g of soy protein in order for the 
label to claim a cholesterol-lowering effect. Three recent meta-analyses of RCTs 
supported the claim,  fi nding that soy protein lowered TC, LDL-C, and TG in adults 
with or without hyperlipidemia, although the lowering effect sizes for LDL-C (0.11, 
0.21, and 0.23 mmol/L) were substantially less than reported in the original meta-
analysis by Anderson et al. (a decrease of 0.57 mmol/L)  [  189–  191  ] . Perhaps the 
difference in effect size was due in part to the inconsistency of inclusion criteria, 
particularly the use of nonrandomized trials only in the initial meta-analysis, as well 
as the variety of soy protein products comprising total soy intake. 

 The AHA Soy Advisory published a review of 22 clinical studies that found a 
mean LDL-C reduction of 4.3% ( p  = 0.003), much lower than the 13% reported by 
Anderson et al.  [  192  ] . Both the AHA and Anderson et al. meta-analyses included 
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controlled studies evaluating the inherent effect of soy consumption and did not 
assess the effect of substituting soy for other foods in the diet. In other words, the 
macronutrient compositions among diet groups were matched. However, Jenkins 
et al.  [  193  ]  recently discovered that six studies reporting a large LDL-C lowering 
effect (20.9%) in the Anderson et al. meta-analysis used a particular type of textur-
ized vegetable protein (Cholsoy). Removing these studies from the analysis lowered 
the LDL-C reduction from 13 to 9% (0.57–0.36 mmol/L). Therefore, the particular 
types of soy products included in each analysis likely explained in part the different 
effect sizes reported. 

 The Agency for Healthcare Research and Quality (AHRQ) Report summarized 
the clinical evidence for soy protein and its iso fl avones on CVD risk and found that 
soy protein (14–113 g/day, with a median of 36 g) yielded a small lowering effect 
on LDL-C (−3%) and TG (−6%), despite a wide range of treatment effects  [  194  ] . 
However, based on limited evidence and poor quality studies, no bene fi cial or harm-
ful effects of soy protein on CVD risk factors were demonstrated. A considerable 
variety of soy products explained a large part of the heterogeneity among studies 
 [  194  ] . The ADA Evidence Analysis Library also reported that studies vary greatly 
in estimating the effect of soy protein on lipids and lipoproteins. Individuals with 
normal and elevated cholesterol have shown 0–20% lower TC, 0–22% lower TG, 
and 4–24% lower LDL-C after consuming 26–50 g/day of soy protein  [  144  ] . 

 The DGAC 2010 Report stated that soy protein intake may have small effects on 
TC and LDL-C, while the relationship with CHD appears to be inconsistent  [  14  ] . 
Mechanisms other than lipid and lipoprotein changes, perhaps improved vascular 
function following soy intake, may be responsible for part of the cardiovascular 
bene fi t  [  195  ] . Replacing foods high in SFA and cholesterol with soy protein may 
provide some cardiovascular bene fi t as a low-fat alternative. Some authors indicate 
that soy protein lacking iso fl avones may not provide the same cholesterol-lowering 
effect, suggesting that the bene fi t of soy protein may be attributed to a combination 
of amino acids with iso fl avones, saponins, or bioactive components  [  196–  198  ] . 
Further research is needed to understand the effect of soy protein and iso fl avones on 
blood lipids and lipoproteins, and the amount necessary to achieve modest improve-
ments. In addition, long-term studies are needed to determine how soy intake may 
in fl uence CHD risk.   

    9.4   Dietary Patterns to Prevent Heart Disease 

 Many dietary patterns consist of varying nutrient compositions and speci fi c foods 
can be implemented to bene fi cially affect lipids and lipoproteins. The Step I and 
Step II diets were formerly considered the “gold standard” dietary approaches for 
lipid management. A Step I diet is de fi ned as: total fat <30% of calories; saturated 
fat <10% of calories; and dietary cholesterol <300 mg/day. A Step II diet is de fi ned 
as: total fat <30% of calories; saturated fat <7% of calories; and dietary cholesterol 
<200 mg/day. However, the AHA recently dropped the “Step I” and “Step II” 
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designations. Although still emphasizing the same principles, the new focus is on 
foods rather than individual food components and percentages of macronutrients. 
The TLC diet, a contemporary version of a Step II diet, currently serves as the new 
standard (Table  9.6 ).  

 In addition to the TLC diet, there are other dietary patterns recommended for the 
management of blood lipids (Table  9.7 ). Several clinical studies have evaluated 
the effects of these diets on lipids and lipoproteins. Typically, these diets lower TC 
and LDL-C, while the effects on TG and HDL-C often are diet speci fi c. A variety of 
different dietary patterns to manage lipids and lipoproteins provide options to target 
speci fi c CHD risk factors as well as to achieve maximal adherence.  

    9.4.1   Therapeutic Lifestyle Changes Diet 

 The NCEP and AHA currently recommend the TLC diet in place of Step I and II 
diets for individuals with CHD or those at risk of developing CHD. The TLC diet is 

   Table 9.6    Therapeutic lifestyle changes diet recommendations   
 Nutrient  Recommended intake  For a 2,000-kcal diet 

 Total fat  25–35% of total energy (TE)  55–78 g/day 
 Saturated fat  <7% TE  16 g or less/day 
 Monounsaturated fat  Up to 20% TE  Up to 44 g/day 
 Polyunsaturated fat  Up to 10% TE  Up to 22 g/day 
 Carbohydrate a   50–60% TE  250–300 g/day 
 Viscous  fi ber (g/day)  10–25  10–25 
 Protein  ~15% TE  ~75 g/day 
 Cholesterol (mg/day)  <200  <200 
 Plant sterols (g/day)  2  2 

  Adapted from ref.  [  107  ]  
  a Carbohydrate intake should be derived predominately from foods rich in complex carbohydrates, 
including grains, especially whole grains, fruits, and vegetables  

   Table 9.7    Descriptions of dietary patterns that bene fi cially affect blood lipids   
 Diet  Featured food components 

 TLC  Step II with food sources of plant stanol/sterols, such as margarine, orange 
juice, yogurt, etc., and of viscous  fi ber, such as fruits, vegetables, 
whole grains, and legumes 

 DASH  Fruits, vegetables, whole grains, low-fat dairy 
 Portfolio  Vegetarian. Oats, barley, psyllium, soy protein, almonds, eggplant, okra, 

and sterol-enriched margarine 
 Mediterranean  Bread, root vegetables, green vegetables,  fi sh, olive oil, canola oil, mustard 

oil, and/or soybean oil 

   TLC  therapeutic lifestyle change;  DASH  dietary approaches to stop hypertension  
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designed to maximally lower LDL-C and recommends 25–35% of calories from fat, 
<7% calories from saturated fat, and <200 mg/day of cholesterol (Table  9.6 ). 
Additional options for LDL-C lowering in the TLC diet include incorporation of 
2 g/day of plant sterols/stanols, 10–25 g/day of viscous  fi ber, as well as emphasis on 
weight loss and physical activity. The TLC diet is expected to decrease LDL-C by 
approximately 20–30%  [  107  ] . The decrease in LDL-C induced by each of these 
changes is as follows: approximately 8–10% by the reduction in SFA to <7% of 
calories, 3–5% by the reduction in dietary cholesterol to <200 mg, up to 5% by the 
addition of 5–10 g/day of viscous  fi ber, about 5–8% by a weight loss of about 10 lbs, 
and 6–15% by the inclusion of 2 g/day of plant stanol/sterol esters  [  107  ] .  

    9.4.2   Dietary Approaches to Stop Hypertension Diet 

 The DASH Trial was conducted to compare the effects of three dietary patterns on 
BP  [  103  ] . In a secondary analysis, the effect of the DASH Diet on blood lipids was 
also assessed. In the DASH Trial, 459 subjects consumed a 3-week run-in control 
diet followed by 8 weeks on one of three experimental diets:

    1.    Control diet: high in saturated fat, low in  fi ber (14% of calories from protein, 
50% CHO, 37% fat [14% SFA, 13% MUFA, and 7% PUFA], 246 mg/day of 
cholesterol, 10.8 g/day of  fi ber).  

    2.    Fruit and vegetable diet, comparable to control diet in macronutrients (15% pro-
tein, 52% CHO, 37% fat [13% SFA, 14% MUFA, and 7% PUFA], 188 mg/day 
of cholesterol, 29.9 g/day of  fi ber).  

    3.    DASH diet: high in fruits (5.2 servings/day), vegetables (4.4 servings/day), and 
low-fat dairy products (2 servings/day and 0.7 servings of high-fat dairy/day). 
Lower in fat and saturated fat but high in  fi ber (18% protein, 58% CHO, 27% fat 
[7% SFA, 10% MUFA, and 8% PUFA], 141 mg/day of cholesterol, 29.7 g/day of 
 fi ber).     

 TC, LDL-C, and HDL-C signi fi cantly decreased by 7.3%, 9.0%, and 7.5%, 
respectively, in the DASH group vs. the control group ( p  < 0.0001). TC, LDL-C, and 
HDL-C decreased nonsigni fi cantly by 1.9%, 1.5%, and 0.4%, respectively, in the 
fruit and vegetable group vs. the control group. Although TG levels decreased 8.4% 
in the fruit and vegetable group ( p  = 0.076), they were not signi fi cantly affected by 
the DASH diet  [  103  ] . Thus, a high- fi ber diet may prevent an increase in TG levels 
on a lower fat diet. 

 A prospective cohort study by Fung et al.  [  199  ]  evaluated the association between 
a DASH-style diet adherence score and CHD risk in women. Diet was assessed 
seven times during 24 years of follow-up with food frequency questionnaires. 
A DASH score was calculated based on eight food and nutrient components 
(fruits, vegetables, whole grains, nuts, and legumes, low-fat dairy, red and processed 
meats, sweetened beverages, and sodium). Women with a high DASH score had a 
lower risk of CHD: those in the top quintile of the DASH score had a RR of 0.76, 
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compared with those in the bottom quintile ( p  < 0.001 for trend). The risk reduction 
was signi fi cant for both fatal and nonfatal CHD ( p  = 0.002,  p  < 0.001). 

 A similar study by Parikh et al.  [  200  ]  used NHANES III data in order to evaluate 
the association between the DASH diet and mortality in 5,532 hypertensive adults. 
Dietary intakes were estimated using a single 24-h dietary recall. NHANES partici-
pants consuming a typical western diet were compared to participants consuming a 
DASH-like diet (7.1% of subjects). The DASH-like diet was associated with lower 
mortality from all causes (HR = 0.69,  p  = 0.01); however, the mortality risk due to 
CVD and CHD did not differ in the two dietary groups. Limitations associated with 
dietary recall data may explain in part the inconsistencies reported among prospec-
tive studies. 

 Clinical evidence has consistently demonstrated that the DASH diet reduces BP, 
TC, and LDL-C, but also reduces HDL-C with no effect on TG. The unfavorable 
effect on HDL-C requires further evaluation. Although evidence suggests that 
the DASH diet can lower the relative risk of CHD, more epidemiologic studies are 
needed to determine the ef fi cacy of a DASH-like diet in reducing CHD risk across 
different populations.  

    9.4.3   Portfolio Diet 

 The goal of the Portfolio diet is to achieve a maximum LDL-C lowering effect. It is 
a vegetarian diet that includes plant sterols and viscous  fi bers, primarily from oat, 
barley, and psyllium, in addition to soy protein (21 g/1,000 kcal) and almonds 
(14 g/1,000 kcal)  [  201,   202  ] . It meets the recommendations of the TLC diet. 

 Jenkins et al.  [  201  ]  reported that subjects following a Portfolio diet (22.4% of 
calories as protein [97% as vegetable protein], 50.6% CHO, 27.0% fat [4.3% SFA, 
11.8% MUFA, and 9.9% PUFA], 10 mg cholesterol per 1,000 kcal, 30.7 g  fi ber per 
1,000 kcal) for 4 weeks had marked reductions in TC and LDL-C (22.4% and 
29.0%, respectively;  p  < 0.001). HDL-C and TG were unaffected. In a follow-up 
study, subjects consumed either a Portfolio diet (20.0% of calories as protein [almost 
entirely as vegetable protein], 56.6% CHO, 23.2% fat [4.9% SFA, 9.5% MUFA, and 
7.9% PUFA], 48 mg cholesterol per 1,000 kcal, 37.2 g  fi ber per 1,000 kcal) or a Step 
II diet (19.6% of calories as protein [less than one third as vegetable protein], 58.8% 
CHO, 21.6% fat [4.4% SFA, 8.5% MUFA, and 7.5% PUFA], 34 mg cholesterol per 
1,000 kcal, 26.6 g  fi ber per 1,000 kcal) for 4 weeks  [  202  ] . TC and LDL-C signi fi cantly 
decreased 9.9% and 12.1%, respectively, ( p  < 0.001) on the Step II diet, but by a 
much larger amount on the Portfolio diet: 26.6 and 35.0% ( p  < 0.001). In addition, 
nonsigni fi cant reductions in HDL-C occurred on both diets, although TG levels rose 
4.9% following a Step II diet and decreased 6.3 ± 7.8% following the intervention 
diet ( p  = 0.25). This study demonstrates the bene fi ts of a higher  fi ber intake in pre-
venting an increase in TG on a reduced fat diet. 

 Jenkins et al.  [  203  ]  more recently conducted a year-long study on hypercholes-
terolemic subjects to determine long-term effects of the Portfolio diet. Subjects 
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were prescribed diets high in plant sterols (1.0 g/1,000 kcal), soy protein 
(22.5 g/1,000 kcal), viscous  fi bers (10 g/1,000 kcal), and almonds (23 g/1,000 kcal) 
for 1 year. Maximum reductions in LDL-C were evident after 12 weeks (14.0% 
( p  < 0.001)) and were sustained for 1 year (12.8% ( p  < 0.001)). However, this is far 
less than the 29% LDL-C reduction reported in the previous Portfolio diet study 
when subjects were fed the Portfolio diet for 4 weeks in a controlled setting. Self-
reported dietary compliance over 1 year was signi fi cantly correlated with LDL-C 
reduction ( r  = −0.42,  p  < 0.001). This likely explains part of the variability in 
LDL-C change. More than 30% of the subjects lowered LDL-C levels >20%, simi-
lar to the response of statin treatment under metabolically controlled conditions; 
however, only two of the 26 subjects with a compliance <55% lowered LDL-C 
levels >20%  [  203  ] . This suggests that sustaining long-term dietary compliance is 
necessary to achieve signi fi cant effects. Therefore, the Portfolio diet could be an 
effective primary option to control lipid levels if individuals are motivated and com-
pliant throughout the duration of the dietary intervention.  

    9.4.4   Mediterranean Diet 

 The Mediterranean region encompasses a broad geographical area; hence, there is 
no one common Mediterranean diet. Despite this, there is a dietary pattern that 
characterizes a Mediterranean-style diet; it emphasizes fruits, vegetables, bread, 
cereals, potatoes, beans, nuts, and seeds. In addition, it includes olive oil as an 
important fat source; dairy products,  fi sh, and poultry are consumed in low to mod-
erate amounts; eggs are consumed zero to four times weekly; while little red meat 
is included. In addition, wine is consumed in low to moderate amounts. Historically, 
there has been great interest in the Mediterranean diet because populations that 
consume this dietary pattern have low rates of coronary disease. 

 The Seven Countries Study spurred interest in the Mediterranean diet when it 
reported that the 15-year mortality rate from cardiovascular disease in Southern 
Europe was two to three times lower than in Northern Europe or the United States 
 [  204  ] . In the Ustica Project conducted by Barbagallo et al.  [  205  ] , the 576 partici-
pants of a small Mediterranean island, >14 years of age, had mean TC and LDL-C 
levels of 5.4 and 3.7 mmol/L, respectively. Overall, 22.8% of the Ustica population 
was hypercholesterolemic (TC >5.17 mmol/L) and 22.5% had low HDL-C levels 
(<1.03 mmol/L). In the ATTICA Study, 43% of the 2,282 participants (>18 years of 
age) living in the greater area of Athens had TC >5.17 mmol/L, while 49% had 
LDL-C levels >3.36 mmol/L. HDL-C levels were <0.91 mmol/L in 14% of the par-
ticipants  [  206  ] . Collectively, these studies suggest that the cardioprotective effect 
of the Mediterranean diet may be mediated, in part, by factors other than blood 
lipids. 

 The Prevención con Dieta Mediterránea (PREDIMED) Study  [  207  ]  is a large 
multicenter clinical trial that evaluates the ef fi cacy of a Mediterranean diet on the 
primary prevention of CVD in Spain. First launched in 2003, PREDIMED is an 
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ongoing study that randomly assigns participants 55–80 years of age with diabetes 
or  ³ 3 major CVD risk factors (hypertension, hypercholesterolemia, family history, 
tobacco use, or overweight/obese) to consume a low-fat diet, a Mediterranean diet 
with virgin olive oil (1 L/week), or a Mediterranean diet with tree nuts (30 g/day). 
Early results showed that after 3 months, subjects in the Mediterranean diet groups 
had lower TC/HDL-C ratios than those in the low-fat group, −0.38 ( p  < 0.001) with 
olive oil and −0.26 ( p  = 0.002) with nuts. Salas-Salvado et al.  [  208  ]  recruited partici-
pants from the PREDIMED Study to determine if the same Mediterranean diets also 
could reduce the prevalence of metabolic syndrome in older adults (55–80 years 
old). After 1 year, the Mediterranean diet with 30 g/day of tree nuts reduced the 
overall prevalence of metabolic syndrome (−13.7%,  p  = 0.01) compared to a low-fat 
diet; however, the reduction using the Mediterranean diet with olive oil (1 L/week) 
was not signi fi cant (−6.7%,  p  = 0.18). This study shows that the Mediterranean diet 
with nuts can improve the metabolic syndrome status independent of weight loss or 
increased energy expenditure. Other dietary factors also have been addressed using 
PREDIMED participants, including eating competence and dietary adherence  [  209, 
  210  ] . Studies of a longer duration are ongoing and will clarify the clinical CVD 
outcomes of the Mediterranean diet  [  208  ] . 

 The Lyon Diet Heart Study  [  211  ]  was a randomized, single-blind secondary pre-
vention trial that tested the effects of a western diet vs. a Mediterranean diet on the 
reoccurrence of MI. Subjects consumed a control diet (32.7% fat [11.7% SFA, 
10.3% 18:1, 5.3% 18:2, 0.27% 18:3], 318 mg cholesterol) or an experimental diet 
rich in ALA (30.5% fat [8.3% SFA, 12.9% 18:1, 3.6% 18:2, 0.81% 18:3], 217 mg 
cholesterol). After 104 weeks on the experimental diet, TC, LDL-C, and TG levels 
were unchanged. Despite a similar coronary risk factor pro fi le (plasma lipids and 
lipoproteins, systolic and diastolic BP, BMI, and smoking status), subjects follow-
ing the Mediterranean-style diet had a 50–70% lower risk of recurrent heart disease 
as measured by three different combinations of outcome measures including: 
(1) cardiac death and nonfatal heart attacks; (2) the preceding plus other measures 
(unstable angina, stroke, heart failure, pulmonary or peripheral embolism); and 
(3) all of these measures plus events that required hospitalization. 

 More recent evidence supports these  fi ndings. A meta-analysis by Mente et al. 
 [  38  ]  included 146 prospective cohort studies and 43 RCTs in reviewing the evi-
dence supporting a causal link between dietary factors and CHD. The Mediterranean 
dietary pattern was found to have strong evidence of a causal relationship for pro-
tective factors, compatible with the evidence from the Lyon Diet Heart Study. In 
addition, only the Mediterranean dietary pattern was related to CHD in the RCTs. 
This suggests that modi fi cation of the entire dietary pattern may be more effective 
than individual nutrient or food modi fi cations in lowering CHD risk. 

 So fi  et al.  [  212  ]  systematically reviewed prospective cohort studies analyzing the 
relationship between adherence to a Mediterranean diet, mortality, and incidence of 
chronic diseases. The analysis included 12 studies with a total of almost 1.6 million 
subjects followed for 3–18 years. Greater adherence to a Mediterranean diet was 
associated with a signi fi cant reduction in overall mortality (9%) and mortality 
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from CVD (9%). However, the authors noted that even with the bene fi ts of the 
Mediterranean diet, a shift to a non-Mediterranean dietary pattern has gradually 
developed, including countries bordering the Mediterranean Sea  [  212  ] . Both the 
AHA and the DGAC 2010 promote the consumption of a Mediterranean-like dietary 
pattern to reduce CHD risk. Further studies are needed to identify the underlying 
mechanisms that account for this bene fi t. While there is some evidence that it is 
mediated by way of blood lipids, it is clear that other mechanisms also account for 
the effects observed.  

    9.4.5   Guidelines and Recommendations 

    9.4.5.1   AHA Revised Diet and Lifestyle Goals 

 In 2006, the AHA published a revised version of their diet and lifestyle recommen-
dations for CVD risk reduction (Table  9.8 ). These recommendations, established for 
adults and children >2 years old, allow for  fl exibility in implementation  [  147  ] .  

 The dietary pattern recommended is consistent with the previous AHA recom-
mendations, emphasizing fruits and vegetables, legumes, whole grains, fat-free and 
low-fat dairy, poultry, lean meats, and fatty  fi sh at least twice a week. Dietary cho-
lesterol should be limited to <300 mg/day for healthy individuals and <200 mg/day 
for high-risk individuals. The previous recommendation combined SFA and TFA 
into one category, suggesting that they be <10% of total daily calories; however, the 
revised diet now recommends that SFA consumption be <7% total daily calories and 
TFA <1% total daily calories. Sodium intake should be <2,300 mg/day, although in 
2010 the AHA lowered the recommended intake to <1,500 mg/day for all adults, 

   Table 9.8    AHA diet and lifestyle recommendations   

 Balance calorie intake and physical activity to achieve or maintain a healthy body weight 
 Consume a diet rich in vegetables and fruits 
 Choose whole-grain, high  fi ber foods 
 Consume  fi sh, especially oily  fi sh, at least twice a week 
 Limit intake of saturated fat to <7% of calories,  trans  fat to <1% of calories, and cholesterol to 

<300 mg/day by 
 Choosing lean meats and vegetable alternatives 
 Selecting fat-free (skim), 1%-fat, and low-fat dairy products 
 Minimizing intake of partially hydrogenated fats 

 Minimize your intake of beverages and foods with added sugars 
 Choose and prepare foods with little or no salt 
 If you consume alcohol, do so in moderation 
 When you eat food that is prepared outside of the home, follow the AHA Diet and Lifestyle 

Recommendations 

  Adapted from ref.  [  147  ]   
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excluding individuals at risk for losing large amounts of sodium in sweat  [  213  ] . 
Also, the revised diet recommends reducing consumption of foods and beverages 
containing added sugars to lower calorie intake and promote nutrient adequacy 
 [  147  ] . Fish oil supplements are recommended only for individuals with CHD (1 g/
day) or hypertriglyceridemia (2–4 g/day), both under physician’s supervision, and 
plant sterols/stanols (up to 2 g/day) are considered helpful for individuals with 
elevated LDL-C. In addition to diet, the AHA recommends being physically active, 
avoiding exposure to tobacco products, and achieving a healthy body weight  [  147  ] .  

    9.4.5.2   Dietary Guidelines for Americans 2010 

 The DGAC 2010 Report  [  14  ]  recommends several strategies to promote good health 
across the life span. The aim is to summarize and provide nutrition recommenda-
tions that can lower the risk of developing chronic disease while meeting individual 
nutrient requirements. DGAC 2010 supports a total diet approach, recommending 
the following components:

   Energy balance, limited calories, and be portion controlled  • 
  Nutrient-dense and include:• 

   Vegetables, fruits, high- fi ber whole grains   –
  Fat-free or low-fat  fl uid milk and milk products   –
  Seafood, lean meat and poultry, eggs, soy products, nuts, seeds, and liquid  –
vegetable oils     

  Very low in solid fats and added sugars (SoFAS)  • 
  Reduced in sodium    • 

 DGAC 2010 recommends that Americans consume nutrient-dense foods that 
meet but do not exceed their energy needs. Vegetables, fruits, whole grains high in 
 fi ber,  fi sh, eggs, low-fat dairy, nuts, lean meat, and poultry—all prepared without 
SoFAS—are considered “nutrient-dense foods”  [  14  ] . Plant foods should be the 
main feature of the diet with fat intake consisting predominately of MUFA and 
PUFA, including  n -3 fatty acids from  fi sh sources. Intake of CHO should come 
from a majority of complex sources with minimal processing, such as beans, peas, 
and whole grain products. SoFAS, a signi fi cant portion of the American diet 
(approximately 35% of calories), should be no more than 5–15% of total calories. 
DGAC 2005 recommended that sodium intake be <2,300 mg/day for the general 
population and <1,500 mg/day for African-Americans, hypertensive individuals, 
middle-aged adults, and older adults; however, considering almost 70% of the popu-
lation meets the criteria for the lower amount, DGAC 2010 now recommends that 
the current sodium goal be <1,500 mg/day for all adults  [  14  ] , similar to the recent 
recommendation by the AHA. DGAC 2010 also notes that there is no one speci fi c 
dietary pattern for the population. Rather, individuals have a great deal of  fl exibility 
in selecting a diet that incorporates foods they enjoy, meets their nutrient needs, 
helps control their weight, and reduces the risk of disease  [  14  ] .    
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    9.5   Summary 

 CHD is the leading cause of death in the United States. While much progress has 
been made in various medical therapies to reduce CHD, it is apparent that a focus 
should be on prevention. As discussed in this chapter, diet plays a key role in modu-
lating lipids and lipoproteins, critical risk factors for CHD. Dietary patterns, which 
re fl ect a composite of foods and nutrients consumed, can be modi fi ed in numerous 
ways to reduce CHD risk. SFA, TFA, and dietary cholesterol increase LDL-C levels, 
whereas PUFA, viscous  fi ber, and plant stanol/sterol esters reduce LDL-C. Since 
LDL-C is a primary target for CHD intervention efforts, dietary strategies that 
lower LDL-C can consequently reduce CHD risk. In addition, some dietary 
strategies can have signi fi cant effects on CHD risk with little or no effect on LDL-C. 
Increasing HDL-C can lower the TC/HDL-C ratio, thereby reducing CHD risk. 
Contemporary efforts to reduce CHD risk include strategies that target not only 
blood lipid risk factors but also involve dietary patterns that target the wide array of 
other CHD risk factors. Evidence from intervention studies has identi fi ed foods and 
dietary patterns that merit making recommendations for implementation in practice 
to reduce CHD. Cardioprotective foods include fruits and vegetables, whole grains, 
nuts, vegetable oils, lean meats,  fi sh (preferably fatty and low in mercury content), 
and fat-free and low-fat dairy products. Recommendations by the AHA and DGAC 
2010 encourage individuals to include these foods as part of their daily diet to pre-
vent CHD. Soy, plant sterols/stanols, and numerous bioactive compounds also may 
be effective in preventing in CHD. However, the challenge that remains is to iden-
tify effective population-based strategies for implementing healthy diets that reduce 
CHD risk. Successful adoption of healthy dietary practices on a population basis 
will favorably affect lipids and lipoproteins and, consequently, play a critical role in 
the prevention of CHD.      
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    10.1   Introduction 

 Cardiovascular disease (CVD) is a major cause of morbidity and mortality in the 
western world  [  1  ] . There are a number of well-established risk factors for CVD 
including smoking, hypertension, and family history  [  2  ] . In terms of nutrition, a diet 
high in fat, particularly saturated fat, has been shown to be associated with CVD 
incidence  [  3  ] . The observation that Greenland Eskimos (Inuit) have a low incidence 
of CVD despite a high saturated fat intake  [  4  ]  has led to much scienti fi c and public 
interest in the role of  n -3 fatty acids found in  fi sh and  fi sh oils in the prevention and 
treatment of disease, and particularly CVD. In this chapter, the biochemistry and 
normal dietary intake of these compounds will be discussed, and the evidence link-
ing them and their food sources with CVD reviewed. The safety of both  fi sh oil 
supplements and  fi sh will be assessed, and  fi nally the potential effect of  fi sh and  fi sh 
oil consumption on other diseases considered.  

    10.2   Biochemistry of  n -3 Fatty Acids 

  n -3 Fatty acids are long-chain polyunsaturated fatty acids (PUFA). They have 18–22 
carbon atoms with the  fi rst of two or more double bonds beginning with the third 
carbon atom (when counting from the methyl end).  n -3 PUFA from  fi sh and  fi sh oil 
consist of eicosapentaenioc acid (EPA, C20:5  n -3) and DHA (C22:6  n -3). Dietary 
 a -linolenic acid (ALA, C18:3  n -3) can also be converted into EPA and DHA 
(e.g., in the brain, liver, and testes). However, the extent of this conversion is likely 
to be modest, and remains under debate. For example, Emken et al.  [  5  ]  reported a 
15% conversion, whereas more recently Pawlosky et al.  [  6  ]  reported only a 0.2% 
conversion. Both reported that conversion to DHA was much lower than to EPA. 
The metabolism of  n -3 PUFA is shown schematically in Fig.  10.1 .   

    10.3   Food Sources of  n -3 PUFA 

 The major food sources of ALA acid are vegetable oils, principally canola and soy-
bean oils  [  7  ] . Other rich sources include  fl axseed and walnuts  [  7  ] . Fish are the main 
source of EPA and DHA  [  7  ] . All  fi sh contain EPA and DHA; however, content can 
differ dramatically by species, and also within species, with factors such as the diet 
of the  fi sh and wild vs. farm-raising in fl uencing EPA and DHA content. Fatty  fi sh, 
such as mackerel, salmon, herring, sardines, and trout where fat is stored in muscle, 
contain more EPA and DHA than white  fi sh such as cod, hake, and haddock, where 
fat is stored in the liver. Examples of food sources of ALA and of EPA and DHA are 
shown in Table  10.1 .   
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18:2n-6 (LA)

18:3n-6

20:3n-6

20:4n-6 AA

22:4n-6

22:5n-6

18:3n-3 (ALA)

18:4n-3

20:4n-3

20:5n-3 (EPA)

22:5n-3

22:6n-3 (DHA)

24:5n-3

24:6n-3

Dietary EPA

Dietary DHA

Δ 6 - desaturation

Elongation (+ 2 carbons)

Δ 5 - desaturation

Elongation (+ 2 carbons)

Δ 4 - desaturation
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Beta oxidation (- 2 carbons)

Δ6 - desaturation

  Fig. 10.1    Metabolism of  n -3 PUFA ( LA  linoleic acid;  ALA   a -linolenic acid;  AA  arachidonic 
acid)       
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    10.4   Evidence Linking Consumption of Fish 
and  n -3 PUFA (EPA/DHA) to CVD 

    10.4.1   Coronary Heart Disease 

 Over the past 3 decades numerous prospective observational, cohort studies, and 
controlled trials have been published investigating intake of  n -3 PUFA (from  fi sh or 
 fi sh oil supplements) and coronary heart disease (CHD) outcomes. In terms of  fi sh 
intake, several epidemiological studies report that consumption of at least one por-
tion of  fi sh weekly may decrease the risk of fatal CHD by approximately 40% com-
pared to consumption of no  fi sh  [  8–  11  ] . In a 30-year follow-up of the Chicago 
Western Electric Study, men who consumed 35 g or more of  fi sh daily compared 
with those who consumed none had a relative risk of death from CHD of 0.62  [  12  ] . 
The association was also shown for fatal CHD  [  13  ] , although the association was 
not demonstrated for nonfatal myocardial infarction (MI) in a prospective study in 
the elderly. Several meta-analyses of prospective studies have supported an inverse 
association of  fi sh intake and fatal CHD outcome. Whelton et al.  [  14  ]  in a meta-
analysis of observational studies found a protective effect of  fi sh consumption on 
CHD (RR = 0.86; 95% CI 0.81–0.92,  p  < 0.005)  [  14  ] . Additionally, a recent system-
atic review of cohort studies reported similar summary estimates for  fi sh intake and 
CHD risk (RR = 0.81; 95% CI, 0.70–0.92)  [  15  ] . In this review, associations between 
 fi sh intake and CHD risk were stronger for populations at high risk of CHD than 

   Table 10.1    Food sources of  a -linolenic acid, EPA, and DHA   

 Food   a -Linolenic acid content (g/100 g food) 

 Walnut oil  11.5 
 Canola oil  9.6 
 Walnuts, English  7.47 
 Soybean oil  7.30 
 Corn oil  0.9 
 Olive oil  0.7 

 EPA + DHA content (g/100 g food) 
 Mackerel  1.81 
 Sardines  1.71 
 Salmon  1.41 
 Trout, rainbow  0.97 
 Crab  0.92 
 Mussels  0.57 
 Plaice  0.26 
 Cod  0.24 
 Tuna (light, canned in water, drained)  0.16 
 Haddock  0.15 

   Source : Ref.  [  7  ]   
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initially healthy populations  [  15  ] . A further meta-analysis con fi rmed a strong 
positive association of  fi sh intake and CHD within high-risk groups  [  16  ] .    He et al. 
 [  17  ] , in a meta-analysis of cohort studies, suggested a dose–response effect of  fi sh 
intake on CHD mortality where a 20 g increased intake of  fi sh was associated with 
a 7% lower risk of CHD mortality. The inverse association between  fi sh consump-
tion and mortality from CHD has been shown to be consistent internationally in an 
ecological study of 36 countries  [  18  ] . 

 Some notable studies have not reported a signi fi cant association between  fi sh 
consumption and CHD risk. In the Health Professionals Follow-up Study, there 
was no signi fi cant association between  fi sh intake (and  n -3 PUFA intake) and risk 
of CHD  [  19  ] . Similarly, the Physicians Health Study failed to show an associa-
tion between  fi sh consumption or  n -3 PUFA intake and risk of MI, nonsudden 
cardiac death, or total CVD mortality, although there was a reduced risk of total 
mortality  [  20  ] . The Seven Countries data also showed a lack of association 
between  fi sh consumption and both CHD incidence and mortality  [  21  ] . The 
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study in fact found that 
estimated  n -3 PUFA intake from  fi sh was associated with a trend towards 
increased risk of coronary death (after adjustment for  trans , saturated, and  cis -
monounsaturated fatty acids)  [  22  ] . 

 The authors of the American Heart Association (AHA) scienti fi c statement on 
 fi sh consumption,  fi sh oil,  n -3 fatty acids, and CVD have summarized the possible 
reasons for the con fl icting data from the epidemiological studies  [  23  ] . There have 
been suggestions that the con fl icting data re fl ect variability in endpoints studied, 
experimental design, dietary assessment of  fi sh intake, or study populations  [  24,   25  ] . 
Albert et al.  [  20  ]  attempted to explain the lack of association in their study because 
only a small fraction of their population reported little or no  fi sh consumption, 
whereas the studies reporting an inverse association between  fi sh consumption and 
coronary mortality have had a much higher proportion of the study population that 
were noneaters of  fi sh. This suggests that  n -3 PUFA from  fi sh may have its greatest 
bene fi t for CHD risk when  fi sh consumption is increased in habitually low consum-
ers of  fi sh. Another explanation, based on a summary of 11 prospective studies, is 
that  fi sh is only protective in populations at high risk of CHD (RR = 0.4–0.6), but not 
in populations at low risk  [  16  ] . Another consideration is the type of  fi sh consumed 
and how it is prepared: Oomen et al.  [  26  ]  reported a lower CHD mortality (RR = 0.66) 
only in those eating fatty  fi sh, and not in those eating lean  fi sh. An emerging expla-
nation relates to levels of methylmercury in  fi sh (see later) with several, although 
not all, studies showing an association between methylmercury exposure and CHD 
risk  [  27,   28  ] . Thus methylmercury in  fi sh may mask the bene fi cial effects of  n -3 
PUFA on CHD risk. 

 Several studies have measured tissue concentrations of fatty acids in relation to 
CHD risk. Tissue concentrations of DHA and EPA have been postulated to be a 
more reliable biomarker of  fi sh consumption than is dietary intake assessment. 
A recent meta-analysis evaluating the association between tissue  n -3 PUFA and risk 
of major CHD events in 25 prospective and case–control studies found an inverse 
association between the concentration of EPA and DHA in plasma and cellular 
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phospholipids and major CHD events  [  29  ] . Additional research should determine 
the prognostic value of blood levels of  n -3 PUFA. 

 To date, therefore, cumulative epidemiological evidence appears to support the 
hypothesis that consumption of  n -3 PUFA reduces the risk of CHD, including car-
diac death. However, data from intervention studies is less consistent and often 
con fl icting. This is considered in more detail below. 

 The  fi rst randomized controlled trial using  n -3 PUFA was the DART (Diet and 
Reinfarction Trial) study, which examined the effects of increased fatty  fi sh intake 
on secondary prevention of CHD  [  30  ] . There was a 29% reduction in all-cause mor-
tality over a 2-year period in male MI survivors advised to increase intake of fatty 
 fi sh by 200–400 g/week (providing an extra 500–800 mg/day of  n -3 PUFA). Analysis 
of a subset of patients who received  fi sh oil capsules (900 mg/day EPA + DHA) sug-
gests the effect was due to these fatty acids  [  31  ] . 

 The Italian GISSI-Prevention Study  [  32  ] , a secondary prevention study, random-
ized 11,324 patients with pre-existing CHD, to either 300 mg vitamin E,  fi sh oil 
(850 mg of EPA + DHA), both, or neither. After 3.5-year follow-up, those given  n -3 
PUFA alone had a 15% reduction in the primary endpoint of death, nonfatal MI, and 
nonfatal stroke ( p  < 0.02), a 20% reduction in all-cause mortality ( p  = 0.01), and a 
45% reduction in sudden death ( p  < 0.001) compared to the control group. Vitamin 
E had no apparent effect on the primary endpoint, whether given alone or when 
added to  n -3 PUFA, although  p -values approached signi fi cance. This trial was large 
and carried out in a relatively usual care setting (in that subjects were receiving 
conventional cardiac therapy). However, it was not placebo controlled (the control 
group received no intervention) and therefore is methodologically weaker than if a 
placebo had been utilized. Dropout rates were also high (>25%). 

 A smaller secondary prevention study compared corn oil with 3.5 g/day of  fi sh 
oil that was concentrated in DHA + EPA in 300 post-MI patients in Norway. No 
effect was observed in rates of cardiac events after 1.5 years of intervention  [  33  ] . 
The authors speculated that this lack of observed bene fi t may be due to the high 
habitual  fi sh intake in western Norway. A follow up of the DART study (DART II), 
comprising over 3,000 patients with angina, failed to demonstrate any bene fi t of  fi sh 
or  fi sh oil supplements on cardiac death over a follow-up period of 9 years  [  34  ] . In 
fact, the results indicate a signi fi cant increase in sudden cardiac death (SCD) in the 
group given speci fi c advice to increase  fi sh intake. The conduct of the DART II trial 
has been criticized as a result of methodological limitations. For example, there 
were no objective markers of dietary compliance, and the authors postulate that 
compliance with the intervention may have been low. Results from this trial should 
therefore be interpreted with caution  [  35  ] . 

 Data from the OMEGA secondary prevention trial  [  36  ]  assessing a 1-year 
supplementation with  n -3 PUFA (460 mg EPA + 380 mg DHA) vs. an olive oil pla-
cebo in 3,851 post-MI patients in Germany were recently presented. The patients 
were aggressively managed with modern secondary prevention therapies, including 
statins, ACE inhibitors, beta blockers, aspirin, and clopidogrel. Preliminary results 
suggest no signi fi cant difference between the groups in the primary endpoint (SCD) 
or in secondary endpoints (major cardiac events). However, the overall mortality 
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rate was much lower than expected in this study and, coupled with the relatively 
short follow-up period, the study may have been seriously underpowered to detect 
signi fi cant differences in the primary endpoint. 

 The results of a similar Dutch multicenter secondary prevention trial, The Alpha-
Omega Trial, have recently been published  [  37  ] . A total of 4,837 post-MI patients 
were randomized to placebo, approximately 400 mg/day of EPA–DHA, 2 g/day of 
ALA, or a combination of EPA–DHA and ALA for an average of 3.7 years. As in 
the previous study, the patients were aggressively managed with lipid-lowering 
medications, antihypertensives, and antithrombotic agents. There was no signi fi cant 
difference between the groups in terms of major CVD events (fatal and nonfatal 
CVD and the cardiac interventions). In this instance, the supplementation dose of 
EPA–DHA was small (especially in comparison to the GISSI-P trial) and the study 
design may have been underpowered to detect meaningful differences between the 
four groups. 

 Overall, this recent evidence questions whether  n -3 PUFA supplementation 
offers additional bene fi t over and above current optimal conventional treatment 
regimens in CHD secondary prevention. Further studies are warranted in this area. 

 No intervention studies have as yet shown a bene fi t of  n -3 PUFA in primary 
prevention of CVD. The largest RCT published to date using  n -3 PUFA supplemen-
tation is the JELIS trial (Japan EPA Lipid Intervention Study)  [  38  ] . In this trial, 
18,645 patients (14,981 in primary prevention and 3,664 in secondary prevention) 
with hypercholesterolemia were randomized to receive statin alone or statin com-
bined with a mean dose of 1,800 mg/day of puri fi ed EPA. At the end of the 4.6-year 
follow-up, the EPA group had a 19% reduction in major CVD events  [  38  ] , but this 
bene fi t did not reach statistical signi fi cance in the primary prevention group when 
analyzed separately. It is worth noting that overall reported incidence of major car-
diac events in this Japanese population was much lower (1%) than that reported in 
other populations  [  39  ] . Additionally, in contrast to the GISSI-P trial, there was a 
virtual absence of SCD. The disparity in these results may be partly explained by 
the high baseline  fi sh intake in this Japanese population. Furthermore, the JELIS 
cohort consisted of approximately 70% women which may have contributed to an 
observed low incidence of major cardiac events in this cohort. 

 In summary, epidemiological studies provide convincing evidence that  fi sh and 
supplementation with EPA and/or DHA are associated with a reduced risk of coro-
nary disease death in both men and women. Consumption of  fi sh appears to provide 
cardio-protection in a dose–response effect in persons with or without pre-existing 
coronary disease, although the cardioprotective bene fi ts of  fi sh may be greater in 
populations with low habitual  fi sh consumption and those at greater risk of develop-
ing CHD. There is also some evidence supporting the use of  n -3 PUFA supplements 
for secondary prevention of coronary events, particularly after MI, although ques-
tions are beginning to emerge regarding the ef fi cacy of  n -3 PUFA supplementation 
in post-MI patients receiving optimal drug treatments. Current data from random-
ized controlled trials using  n -3 PUFA for primary prevention of CVD are limited. 
A further primary prevention randomized controlled trial is currently underway in 
the UK (NCT00135226) and is due for completion in 2011.  
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    10.4.2   Sudden Cardiac Death 

 A number of studies have shown an association between  fi sh consumption and a 
reduced risk of SCD. In the Physicians’ Health Study, men who consumed  fi sh >1/
week had a relative risk of sudden death of 0.48 ( p  = 0.04) compared to men who 
consumed  fi sh <1/month  [  20  ] . A similar association was reported when blood levels 
of  n -3 PUFA were examined, with the relative risk of SCD being signi fi cantly lower 
in men in the third and fourth quartiles compared with those in the  fi rst quartile  [  40  ] . 
In another nested case–control study,  fi sh intake was also associated with a reduced 
risk of SCD: intake of 5.5 g/month of  n -3 fatty acids were associated with a 50% 
reduced risk of primary cardiac arrest  [  41  ] . 

 The GISSI-P trial, which was mentioned above, tested the effect of  fi sh oil supple-
mentation on CVD. Although not a stated primary endpoint, there was a 45% reduc-
tion in SCD  [  32  ] . The results from this study were reanalyzed and it was determined 
that the reduction in risk of SCD approached signi fi cance after 3 months of consump-
tion, accounting for 57% of the overall mortality bene fi t. The reduction became 
signi fi cant at 4 months and was highly signi fi cant ( p  = 0.0006) at 3.5 years, the end of 
the study, when it accounted for 59% of the  n -3 PUFA advantage in mortality  [  42  ] . 

 The evidence linking  n -3 fatty acids with SCD has recently been reviewed by Leaf 
et al.  [  43  ] . Overall, evidence relating  n -3 PUFA to disease is greater for SCD than 
CHD events, and it would also appear that the effect is stronger for fatal CHD than 
for nonfatal MI. A meta-analysis of all RCTs examining  n -3 PUFA (including ALA) 
has con fi rmed this, with the risk ratios for nonfatal MI, fatal CHD, and sudden death 
being 0.8, 0.7, and 0.7, respectively  [  44  ] . The cardioprotective bene fi t of  n -3 PUFA 
on SCD has been consistent in the majority of meta-analyses to date  [  45–  47  ] .  

    10.4.3   Heart Failure 

 Recent evidence suggests a cardioprotective role for  n -3 PUFA in the prevention 
and treatment of heart failure (HF). Data from large prospective cohort studies in the 
USA, Sweden, and Japan suggest an inverse association of total  fi sh and/or  n -3 
PUFA intake and incident HF  [  48–  51  ] . This was recently con fi rmed in the GISSI-HF 
trial  [  52  ] , a large factorial randomized controlled trial. Almost 7,000 adults with 
class II to IV HF were randomized to 1 g of  n -3 PUFA, a statin, both, or dual pla-
cebo. Signi fi cant bene fi ts were observed for those receiving  n -3 PUFA, including a 
reduction in mortality (−9%,  p  < 0.05) and signi fi cantly fewer hospital admissions 
for arrhythmias. Importantly, the cardioprotective bene fi ts appeared to be additive 
to conventional secondary prevention treatments in these patients diagnosed with 
HF. It has been suggested that pharmacological doses of  n -3 PUFA may be required 
for treatment in HF patients, particularly for those in the end stage of disease  [  35  ] . 
In a recent double-blind, randomized, controlled pilot trial, 43 patients with severe 
HF received 1 g/day  n -3-PUFA ( n  = 14), 4 g/day  n -3-PUFA ( n  = 13), or placebo 
( n  = 16) for 3 months  [  53  ] . The study showed a dose-dependent bene fi t of  n -3 
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 supplementation on left ventricular ejection fraction, a known prognostic indictor in 
HF. Further intervention studies are required in HF patients to ascertain the optimal 
dose for cardioprotection.  

    10.4.4   Stroke 

 Compared with those focusing on CHD, relatively few studies have examined the 
effects of  n -3 PUFA on stroke. Ecologic, cross-sectional, and case–control studies 
generally show an inverse association between consumption of  fi sh and  fi sh oils and 
stroke risk  [  54  ] . Results from prospective studies have been less consistent  [  55–  60  ] . 
In the largest of these, the Nurses’ Health Study, the relative risk of total stroke was 
lower among women who regularly ate  fi sh than among those who did not, although 
this was not statistically signi fi cant. A signi fi cant decrease in the risk of ischemic 
stroke (RR = 0.49) was observed among women who ate  fi sh at least two times per 
week compared with women who ate  fi sh <1/month, after adjustment for age, smok-
ing, and other cardiovascular risk factors. The results also showed a nonsigni fi cant 
decrease among women in the highest quintile of  n -3 PUFA intake. No association 
was observed between  fi sh or  fi sh oil consumption and hemorrhagic stroke  [  57  ] . 
Similarly, in the Health Professionals Follow-up Study, a protective effect of eating 
 fi sh at least once per month or more on ischemic stroke after 12-year follow-up was 
demonstrated, but no effect on hemorrhagic stroke  [  60  ] . Recent data from the 
Cardiovascular Health Study in 4,775 adults (>65 years old) showed a 30% lower 
risk of ischemic stroke with a  fi sh consumption  fi ve or more times per week and a 
27% lower risk with a  fi sh consumption of 1–4 times per week compared to con-
sumption of <1/month  [  61  ] . 

 In a review, Skerrett and Hennekens  [  54  ]  concluded that the data currently sup-
port the hypothesis that consumption of  fi sh several times per week reduces the risk 
of ischemic stroke (the leading cause of stroke), but not hemorrhagic stroke. 
However, not all studies are consistent; for example, a recent prospective study of a 
British population ( n  = 24,312) found no association between total  fi sh consumption 
and reduced risk of subsequent stroke, although the results indicate that there 
appeared to be an inverse association between oily  fi sh intake and stroke risk in 
women  [  62  ] . Similarly, a recent Finnish prospective cohort study found no associa-
tion between total  fi sh intake and risk of overall stroke, although consumption of 
salted  fi sh was associated with a higher risk of hemorrhagic stroke  [  63  ] . In both the 
Lyon Diet Heart Study  [  64  ]  and the GISSI-P study  [  32  ]  there was no signi fi cant 
effect of increased  fi sh intake or  n -3 PUFA supplementation on total stroke. A suba-
nalysis of the JELIS  fi ndings found no signi fi cant difference in stroke incidence 
between the control and EPA-supplemented group. However, a 20% risk reduction 
of recurrent stroke in the EPA-treated group was reported (hazard ratio, 0.80; 95% 
CI, 0.64–1.00)  [  65  ] . More intervention studies are required to examine the effect of 
oily  fi sh or  n -3 PUFA supplementation for type-speci fi c stroke risk rather than total 
stroke in high-risk populations. 
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 The evidence detailed here suggests that regular consumption of  fi sh (and  n -3 
PUFA) may be associated with reduced risk of the major forms of CVD: CHD, 
SCD, stroke, and HF. The potential mechanisms by which this reduction in risk 
occurs are explored below.  

    10.4.5   Mechanisms 

 There are a number of possible mechanisms of action for  n -3 PUFA.

   Decreased risk of arrhythmias    • 
 SCD is a major cause of death in industrialized countries. Mortality statistics 
from the USA indicate that up to 80% of SCDs are due to ventricular  fi brillation 
 [  66  ] . Studies in cell cultures and animal models, observational studies, and 
human intervention trials all suggest that  n -3 PUFA may protect against fatal 
arrhythmia  [  67–  69  ] . This mechanism may well be the most important as indi-
cated by the strong protective association observed between  n -3 PUFA and SCD 
and the fact that  n -3 PUFA appear to exert their protective effect early in an inter-
vention  [  42  ] . 

 The proposed antiarrhythmic mechanism involves a stabilizing effect on the 
myocardium itself  [  23,   35,   68,   70  ] . In contrast, three recent trials using  n -3 PUFA 
supplementation in patients with implantable cardiac de fi brillators (ICD) have 
produced heterogeneous results. One trial suggested proarrhythmic effects of  n -3 
PUFA supplements in certain patients with ICD  [  70  ] . However, two further trials 
have not con fi rmed these  fi ndings  [  71,   72  ] , and a recent systematic review by 
Jenkins et al.  [  73  ] , including these trials, showed no cardioprotective bene fi t of 
 fi sh oil supplements in patients with ICD.
   Reduced triglycerides (TG)    • 
 The reduction of TG with  n -3 PUFA supplementation is well established  [  23  ] . In 
a review of human studies, Harris et al.  [  74  ]  reported that around 4 g/day of  n -3 
PUFA from  fi sh oil decreases serum TG by 25–30%, with an accompanying 
increase in LDL-cholesterol (see later) and HDL-cholesterol of 1–3%. The low-
ering effect increases as the supplement dose increases  [  74  ] . Therefore,  fi sh oil 
can have a therapeutic role in hypertriglyceridemia at doses of 3–5 g/day, levels 
only consistently obtainable by supplementation  [  23  ] . Both EPA and DHA appear 
to be able to reduce TG  [  75  ] . The exact mechanism is not completely under-
stood; however, EPA/DHA can modulate gene transcription to reduce hepatic 
very-low-density lipoprotein (VLDL)–TG synthesis and secretion and enhance 
TG clearance from chylomicrons and VLDL particles  [  76  ] .
   Lowered blood pressure    • 
  n -3 PUFA seem to have a small, dose-dependent, hypotensive effect  [  77  ] . 
A meta-analysis of 36 trials indicated a signi fi cant reduction in systolic/diastolic 
blood pressure of −2/−1.6 mmHg with an average consumption of 3.7 g/day of 
 n -3 PUFA  [  78  ] . The effect was greater in older persons (>45 year, −3.5/−2.4 mmHg) 
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and hypertensive individuals (>140/90 mmHg, −4.0/−2.5 mmHg)  [  78  ] . The 
hypotensive effect of  fi sh oil is thought to be due to improved arterial compliance 
and vasodilation  [  79  ] . Fish oil may regulate ACE activity, angiotensin II forma-
tion, tumor growth factor-beta expression, nitric oxide generation, vasoactive 
prostanoid release, and vasomotor tone  [  79  ] . Other biological actions of  fi sh oil 
include altering the physicochemical structure of the phospholipid cell mem-
brane leading to changes in permeability and function  [  80  ] . This can also play a 
role in blood pressure modulation through enhanced nitric oxide production.
   Reduced thrombosis and hemostasis    • 
  n -3 PUFA have been shown to reduce platelet aggregation  [  81,   82  ] , thereby 
reducing hemostasis. Fish oil has been shown to favorably in fl uence the produc-
tion of in fl ammatory and platelet aggregation intermediates including prosta-
glandin E 

3
 , thromboxane A 

4
 , and leukotriene B 

4
   [  83  ] . Their effect on thrombosis 

has yet to be clearly determined. A negative association between  n -3 PUFA 
intake and levels of  fi brinogen, factor VIII, and von Willebrand factor has been 
demonstrated  [  84  ] , but the more recent CARDIA study found no such associa-
tion between either  fi sh or  n -3 PUFA intake and these coagulation factors  [  85  ] . 
There have been both positive  [  86  ]  and negative  [  87  ]  studies of  n -3 PUFA sup-
plementation and coagulation factors. Therefore, while it seems clear that  n -3 
PUFA reduce platelet aggregation, thereby affecting hemostasis, their effects on 
thrombosis are uncertain and further well-designed intervention studies are 
required.
   Reduced atherosclerotic plaque growth and increased plaque stability    • 
  n -3 PUFA appear to have an antiatherogenic action in that they can inhibit new 
plaque development  [  35  ] . For example, EPA and DHA may alter expression of 
adhesion molecules. Abe et al.  [  88  ]  reported a 9% reduction in ICAM-1 and a 
16% reduction in E-selectin but no change in VCAM-1 in hypertriglyceridemic 
subjects receiving  n -3 PUFA supplementation over 7–12 months. However, other 
studies have failed to con fi rm these results  [  86,   89  ] . Fish oil has also been postu-
lated to stabilize existing plaque formation. Thies et al.  [  90  ]  demonstrated absence 
of in fl ammation and fewer macrophages in carotid plaques of patients treated 
with  fi sh oil supplements (1.4 g EPA and DHA) compared to the placebo group.
   Improved endothelial function    • 
 Fish oil has been shown to improve endothelial function at a supplemental dose 
of >3 g/day (EPA/DHA)  [  91  ] . Putative mechanisms include hypotensive effects 
of  fi sh oil (see above) and, particularly, enhanced nitric oxide production. 
However, a small randomized, double-blind, placebo-controlled crossover trial, 
designed to examine the dose–response effect of 0.85 g/day vs. 3.4 g/day of  n -3 
PUFA, in 26 healthy adults with elevated TG over an 8-week treatment period, 
found no signi fi cant effect on endothelial function  [  92  ] . Clearly, further large-
scale randomized trials are required.
   Reduced in fl ammatory response    • 
 Experimental data have provided some evidence that  fi sh oil is anti-in fl ammatory. 
In vitro data suggest that DHA reduces the expression of IL-6 and IL-8 in 
stimulated cells (and endothelial expression of adhesion molecules)  [  93,   94  ] . 
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Epidemiological evidence has suggested an inverse relationship between 
consumption of  fi sh and/or  n -3 PUFA and in fl ammatory biomarkers, including 
CRP, IL-6, and soluble intercellular adhesion molecule-1  [  95,   96  ] . Fish oil also 
affects other in fl ammatory mediators such as TNF- a , and these molecules may 
affect atherogenesis and plaque stability  [  97  ] . A recent study by Trebble et al. 
 [  98  ]  demonstrated that dietary  fi sh oil supplementation is associated with 
decreases in prostaglandin E 

2
  production and simultaneous increases in lympho-

cyte proliferation and IFN- g  production, and a trend towards increased IL-4 pro-
duction by peripheral blood mononuclear cells  [  98  ] . Other studies have not 
demonstrated a favorable effect of  fi sh oil on in fl ammatory mediators  [  99,   100  ] . 
It has been proposed that  n -3 PUFA (particularly EPA) compete with  n -6 PUFA 
at a cellular level to modulate the eicosanoid derivatives from arachidonic acid 
substrate resulting in a less pro-atherogenic/in fl ammatory prostaglandin release 
 [  100,   101  ] . In this regard,  n -3 PUFA have been proposed to play a role in the 
treatment of other chronic diseases, such as rheumatoid arthritis, in fl ammatory 
bowel disease, and psoriasis, perhaps through a suppression of immune and 
in fl ammation responses. This is considered in more detail later.  

    10.4.6   Effects on CVD of Plant-Derived Versus 
Marine-Derived  n -3 Fatty Acids 

 ALA, in contrast to EPA and DHA, is found in plant foods and not marine sources 
(Table  10.1 ). Evidence from epidemiological studies of ALA and CVD indicates 
that ALA is associated with a lower risk of both MI and fatal CHD in both 
women and men  [  23  ] . A meta-analysis of  fi ve prospective cohort studies demon-
strated an inverse relationship between ALA intake and CHD death, indicating a 
20% risk reduction which was considered borderline signi fi cant  [  102  ] . In addi-
tion, in an observational study, higher consumption of ALA was associated with 
a lower prevalence of carotid plaques, and with lesser thickness of segment-
speci fi c carotid intima-media thickness  [  103  ] . A more recent cohort study showed 
an inverse association between ALA intake and SCD in women  [  104  ] . Also, in a 
post-MI population in Costa Rica, ALA intake and blood levels predicted a  better 
prognosis in terms of survival, independent of  fi sh intake and EPA/DHA levels 
 [  105  ] . 

 The effect of ALA supplementation in CHD prevention has been examined in 
four trials. In the Lyon Diet Heart Study, a randomized, controlled trial of an ALA-
rich Mediterranean diet with free-living subjects, those in the intervention group 
had a 50–70% reduction of cardiac endpoints  [  64  ] . Although plasma levels of ALA 
were signi fi cantly associated with the endpoints, it is, however, impossible to ascribe 
the bene fi t unambiguously to ALA because of the many other dietary variables 
present. The Alpha-Omega randomized controlled trial (outlined above), comprising 
4,837 post-MI patients, observed a nonsigni fi cant 9% reduction in major cardiac 
events with ALA supplementation in the whole population, when compared with 
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placebo and EPA–DHA supplementation  [  37  ] . Subgroup analyses demonstrated a 
27% reduction in major cardiac events among women in the ALA group, but again, 
this only approached statistical signi fi cance  [  37  ] . 

 These two positive or borderline positive studies of ALA are balanced by two 
negative studies. In the Norwegian Vegetable Oil Experiment, 13,000 men aged 
50–59 years with no history of MI were randomly assigned to consume either 5.5 g/
day of ALA (from 10 mL linseed oil) or 10 mL sun fl ower oil for 1 year. There were 
no differences in sudden death, death from CHD, or all deaths between the groups 
 [  106  ] . Similarly, the MARGARIN (Mediterranean Alpha-Linolenic Enriched 
Groningen Dietary Intervention) examined 282 subjects with multiple CVD risk 
factors and randomized them to receive margarines rich in either ALA or linoleic 
acid. Follow-up was for 2 years. There was no difference between the groups in 
CHD risk, although there was a trend towards reduced CVD events in the ALA 
group ( p  = 0.20)  [  107  ] . 

 These contradictory studies indicate that further well-designed trials must be car-
ried out to determine the role of ALA acid in CVD etiology. Currently, the effects 
of plant vs. marine  n -3 PUFA are dif fi cult to determine as few studies have set out 
to test this. For example, a meta-analysis of the available RCTs examined all inter-
vention trials including marine and/or plant sources of  n -3 PUFA and found 
signi fi cant reductions in risk of nonfatal MI, fatal MI, and sudden death, but did not 
distinguish between the two sources of  n -3 PUFA  [  44  ] .   

    10.5   Fish and Fish Oil Intake: Recommendations 
for CVD Health 

 The mean current daily intake of EPA and DHA combined in a typical North 
American diet (which includes about one  fi sh serving every 10 days) approaches 
130 mg/day, which is about 0.15% of total dietary fat intake. This is markedly lower 
than Japanese intakes and only a small fraction of the EPA and DHA consumed by 
the Greenland Inuit. Fish consumed 2.5–3 times/week would provide an EPA + DHA 
intake of about 500 mg/day, an intake about four times that currently consumed in 
North America. Epidemiological data from the MRFIT study in the USA have indi-
cated that progressively higher intakes of  fi sh-derived  n -3 PUFA (up to about 
665 mg/day) over 10.5 years were associated with a reduction in total mortality as 
well as in CHD mortality. 

 The AHA guidelines include the following recommendations with respect to  n -3 
PUFA in patients with coronary disease  [  23  ] : Consumption of one fatty  fi sh meal 
per day (or alternatively, a  fi sh oil supplement) could result in an  n -3 PUFA intake 
of around 1 g/day, an amount shown to bene fi cially affect CHD mortality rates in 
patients with coronary disease. Individuals without CVD should consume at least 
0.25–0.5 g/day  n -3 PUFA. Dietary oily  fi sh intake is generally advocated as  fi sh 
contains nutrients—vitamin D, selenium, and antioxidants—usually absent from 
 fi sh oil supplements  [  108  ] . 
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 The FDA recently approved a 4 g daily dose  n -3 PUFA (containing both EPA and 
DHA) formulation available by prescription for patients with very high TG. These 
recommendations are summarized in Table  10.2 .  

 Current UK guidelines recommend consuming two portions of  fi sh per week, of 
which one should be oily  fi sh  [  109  ] . This will provide approximately 0.45 g/day of 
 n -3 PUFA. There are no speci fi c recommendations made for individuals with pre-
existing CVD.  

    10.6   Other Health Effects of Fish and  n -3 PUFA 

    10.6.1   Pregnancy 

 Adequate DHA intake is important, particularly in the third trimester during preg-
nancy, for optimal fetal brain and retina development  [  110  ] . Observational evidence 
has shown that frequent consumption of  fi sh is associated with improved infant 
neuro-cognitive development and function  [  110  ] . DHA has been shown to improve 
infant visual acuity, IQ, and behavioral scores in a dose-dependent manner  [  111  ] . 
Furthermore, recent meta-analyses of randomized controlled trials, assessing the 
ef fi cacy of  n -3 supplementation in pregnancy, suggest a small but signi fi cant bene fi t 
for  n -3 PUFA on gestation length (increase of approximately 2.5 days) and lower 
risk of preterm birth before 34-week gestation  [  112,   113  ] . However, observational 
data, involving a cohort of 657 Spanish women with high habitual  fi sh consumption, 
found that total seafood intake, in particular, crustaceans and canned tuna (at least 
once per week), but not fatty  fi sh intake, was signi fi cantly associated with small-
for-gestational-age births (SGA), even after adjustment for serum persistent organic 
pollutants (POPs)  [  114  ] . Some species of  fi sh and seafood contain POPs as well as 
methylmercury (see later) and moderate prenatal mercury exposure can have severe 
adverse effects on infant development  [  115  ] . Therefore, current recommendations 
for  n -3 PUFA intake for pregnant women or women planning pregnancy should aim 
to provide optimal DHA for fetal development while minimizing overall methyl-
mercury exposure. The FDA has provided speci fi c advice regarding  fi sh intake in 

   Table 10.2    Summary of AHA recommendations for  n -3 PUFA intake in different population and 
patient groups   
 Population  Recommendation 

 Patients without 
documented CHD 

 Eat a variety of (preferably oily)  fi sh at least twice a week. Include oils 
and foods rich in  a -linolenic acid ( fl axseed, canola, and soybean 
oils;  fl axseed and walnuts) 

 Patients with 
documented CHD 

 Consume  »  1 g/day of EPA + DHA, preferably from oily  fi sh. 
EPA + DHA supplements could be considered in consultation with 
the physician 

 Hypertriglyceridemic 
patients 

 2–4 g/day of EPA + DHA provided as capsules under a physician’s care 
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pregnancy and childhood, as discussed later. Even so, a prospective UK study of 
almost 12,000 pregnant women found that those exceeding the FDA recommenda-
tions for  fi sh intake had offspring with better cognitive and behavioral development 
than offspring from women consuming less  fi sh during pregnancy. This suggests 
that the bene fi t of consuming extra nutrients (presumably  n -3 PUFA, which is 
 essential for brain development) exceeds the risk of harm from exposure to trace 
contaminants  [  116  ] .  

    10.6.2   Cancer 

 EPA and DHA have consistently been shown to inhibit the proliferation of breast 
and prostate cancer cell lines in vitro and to reduce both the risk and progression of 
these tumors in animal models  [  117  ] . There is some evidence that increased  fi sh 
intake may contribute to lower risk of colorectal, prostate, and breast cancer  [  117, 
  118  ] . This is not supported by data from a recent meta-analysis of case–control and 
cohort studies, which found no evidence of a protective effect of  fi sh consumption 
on prostate cancer risk  [  119  ] . However, in this analysis, a signi fi cant association 
was observed between increased  fi sh intake and reduced prostate cancer mortality 
(RR 0.37; 95% CI: 0.18, 0.74). In addition, a recent systematic review found no 
signi fi cant association between  n -3 PUFA and cancer incidence  [  120  ] . However, 
further well-designed epidemiological studies are required before de fi nitive conclu-
sions can be reached. Multiple mechanisms would appear to be involved in any 
chemopreventive activity of  n -3 PUFA, including suppression of neoplastic trans-
formation, cell growth inhibition, enhanced apoptosis, reduced oxidative stress, and 
anti-angiogenesis  [  118  ] . Recent trials have suggested a role for  n -3 PUFA, particu-
larly EPA, for enhanced nutritional support in patients with cancer cachexia  [  121  ] . 
However, a recent Cochrane review of the literature failed to  fi nd suf fi cient evidence 
to support the use of oral EPA in treatment of cancer cachexia  [  122  ] .  

    10.6.3   Alzheimer’s Disease 

 Epidemiologic investigation of dietary  n -3 PUFA and Alzheimer’s disease (AD) 
provides some evidence of a bene fi cial effect  [  123  ] . One case–control study reported 
that  n -3 PUFA levels in plasma phospholipids of AD patients were 60–70% of those 
found in age-matched control subjects  [  124  ] . The Framingham study, involving 899 
dementia-free adults (mean age 76 years) over approximately 9 years, found that 
those in the highest quintile range of phosphatidylcholine DHA levels had a 
signi fi cant 47% risk reduction in developing all-cause dementia  [  125  ] . Furthermore, 
a prospective study reported that subjects who ate  fi sh once a week or more, had a 
60% lower risk of developing AD compared with those who never or rarely ate  fi sh, 
in a model adjusted for age and other risk factors  [  126  ] . Total intake of  n -3 PUFA 
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was also associated with reduced risk of AD  [  126  ] . However, a recent randomized, 
double-blind, placebo-controlled trial in 295 patients with established mild to mod-
erate AD, assessed supplementation of 2 g/day of DHA vs. a placebo control for 18 
months and found no effect of supplementation on cognitive decline or brain atro-
phy  [  127  ] . Emerging evidence suggests  n -3 PUFA may exert its greatest protection 
in the development of late-onset AD in individuals without pre-existing genetic risk. 
The presence of the Apo-E e4 allele is associated with an increased risk of late-
onset AD  [  128  ] . The recent Three City cohort study in France examined 8,085 
dementia-free adults (age >65 years) over a 4-year period. Weekly consumption of 
 fi sh was associated with a signi fi cant reduction in risk of AD (HR = 0.65; 95% CI 
0.43–0.99) and all-cause dementia (HR 0.60; 95% CI 0.40–0.90) among those with-
out the Apo-E genotype  [  129  ] . The Cardiovascular Health Cognition Study in 2,233 
adults found that consumption of oily  fi sh twice per week was associated with a 
signi fi cant reduction in dementia in noncarriers of Apo-E e4  [  130  ] . This suggests 
that Apo-E status may have a modulating effect on  n -3 PUFA and requires further 
study. While data from prospective and cohort studies is suggestive of a bene fi cial 
effect of  n -3 PUFA in AD, there is a need for well-designed large-scale randomized 
controlled trials.  

    10.6.4   Rheumatoid Arthritis 

 Rheumatoid arthritis (RA) is a debilitating disease and is associated with increased 
risk of CVD and osteoporosis. Poor nutrient status in RA patients has been reported, 
and some drug therapies, such as nonsteroidal anti-in fl ammatory drugs (NSAIDs), 
prescribed to alleviate RA symptoms, may increase the requirement for nutrients 
because of reduced absorption  [  131  ] . As mentioned previously,  n -3 PUFAs are pre-
cursors of anti-in fl ammatory eicosanoids and may therefore attenuate in fl ammatory 
activity. Supplementation with  n -3 PUFA has consistently been shown to improve 
RA symptoms, delay the progression of established RA, and lead to a reduction in 
NSAID usage  [  131–  133  ] .  

    10.6.5   Diabetes 

 A high consumption of  fi sh and  fi sh oils has been associated with a lower CHD 
incidence and total mortality among diabetic women  [  134  ] . However, a recent pro-
spective study, involving 36,328 women over approximately 12.4 years, found 
that increased intake of marine  n -3 PUFA (from  fi sh and/or  fi sh oil) was positively 
associated with an increased risk of type 2 diabetes, particularly in those with higher 
intakes >0.2 g/day  n -3 PUFA or >2 servings/week of  fi sh  [  135  ] . One study suggested 
an adverse effect of  n -3 PUFA on glycemic control in established diabetes  [  136  ]  
which is in contrast with  fi ndings from a recent Cochrane review. This systematic 
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review examined the effect of  fi sh oil supplementation on people with type 2 diabe-
tes mellitus and included 23 randomized placebo-controlled trials involving 1,075 
participants  [  137  ] . The reviewers concluded that  fi sh oil supplementation in type 2 
diabetes lowers TG, may raise LDL-cholesterol (especially in hypertriglyceridemic 
patients on higher doses of  fi sh oil), and has no statistically signi fi cant effect on 
glycemic control (as above). The reviewers also stated that trials with vascular 
events or mortality-de fi ned endpoints are needed before de fi nite conclusions can be 
made. A meta-analysis of 26 trials of subjects with type 1 or type 2 diabetes 
con fi rmed that  fi sh oil has no effect on HbA1c, although fasting glucose levels rose 
slightly in the type 2 diabetics  [  138  ] .   

    10.7   Safety and Side-Effects of  n -3 PUFA Supplements 

 Whereas the ratio of  n -6 to  n -3 fatty acid intake of early humans is estimated to 
have been about 1:1  [  139  ] , the ratio in the American diet is now around 10:1. This 
is due to both the reduction in intake of  n -3 PUFA and the increase in use of 
vegetable oils rich in linoleic acid  [  23  ] . The FDA has ruled that intakes of up to 
3 g/day of marine  n -3 PUFA are Generally Recognized as Safe (GRAS)  [  23  ] . 
The FDA has also approved a quali fi ed health claim for EPA and DHA in dietary 
supplements  [  23  ] . 

 Some side effects of  n -3 PUFA supplementation can occur  [  140  ] , with the most 
common complaint being a  fi shy aftertaste. In the GISSI-P intervention study, which 
provided 0.85 g of  n -3 PUFA daily for 3.5 years, 3.8% of subjects in the  n -3 PUFA 
arm reported discontinuing their supplements because of side effects, compared to 
2.1% in the vitamin E group. The most commonly reported side effects were gastro-
intestinal upset and nausea  [  32  ] . 

 High doses of  n -3 PUFA seem to modestly prolong skin bleeding time, and may 
also increase the tendency for nosebleeds  [  141  ] . However, a daily intake of  £ 3 g/day 
EPA + DHA does not appear to appreciably increase bleeding time  [  141  ] . Similarly, 
in the clinical trials using >3 g/day, no clinically signi fi cant increase in bleeding has 
been reported  [  142  ] . 

 While  n -3 PUFA are known to reduce TG, they can also increase LDL-cholesterol. 
Harris  [  143  ]  reported that around 4 g/day of  n -3 PUFA from  fi sh oil increases LDL-
cholesterol by 5–10%. There is also a suggestion that consumption of  n -3 PUFA 
may be associated with a higher susceptibility to in vitro oxidation of LDL  [  144, 
  145  ] , although this remains to be con fi rmed  [  146–  148  ] . However, it is likely that the 
established bene fi cial effects of  n -3 PUFA on other cardiovascular risk factors far 
outweigh their effects on either LDL-cholesterol or its oxidizability. 

 More recently, concerns suggesting a positive association between ALA intake 
and prostate cancer in men have been published  [  102  ] . A meta-analysis of nine 
cohort and case–control studies reported an increased risk of prostate cancer in men 
with a high intake or blood level of ALA (combined RR = 1.70; 95% CI 1.12–2.58) 
 [  102  ] . It is widely accepted that the current evidence is weak and further studies are 
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presently underway to elucidate the relationship (if any) between ALA and prostate 
cancer.  

    10.8   Fish: Contamination Safety Issues 

 There have been recent safety concerns about the levels of environmental contami-
nants in  fi sh. Some species of  fi sh may contain signi fi cant levels of methylmercury, 
polychlorinated biphenyls (PCBs), dioxins, and other potentially toxic chemicals. 
While these compounds are present at low levels in both fresh and sea waters, they 
bioconcentrate in the aquatic food chain such that levels may be signi fi cant in larger 
predatory  fi sh and marine mammals, such as sword fi sh and shark (see Fig.   9.3    ). 
Eating these  fi sh on a regular basis is not advised  [  109  ] . Despite this recommenda-
tion, a recent meta-analysis of  fi ve published studies demonstrated no signi fi cant 
relationship between increased mercury levels and CHD risk (RR = 1.12; 95% CI 
0.71–1.75,  p  = 0.62)  [  111  ] .  

    10.9   Fish and Fish Oil Intake: Recommendations 

 In the USA, the Environmental Protection Agency (EPA) regulates sport-caught 
 fi sh, whereas the FDA regulates all commercial  fi sh. The EPA recommends that 
women who are pregnant or may become pregnant, and nursing mothers, should 
limit their consumption of  fi sh to one 6-oz/week (170 g/week) meal  [  23  ] . They also 
recommend that young children consume  £ 2 oz/week (60 g/week) of  fi sh. In order 
to minimize methylmercury exposure the FDA recommends that pregnant women, 
nursing mothers, and young children eliminate shark, sword fi sh, king mackerel, and 
tile fi sh (also known as golden bass or golden snapper) from their diet completely 
and limit other  fi sh consumption to 12 oz/week (340 g or 3–4 servings/week)  [  23  ] . 
The FDA also recommends that for adults other than pregnant women or those who 
may become pregnant, the maximum intake should be <7 oz/week (200 g) of  fi sh 
with very high (around 1 ppm) methylmercury levels (as listed above) and <14 oz/
week (400 g) of  fi sh with high (around 0.5 ppm) methylmercury levels (fresh tuna, 
marlin, red snapper). 

 In the UK, the Food Standards Agency (FSA) has advised pregnant and breast-
feeding women, and women who intend to become pregnant, to limit their con-
sumption of tuna to no more than four medium-size cans or two fresh tuna steak per 
week. These women are also advised to avoid eating shark, sword fi sh, and marlin. 
For children, the FSA advise that children under 16 should avoid shark, marlin, and 
sword fi sh, but they can still eat tuna  [  149  ] . 

 In summary, pregnant women or those considering pregnancy should aim to 
consume a wide variety of  fi sh, avoiding species with known high methylmer-
cury concentrations in accordance with current public health  fi sh/seafood intake 

http://dx.doi.org/10.1007/978-1-61779-894-8_9#Fig.3_9
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recommendations. Adherence to current recommendations will provide DHA for 
fetal brain and eye development and minimize risk of prenatal mercury 
exposure. 

 The sustainability of  fi sh stocks is also of some concern, with  fi shing controls 
being implemented to attempt conserve and develop stocks. Information is also 
being made available to consumers to enable them to make informed decisions 
about sustainability when purchasing  fi sh and other seafood  [  150  ] .  

    10.10   Conclusions 

 Evidence from epidemiological studies and some clinical trials suggests that  n -3 
PUFA protects against CHD, SCD, and HF. However, further trials are required to 
con fi rm this. In particular, evidence from clinical trial data for a cardioprotective 
bene fi t in both primary and secondary CVD prevention is not entirely consistent, 
particularly for primary prevention. The disparity in clinical trial results is prob-
ably due to several reasons, but the ones most likely to be important are variation 
in sample sizes (and therefore power), study duration, doses of EPA and DHA, the 
background  fi sh intake of the populations studied, and the endpoints used. There 
have been relatively few studies that investigated the ef fi cacy of  n -3 PUFA in 
primary prevention of CVD, while secondary prevention studies should aim to 
fully elucidate the role of  n -3 PUFA supplementation in patients who are opti-
mally treated with pharmacological regimens. Large clinical trials are also still 
required in high-risk groups, such as patients with type 2 diabetes, dyslipidemia, 
and hypertension, and those with congestive HF, who are at high risk of sudden 
death. 

 Fish oil supplements would appear to be safe, while the bene fi ts of  fi sh consump-
tion within recommended amounts seem to outweigh the risk attributed to environ-
mental contaminants. Fish intake during pregnancy and childhood is currently 
advised to provide adequate intake of DHA although speci fi c recommendations 
apply to minimize mercury exposure. There are inconsistent results from epidemio-
logical data examining  fi sh intake, POP exposure, and infant outcomes. In part, 
results are limited by current dietary assessment methods, which provide imprecise 
estimates of short-term  fi sh intake and/or POP exposure and can result in 
misclassi fi cation error. Therefore, further research in this area should focus on direct 
measurement of serum POPs in pregnant women to determine lifelong exposure in 
relation to pregnancy outcomes  [  151  ] . In addition, it has been suggested that low-
exposure populations should also be studied in order to provide valid risk estimates 
for POP levels and pregnancy outcomes  [  151  ] . The competing adverse effect of 
chemical pollutants should be considered when examining the association between 
 fi sh consumption and other endpoints such as CVD and diabetes. 

 Fish and  fi sh oil consumption may also protect against a variety of other diseases 
including cancer at various sites, and Alzheimer’s disease. Further intervention 
studies investigating ALA supplementation and disease outcomes are warranted.      
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  Key Points 

    Currently, normal blood pressure (BP) is de fi ned as a systolic and diastolic BP of • 
<120/80 mmHg. Prehypertension is considered a systolic or diastolic BP of 120–
139/80–89 mmHg. Hypertension (HTN) is de fi ned as a systolic BP > 140 mmHg, 
a diastolic BP > 90 mmHg, or under blood pressure lowering treatment.  
  Seventy-four million people living in the United States, including 65% over the • 
age of 65, have HTN.  
  HTN is responsible for an estimated 395,000 annual deaths from cardiovascular • 
disease, including coronary artery disease, heart failure, and cerebrovascular 
accidents.  
  Individuals with prehypertension are at increased risk for developing HTN. They • 
also have a higher risk of cardiovascular disease.  
  Many cases of HTN are due to subtle renal injury caused by long-term lifestyle • 
choices, such as a high-salt diet and increased weight.  
  Lifestyle modi fi cations have been associated with signi fi cant BP reductions. • 
These lifestyle changes include salt reduction, weight loss, exercise, limited 
alcohol consumption, diets high in fruit, vegetables, and grains, but low in sweet-
ened foods.     
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    11.1   Introduction 

 No other chronic medical condition in the United States matches hypertension 
(HTN) in terms of prevalence and long-term health consequences. HTN will affect 
the majority of people living in the United States at some point. It results in more 
morbidity and mortality than any other preventable cause of death, with the excep-
tion of cigarette smoking. Yet, despite its high prevalence, our knowledge regarding 
the mechanisms underlying hypertensive disease remains incomplete. What we 
have learned, however, through epidemiologic and clinical studies, is that a number 
of environmental factors in fl uence the development of HTN. Moreover, we have 
come to understand that speci fi c dietary and lifestyle changes can both prevent and 
treat high blood pressure (BP). 

 In this chapter we review the epidemiology of hypertensive disease and discuss 
the spectrum of dietary factors known to lead to HTN. In addition, we examine the 
evidence for nonpharmacologic and dietary treatment strategies. Finally, we brie fl y 
review the more recently designated risk category, prehypertension, and consider its 
consequences.  

    11.2   Epidemiology 

 The Seventh Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC 7) de fi nes HTN as a BP of 
greater than 140 mmHg systolic, 90 mmHg diastolic, or under blood pressure low-
ering treatment  [  1  ] . In the United States, approximately 74 million people (one in 
three) over the age of 20 have HTN and more than half of this group suffers from 
uncontrolled disease  [  2  ] . 

 Importantly, the frequency of HTN has been shown to increase with age and vary 
by race and ethnicity. While less than 4% of those aged 18–29 in the United States 
have HTN  [  3  ] , this  fi gure rises to greater than 65% of all persons over the age of 65 
(Fig.  11.1 )  [  4  ] . Notably, African Americans have the highest rates of HTN (43% in 
men, 45% in women). Non-Hispanic whites (34% of men, 31% of women) and 
Mexican Americans (26% of men, 32% of women) have substantially lower rates 
 [  2  ] . Studies have also shown that hypertensive African Americans tend to average 
higher mean BPs as compared to hypertensive non-Hispanic whites and Mexican 
Americans    (Fig.  11.2 ). Moreover, African Americans show signi fi cantly higher 
rates of severe HTN (BP >180/110 mmHg) as compared to population controls 
(8.5% vs. <1%)  [  5  ] . Surprisingly, however, economic status appears to have little 
predictive value in determining rates of HTN. While 35% of Americans living under 
the poverty line have HTN, Americans who earn at least 200% above the poverty 
line show a similarly high, 30%, prevalence rate  [  6  ] .   

 Research has demonstrated that HTN exacts a high toll on human health result-
ing in a wide range of adverse outcomes. As a primary example, an estimated 
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395,000 Americans die annually from the cardiovascular complications of HTN  [  7  ] . 
These complications include coronary artery disease events, heart failure, cerebro-
vascular accidents (including stroke), peripheral artery disease, and aortic aneu-
rysms. Additionally, HTN is present in 69% of patients experiencing their  fi rst heart 
attack, 77% of patients during their  fi rst stroke, and 74% of patients at the time of 

0

10

20

30

40

50

60

70

80

90

20-34 35-44 45-54 55-64 65-74 >75

Men Women

P
re

va
le

nc
e 

in
 p

er
ce

nt

Age in years

  Fig. 11.1    Prevalence of hypertension by age. Adapted from ref.  [  6  ]        
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their  fi rst episode of heart failure. Furthermore, these complications appear to affect 
African Americans with greater frequency than non-Hispanic whites. In compari-
son to non-Hispanic whites, African Americans have a 1.3-fold greater risk of non-
fatal stroke, a 1.8-fold greater risk of fatal stroke, a 1.5-fold greater risk of death due 
to heart disease, and a 4.2-fold greater risk of end-stage kidney disease. Overall, the 
2008 US mortality rate attributed to HTN was 17.8%. However, mortality attributed 
to HTN was far higher for African Americans as compared to non-Hispanic whites: 
51.1% vs. 15.6% of males, 37.7% vs. 14.3% of females  [  8  ] .  

    11.3   Factors Leading to the Development of Hypertension 

    11.3.1   Pathophysiology of Hypertension 

 The medical community has traditionally divided HTN into two clinical categories: 
essential and secondary. This chapter focuses on essential HTN, also known as pri-
mary HTN. This condition comprises up to 90% of all cases of HTN. In contrast, 
secondary HTN results from a heterogeneous group of disorders which lead to the 
development of elevated BP (Table  11.1 ). Further discussion of secondary HTN is 
beyond the scope of this chapter. However, Acelajado et al.  [  9  ]  provides an up-to-
date review on the subject.  

 Scientists have yet to fully describe the pathophysiology of essential HTN. 
Evidence suggests HTN results from a defect in the kidney’s ability to regulate 
sodium leading to  fl uid retention and an eventual rise in BP. A small proportion of 
clinical cases appear related to genetic abnormalities which cause excessive sodium 
reabsorption by the kidney  [  10  ] . Additionally, there is research to suggest that 
maternal factors in fl uence the development of essential HTN in offspring. Women 
with HTN, obesity, malnutrition, or preeclampsia have been shown to deliver chil-
dren with a low birth weight at a higher rate as compared to the general population. 
These offspring have been found to have impaired kidney development in utero and 
a decreased number of kidney cells available for sodium regulation after birth  [  10  ] . 

   Table 11.1    Secondary causes of hypertension

 Underlying kidney disease • 
 Obstructive sleep apnea • 
 Renal artery stenosis • 
 Primary aldosteronism • 
 Pheochromocytoma • 
 Cushing’s disease • 
 Hyperparathyroidism • 
 Coarctation of the aorta • 
 Intracranial tumors • 

  Adapted from ref.  [  9  ]   
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 However, most cases of HTN appear to be related to subtle kidney injury occur-
ring over many years, the result of lifestyle and diet. In support of this concept, early 
autopsy studies have revealed that virtually all kidneys examined from patients with 
HTN show microscopic damage within vessels and tubules  [  11  ] . This type of micro-
scopic damage has been shown to result in sodium and  fl uid retention which in turn 
leads to HTN  [  12  ] .  

    11.3.2   The Role of Sodium, Kidney Injury, 
and the Development of Hypertension 

 Humans require less than 400 mg/day of sodium (1,000 mg of salt) for proper physi-
ologic functioning. The National Academy of Sciences (NAS) recommends that 
sodium consumption not exceed 1,500 mg/day in adults, and 1,300 mg/day in those 
over the age of 70. The NAS also sets 2,300 mg/day as the nutritional upper limit of 
sodium consumption in all adults, with levels below this threshold thought likely to 
pose no signi fi cant risk of adverse events. These recommendations have been adopted 
by both the United States Department of Agriculture and the JNC 7  [  1,   13  ] . In con-
trast, however, typical sodium consumption in American adults is, in fact, much 
higher, ranging from 3,500 to 4,300 mg/day for males and 2,500 to 3,200 mg/day for 
females  [  14  ] . Research has shown that these high-sodium diets are usually adopted 
early in life and increase steadily with age. Even before the age of 6, children in the 
United States typically consume twice the recommended level (Fig.  11.3 )  [  15  ] .  

 Processed or restaurant-prepared food appears to be primarily responsible for the 
majority of excess sodium consumption in the United States. In fact, processed 
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foods alone provide an impressive 75% of all sodium consumed in the United States. 
Studies have shown that processed meals tend to contain signi fi cantly more sodium 
than fresh or home prepared foods. For example, a home-prepared steak and fries 
has 12 mg of sodium per 100 g (3.2 oz) serving, while similar items at a chain steak-
house may contain as much as 53 mg of sodium per 100 g serving. As a second 
example, homemade risotto may have as little as 20 mg of sodium per serving, 
while “ready-made” risotto may contain up to 60 times more sodium. Further exam-
ples of similar discrepancies in sodium content between processed and home-pre-
pared meals are listed in Table  11.2   [  14  ] .  

 The link between chronic high sodium ingestion and elevated BP has, in fact, 
long been established. The 1988 INTERSALT study evaluated the BP effects of 
sodium intake in over 10,000 participants in 52 international communities. Average 
sodium intake in this study varied widely, from less than 1,200 mg/day in some 
communities, up to 10,000 mg/day in others. Signi fi cantly, the study concluded that, 
on average, an increase in sodium intake by 2,400 mg/day over a 30 year period will 
increase systolic BP by 9 mmHg  [  16  ] . 

   Table 11.2    Comparing the sodium content per 100 g (3.5 oz) of unprocessed and processed food   

 Food item  Description  Sodium content (mg) 

 Beef  Topside, roast, lean and fat  48 
 Corned beef, canned  874 

 Bran  Wheat  28 
 Flakes  1,001 

 Cheese  Hard cheese (average)  621 
 Processed cheese  1,320 

 Chick peas  Dried, boiled in unsalted water  5 
 Canned, reheated, drained  221 

 Crab  Broiled  384 
 Canned  543 

 Cod  Cod, in batter, fried in blended oil  99 
 Fish  fi ngers, fried in blended oil  350 

 New Potatoes  Raw, boiled in unsalted water  5 
 Canned, reheated, drained  251 

 Peanuts  Plain  2 
 Dry roasted  400 

 Peas  Raw, boiled in unsalted water  Trace 
 Canned, reheated, drained  251 

 French fries  Home-made, fried in blended oil  12 
 Oven fries, frozen, baked  53 

 Salmon  Raw, steamed  110 
 Smoked  1,863 

 Sweet corn  On the cob, boiled in unsalted water  Trace 
 Kernels, canned, reheated, drained  269 

 Tuna  Raw  46 
 Canned in oil, drained  290 

  Dietary sodium measured in mg. Each dietary serving = 100 g (3.2 oz). 
Adapted from ref.  [  14  ]   
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 Sodium intake early in life also appears to in fl uence BP in both the immediate 
and longer-term follow-up intervals. A study of 476 newborn Dutch infants com-
pared BP effects in infants fed for 6 month on a low-sodium infant diet vs. a usual 
infant diet. Not only did infants fed the low-sodium diet tend to have lower BPs than 
the control group at the end of 6 month, but this difference also persisted at the 
15-year follow-up  [  17,   18  ] . 

 Chronic high sodium intake is now known to lead to kidney injury. These  fi ndings 
have been documented in animal studies. In laboratory experiments with rats, 
researchers have shown that high-sodium diets result in kidney in fl ammation. This 
in fl ammation leads to damage involving the lining of the renal vasculature, increased 
extracellular matrix formation, and decreased renal cell survival  [  19,   20  ] . Notably, 
the resulting injury has been shown to lead to a reduction in the ability of the kidney 
to excrete sodium and results in eventual  fl uid retention. In this animal model, 
increased BP eventually becomes necessary to facilitate the excretion of excess 
sodium and  fl uid from the damaged kidneys.  

    11.3.3   The Role of Obesity in the Development of Hypertension 

 The Centers for Disease Control (CDC) reports that 26.7% of Americans currently 
meet criteria for the de fi nition of obesity (body mass index [BMI] > 30 kg/m²), 
with even higher rates (36.8%) seen in the African American population  [  21  ] . 
Signi fi cantly, obesity is an important risk factor for the development of HTN. Data 
from the Framingham study showed that obesity may contribute to 75% of cases 
of essential HTN in both genders  [  22  ] . Additionally, epidemiologic studies from 
diverse populations show a linear correlation between weight and BP. One study 
involving 9,309 subjects showed that annual weight gain is directly associated 
with an elevated risk of HTN. Moreover, this trend persists across race and gender, 
with Caucasian American men showing the strongest association (Fig.  11.4 )  [  23  ] . 
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A second large population study reported that for every 4.5 cm increase in waist 
circumference in males and 2.4 cm in females there is a corresponding 1 mmHg 
increase in systolic BP  [  24  ] .  

 The pathophysiology of obesity-related HTN appears is complex and not fully 
understood. Multiple potential mechanisms have been proposed to explain the 
interactions between weight gain and the development of HTN. One line of evi-
dence suggests that obesity increases sodium retention through activation of the 
renin–angiotensin–aldosterone system  [  25,   26  ] . Additionally, weight gain is also 
thought to activate neural pathways which lead to increased BP  [  27–  29  ] . Finally, 
obesity-related insulin resistance may also induce elevations in BP  [  30,   31  ] . Further 
research will be necessary to better understand the important link between weight 
gain and BP.  

    11.3.4   Other Factors Contributing to the Development 
of Hypertension 

 Current evidence also supports an association between dietary consumption of 
animal protein, alcohol, sugar, and high BP. Studies have shown that Western diets, 
with their high content of animal protein, contain large quantities of acidic precur-
sors. The elevation of acidic contents may lead to an acidic metabolic state which, 
in turn, is thought to in fl uence BP. As evidence, previous animal studies have shown 
an association between increased serum acidity and BP  [  32  ] . More recently, a study 
of 5,043 nonhypertensive adults showed a link between serum acidosis and increases 
in BP  [  33  ] . To further evaluate the association between dietary animal protein and 
BP, researchers followed 87,293 adult females with no known history of HTN for 
16 year as part of the Nurses Health Study II. By the completion of the study, 15,385 
of them were found to have developed HTN. After adjusting for multiple potential 
confounding factors, intake of high levels of animal protein was found to be an 
independent risk factor for the development of HTN  [  34  ] . However, the mechanism 
by which acidosis leads to HTN remains unclear. 

 Alcohol consumption has also been shown to lead to increased BP. Large popula-
tion studies dating back to the 1980s have shown a linear relationship between alco-
hol consumption and BP  [  35  ] . Importantly, this trend appears to be in fl uenced by 
gender, race and ethnicity. For example, several studies have shown that the risk of 
HTN is decreased for adult females who consume one or fewer drinks per day  [  36–
  38  ] . However, a separate study found an association between alcohol consumption 
and 6-year incidence of HTN, but only for African American men (at all levels of 
weekly alcohol consumption) and Caucasian women who consume more than 210 g/
week of alcohol (approximately 2.5 drinks/day)  [  39  ] . To better de fi ne this complex 
association, Taylor et al.  [  40  ]  conducted a systematic review and meta-analysis of 
the best available evidence regarding BP and alcohol consumption. The authors 
showed a linear association between alcohol consumption and incident HTN in 
men, but a slight J-shaped association in women. This  fi nding was interpreted to be 
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consistent with a small decrease in the prevalence of HTN for adult females who 
consume less than one alcoholic beverage per day and an increased risk of HTN was 
observed for females who consume higher levels of alcohol. Interestingly, the stron-
gest association between alcohol consumption and BP was observed for Asian men 
(Korean and Japanese). The observed gender differences in BP outcomes are thought 
to re fl ect behavioral tendencies as adult males exhibit higher rates of binge drinking 
as compared to females. However, it has been speculated that the stronger associa-
tion observed for Asian males may re fl ect genetic differences involving key enzymes 
important to alcohol metabolism, resulting in increased alcohol metabolite accumu-
lation  [  40  ] . Further studies will be necessary to better evaluate the roles of race and 
alcohol in the development of HTN. 

 Sugar consumption may also be important to the development of HTN. Notably, 
Americans consume approximately 18 kg more sugar today than they did 3 decades 
ago  [  41  ] . Multiple studies have linked consumption of fructose (which represents 
half the sucrose molecule) with increased lipid production and insulin resistance 
 [  42–  45  ] . Additionally, numerous animal studies have also shown that increased 
fructose and sucrose consumption leads to increased BP  [  46–  48  ] . Four large pro-
spective studies which included multi-year follow-up lend support for a modest 
association between dietary sugar consumption and BP. The Nurses Health II study, 
which enrolled 116,671 females, showed that daily sugar-sweetened beverage (SSB) 
consumption is associated with a small but signi fi cant risk of incident HTN. A simi-
lar trend (though not reaching statistical signi fi cance) was seen in both the Nurses 
Health I study of 121,700 females and the Framingham study of 6,039 subjects. The 
recent PREMIER study of adults with a systolic BP of 120–159 mmHg showed a 
small but still signi fi cant drop in systolic BP (0.70 mmHg) for every 10.5-oz 
decrease in daily SSB intake  [  49  ] .  

    11.3.5   Overall Lifestyle Choices and the Development 
of Hypertension 

 Multiple studies from diverse communities throughout the world have revealed that 
lifestyle choices signi fi cantly in fl uence the development of HTN. Diets comprised 
of low levels of fruits and vegetables appear to increase the risk of developing HTN. 
A study of 549 Portuguese males and females over the age of 40 showed an inverse 
relationship between fruit/vegetable intake and HTN. The adjusted prevalence rate 
ratio between the third and  fi rst tertiles of fruit/vegetable consumption was 0.61 
(95% con fi dence intervals 0.40–0.93)  [  50  ] . Furthermore, a more comprehensive US 
study followed 4,304 young adults (age 18–40) for 15 year and evaluated the rela-
tionship between animal/plant food intake and the development of HTN. Participants 
in the highest quintile of plant food intake showed a signi fi cantly lower risk of 
developing HTN as compared to those in the lowest quintile (hazard ratio [HR] 0.64 
[0.50–0.83]). This association persisted even after multivariate analysis adjusted for 
several possible confounding variables. Conversely, participants in the highest 
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quintile group of meat, poultry, and seafood consumption showed the highest 
 prevalence of HTN (HR 1.67 [1.21–2.30]), with red and processed meats identi fi ed 
as key contributing factors  [  51  ] . 

 A larger population study of 83,882 healthy women aged 27–44 year also evalu-
ated the role of healthy lifestyle choices (diet, exercise, BMI < 25, moderate alcohol 
intake, minimal analgesic use, and folic acid supplementation) on the development of 
HTN over a 14-year period. Healthy diet, daily exercise, and BMI < 25 each predicted 
a signi fi cantly decreased risk of developing HTN. The greatest effect was observed 
for participants who adopted all six healthy lifestyle choices. For these participants, 
the HR for developing HTN over the next 14 year was only 0.22 (0.10–0.51)  [  52  ] . 

 Finally, it has been generally accepted that there is correlation between low 
levels of physical activity and the development of HTN. A systematic review and 
meta-analysis of 53 studies performed in 2000 showed an inverse relationship 
between the intensity of physical activity and BP  [  53  ] . However, few of the studies 
included in this analysis were large, prospective studies. In fact, a review of several 
such studies revealed a more complex association. There is currently strong 
evidence to suggest that moderate-to-strenuous exercise may protect against the 
development of HTN in white males  [  49,   54–  58  ] . A similar protective role was 
observed for Japanese males  [  59  ] . However, the only large study of African 
American men and women conducted to date failed to show a protective role for 
moderate-to-vigorous exercise  [  54  ] . Similarly, studies focusing on non-Hispanic 
white women yielded con fl icting results  [  54,   56,   58,   60  ] .   

    11.4   Diet in the Treatment of Hypertension 

 Research has shown that lifestyle choices not only lead to the development 
of HTN, but, importantly, that changes in lifestyle may effectively decrease BP 
in hypertensive patients (Table  11.3 ). As a result, lifestyle modi fi cations are 

   Table 11.3    Ef fi cacy of various treatments for hypertension   

 Intervention 
 Ef fi cacy (measurements 0, ±, +, ++, +++, ++++, 
+++++) 

 Usual lifestyle  0 
 Potassium, calcium supplementation  ± 
 Dairy products  ± 
 Salt restriction  + 
 Weight reduction  + to ++ 
 Alcohol reduction  + 
 Fiber supplementation  + 
 DASH study diet  ++ to +++ 
 DASH study diet plus salt restriction  ++ to ++++ 
 Combination lifestyle changes  ++ to ++++ 
 Medication  +++ to ++++ 
 Medication plus lifestyle changes  +++ to +++++ 
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 recommended by the JNC 7 for all patients with HTN. Recommendations focus on 
diet, exercise, weight-loss goals, and reductions of alcohol consumption. Weight 
loss is recommended to achieve a BMI of 18.5–25. Dietary modi fi cations include 
the following: increased fruits, vegetables, whole grains, and nuts, consumption of 
low-fat dairy products, and reduction of dietary fats (Dietary Approach to Stop 
Hypertension [DASH] eating plan). Dietary sodium intake should be reduced to no 
more than 2,400 mg/day. Patients with HTN are advised to engage in 30 min of 
aerobic exercise for at least 4 day/week. Finally, alcohol consumption should be 
restricted to no more than 2 drinks/day for men and one drink/day for women. In 
clinical studies these interventions have been shown to decrease systolic BP by 
2–20 mmHg  [  1  ] .  

    11.4.1   Sodium Restriction 

 Strong evidence supports the adoption of dietary sodium restriction by patients 
with HTN. In an early in fl uential study examining the effects of sodium restric-
tion, two communities with similar rates of HTN (30%) and sodium intake 
(~8,500 mg/day) were studied. While one group was treated with a sodium-
restricted diet (50% reduction), the other continued with their usual diet. After 
2 year the sodium-restricted community experienced an average drop of 
5.0/5.1 mmHg in BP while the control group showed an average  increase  of 
9 mmHg in systolic pressure, with no change in diastolic pressure  [  61  ] . 
Subsequently, a large number of clinical studies have examined the ef fi cacy of 
sodium restriction for the treatment of HTN. These studies were analyzed in a 
meta-analysis of 28 trials of 2,954 individuals randomized to either sodium 
restriction (decrease from 4,000 to 2,000 mg/day) or usual diet. Participants with 
HTN experienced an average BP decrease of 5.0/2.8 mmHg with sodium reduc-
tion. Furthermore, a BP bene fi t was also seen in nonhypertensive participants 
(average drop of 2.0/1.0 mmHg)  [  62  ] . 

 Additionally, research has shown that BP reduction appears proportional to 
sodium reduction. A study of 412 participants showed a 2.1 mmHg drop in 
systolic BP following the reduction of daily sodium intake from 3,200 to 
2,400 mg/day. Further reduction of sodium to 1,600 mg/day resulted in an extra 
4.6 mmHg decrease in systolic BP. Corresponding diastolic BP drops were also 
noted: 1.1 mmHg (from 3,200 to 2,400 mg/day) and 2.4 mmHg (from 2,400 to 
1,600 mg/day)  [  63  ] . 

 Importantly, large-scale achievement of BP reductions with simple dietary 
sodium restriction is predicted to have widespread impact on public health. In the 
United States it is estimated that a 1,200 mg/day reduction of dietary sodium would 
result in 51,000–81,000 fewer annual deaths. It would also be expected to decrease 
the annual incidence of coronary artery disease by up to 110,000 and stroke by as 
much as 40,000. Resulting annual health-care cost savings could reach an estimated 
10–24 billion dollars  [  64  ] .  
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    11.4.2   Weight Reduction 

 Clinical studies have consistently shown that weight loss resulting from diet and 
exercise leads to improvements in BP. Weight loss ranging from 2 to 12 kg has been 
associated with reductions in systolic BP ranging from 4 to 17 mmHg (in a dose-
dependent manner). This trend persists regardless of initial BMI (25–30, >30), BP 
(hypertensive or prehypertensive), or age (adult or child)  [  65–  72  ] . 

 In cases where dietary interventions appear to fail, gastric bypass surgery has 
also been shown to lead to signi fi cant long-term weight loss and BP reduction. 
Interestingly, gastric bypass patients with preexisting HTN have been shown to expe-
rience large declines in BP, with systolic BP reductions of up to 20 mmHg  [  73–  75  ] . 

 Additionally, weight loss appears to be a particularly effective tool for the treat-
ment of obese children with HTN. One previous study enrolled 184 obese children 
ages 6–18 who had a mean starting BP of 130/82 mmHg. After a 6-month weight-
loss intervention, which included diet and exercise, participants experienced an 
average BP reduction of 17/13 mmHg. The degree of BP reduction was directly 
proportional to weight loss, decrease in BMI, and waist circumference  [  65  ] . Bariatric 
surgery has also been shown to bene fi t severely obese adolescents with HTN. To 
date, four clinical studies have shown 50–100% resolution of HTN for obese adoles-
cents treated with either laparoscopic banding or gastric bypass surgery. Participants 
in these studies experienced a reduction in BMI of up to 23 kg/m 2   [  76,   77  ] .  

    11.4.3   Exercise 

 Aerobic exercise appears to lower BP in individuals with HTN. In a review of 28 
trials involving 492 subjects with a mean age of 53 year, aerobic exercise for 4–52 
week was associated with a decrease in BP of 6.9/4.9 mmHg. Interestingly, this 
drop in BP appeared to be independent of weight loss. The subjects in the reviewed 
trials were overweight at baseline, with a mean BMI of 28. However, the net loss of 
weight during the studies was only 1.1 kg. In addition, BP reductions occurred over 
a wide range of exercise intensity (30–87% of heart rate reserve)  [  78  ] . 

 A more recent study directly compared low-intensity to high-intensity aerobic 
exercise. For this study, 48 middle-aged subjects were randomized to 60 min of 
aerobic exercise three times/week for 10 week at either 33% or 66% of heart rate 
reserve. Higher-intensity training resulted in a modest weight loss of 1.1 kg along 
with a BP drop of 5.9/4.2 mmHg. However, lower-intensity training resulted in a 
nonsigni fi cant weight loss of 0.2 kg, a decrease in systolic BP that was statistically 
similar to the higher-intensity group (4.6 mmHg), and a nonsigni fi cant drop in dia-
stolic BP (1.7 mmHg)  [  79  ] . 

 The above results indicate that both low- and higher-intensity aerobic exercise 
lower systolic BP. Higher-intensity exercise appears to confer greater bene fi ts. The 
decision to pursue a lower- or higher-intensity exercise regimen should thus be 
based on the patient’s cardiovascular risk factors and patient preference  [  80  ] .  
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    11.4.4   Alcohol 

 Given the near linear relationship between alcohol consumption and BP, it is not 
surprising that alcohol reduction has been found to improve high BP  [  81  ] . However, 
moderate alcohol consumption, less than 2–3 drinks/day for men and one or fewer 
drinks/day for women, confers cardiovascular disease risk protection, even for 
patients with preexisting HTN or cardiovascular disease  [  82–  85  ] . As a result, despite 
alcohol’s role in raising BP, the JNC 7 only recommends limiting alcohol consump-
tion to 2 or fewer drinks/day for men, and one or fewer drinks/day for women  [  1  ] .  

    11.4.5   Fiber Intake 

 Treatment with  fi ber supplementation also appears to have a bene fi cial BP-lowering 
effect. The American Heart Association recommends consumption of approxi-
mately 30 g/day of  fi ber. In Western countries, however, intake tends to be much 
lower, around 15 g/day. The mechanism of action by which  fi ber reduces BP is 
unclear. However, it may be related to decreased absorption of sodium from the 
intestines into the blood. In a systematic review, Streppel et al.  [  86  ]  analyzed 8 ran-
domized, placebo-controlled trials involving 321 hypertensive participants. 
Multivariate regression analysis showed a moderate BP drop of 2.4/2.4 mmHg after 
2–24 week of treatment with 5.5–20 g/day of  fi ber supplementation. Interestingly, 
however,  fi ber did not appear to have an effect on the BP of normotensive individu-
als. It must be noted that in these studies  fi ber intake may be acting as a surrogate 
for consumption of  fi ber-rich foods such as vegetables and whole grains.  

    11.4.6   DASH Study Diet 

 For many years the primary nonpharmacologic treatments for HTN included salt 
restriction, weight loss, and alcohol reduction. Then, in the 1990s, observation that 
vegetarian diets (high in  fi ber, fruit, and vegetables) were associated with low rates 
of HTN led to the DASH trial. In this study, 459 adults with elevated BP (systolic 
<160, diastolic 80–95 mmHg) were randomized to a standard American diet, a stan-
dard American diet plus increased fruit and vegetables, or the DASH diet. The 
DASH diet includes a relatively high daily content of fruit, vegetables, and grain; 
moderate amounts of low-fat dairy products, fats, and oils; and decreased content of 
meat, regular-fat dairy products, snacks, and sweets    (Tables  11.4  and  11.5 ). All 
meals were premade for the participants and had similar sodium content (approxi-
mately 3,000 mg/day).   

 Overall, DASH diet participants achieved better BP reductions as compared to 
participants randomized to the standard diets. The magnitude of BP reduction was 
found to vary according to baseline BP, gender, and ethnicity. For hypertensive 
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 subjects, the DASH diet resulted in an average systolic BP reduction of 11.4 mmHg. 
Normotensive individuals achieved a less dramatic but still statistically signi fi cant 
drop (3.5 mmHg systolic). Women averaged a higher, 6.2 mmHg, drop in systolic 
BP with the DASH diet as compared to the 4.9 mmHg reduction averaged by male 
participants. African American participants experienced more than a twofold 
decrease in BP with the DASH diet as compared to Caucasians (6.8 vs. 3.0 mmHg) 
 [  87  ] . As a result of this study, DASH diets have become standard  fi rst-line treatment 
for HTN in most primary-care medical settings.  

    11.4.7   DASH-Sodium Study 

 The DASH-sodium study followed soon after the initial DASH trial as an effort to 
better understand the combined effects of DASH dietary changes plus sodium 

   Table 11.4    Nutrient components of the DASH study diet   

 Nutrients  Nutrient targets 

 Fat (% of total kcal)  27 
 Saturated  6 
 Monounsaturated  13 
 Polyunsaturated  8 

 Carbohydrates (% of total kcal)  55 
 Protein (% of total kcal)  18 
 Cholesterol (mg/day)  150 
 Fiber (g/day)  31 
 Potassium (mg/day)  4,700 
 Calcium (mg/day)  1,240 
 Magnesium (mg/day)  500 
 Sodium (mg/day)  3,000 a  

   a Subsequent studies using DASH have used 2,400 mg/day sodium restriction  

   Table 11.5    Food group components of the DASH study diet   

 Food groups  Targets (no. of servings per day) 

 Fruits and Juices  5.2 
 Vegetables  4.4 
 Grains  7.5 
 Low-fat dairy  2.0 
 Regular fat dairy  0.7 
 Nuts, seeds, legumes  0.7 
 Beef, pork, and ham  0.5 
 Poultry  0.6 
 Fish  0.5 
 Fat, oils, and salad dressing  2.5 
 Snacks and sweets  0.7 

  Adapted from ref.  [  87  ]   
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restriction on BP control. This study enrolled 412 participants who, as in the initial 
study, had elevated BP (120–159/80–95 mmHg) at baseline. Participants were ran-
domized to one of two diets, standard or DASH, and three different levels of daily 
sodium intake, 1,150, 2,300, or 3,450 mg/day. Both the standard + 1,150 mg/day 
sodium diet (very low salt) and DASH + 3,450 mg/day sodium diet (regular salt) 
resulted in similar BP drops (6.7 and 5.9 mmHg systolic, respectively). However, 
the combination of the DASH diet with sodium restriction (1,150 mg and 2,300 mg 
daily intake) resulted in even larger drops in BP (systolic BP drop of 8.9 and 7.2 mg 
Hg, respectively). 

 Again, the degree of BP reduction was found to vary according to baseline BP, 
gender, and race. Hypertensive participants on the DASH + 1,150 mg sodium restric-
tion diet had an average reduction of 11.5 mmHg systolic. In addition, women ran-
domized to the DASH + 1,150 mg sodium restriction diet had a greater reduction in 
BP as compared to men (10.5 vs. 6.8 mmHg). Hypertensive African Americans 
experienced the largest drops in BP (12.6 mmHg systolic)  [  63  ] .  

    11.4.8   Combination Lifestyle Modi fi cations 

 Because of evidence indicating that several lifestyle modi fi cations successfully 
achieve BP reduction, subsequent clinical studies were performed to evaluate the 
additive effects of these interventions. The recent ENCORE trial examined the 
combined ef fi cacy of weight loss, exercise, and the DASH diet on BP control. In 
this study, 144 middle-aged adults, mean BMI of 33, and mean BP of 138/86 mmHg 
were randomized to either: (1) the DASH diet, (2) the DASH diet plus lifestyle 
intervention (weight loss counseling and three weekly sessions of 45 min of mod-
erate aerobic exercise), or (3) usual dietary and exercise habits. The DASH diet 
group showed a signi fi cant 11.2/7.5 mmHg decrease in BP. Addition of lifestyle 
intervention resulted in a further drop in BP (4.9/2.4 mmHg). The DASH diet plus 
lifestyle intervention group also showed a large reduction in weight (8.7 kg, com-
pared with 0.3 kg in the DASH diet group and a 0.9 kg gain in the usual habits 
group)  [  88  ] . Thus, it is currently recommended that nonpharmacologic treatments 
of HTN should include multiple modalities, especially in overweight and obese 
individuals.  

    11.4.9   Substituting Pharmacotherapy with Lifestyle Modi fi cations 

 Several recent studies have also suggested that carefully selected patients with well-
controlled HTN may successfully discontinue antihypertensive medications follow-
ing the adoption of lifestyle modi fi cations. In one study, 945 participants with 
medication-controlled BP had their pharmacotherapy withdrawn 90 day after ran-
domization into one of four lifestyle interventions: (1) salt reduction, (2) weight 
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reduction, (3) combination salt and weight reduction, or (4) maintenance of usual 
lifestyle. After 15–36 month of follow-up, only 6.3–37.6% of the subjects random-
ized to their usual lifestyles were able to achieve control of BP without medication. 
Participants found least likely to achieve BP control without medication (6.3%), had 
a baseline BP > 135 mmHg, were treated with at least two BP medications, and had 
a diagnosis of HTN for more than 10 year. In contrast, 62–89% of the combined salt 
and weight reduction group were able achieve BP control without medication. The 
most successful group (89%) had a baseline BP < 120 mmHg, were using only one 
medication, and had a diagnosis of HTN for <4 year. The single intervention groups 
(salt reduction only or weight reduction only) fared better than the usual lifestyle 
group, but failed to achieve the same degree of BP control as the combined interven-
tion group (Table  11.6 )  [  89  ] .  

 Two smaller studies have also demonstrated that lifestyle intervention may be 
successfully substituted for medications in subjects with controlled HTN 
(BP < 160/95 mmHg). In these studies, subjects were randomized to either continu-
ation of usual medication or replacement of medication with lifestyle modi fi cation 
(diet, exercise, and DASH diet). After 4–9 month follow-up, this study found no 
signi fi cant differences between subjects randomized to the two groups  [  90,   91  ] . 
Findings from this study suggest, therefore, that selected individuals with well- 
controlled BP may be able to maintain good BP control through a combination of 
dietary change, exercise, and weight reduction.  

   Table 11.6    Predicted success rates (in %) of hypertensive patients remaining medication free with 
lifestyle modi fi cations   

 Years on medication 

 Baseline systolic blood pressure (mmHg) 

 <120  120–134   ³ 135 

 No lifestyle modi fi cations (one medication at screening) 
 0–4  48.7  37.6  17.9 
 5–9  36.7  26.9  11.8 
  ³ 10  31  22.2   9.4 

 No lifestyle modi fi cations (two medications at screening) 
 0–4  38.0  28.0  12.4 
 5–9  27.3  19.2   8.0 
  ³ 10  22.5  15.5   6.3 

 Combined sodium reduction/weight loss (one medication at screening) 
 0–4  89.3  84.2  65.9 
 5–9  83.7  76.5  54.2 
  ³ 10  79.9  71.6  47.8 

 Combined sodium reduction/weight loss (two medications at screening) 
 0–4  84.4  77.5  55.6 
 5–9  76.8  67.8  43.3 
  ³ 10  71.9  61.9  37.2 

  Adapted from ref.  [  89  ]   
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    11.4.10   The Effect of Lifestyle Modi fi cation Plus 
Pharmacotherapy 

 Individuals treated with pharmacotherapy have been found to achieve additional BP 
bene fi t from lifestyle modi fi cation. In one Australian study, 241 overweight hyper-
tensive subjects treated with up to two antihypertensive medications were random-
ized to either (1) addition of DASH diet, exercise, increased  fi sh intake, weight loss, 
and decreased alcohol consumption or (2) usual lifestyle. Subjects randomized to 
the lifestyle intervention achieved an extra 4.2/2.1 mmHg drop in BP  [  91  ] . A similar 
US study involving 45 overweight individuals with medication-controlled HTN 
showed an even greater drop in BP with the adoption of lifestyle changes (DASH 
diet, hypocaloric intake, and moderate exercise). Participants in this trial achieved 
an additional 10.5 mmHg drop in BP as compared to the 1.1 mmHg drop averaged 
by the control group  [  92  ] .  

    11.4.11   Medication vs. Lifestyle Interventions as First-Line 
Treatment for HTN 

 Despite extensive research in the  fi eld of HTN, few studies have made direct com-
parisons between antihypertensive medication and dietary modi fi cation. A system-
atic review and meta-analysis found only four studies comparing medication to 
dietary intervention in previously untreated hypertensive individuals. While one 
study observed better results with diet, another favored medication, and two trials 
showed similar BP reductions in both treatment groups. At this time the authors felt 
that there is insuf fi cient evidence to draw conclusions regarding the superiority of 
dietary changes over medication for  fi rst line treatment of HTN.  

    11.4.12   Treatment Options Without Proven Bene fi ts 

 Multiple vitamins and minerals have been BP in experimental settings. Increased 
potassium and calcium intake have all been shown to decrease BP in laboratory 
rats. However, in human clinical trials, potassium and calcium supplementation 
have not consistently improved BP parameters. Moreover, no conclusive evidence 
yet supports the adoption of diets enriched with either calcium or potassium for 
either the treatment or prevention of HTN. Studies to date have, in fact, yielded 
contradictory results  [  93–  98  ] . In one of the largest studies conducted to evaluate 
the impact of nutrition on BP, the TOHP-1 trial, neither potassium nor calcium 
supplementation were associated with BP reduction  [  99  ] . The most recent system-
atic reviews in 2006 revealed that many of the clinical trials conducted to examine 
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the role of calcium and potassium supplementation on the treatment of HTN were 
of insuf fi cient quality to produce reliable results  [  100,   101  ] . The most recent clini-
cal trial of potassium supplementation failed to show any effect on BP control 
 [  102  ] . Similarly, critical assessment of clinical trials involving vitamin D, magne-
sium, and combined vitamin therapy have all revealed poor and unreliable evi-
dence to support their use in the treatment of HTN  [  103–  105  ] . Hence, it is currently 
recommended that vitamin and mineral supplementation should not be used as a 
primary treatment for HTN.   

    11.5   Prehypertension 

 In 2003 the JNC 7 created a newly designated risk category, called prehyperten-
sion, de fi ned as BP in the range 120–139/80–89 mmHg  [  1  ] . This category identi fi es 
individuals at high risk to develop HTN and related adverse health outcomes. In 
adults 35–64 year of age, the odds of developing HTN are 4.1 times greater with BP 
values of 120–129/80–84 mmHg and 11.6 times greater for BP values of 130–
139/84–89, as compared to those with BP below 120/80 mmHg  [  106  ] . Although 
two previous large population studies have found no increase in overall mortality 
for individuals with prehypertension, the majority of patients included in those 
studies were under the age of 50  [  107,   108  ] . Other studies, which enrolled older 
adults, have shown that prehypertension is associated with an increased risk of 
cardiovascular disease  [  34,   109–  111  ] . Furthermore, the risk of cardiovascular mor-
tality appeared increased in both men and women with BP 130–139/85–89  [  107, 
  111  ] . As a result, the JNC 7 recommends lifestyle modi fi cations and control of 
cardiovascular risk factors (e.g., smoking, cholesterol) for patients with prehyper-
tension. However, medications are not currently recommended for the treatment of 
prehypertension.  

    11.6   Summary 

 HTN affects approximately one-third of all Americans during their lifetime, includ-
ing the majority of adults over the age of 65. Moreover, it contributes to 395,000 
annual deaths. While researchers continue to work to identify speci fi c pathways 
leading to disease, most cases of HTN are thought to be related to lifestyle choices 
which cause microscopic kidney damage. High-salt and high animal protein diets, 
obesity, and sugar and alcohol consumption all appear to increase the risk for 
developing HTN. Lifestyle interventions focused on eliminating offending dietary 
agents have been shown to improve BP in people with HTN. Lifestyle and dietary 
changes in select patients may also allow for discontinuation of antihypertensive 
medications. Similar lifestyle modi fi cations are also recommended for those with 
prehypertension.      
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  Key Points 

    Overweight (body mass index [BMI] > 25 kg/m • 2 ) and obesity (BMI > 30 kg/m 2 ) 
are associated with increased risk for many, but not all, common cancers.  
  One of the most important ways to reduce overall cancer risk is to maintain a • 
healthy weight throughout life.  
  Epidemiologic and other (animal and cell culture) studies indicate that increased • 
consumption of fruits, vegetables, and whole grains is associated with reduced 
cancer risk. Therefore, eat mostly foods of plant origin. This includes at least  fi ve 
portions/servings (at least 400 g or 14 oz) of a variety of vegetables and fruits 
every day; eating whole grains and/or pulses (legumes) with every meal; and 
limiting re fi ned starchy foods.  
  Alcohol consumption has been associated with an increased risk of some can-• 
cers. Although there is no consumption that is not associated with an increased 
cancer risk, modest amounts of alcohol (two drinks a day for men and one drink 
a day for women) can protect against coronary heart disease.  
  Cancer survivors should follow the recommendations for cancer prevention • 
regarding diet, healthy weight, and physical activity.  
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  Not all individuals should be expected to respond identically to bioactive food • 
components because of genetic and environmental factors. The “omics” of nutri-
tion can be used to identify responders and nonresponders.     

    12.1   Introduction 

 “Cancer” is a general term that represents more than 100 diseases, each with their 
own etiology. The probability of suffering from cancer is extremely high in the 
United States; estimates are that approximately 44% of men and 37% of women 
will develop cancer in their lifetime  [  1  ] . It has also been projected that cancer will 
surpass ischemic heart disease as the leading cause of death worldwide in 2010  [  2  ] . 
Cancer risk is in fl uenced by both genetic and environmental factors, including 
dietary habits. While each type of cancer has unique characteristics, cancers share 
one common feature, namely they begin when a single cell acquires genetic 
changes and loses control of its normal growth and replication processes  [  3  ] . Most 
cancers develop to the stage of being clinically identi fi able only years or decades 
after the initial cell damage. 

 Cancer is no longer being perceived as an inevitable consequence of aging. Only 
about 5–10% of cancers can be classi fi ed as resulting from genetics and thus most 
are associated with multiple environmental factors, including one’s eating behav-
iors. The North American Association of Central Cancer Registries provides evi-
dence that death rates from cancer have been dropping about 2.1% a year in the 
United States since 2002  [  4  ] . This positive trend is thought not to be a result of 
miraculous medical breakthroughs but a result of improvements in prevention, early 
detection, and treatment of some causes of cancer death. In contrast, cancer rates are 
increasing in less developed and economically transitioning countries because of 
adoption of unhealthy Western lifestyles, including smoking and physical inactivity 
and consumption of excess calories  [  1  ] . Modifying dietary behaviors and nutritional 
habits based on current guidelines represents a proactive, practical, and cost- 
effective approach to cancer prevention that is also likely to promote overall good 
health. The cancer process includes fundamental, yet diverse, cellular processes that 
can be in fl uenced by diet, such as carcinogen bioactivation, cellular differentiation, 
DNA repair, cellular proliferation/signaling, hormonal regulation, in fl ammation 
and immunity, angiogenesis, and apoptosis (see Fig.  12.1 )  [  3  ] .  

 Evidence continues to mount that changing dietary habits can reduce cancer risk 
and modify the biological behavior of tumors  [  5  ] . The importance of diet was 
emphasized more than a quarter century ago when Doll and Peto  [  6  ]  suggested that 
approximately 35% (10–70%) of all cancers in the United States might be attribut-
able to dietary factors. In 2007, similar conclusions were reached by the World 
Cancer Research Fund/American Institute of Cancer Research (WCRF/AICR) after 
evaluating over 7,000 studies. Their report concluded that diet and physical activity 
were major determinants of cancer risk  [  5  ] . On a global scale, this could represent 
over 3–4 million cancer cases that can be prevented each year  [  5  ] . 
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 While considerable evidence points to diet as a critical factor in determining cancer 
risk, there are numerous inconsistencies in the literature. Much of this variation in 
response may relate to the genetic background of the individual. Recent studies pro-
vide important proof that genetic polymorphisms can markedly in fl uence the response 
to speci fi c foods  [  7,   8  ] . By utilizing genetic information, we may be able to identify 
those individuals who must assure an adequate intake of a nutrient for cancer preven-
tion. For example, dietary calcium can interact with a polymorphism in the vitamin D 
receptor (the  Fok 1  restriction site) to affect colon cancer risk. Whereas dietary cal-
cium was not important in determining colon cancer risk in individuals that were 
homozygous for the capital F genotype for the vitamin D receptor, low dietary cal-
cium increased colon cancer risk with increasing copies of the little f allele for the 
vitamin D receptor  [  7  ] . Selected polymorphisms may also be useful as surrogate 
markers for those who might be placed at risk from excessive exposures  [  8  ] . Colorectal 
adenoma risk is modi fi ed by the interplay between polymorphisms in the PPAR delta 
and  fi sh consumption. In individuals with the variant allele for PPAR delta (<10% of 
the population), increased  fi sh consumption actually increased the risk of developing 
colorectal adenomas  [  8  ] . However, the existence of about 30,000 genes and many mil-
lion single nucleotide polymorphisms indicates that understanding individual 
responses to foods or components will be extremely complicated.  

    12.2   Body Fatness 

 Excess body weight is a strong determinant as well as modi fi able risk factor for 
cancer development, and as such carries the potential for primary prevention. 
Typically, obesity, de fi ned as a body mass index (BMI) > 30, is associated with about 
a 20% increase in risk for most, but not all, cancers  [  9  ] . This lack of a correlation 
may simply re fl ect the imprecision in using BMI as a surrogate risk marker for adi-
posity. The distribution of total body fat, how we measure it, and the ratio of body 
fat to fat-free mass explain to some degree the inconsistencies in the literature  [  10  ] . 
The use of biomarkers of the metabolic syndrome holds promise for determining 
which shifts in body energetics are likely contributing to increased cancer risk or 
changes in the behavior of tumors  [  11  ] . Regardless, the WCRF/AICR panel judged 
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the evidence as convincing that greater body fatness is a cause of cancers of the 
esophagus, pancreas, colorectum, breast (postmenopausal), endometrium, and 
kidney  [  5  ] . Greater body fatness may precipitate cancer of the gallbladder  [  5  ] . In 
terms of weight-related factors, body weight alone does not completely determine 
an individual’s ability to prevent or survive cancer. Location also appears important 
since abdominal fat accumulation may be more detrimental than peripheral fat 
accumulation. Thus, a high waist circumference may be especially hazardous. 

 Scientists have historically used the term “energy balance” to describe the com-
plex interaction among diet and physical activity on body weight over an individu-
al’s lifetime. Along with genetics these factors may in fl uence cancer risk (see 
Fig.  12.2 ). Long thought of as inert, adipose tissue, particularly visceral fat, is an 
important metabolic tissue. Excessive adiposity is associated with increased oxida-
tive stress, insulin resistance, in fl ammation, and changes in hormone and growth 
factor concentrations that play a role in the pathogenesis of many cancers (Fig.  12.2 ). 
High circulating levels of insulin promote the synthesis of IGF-1 and decrease the 
production of IGF binding protein-1, thus increasing the biologic activity of IGF-1. 
The role of IGF-1 in the pathogenesis of some human cancers is supported by epi-
demiologic studies, which have found that high serum concentrations of IGF-1 are 
associated with increased risk of several human cancers, including those of the 
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  Fig. 12.2    Long-term positive energy balance due to excessive energy intake and/or low levels of 
energy expenditure can lead to obesity. The metabolic consequences of long-term positive energy 
balance and the accumulation of excessive body fat include increased IGF-1, insulin, leptin, and free 
fatty acids, and decreased adiponectin concentrations. These changes can stimulate cellular prolifera-
tion, inhibit apoptosis, increase insulin resistance, alter steroid hormone metabolism, and stimulate 
in fl ammatory/oxidative stress processes, all of which can contribute to increased cancer risk       
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prostate, breast, and colon  [  12  ] . Evidence in transgenic animals suggests it is not 
fat per se but the associated metabolic changes that appear to increase cancer in 
some sites.  

 The mechanisms by which excess weight may in fl uence cancer risk is unresolved 
but may relate to homeostasis in the steroid hormones, insulin-like growth factors, 
insulin resistance and lipid metabolism, and immune function and in fl ammatory 
factors, including cytokines and prostaglandins  [  13  ] . The identi fi cation of which 
lead to a change in cancer risk and adverse health outcomes in speci fi c populations 
is fundamental to the development of public health initiatives and to personalized 
strategies for diet and exercise interventions. The interplay of dietary components 
with genetic susceptibility can modify the relationship between energy balance and 
cancer risk. 

 Caloric restriction is the most effective single intervention for preventing cancer 
in experimental animals  [  14  ] . Recent reports of extended life span and delayed 
cancer development in response to caloric restriction in rhesus monkeys  [  15  ]  and 
observations that caloric restriction during the premenopausal years decreases post-
menopausal breast cancer risk in women  [  16  ]  suggest the cancer protective effects 
of caloric restriction reported in rodent models extends to primates, including 
humans. Caloric restriction reduces the levels of several anabolic hormones, growth 
factors, and in fl ammatory cytokines; reduces oxidative stress and cell proliferation; 
and enhances autophagy and several DNA repair processes  [  17  ] . At least parts of 
these anticancer properties associated with caloric restriction likely involve changes 
in the IGF-1 pathway (Fig.  12.2 )  [  11  ] . 

 Maintenance of a healthy weight throughout life is one important way to protect 
against most cancers, as well as a number of other common chronic diseases, includ-
ing hypertension and stroke, type 2 diabetes, and coronary heart disease.  

    12.3   Physical Activity 

 Although reducing excess caloric consumption will help control weight, another 
key variable in the energy balance equation is to expend energy via physical activity. 
Despite the circulatory bene fi ts associated with physical activity, Americans are not 
incorporating enough physical activity into their daily routines. The Centers for 
Disease Control and Prevention (CDC) estimates that more than 50% of American 
adults do not get enough physical activity to prove bene fi cial to their health, and 
more than 25% are not active even during leisure time  [  18  ] . Unfortunately, statistics 
with children and adolescents are no more encouraging. Overall, industrialization, 
urbanization, and mechanization have fostered a largely sedentary population in 
many parts of the world. 

 Regular, sustained physical activity protects against cancer of some sites inde-
pendent of its effects on body fatness  [  5  ] . The WCRF/AICR panel judged that the 
evidence that physical activity protects against colon cancer is convincing  [  5  ] . 
Physical activity probably protects against endometrial and postmenopausal breast 
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cancer; however, the evidence suggesting that it protects against premenopausal 
breast cancer is limited  [  5  ] . Moreover, because physical activity promotes healthy 
weight, it would be anticipated that exercise would also protect against cancers 
whose risk is increased by obesity. 

 Physical activity most likely in fl uences the development of cancer through mul-
tiple, perhaps overlapping, biological pathways, several of which are mentioned in 
Fig.  12.2 . Many researchers believe physical activity aids in regular bowel move-
ments, which may decrease the time the colon is exposed to potential carcinogens; 
causes changes in insulin resistance, metabolism, and hormone levels, which may 
help prevent tumor development; and alters a number of in fl ammatory and immune 
factors  [  19  ] . 

 Despite considerable epidemiological evidence linking cancer with obesity and 
with lack of physical activity, the appropriate level and type of physical activity 
required to bring about protection remains unclear  [  20  ] . According to the WCRF/
Report recommendations, individuals should be moderately physically active, 
equivalent to brisk walking for at least 30 min every day. As  fi tness improves, 
individuals should aim for at least 60 min of moderate activity or 30 min of more 
vigorous physical activity every day  [  5  ] .  Healthy People 2010  recommended that 
adults engage in at least 30 min of moderate-intensity activity, 5 days/week, or 
20 min of vigorous-intensity activity, 3 days/week  [  21  ] . In contrast, under the  2008 
Physical Activity Guidelines for Americans , the minimum recommended aerobic 
physical activity required to produce substantial health bene fi ts in adults is 150 min/
week of moderate-intensity activity, or 75 min/week of vigorous-intensity activity, 
or an equivalent combination of moderate- and vigorous-intensity physical 
activity  [  22  ] . Additional controlled studies are needed to determine if the amount 
and duration of exercise needed to prevent obesity and to treat obesity are similar 
and to clarify the importance of the type of physical activity—moderate intensity or 
vigorous—that is needed to prevent weight gain and improve health  [  23  ] .  

    12.4   Fruits and Vegetables 

 Evidence that vegetables and fruits provide protection against cancer comes princi-
pally from epidemiological investigations and from a host of animal and cell culture 
studies, although the data are not compelling. Vegetables and fruits are usually low 
in energy density and when consumed in variety provide many vitamins, minerals, 
and other bioactive compounds (phytochemicals). Recommendations for consump-
tion tend to exclude starchy vegetables such as potato, yam, sweet potato, and 
cassava. Nonstarchy vegetables probably protect against cancers of the mouth, 
pharynx, and larynx, and those of the esophagus and stomach  [  5  ] . Limited evidence 
also suggests that they may protect against cancers of the nasopharynx, lung, col-
orectum, ovary, and endometrium  [  5  ] . Fruits probably protect against cancers of the 
mouth, pharynx, and larynx, and those of the esophagus, lung, and stomach  [  5  ] . The 
possibility that fruits may also protect against cancers of the nasopharynx, pancreas, 
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liver, and colorectum has also surfaced  [  5  ] . While these relationships are based 
upon the epidemiologic literature, it must be pointed out that there are a number of 
limitations/considerations that are speci fi c to the analysis of dietary intake of fruits 
and vegetables. These include: most studies of consumption of dietary fruits and 
vegetables have been conducted in populations with relatively homogeneous diets; 
smokers consume fewer fruits and vegetables than nonsmokers; fat intake inversely 
correlates with fruit and vegetable intake in the United States; and studies using 
self-reporting tend to overreport vegetable and fruit consumption. Thus, it is not 
surprising that many uncertainties exist about the relationship between plant-based 
diets and cancer prevention. 

 Fruits and vegetables contain as many as 100,000 different bioactive food com-
ponents including both essential micronutrients (e.g., vitamins C, D, E, and folate 
and the minerals selenium, zinc, iodine, and calcium) and phytochemicals. 
Phytochemicals, which are discussed below, is a collective term for a variety of 
plant components that often perform important functions in the plant, such as pro-
viding color,  fl avor, or protection. The phytochemical composition of fruits and 
vegetables depends both on the species and subtype, as well as the environmental, 
cultivation, growing, harvesting, and storage conditions. 

 It is widely believed that many of the health bene fi ts, including cancer preven-
tion, of diets enriched in fruits and vegetables are due, in part, to the presence of 
multiple phytochemicals. For example, foods containing  b -carotene or vitamin C 
seem to protect against esophageal cancer. There is limited evidence to suggest that 
foods containing quercetin protect against lung cancer  [  5  ] . Food sources of pyridox-
ine and/or vitamin E may also protect against esophageal and prostate cancers  [  5  ] . 
The relationship between micronutrients, phytochemicals, and risk of different 
types of cancer is discussed below. 

 The magnitude of the response to fruit and vegetables is probably in fl uenced by 
many factors, including the consumer’s genetic background and a host of environ-
mental factors, as well as the type, quantity, and duration of consumption of these 
foods, and interactions among food components. Of 20 effect estimates from 17 
cohort studies that reported comparisons of the highest and lowest intake groups of 
fruits and vegetables and colorectal cancer, 11 were in the direction of reduced risk, 
3 of which were statistically signi fi cant  [  5  ] . The evidence for other cancer sites is 
not as compelling.  

    12.5   Micronutrients and Phytochemicals 

 Both micronutrients and phytochemicals can bring about a multitude of biological 
responses that may be important in the cancer process. Phytochemicals are classi fi ed 
according to their chemical structure and functional characteristics; they include 
salicylates, phytosterols, saponins, glucosinolates, polyphenols, protease inhibitors, 
monoterpenes, phytoestrogens, sul fi des, indoles, isothiocyanates, terpenes, and lec-
tins. Examples include plant phenols (from grapes, strawberries, and apples) and 
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phytoestrogens (from soy and soy products). An incomplete list of phytochemicals 
and some of their sources is given in Table  12.1 . Since a comprehensive review of 
the interactions between micronutrients, phytochemicals, and cancer is beyond the 
scope of this chapter and has been published elsewhere  [  24,   25  ] , only a couple of 
examples are provided to illustrate the principle that these food components are 
capable of modifying a variety of cancer processes. These examples reveal the mag-
nitude and complexity of the potential interactions. Regardless, it is clear that sev-
eral factors in fl uence the response to these dietary components including the time of 
introduction, the quantity and duration of consumption, interactions among food 
components, and the genetic background of the consumer.  

    12.5.1   Garlic and Allyl Sulfur Compounds 

 Food is generally complex as illustrated by the  Allium  family containing about 500 
species including garlic, onion, leeks, chives, and scallions. Allyl sulfur compounds 
arising from these foods are thought to be a primary factor in their anticancer properties. 
However, it is also clear that they contain many other constituents which may provide 
protection, including amino acids, carbohydrates, and  fl avonoids. Similarly, the health 
bene fi ts of other foods cannot typically be related to a single component. 

 Epidemiologic  fi ndings and preclinical studies provide evidence that garlic and 
related sulfur constituents can suppress cancer risk and alter the biological behavior 
of tumors  [  26  ] . A total of 2 cohort studies, 27 case–control studies, and 2 ecological 

   Table 12.1    Examples of dietary phytochemicals that may be protective against cancer   
 Phytochemical  Dietary sources 

 Allyl sulfur compounds  Onions, garlic, leeks 
 Anthocyanadins  Berries, grapes 
  b -Carotene a   Citrus fruit, carrots, squash, pumpkin 
 Capsaicin  Peppers 
 Catechins  Tea, berries 
 Curcumin  Turmeric 
 Ellagic acid  Grapes, strawberries, raspberries, walnuts 
 Genistein  Soy 
 Indoles  Cruciferous vegetables 
 Iso fl avones  Soybeans and other legumes 
 Isothiocyanates  Cruciferous vegetables 
 Lycopene  Tomatoes and tomato products, guava, watermelon 
 Quercetin  Onion, red grapes, citrus fruit, broccoli 
 Resveratrol  Grapes (skin), red wine 
 Silymarin  Milk thistle 
 Terpenes  Citrus fruits 
 Thioethers  Garlic, onions ( Allium  foods) 

   a In some cases supplemental  b -carotene may increase risk in humans  [  50–  52  ]   
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studies investigated the relationship between  Allium  vegetables and cancer  [  5  ] . 
Meta-analysis of these data showed a 23% decreased risk per 50 g/day of  Allium  
vegetables and a 59% decreased risk per serving of garlic per day  [  5  ] . One random-
ized controlled trial reported a statistically signi fi cant 29% reduction in both size 
and number of colon adenomas in colorectal patients taking aged garlic extract  [  27  ] . 
Other studies have shown that garlic and/or its related organosulfur compounds 
suppress mammary, colon, skin, uterine, esophagus, lung, renal, forestomach, and 
liver cancer incidence in animal models  [  24  ] . 

 Similar to other foods, garlic and its sulfur constituents appear to exert their 
cancer protective effects through multiple mechanisms including inhibition of car-
cinogen metabolism, inhibition of DNA adduct formation, upregulation of antioxi-
dant defenses and DNA repair, suppression of cell proliferation, induction of 
apoptosis, decreased in fl ammation, and blocked angiogenesis  [  28  ] . It is likely that 
many of these processes are modi fi ed simultaneously. In eukaryotic cells, the nuclear 
DNA is tightly wrapped around core histone proteins. Acetylation of these proteins 
is an important posttranslational modi fi cation for the regulation of gene transcrip-
tion. Garlic and its sulfur constituents have been shown to increase acetylation of 
the core nucleosomal histones in various cell lines in vitro. For example, Druesne 
et al. reported that diallyl disul fi de increased histone H3 acetylation in cultured 
Caco-2 and HT-29 cells and normal rat colonocytes by reducing histone deacetylase 
activity  [  29  ] . This hyperacetylation was accompanied by an increase in tumor pro-
moter p21 (waf1/cip1) expression demonstrating that epigenomic events can 
in fl uence subsequent gene expression patterns which culminates in cells being 
blocked in the G2 phase of the cell cycle. A variety of constituents in foods have 
also been reported to in fl uence epigenetics and vice versa. 

 It is not currently known whether additive or antagonistic responses occur among 
dietary components that have the same molecular target. For example, both garlic 
organosulfur compounds and sulforaphane, which is present in broccoli, induce 
expression of detoxifying enzymes via the binding of the transcription factor Nrf2 
to the antioxidant response element (ARE), which is located in the promoter region 
of related genes. Can these  fi ndings be interpreted to mean that if an individual 
consumes suf fi cient organosulfur compounds, then sulforaphane will no longer 
have any anticancer effects? Or, might other molecular targets be important?  

    12.5.2   Selenium 

 International evidence points to an inverse association between selenium status and 
mortality from cancer of the colon, rectum, prostate, breast, ovary, lung, and leuke-
mia  [  30  ] . Data from most case–control and cohort studies show a possible protec-
tive relationship of the mineral for lung and prostate cancer, but have not been 
overly convincing for other cancer sites, including breast and colon/rectum  [  5  ] . 
A meta-analysis suggests that selenium may afford some protection against lung 
cancer in populations where average selenium levels are low  [  31  ] . The evidence for these 
 fi ndings is greatest in studies using toenail selenium as an indicator of status  [  31  ] . 
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Cohort studies also have identi fi ed low baseline serum or toenail selenium concen-
trations as a risk factor for prostate cancer  [  32,   33  ] . Interestingly, an intervention 
study supports the protective effects of selenium against cancer. The Nutritional 
Prevention of Cancer (NPC) Trial was a double-blind, placebo-controlled trial in 
which 1,312 patients with a history of skin cancer were randomized to receive either 
200  m g selenium as selenized yeast or a placebo for an average of 4.5 years  [  34  ] . 
Secondary end-point analyses show that the mineral resulted in a signi fi cant 
reduction in total cancer mortality (RR = 0.5), total cancer incidence (RR = 0.63), 
and incidence of lung (RR = 0.54), colorectal (RR = 0.42), and prostate (RR = 0.37) 
cancer  [  34  ] . Selenium supplementation led to a signi fi cant 49% reduction in inci-
dence among those in the lowest tertile of baseline plasma selenium (<105 ng/mL) 
and to a nonsigni fi cant 30% reduction in incidence among those in the second 
tertile. However, for those with baseline selenium in the highest tertile (<122 ng/
mL), selenium supplementation was associated with a nonsigni fi cant 20% increase 
in cancer incidence. These results suggest that there may be a narrow window for 
the most bene fi cial dose of dietary selenium. Waters et al.  [  35  ]  have demonstrated 
this phenomenon in terms of a nonlinear U-shaped relationship between toenail 
selenium concentration as a biomarker for exposure and DNA damage in the pros-
tate of dogs. Importantly, this U-shaped relationship between intake or exposure and 
biological function has also been seen with other dietary components including 
vitamin D  [  36  ] . 

 The Selenium and Vitamin E Cancer Prevention Trial (SELECT) randomized 
35,533 healthy men to either 200  m g/day selenomethionine, 400 IU vitamin E, both 
supplements, or placebos in order to try and replicate the results of the NPC trial. 
However, in SELECT, neither prostate cancer nor other cancer end points differed 
signi fi cantly among the four treatments  [  37  ] . Differences in baseline selenium sta-
tus or formulation of the selenium supplement may have contributed to the differ-
ences observed between the two studies. In fact, in the SELECT trial, median 
baseline serum levels were 135 ng/mL compared to 114 ng/mL observed in the NPC 
trial and 78% of subjects would have been classi fi ed as being in the upper tertile of 
baseline selenium in the NPC trial (the group that had a nonsigni fi cant increased 
risk with selenium supplementation). Another important difference between the two 
studies is the form of selenium provided. The NPC trial utilized selenium-enriched 
yeast whereas the SELECT trial used selenomethionine. Although selenium-
enriched yeast is predominantly selenomethionine, minor selenium compounds in 
the yeast, such as Se-methyl-selenocysteine, but not selenomethionine, can be 
metabolized to alpha-keto acids which function as a histone deacetylase inhibitor 
and leads to de-repression of silenced tumor suppressor proteins  [  38  ] . These data 
suggest that different metabolites may have different biological effects.  

    12.5.3   Folate 

 Folates are a group of water-soluble B vitamins found in high concentrations in green 
leafy vegetables and whole grain cereals. Folic acid, the synthetic form, is used to 
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fortify manufactured cereal products (such as  fl our), grains, and spreads. Folate-rich 
foods may protect against pancreatic cancer, and at least some evidence suggests that 
these foods also protect against esophageal and colorectal cancers  [  5  ] . 

 The relationship between dietary folate and cancer serves as an important exam-
ple for the importance of the timing of exposure and diet–gene interactions. The 
mechanisms by which dietary folate can modulate cancer development are related 
to the sole biochemical function of folate—mediating the transfer of one-carbon 
moieties. In this role, folate is an important factor in DNA synthesis, stability, integ-
rity, and repair. If dietary folate is limited, the balance of purine and pyrimidine 
DNA precursors is altered, and normal DNA repair is inhibited. Moreover, uracil, 
which is not normally present in DNA, is misincorporated into the DNA molecule 
in place of thymidine, resulting in DNA strand breakage, chromosomal damage, 
and malignant transformation. Furthermore, cytosine methylation is altered, leading 
to global DNA hypomethylation and/or changes in gene-speci fi c methylation and 
inappropriate protooncogene activation. A growing body of evidence from cell cul-
ture, animal, and human studies indicates that folate de fi ciency is associated with 
DNA strand breaks, impaired DNA repair, and increased mutations, and that folic 
acid supplementation can correct some of these defects. However, a common poly-
morphism in methylenetetrahydrofolate reductase (MTHFR), a key protein which 
controls whether folate is partitioned towards DNA precursor synthesis or DNA 
methylation, can potentially modify the relationship between folate status and can-
cer. The most common variant in the  MTHFR  gene,  C677T , causes a valine for 
alanine substitution in the protein and reduced enzyme activity in the heterozygotes 
(CT; 35%) and homozygotes (TT; 70%)  [  39  ] . Studies suggest that there is no clear 
relationship between plasma folate and colorectal adenomas among those with the 
CC or CT genotype for MTHFR; thus, only a subset of the population (i.e., those 
with the TT genotype) may bene fi t from an increased folate intake  [  40  ] . These 
results demonstrate that not all respond identically to bioactive food components. 
Furthermore, mutations in another folate-metabolizing enzyme, thymidylate syn-
thase, appear to modulate folate intake and colon cancer risk  [  41  ] . Possibly 50–100 
genes, either directly or indirectly, are involved with folate metabolism. The affected 
sites include receptors, binding proteins, enzymes, tissue-speci fi c gene products, 
and downstream factors that rely upon folate-derived metabolites. As a result many 
factors may be involved in determining if this vitamin is an important dietary vari-
able. The variability within the human genome means that there are thousands of 
polymorphisms which may determine the biological response to folate. 

 Folate also serves as an excellent example that dietary components may have 
different biological effects when given as a normal dietary constituent (folate) or as 
a supplement (folic acid) and that the effect may be different in normal compared to 
transformed cells. Animal studies and clinical observations suggest that folate pos-
sesses dual modulatory effects on carcinogenesis depending on the timing and dose 
of folate intervention  [  42  ] . Folate de fi ciency in normal epithelial tissues appears to 
predispose them to neoplastic transformation, and modest levels of folate supple-
mentation suppress the development of tumors in normal tissues  [  42  ] . In contrast, 
data from animal models, human intervention studies, and analyses of cancer 
incidence data suggest that supplementation with synthetic folic acid may promote 
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the growth of initiated cells  [  43,   44  ] . Rodent studies report a reduction in early 
markers of colon cancer, such as aberrant crypt foci, when folic acid is given prior 
to initiation of lesions  [  45  ] , but cancer development is accelerated if folic acid is 
given after the emergence of lesions; this is presumably through the provision of 
DNA precursors for cancer cell growth  [  46  ] . Recent  fi ndings from several large-
scale human observational or placebo-controlled trials indicate that supplemental 
folic acid increases risk of cancer at several sites, including the breast  [  47  ] , lung 
 [  48  ] , and prostate  [  43  ] . Combined high-dose folic acid and vitamin B 

12
  supplemen-

tation (5 and 1.25 mg/day daily, respectively, for 6 months) had detrimental effects 
on biomarkers of genomic stability, including increased uracil misincorporation and 
tumor suppressor gene promoter methylation, in rectal biopsies from colorectal 
adenoma patients  [  49  ] . Overall, these types of observations suggest that the optimal 
timing, dose, and form of nutrient intervention need to be established for safe and 
effective cancer prevention in humans.  

    12.5.4   Carotenoids 

 Folate is not the only nutrient where high-dose supplementation may potentially 
have adverse effects on cancer risk. Common green, yellow/red, and yellow/orange 
vegetables and fruits contain a host of carotenoids. These include lutein, cryptox-
anthin, lycopene,  b -carotene,  a -carotene, and zeaxanthin. Epidemiological studies 
have reported that foods with higher amounts of carotenoids may reduce the risk of 
mouth, pharynx, and larynx and lung cancer  [  5  ] . Foods containing lycopene pos-
sibly protect against prostate cancer  [  5  ] . High intakes of fruits and vegetables rich 
in  b -carotene or high plasma concentrations of the nutrient usually have a signi fi cant 
inverse association with lung cancer risk  [  5  ] . Adding to this epidemiological evi-
dence,  fi ndings from studies on animals demonstrated that  b -carotene inhibits 
cancer-related events, such as the induction of stimulation of intercellular com-
munication via gap junctions, which can have a role in the regulation of cell growth, 
differentiation, and apoptosis. This evidence provided strong support for testing 
the effect of  b -carotene supplements on lung cancer in randomized intervention 
trials, as was done in the Alpha-Tocopherol Beta-Carotene Study (ATBC)  [  50  ] , the 
Physician’s Health Study  [  51  ] , and the Beta Carotene and Retinol Ef fi cacy Trial 
(CARET)  [  52  ] . Unexpectedly, results from the ATBC and CARET studies showed 
adverse treatment effects in terms of increased lung cancer incidence in high-risk 
subjects. 

 The different results obtained in supplementation trials compared to cohort stud-
ies may re fl ect that fruits and vegetables contain, in addition to  b -carotene, numer-
ous other compounds that may be protective against cancer. In fact,  b -carotene may 
simply be a marker for the actual protective substances in fruits and vegetables. 
Alternately,  b -carotene may have different effects when consumed as a supplement 
rather than in the food supply. It is possible that a protective association present in 
dietary intake amounts of carotenoids is lost or reversed by the pharmacological 
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levels present in supplementation trials. In one animal study, low-dose  b -carotene 
was protective against smoking-induced changes in p53, while high doses promoted 
these changes  [  53  ] . Moreover, it may be that a subgroup of humans is particularly 
vulnerable to excess  b -carotene. The ATBC, CARET, and PHS studies illustrate 
that de fi nitive evidence of both safety and ef fi cacy is required for individual con-
stituents of fruits and vegetables before dietary guidelines can be proposed. Thus, 
consumption of supplements for cancer prevention might have unexpected adverse 
effects and that consumption of the relevant nutrients through the diet is preferred.   

    12.6   Dietary Fiber 

 The term dietary  fi ber encompasses a complex mix of mostly nondigestible plant 
cell compounds with variable effects on gut physiology. Dietary  fi ber from different 
sources varies in composition, and it is unlikely that all will be equally protective 
against cancer. Fiber exerts several biological effects in the gastrointestinal tract, 
including dilution of the fecal content, decreased transit time, and increased stool 
bulk. Fermentation products, especially short-chain fatty acids, such as butyrate, are 
produced by the gut micro fl ora from a wide range of dietary  fi bers. Butyrate can 
induce apoptosis, cell cycle arrest, and differentiation of tumor cells. But with non-
transformed colon cells, in contrast, butyrate is a growth factor and nutrient. An 
important mechanism by which butyrate causes biological effects in colon cancer 
cells is through inhibition of histone deacetylase activity. This leads to hyperacety-
lation of histones resulting in transcriptional dysregulation and silencing of genes 
that are involved in the control of cell cycle progression, differentiation, apoptosis, 
and cancer development. 

 Sixteen cohort and 91 case–control studies have investigated the relationship 
between dietary  fi ber and cancer  [  5  ] . Most of these studies showed decreased risk 
with increased  fi ber intake; a meta-analysis of cohort data showed a 10% decreased 
risk of colorectal cancer per 10 g/day increased intake of  fi ber  [  5  ] . A pooled analysis 
of 8,100 colorectal cancer cases among 730,000 participants, followed up for 6–20 
years, showed a nonsigni fi cant decreased risk for the groups that consumed the 
most dietary  fi ber  [  54  ] . In contrast, the protective effect of dietary  fi ber against 
colon cancer has not been observed in randomized intervention trials. Adopting a 
diet that is low in fat and high in  fi ber, fruits, and vegetables did not affect the risk 
of recurrence of colorectal adenomas  [  55  ]  and did not alter rectal mucosal cell pro-
liferation rates  [  56  ] . A Cochrane meta-analysis of  fi ve randomized controlled trials 
of increased dietary  fi ber found no difference between intervention and control 
groups for the development of adenomas  [  57  ] . The different results obtained between 
the observational and intervention studies may re fl ect the fact that the intervention 
studies utilized high-risk individuals, did not use a suf fi ciently large intake range to 
detect a response, or that the duration of exposure was insuf fi cient to detect a differ-
ence. Taking the evidence as a whole, therefore, the link between dietary  fi ber and 
colon cancer remains inconclusive. 
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 The effect of dietary  fi ber on mammary and prostate cancer risk has also been 
inconsistent. Whereas a high intake of  fi ber was protective against breast cancer in 
the Malmo Diet and Cancer Cohort  [  58  ] , dietary  fi ber and  fi ber fractions did not 
affect breast cancer risk in the Nurses’ Health Study  [  59  ] . A large case–control 
study conducted in Italy found a moderate but signi fi cant inverse association 
between selected types of dietary  fi ber and prostate cancer risk  [  60  ] . The association 
was strongest for cellulose and for soluble and vegetable  fi bers  [  60  ] . 

 The assessment of a cancer-protective effect for dietary  fi ber can be complicated 
by correlations among dietary  fi ber, dietary fat, and caloric intakes (i.e., high- fi ber 
diets may be relatively low in fat and calories). Another confounding factor is the 
possible effect on risk caused by micronutrients and phytochemicals in high- fi ber 
foods.  

    12.7   Meat Intake 

 Meat, including all animal  fl esh apart from  fi sh and seafood, can be further classi fi ed 
as either red (beef, pork, lamb, and goat) or poultry. The latter usually has more 
white than red muscle  fi bers. The term processed meat refers to meat preserved by 
smoking, curing, or salting, or addition of chemical preservatives  [  5  ] . The WCRF/
AICR report suggests that there is convincing evidence that red meat and processed 
meat are causally related to about a 20% increase in colorectal cancer  [  5  ] . However, 
it is important to realize that increased meat intake likely will not have the same 
effect on all individuals. Evidence exists that a combination of multiple SNPs in 
four cytochrome P-450 enzymes, which is present in almost 5% of the population, 
may pose a risk; it was associated with a more than 40-fold increased risk of col-
orectal cancer in individuals who consumed a large amount of red meat (>5 times/
week) compared to those who did not  [  61  ] . 

 There is evidence that an increased cancer risk may not be a function of meat per 
se but may re fl ect a high intake of animal fat and/or carcinogens generated through 
various meat cooking or processing methods. The high energy density of meat can 
increase the likelihood of obesity, itself a major risk factor for cancer. In fact, total 
meat consumption is positively associated with weight gain in a cohort of almost 
275,000 men and women  [  62  ] . After adjustment for estimated energy intake, an 
increase in meat intake (250 g/day) leads to a 2-kg higher weight gain after 5 years 
 [  62  ] . Cooking methods may foster the formation of carcinogens, including polycy-
clic aromatic hydrocarbons (PAH) and heterocyclic amines (HCA)  [  5  ] . Carcinogenic 
nitroso-compounds may occur in some processed meats. 

 Over 100 distinct PAH are formed when organic substances like meat are burnt. 
These compounds are formed from the pyrolysis of fats that occurs when fat drips 
from meat onto hot coal, forming smoke that is redeposited on the meat surface. 
Eleven PAH compounds have been classi fi ed as carcinogenic to laboratory ani-
mals and as suspect carcinogens in humans  [  63  ] . The second class of compounds 
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found in cooked meats is the HCA. These are formed during high-temperature 
cooking by pyrolysis of proteins, amino acids, or creatinine. The amount in the diet 
can be substantial and is in fl uenced by cooking habits such that prolonged 
high- temperature cooking of meats results in the greatest content. Epidemiologic 
studies have linked HCA with cancers of the colorectum, breast, prostate, lung, and 
pancreas  [  64  ] . Polymorphisms in speci fi c genes associated with metabolism or 
detoxi fi cation of HCA (e.g.,  CYP1A1 ,  CYP1A2 ,  GSTM1 , and  NAT2 ) may explain 
variations in genetic susceptibility among individuals  [  65  ] . In view of the possible 
role of HCA in human carcinogenesis, minimizing exposure seems prudent, i.e., 
avoiding overheating and overcooking. 

 Nitrites and nitrates are often used as preservatives in meats and other “cured” 
products. These additives are not carcinogenic in experimental animals; however, 
nitrate can interact with dietary substances, such as amines or amides, to produce 
 N- nitroso compounds (nitrosamines and nitrosoamides) which are potent carcino-
gens in animals and probably humans  [  66  ] . Epidemiologic studies have demon-
strated a direct relationship between nitrosamine exposure and cancer of the 
stomach, esophagus, nasopharynx, urinary bladder, liver, and brain  [  66  ] . When 14 
volunteers consumed a diet high in red meat (325 g/day), compared to an isocaloric 
high  fi sh diet (375 g/day), there was a signi fi cantly higher amount of nitroso com-
pounds excreted in the feces (9  m mol/day vs. 1.7  m mol/day, respectively)  [  67  ] . 
Several naturally occurring foods and their constituents, including tea, garlic, and 
cruciferous vegetables, may inhibit the formation of endogenous nitrosamines 
 [  68  ] . This reduction in carcinogen formation may contribute to the generally pro-
tective effect of fruit and vegetables on cancer risk since vitamin C may reduce 
their formation while other compounds, such as allyl sulfur, may reduce their bio-
activation to agents which bind to DNA and thereby lead to the initiation phase of 
cancer. 

 Heme iron from animal sources is better absorbed than iron from plant sources, 
and thus animal food is important in minimizing this nutritional de fi ciency. However, 
excess heme iron in the colon may irritate the mucosa and alter the normal rates of 
proliferation/exfoliation, circumstances that increase the risk for the development 
of colon cancer  [  69  ] . There is also evidence that heme iron in meat may foster the 
generation of free radicals through the Fenton reaction  [  70  ] . Multiple factors may 
in fl uence the amount of free iron and thus free radicals, including the formation of 
iron-binding and transport proteins  [  71  ] . 

 In a large prospective study of meat consumption and colorectal cancer risk, 
meat-derived increases in heme iron, nitrate/nitrite, and HCA were all associated 
with increased risk of colon cancer  [  72  ] . Nevertheless, it is important to remember 
that meat can be a valuable source of many nutrients, including protein, iron, zinc, 
selenium, and vitamins B 

6
  and B 

12
 . Iron de fi ciency is the most common and wide-

spread nutritional de fi ciency in the world. Therefore, it is important to limit red 
meat consumption rather than to avoid it. Also, it is important to consider the entire 
diet and thus interactions among different food groups; for example, fruit and veg-
etables decreasing the formation of nitrosamines.  
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    12.8   Alcohol 

 Alcohol (ethanol) has been classi fi ed by the International Agency for Cancer 
Research (IARC) as a human carcinogen. Alcohol can be both a source of dietary 
energy and function as a drug; thus in fl uencing both physical and mental perfor-
mance. The WCRF/AICR panel judged that there is convincing evidence that alco-
holic drinks increase mouth, pharynx and larynx, esophagus, colorectum (men), and 
breast cancer  [  5  ] . Alcoholic drinks are probably also a cause of liver cancer, and of 
colorectal cancer in women  [  5  ] . In a recent cohort study  [  73  ]  men within the highest 
quintile of alcohol consumption (>115 g/week) had a 42% increased risk of cancer 
compared to those within the lowest quintile. The type of beverage consumed does 
not appear to in fl uence risk and thus alcohol itself appears to be the primary agent 
leading to the transformation of cells to neoplastic lesions. 

 In humans, ethanol in alcoholic drinks is mainly oxidized in the liver by alcohol 
dehydrogenase (ADH) to acetaldehyde. Acetaldehyde is the most toxic metabolite 
of alcohol and is particularly damaging to cells. In experimental animals, acetalde-
hyde is a mutagen and carcinogen that causes DNA damage  [  74  ] . Acetaldehyde is 
subsequently metabolized to acetate, mainly by the enzyme aldehyde dehydroge-
nase 2 (ALDH2). Functional variants in genes involved in alcohol metabolism result 
in differences between individuals in exposure to carcinogenic acetaldehyde, sug-
gesting possible interactions of genetic susceptibility and alcohol exposure in can-
cer. For example, there are two main variants of ALDH2, resulting from the 
replacement of glutamate at position 487 with lysine. The glutamate allele (also 
designated  ALDH2*1 ) encodes a protein with normal catalytic activity, whereas the 
lysine allele ( ALDH2*2 ) encodes an inactive protein  [  75  ] . The  ALDH2*2  allele is 
prevalent in Asians, with a frequency of up to 40%, whereas it does not exceed 5% 
in European and African populations  [  76  ] . As a result, individuals that are homozy-
gous for the lysine allele have no detectable ALDH and experience facial  fl ushing, 
tachycardia, nausea, and hypotension after alcohol drinking due to acetaldehyde 
accumulation  [  75  ] . Prospective studies in cancer-free alcoholics have shown that 
the hazard ratio for future aerodigestive tract cancer in individuals with the inactive 
protein is approximately 12 times higher than in individuals with the active protein 
 [  77  ] . A true understanding of the effect of dietary alcohol may be clouded because 
of the compounds found in alcoholic beverages, including  fl avonoids, which can 
potentially suppress tumorigenesis.  

    12.9   Summary and Conclusions 

 Mounting evidence continues to surface that food can have a profound effect on 
cancer risk and tumor behavior. The research highlighted in this chapter is only a 
small part of a large body of evidence linking diet and cancer. While a wealth of 
epidemiological and preclinical (animal and cell culture) investigations exist, more 
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randomized prevention trials are needed. Overall, multiple cancer processes appear 
to be in fl uenced by many dietary components, although the response is often vari-
able. The overall response is likely dependent on literally thousands of bioactive 
components that occur in food and their interactions with other environmental fac-
tors and the consumer’s genetics. 

 Expanding knowledge about the physiological consequences of nutrigenomics—
which includes nutrigenetic (genetic pro fi les that modulate the response to food 
components), nutritional transcriptomics (in fl uence of food components on gene 
expression pro fi les), and nutritional epigenomics (in fl uence of food components on 
DNA methylation and other epigenetic events and vice versa)—will help identify 
those who will and will not respond to particular dietary interventions. New reports 
are constantly surfacing that population studies are underestimating the signi fi cance 
of diet in overall cancer prevention and therapy, and that subpopulations may be 
particularly sensitive to subtle changes in eating behaviors. To identify those who 
will bene fi t most from dietary change, more attention needs to be given to the 
identi fi cation of three types of biomarkers: (1) those re fl ecting exposures needed to 
bring about a desired response, (2) those which indicate a change in a physiologi-
cally relevant biological process which is linked to cancer, and (3) those which can 
be used to predict a personalized susceptibility based on interactions between food 
components (such as nutrients, phytochemicals, and non-nutrients) and interactions 
between genes and food components. 

 The responses to food and/or food components, which may be inhibitory or 
stimulatory, depending on the speci fi c bioactive food component, are mediated 
through one and likely multiple, biological mechanisms. The identi fi cation and 
elucidation of the speci fi c molecular sites of action for food components is critical 
for identifying those who will bene fi t maximally or be placed at risk from a par-
ticular dietary change. Until this information is available it remains prudent to eat 
a variety of foods and to maintain a healthy weight through appropriate caloric 
intake and exercise. As the science of nutrition unfolds, a clearer understanding 
will surely emerge about how food components modulate cancer, and how the food 
supply might be modi fi ed through agronomic approaches and/or biotechnology. 
While the challenges to unraveling the multiple relationships between diet and 
cancer prevention will be challenging, the societal and health bene fi ts that will 
occur are enormous.      
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  Key Points 

    Regular consumption of fruit and vegetables, as well as whole grains, is strongly • 
associated with reduced risk of developing chronic diseases such as cardiovascu-
lar disease (CVD), cancer, type 2 diabetes, cataracts, and age-related functional 
decline.  
  Phytochemicals are de fi ned as bioactive nonnutrient plant compounds in fruit, • 
vegetables, grains, and other plant foods, which have been linked to reducing 
the risk of major chronic diseases. Phytochemicals are classi fi ed into carote-
noids, phenolics, alkaloids, nitrogen-containing compounds, and organosulfur 
compounds.  
  Oxidative stress can cause oxidative damage to large biomolecules such as pro-• 
teins, DNA, and lipids, resulting in an increased risk for cancer and CVD. To 
prevent or slow down the oxidative stress induced by free radicals, suf fi cient 
amounts of antioxidants need to be consumed.  
  The additive and synergistic effects of phytochemicals in fruit, vegetables, and • 
whole grains are responsible for their potent antioxidant and anticancer activities. 
The bene fi t of a diet rich in fruit, vegetables, and whole grains is attributed to the 
complex mixture of phytochemicals present in these and other whole foods.  
  Dietary modi fi cation by increasing the consumption of a wide variety of fruit, • 
vegetables, and whole grains daily is a practical strategy for consumers to 
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optimize their health and reduce the risk of chronic diseases. Antioxidants are 
best acquired through the consumption of whole foods, not from expensive 
dietary supplements.     

    13.1   Introduction 

 Cardiovascular disease (CVD) and cancer remain as the top two leading causes of 
death in the United States and industrialized countries. Epidemiological studies con-
sistently show that regular consumption of fruit and vegetables, as well as whole 
grains, is strongly associated with reduced risk of developing chronic diseases such 
as CVD, cancer, type 2 diabetes, cataracts, and age-related functional decline  [  1–  3  ] . 
It is estimated that one-third of all cancer deaths in the United States could be avoided 
through appropriate dietary modi fi cation  [  3–  5  ] . This suggests that change in dietary 
behavior, such as increasing consumption of fruit, vegetables, nuts, and whole grains, 
is a practical strategy to signi fi cantly reducing the incidence of chronic diseases. In 
addition, primary prevention of chronic diseases through dietary modi fi cation may 
be as effective, and less costly, than the secondary treatments commonly employed. 

 The value of adding citrus fruit, carotene-rich fruit and vegetables, and crucifer-
ous vegetables to the diet for reducing the risk of cancer was speci fi cally highlighted 
by the Nation al Academy of Sciences in 1982  [  6  ] . The National Academy of 
Sciences on diet and health recommended consuming  fi ve or more servings of fruit 
and vegetables daily for reducing the risk of both cancer and heart disease in 
1987  [  7  ] . From this, the Five-a-Day program was developed as a tool to increase 
public awareness of the health bene fi ts of fruit and vegetable consumption and pro-
mote adequate intakes of known vitamins. The 2010 Dietary Guidelines for 
Americans  [  8  ]  recommends that most people should eat at least nine servings (4.5 
cups) of fruits and vegetables a day based on a 2,000 kcal diet. This consists of four 
servings (2 cups) of fruits and  fi ve servings (2.5 cups) of vegetables. Plant-based 
foods, such as fruit, vegetables, and whole grains, which contain signi fi cant amounts 
of bioactive phytochemicals, may provide desirable health bene fi ts beyond basic 
nutrition to reduce the risk of chronic diseases  [  9,   10  ] . While references to the 
importance of increased dietary fruit, vegetables, and nuts as part of reducing 
chronic disease are legion, implementation has not followed. This chapter will dis-
cuss the mechanisms by which phytochemicals appear to prevent the development 
of these chronic diseases.  

    13.2   Phytochemicals 

 The “phyto” of the word phytochemicals is derived from the Greek word “phyto,” 
which means plant. Therefore, phytochemicals are plant chemicals. Phytochemicals 
are de fi ned as bioactive nonnutrient plant compounds in fruit, vegetables, grains, 
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and other plant foods. They have been linked to reducing the risk of major chronic 
diseases  [  10  ] . It is estimated that more than 5,000 individual phytochemicals have 
been identi fi ed in fruits, vegetables, and whole grains, but a large percentage are still 
unknown and need to be identi fi ed before we can fully understand the health bene fi ts 
of phytochemicals in whole foods  [  9  ] . Phytochemicals may provide this protective 
effect by a variety of mechanisms including limiting oxidative stress induced by 
free radicals that are involved in the etiology of a wide range of chronic diseases 
 [  11,   12  ] . Phytochemicals differ widely in their compositions and ratios in fruits, 
vegetables, nuts, and grains. Their mechanisms are often complimentary to one 
another and probably work in synergy to each other, therefore it is suggested that in 
order to receive the greatest health bene fi ts, people should consume a wide variety 
of plant-based foods daily  [  9,   10  ] . 

 Phytochemicals can be classi fi ed into broad categories as phenolics, alkaloids, 
nitrogen-containing compounds, organosulfur compounds, phytosterols, and caro-
tenoids (Fig.  13.1 ;  [  10  ] ). Of these phytochemical groups, the phenolics and the 
carotenoids are the best understood.  

    13.2.1   Phenolics 

 Phenolics are compounds possessing one or more aromatic ring with one or more 
hydroxyl groups. They are generally categorized as phenolic acids,  fl avonoids, stil-
benes, lignans, coumarins, and tannins (Fig.  13.1 ;  [  10  ] ). In plants phenolics provide 
essential functions in the production and growth, defense against pathogens, para-
sites, and predators, as well as contributing to plant color. In addition to their roles 
in plants, phenolic compounds in our diet may provide health bene fi ts associated 
with reduced risk of chronic diseases. Among the 11 common fruits consumed in 
the United States, cranberry has the highest total phenolic content, followed by 
apple, red grape, strawberry, pineapple, banana, peach, lemon, orange, pear, and 
grapefruit  [  13  ] . Among the ten common vegetables consumed in the United States, 
broccoli possesses the highest total phenolic content, followed by spinach, yellow 
onion, red pepper, carrot, cabbage, potato, lettuce, celery, and cucumber  [  14  ] . It is 
estimated that  fl avonoids account for approximately two-thirds of the phenolics in 
our diet, and the remaining one-third are from phenolic acids. 

    13.2.1.1   Flavonoids 

 Flavonoids are a group of phenolic compounds with antioxidant activity that have 
been identi fi ed in fruit, vegetables, and other plant foods, and have been linked to 
reducing the risk of major chronic diseases  [  10  ] . More than 4,000 distinct  fl avonoids 
have been identi fi ed. They commonly have a generic structure consisting of two 
aromatic rings (A and B rings) linked by three carbons that are usually in an oxy-
genated heterocycle ring or C ring (Fig.  13.2 ). Differences in the generic structure 
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of the heterocycle C ring classify them as  fl avonols,  fl avones,  fl avanols (catechins), 
 fl avanones, anthocyanidins, and iso fl avonoids (Fig.  13.3 ). Common  fl avonoids in 
the diet include  fl avonols (quercetin, kaempferol, and myricetin),  fl avones (luteolin 
and apigenin),  fl avanols (catechin, epicatechin, epigallocatechin [EGC], epicatechin 
gallate [ECG], and epigallocatechin gallate [EGCG]),  fl avanones (naringenin), 
anthocyanidins (cyanidin and malvidin), and iso fl avonoids (genistein and daidzein) 
(Fig.  13.4 ). Flavonoids are most frequently found in nature as conjugates in glyco-
sylated or esteri fi ed forms, but can occur as aglycones, especially as a result of the 
effects of food processing or digestion in the gut. Many different glycosides can be 
found in nature as more than 80 different sugars have been discovered bound to 
 fl avonoids  [  15  ] . Anthocyanidins give the red and blue colors associated with some 
fruit, vegetables, and whole grains.    

 Human intake of all  fl avonoids is estimated at a few 100 mg  [  16  ]  to 650 mg per 
day  [  17  ] . The total average intake of  fl avonols (quercetin, myricetin, kaempferol) 
and  fl avones (luteolin, apigenin) was estimated as 23 mg/day, of which quercetin 
contributed about 70%, kaempferol 17%, myricetin 6%, luteolin 4%, and apigenin 
3%  [  18  ] .  

O
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  Fig. 13.2    The generic structure 
of  fl avonoids       
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    13.2.1.2   Phenolic Acids 

 Phenolic acids are one of the major sources of dietary phenolics. They can be sub-
divided into two major groups, hydroxybenzoic acids and hydroxycinnamic acids 
(Fig.  13.5 ;  [  10  ] ). Hydroxybenzoic acid derivatives include  p -hydroxybenzoic, pro-
tocatechuic, vannilic, syringic, and gallic acids. They are commonly present in the 
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bound form in foods and are typically components of a complex structure like 
lignins and hydrolyzable tannins  [  10  ] . They can also be found in the form of sugar 
derivatives and organic acids in plant foods.  

 Hydroxycinnamic acid derivatives include  p -coumaric, caffeic, ferulic, and 
sinapic acids (Fig.  13.5 ). They are mainly present in the bound form, linked to cell 
wall structural components such as cellulose, lignin, and proteins through ester 
bonds  [  10  ] . Ferulic acids occur primarily in the seeds and leaves of plants, mainly 
covalently conjugated to mono- and disaccharides, plant cell wall polysaccharides, 

Benzoic acid derivatives

Benzoic acid
derivatives

Substitutions
R1 R2 R3

Benzoic acid H H H
p-Hydroxybenzoic acid H OH H
Protocatechuic acid H OH OH
Vannilic acid CH3O OH H
Syringic acid
Gallic acid OH OH OH

Cinnamic acid
derivatives

Substitutions

Cinnamic acid
p-Coumaric acid
Caffeic acid
Ferulic acid
Sinapic acid

R1

R2

R3

COOH

R1

R2
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Cinnamic acid derivatives

CH3O CH3OOH
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H H H
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HOHOH
CH3O OH H
CH3O CH3OOH

CH CH COOH
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a

  Fig. 13.5    Structures of common phenolic acids: ( a ) benzoic acid and derivatives; ( b ) cinnamic 
acid and derivatives       

 



300 R.H. Liu

glycoproteins, polyamines, lignin, and insoluble carbohydrate biopolymers. Wheat 
bran is a good source of ferulic acids, which are esteri fi ed to hemicellulose of the 
cell walls. Free, soluble-conjugated, and bound ferulic acids in grains are present in 
the ratio of 0.1:1:100  [  19  ] . Food processing, such as thermal processing, pasteuriza-
tion, fermentation, and freezing, contributes to the release of these bound phenolic 
acids  [  20  ] . 

 Caffeic, ferulic,  p -coumaric, protocatechuic, and vannilic acids are present in 
almost all plants. Chlorogenic acids and curcumin are major derivatives of hydroxy-
cinnamic acids present in plants. Chlorogenic acids are the ester of caffeic acid and 
are the substrate for enzymatic oxidation leading to browning, particularly in apples 
and potatoes. Curcumin is made of two ferulic acids linked by a methylene in a 
diketone structure and is the major yellow pigment of spice turmeric and mustard.   

    13.2.2   Carotenoids 

 Carotenoids are nature’s most widespread pigments with yellow, orange, and red 
colors, and have also received substantial attention because of both their provitamin 
and antioxidant roles. Carotenoids are classi fi ed into hydrocarbons (carotenes) and 
their oxygenated derivatives (xanthophylls). More than 600 different carotenoids 
have been identi fi ed in nature. They occur widely in plants, microorganisms, and 
animals. Carotenoids have a 40-carbon skeleton of isoprene units (Fig.  13.6 ;  [  10  ] ). 
The structure may be cyclized at one or both ends, have various hydrogenation lev-
els, or possess oxygen-containing functional groups. Lycopene and  b -carotene are 
examples of acyclized and cyclized carotenoids, respectively. Carotenoid com-
pounds most commonly occur in nature in the all-trans form. The most characteris-
tic feature of carotenoids is the long series of conjugated double bonds forming the 
central part of the molecule. This gives them their shape, chemical reactivity, and 
light-absorbing properties.  b -Carotene,  a -carotene, and  b -cryptoxanthin have pro-
vitamin A activity and can be converted to vitamin A (retinol) after being metabo-
lized. Zeaxanthin and lutein are the major carotenoids in the macular region (yellow 
spot) of the retina in humans. A diet rich in zeaxanthin and lutein has been associ-
ated with reduced risk of developing cataract and macular degeneration.  

 Orange and yellow vegetables and fruits, including carrots, sweet potatoes, 
pumpkin, winter squash, papaya, mango, and cantaloupe, are rich sources of the 
carotenoid  b -carotene. Dark green leaf vegetables, including spinach, kale, turnip 
greens, and collards, are rich sources of lutein and zeaxanthin. Tomatoes, watermel-
ons, pink grapefruits, apricots, and pink guavas are the most common sources of 
lycopene. It has been estimated that 85% of American lycopene intake comes from 
processed tomato products such as ketchup, tomato paste, and tomato soup. 
Carotenoid pigments play important functions in photosynthesis and photoprotec-
tion in plants. The photoprotection role of carotenoids originates from their ability 
to quench and inactivate reactive oxygen species such as singlet oxygen formed 
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from exposure to light and air. This photoprotection role is also associated with its 
antioxidant activity in human health. Carotenoids can react with free radicals and 
become radicals themselves. Their reactivity depends on the length of the chain of 
conjugated double bonds and the characteristics of the end groups. Carotenoid radi-
cals are stabilized by delocalization of unpaired electron over the conjugated poly-
ene chain of the molecules. This also allows additional reactions to occur at many 
sites on the radical  [  21  ] . Carotenoids are especially powerful against singlet oxygen 
generated from lipid peroxidation or radiation. Astaxanthin, zeaxanthin, and lutein 
are excellent lipid-soluble antioxidants that scavenge free radicals, especially in a 
lipid-soluble environment. Carotenoids at suf fi cient concentrations can prevent lipid 
oxidation and related oxidative stress.   
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  Fig. 13.6    Chemical structures of common dietary carotenoids       
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    13.3   Health Bene fi ts of Phytochemicals 

 Cells in humans and other organisms are constantly exposed to a variety of oxidiz-
ing agents, some of which are necessary for life. These agents may be present in air, 
food, and water, or they may be produced by metabolic activity within cells. The 
key factor is to maintain a balance between oxidants and antioxidants in order to 
sustain optimal physiological conditions in the body. Overproduction of oxidants 
can cause an imbalance, leading to oxidative stress, especially in chronic bacterial, 
viral, and parasitic infections  [  12  ] . Oxidative stress can cause oxidative damage to 
large biomolecules such as proteins, DNA, and lipids, resulting in an increased risk 
for cancer and CVD  [  11,   22  ] . To prevent or slow down the oxidative stress induced 
by free radicals, suf fi cient amounts of antioxidants need to be consumed. Fruit, 
vegetables, and whole grains contain a wide variety of antioxidant compounds 
(phytochemicals), such as phenolics and carotenoids, and may help protect cellular 
systems from oxidative damage and also lower the risk of chronic diseases  [  13,   14, 
  19,   23–  25  ] . 

    13.3.1   Role of Phytochemicals in the Prevention of Cancer 

 Evidence suggests that regular consumption of fruit and vegetables can reduce can-
cer risk. Block et al.  [  26  ]  established this in an epidemiological review of approxi-
mately 200 studies that examined the relationship between intake of fruit and 
vegetables and cancer of the lung, colon, breast, cervix, esophagus, oral cavity, 
stomach, bladder, pancreas, and ovary. In 128 of 156 dietary studies, the consump-
tion of fruit and vegetables was found to have a signi fi cant protective effect. The 
risk of cancer was twofold higher in persons whose intake of fruit and vegetables 
was low compared to those with a high intake. Signi fi cant protection was found in 
24 of 25 studies for lung cancer. Fruit was signi fi cantly protective in cancer of the 
esophagus, oral cavity, and larynx. In 26 of 30 studies, there was a protective effect 
of fruit and vegetable intake for cancer of the pancreas and stomach, and in 23 of 38 
studies for colorectal and bladder cancer. A prospective study involving 9,959 men 
and women in Finland showed an inverse association between the intake of 
 fl avonoids and incidence of cancer at all sites combined  [  27  ] . After a 24-year fol-
low-up, the risk of lung cancer was reduced by 50% in the highest quartile of 
 fl avonol intake. Consumption of quercetin from onions and apples was found to be 
inversely associated with lung cancer risk  [  28  ] . The effect of onions was particularly 
strong against squamous cell carcinoma. 

 Boyle et al.  [  29  ]  showed that increased plasma levels of quercetin following a 
meal of onions was accompanied by increased resistance to strand breakage by 
lymphocyte DNA and decreased levels of some oxidative metabolites in the urine. 

 Carcinogenesis is a multistep process, and oxidative damage is linked to the 
formation of tumors through several mechanisms  [  12,   22  ] . Oxidative stress induced 
by free radicals causes DNA damage, which, when left unrepaired, can lead to base 
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mutation, single and double strand breaks, DNA cross-linking, and chromosomal 
breakage and rearrangement  [  22  ] . This potentially cancer-inducing oxidative dam-
age might be prevented or limited by dietary antioxidants found in fruit and vegeta-
bles. Studies to date have demonstrated that phytochemicals in common fruit and 
vegetables can have complementary and overlapping mechanisms of action 
(Table  13.1 ), including scavenging free radicals, regulation of gene expression in 
cell proliferation and apoptosis, modulation of detoxi fi cation enzymes, stimulation 
of the immune system, regulation of hormone metabolism, and antibacterial and 
antiviral effects  [  30,   31  ] .   

    13.3.2   Role of Phytochemicals in the Prevention 
of Cardiovascular Disease 

 Several epidemiological studies have examined the role of phytochemicals on CVD 
prevention. Dietary  fl avonoid intake was signi fi cantly inversely associated with 
mortality from coronary heart disease (CHD), and had an inverse relation (weaker 
but signi fi cant) with incidence of myocardial infarction (MI)  [  32  ] . Dietary  fl avonoid 

   Table 13.1    Proposed mechanisms by which dietary phytochemicals may prevent cancer   

 Antioxidant activity 
 Scavenge free radicals and reduce oxidative stress 
 Inhibit nitrosation and nitration 
 Prevent DNA binding 

 Inhibition of cell proliferation 
 Induction of cell differentiation 
 Inhibition of oncogene expression and induction of tumor suppress gene expression 
 Induction of cell cycle arrest and apoptosis 
 Inhibition of signal transduction pathways 
 Enzyme induction and enhancing detoxi fi cation 

 Phase II enzyme 
 Glutathione peroxidase (GPX) 
 Catalase 
 Superoxide dismutase (SOD) 

 Enzyme inhibition 
 Cyclooxygenase-2 (COX-2) 
 Inducible nitric oxide synthase (iNOS) 
 Xanthine oxide 
 Phase I enzyme (block activation of carcinogens) 

 Enhancement of immune functions and surveillance 
 Anti-angiogenesis 
 Inhibition of cell adhesion and invasion 
 Regulation of steroid hormone metabolism 
 Regulation of estrogen metabolism 
 Antibacterial and antiviral effects 
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intake was also inversely associated with CHD mortality  [  33  ] . Intake of apples and 
onions, both high in quercetin, was inversely correlated with total and CHD mortal-
ity  [  34  ] . In a recent Japanese study, the total intake of  fl avonoids (quercetin, myrice-
tin, kaempferol, luteolin, and  fi cetin) was inversely correlated with the plasma total 
cholesterol and low-density lipoprotein (LDL) cholesterol concentrations  [  35  ] . As a 
single phytochemical, quercetin intake was inversely related to total cholesterol and 
LDL plasma levels. Joshipura et al.  [  36  ]  reported that total intake of both fruit 
and vegetables was each associated with decreased risk for CHD. The inverse asso-
ciations between total consumption of fruit and vegetables and CHD were observed 
for above intake of more than 4 servings/day. The Women’s Health Study subjects 
had a relative risk of 0.68 for CVD when comparing the highest vs. the lowest quin-
tiles of fruit and vegetable intake, and the relative risk for MI was only 0.47. It was 
estimated that there was a 20–30% reduction in risk of CVD associated with high 
fruit and vegetable intake  [  37  ] . Most recently, in a study involving subjects from the 
National Health and Nutrition Examination Survey Epidemiologic Follow-up Study, 
there was a 27% lower CVD mortality with consumption of fruit and vegetables at 
least three times/day compared to only once/day. Fruit and vegetable intake was 
inversely associated with incidence of stroke, stroke mortality, CHD mortality, CVD 
mortality, and all-cause mortality  [  38  ] . 

 Mechanisms for the prevention of atherosclerosis by dietary antioxidants in fruit 
and vegetables have been proposed. In the LDL oxidation hypothesis, oxidized LDL 
cholesterol has been suggested as the atherogenic factor that contributes to CVD  [  39, 
  40  ] . When circulating LDLs are present at high levels, they in fi ltrate the artery wall 
and increase intimal LDL, which can then be oxidized by free radicals. This oxi-
dized LDL in the intima is more atherogenic than native LDL and serves as a chemot-
actic factor in the recruitment of circulating monocytes and macrophages. Oxidized 
LDL is typically taken up by macrophage scavenger receptors, thus inducing the 
formation of in fl ammatory cytokines and promoting cell proliferation, cholesterol 
ester accumulation, and foam cell formation. Gruel-like, lipid-laden foam cell accu-
mulation in the blood vessel, forming fatty streak, would cause further endothelial 
injury and lead to atherosclerotic disease. Since oxidized LDL plays a key role in the 
initiation and progression of atherosclerosis, giving dietary supplements of antioxi-
dants capable of preventing LDL oxidation has been an important therapeutic 
approach. Dietary antioxidants that are incorporated into LDL are themselves oxi-
dized when the LDL is exposed to pro-oxidative conditions; this occurs before any 
extensive oxidation of the sterol or polyunsaturated fatty acids can occur  [  41  ] . 
Dietary antioxidants might therefore retard the progression of atherosclerotic lesions. 
In addition, phytochemicals have been shown to have roles in the reduction of plate-
let aggregation, modulation of cholesterol synthesis and absorption, and reduction of 
blood pressure. Recently, C-reactive protein, a marker of systemic in fl ammation, has 
been reported to be a stronger predictor of CVD than is LDL cholesterol  [  42  ] , sug-
gesting that in fl ammation is a critical factor in CVD. In fl ammation not only pro-
motes initiation and progression of atherosclerosis, but also causes acute thrombotic 
complications of atherosclerosis  [  43  ] . In a 2005 Italian study, the relationship 
between high-sensitivity C-reactive protein (hs-CRP) and the total antioxidant 
capacity (TAC) of a diet was studied. Even within groups controlled for dietary 
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 factors, TAC was found to be signi fi cantly higher among those with a low level of 
plasma hs-CRP when compared to subjects with high levels of plasma hs-CRP  [  44  ] . 
This indicates that the TAC of a speci fi c diet is independently and inversely corre-
lated with hs-CRP, and that this could be one of the mechanisms behind the protec-
tive effects of fruits and vegetables against CVD. Dietary phytochemicals can lower 
C-reactive protein dramatically. Both fruits and vegetables were inversely associated 
with plasma CRP concentrations  [  45  ] . Therefore, the anti-in fl ammatory activity of 
phytochemicals may play an important role in prevention of CVD.   

    13.4   Health Bene fi ts of Phytochemicals in Whole Foods: 
Food Synergy 

 The hypothesis that dietary antioxidants lower the risk of chronic disease has been 
developed from epidemiological studies. These have consistently shown that con-
sumption of whole foods, such as fruit, vegetables, and whole grains, is strongly 
associated with reduced risk of developing chronic diseases. Therefore, it is reason-
able for scientists to isolate and identify the bioactive compounds responsible and 
hope to  fi nd the “magic bullet” to prevent those chronic diseases. The key question 
here is whether a puri fi ed phytochemical has the same health bene fi t as the com-
pound does when its source is a food or a mixture of foods. It is now widely believed 
that the actions of the dietary supplements alone do not explain the observed health 
bene fi ts of diets rich in fruit and vegetables; this is because, taken alone, the indi-
vidual antioxidants studied in clinical trials do not appear to have consistent preven-
tive effects  [  46–  48  ] . The isolated pure compound either loses its bioactivity or may 
not behave the same way as the compound in whole foods. For example, numerous 
investigations have shown that the risk of cancer is inversely related to the consump-
tion of green and yellow vegetables and fruit. Since  b -carotene is present in abun-
dance in these vegetables and fruit, it has been extensively investigated as a possible 
cancer-preventive agent. However, the role of carotenoids as anticancer supple-
ments has recently been questioned as a result of several clinical studies  [  46,   49–  51  ] . 
In one study, the incidence of nonmelanoma skin cancer was unchanged in patients 
receiving a  b -carotene supplement  [  49  ] . In other studies, smokers gained no bene fi t 
from supplemental  b -carotene with respect to lung cancer incidence and may even 
have suffered a signi fi cant increase in lung cancer and total mortality  [  46,   51  ] . In 
The Heart Outcomes Prevention Evaluation (HOPE) study, patients at high risk for 
cardiovascular events were given 400 IU/day vitamin E or a placebo for 4.5 year. No 
difference was found in deaths from cardiovascular causes, MIs, or deaths from 
CHD or strokes between the two groups  [  52  ] . In the Cambridge Heart Antioxidant 
Study (CHAOS), patients with CHD were given 400 or 800 IU  a -tocopherol or a 
placebo for a median of 510 day.  a -Tocopherol intake was associated with a 
signi fi cantly reduced risk of MI; however, it insigni fi cantly increased risk of 
cardiovascular death  [  47  ] . Vitamin E supplementation had no effect on the 
endpoints of death, MI, or stroke for the patients who had recently suffered a 
MI  [  53  ] . Vitamin C supplements also failed to lower the incidence of cancer or 
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CHD  [  54,   55  ] . In a recent clinical trial, the potential of selenium and vitamin E for 
preventing prostate cancer was studied. Both these compounds were found to be 
bene fi cial when patterns of increased intake in diet were studied in many previous 
studies. However, in this clinical trial an increased incidence of prostate cancer was 
found in the group taking vitamin E, and of type 2 diabetes in the group taking sele-
nium  [  56  ] . In both cases the increased incidence was close to signi fi cant ( P  = 0.06 
and  P  = 0.16). The trial was therefore stopped due to ethical and safety concerns. 

 Phytochemical extracts from fruit and vegetables have recently been shown to 
have potent antioxidant and antiproliferative effects, and the combination of phy-
tochemicals from fruit and vegetables has been proposed to be responsible for the 
potent antioxidant and anticancer activity of these foods  [  13,   14,   57  ] . The antioxi-
dant value of 100 g apples is equivalent to 1,500 mg of vitamin C  [  57  ] ; this is far 
higher than the total antioxidant activity of the 5.7 mg of vitamin C in 100 g of 
apples. Thus, the vast majority of the antioxidant activity comes from phytochemi-
cals, not vitamin C. The natural combination of phytochemicals in fruit and vegeta-
bles is responsible for its potent antioxidant activity. Apple extracts also contain 
bioactive compounds that inhibit tumor cell growth in vitro. Phytochemicals in 
apples with peel (50 mg/mL on a wet basis) inhibit colon cancer cell proliferation 
by 43%. However, this was reduced to 29% when apple without peel was 
tested  [  57  ] . Whole apple extracts prevented mammary cancer in a rat model in a 
dose-dependent manner at the doses comparable to human consumption of 1, 3, and 
6 apples a day  [  58  ] . This study demonstrated that whole apple extracts effectively 
inhibited mammary cancer growth in the rat model, thus consumption of apples 
may be an effective strategy for cancer protection. Recently, a study examining 
the possible additive, synergistic, or antagonistic interactions among phytochemi-
cals yielded results suggesting that the apple phytochemical extracts and quercetin 
3-beta- d -glucoside (Q3G) in combination possesses a synergistic effect against 
MCF-7 human breast cancer cell proliferation  [  59  ] . 

 Different species and varieties of fruit, vegetables, and whole grains have differ-
ent phytochemical pro fi les  [  13,   14,   19,   60,   61  ] . Therefore, consumers should obtain 
their phytochemicals from a wide variety of these foods for optimal health bene fi ts. 
Temple and Gladwin reviewed more than 200 cohort and case–control studies that 
provided risk ratios (RR) concerning intake of fruit and vegetables and risk of can-
cer  [  62  ] . They concluded that cancer prevention is best achieved by the consump-
tion of a wide variety of fruit and vegetables, although one group of fruit and 
vegetables may dominate a particular cancer. To improve their nutrition and health, 
consumers should be obtaining antioxidants from their diet and not from expensive 
nutritional supplements, which do not contain the balanced combination of phy-
tochemicals found in fruit, vegetables, whole grains, and other whole foods. The 
health bene fi ts from the consumption of fruit, vegetables, and whole grains extend 
beyond lowering the risk of developing cancers and CVD: it also has preventive 
effects on other chronic diseases such as cataracts, age-related macular degenera-
tion, central neurodegenerative diseases, and type 2 diabetes  [  10  ] . 

 The additive and synergistic effects of phytochemicals in fruit and vegetables 
have been proposed to be responsible for their potent antioxidant and anticancer 
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activities  [  9,   10  ] . The bene fi t of a diet rich in fruit, vegetables, and whole grains is 
attributed to the complex mixture of phytochemicals present in these and other 
whole foods  [  13,   14,   57,   61  ] . This partially explains why no single antioxidant can 
replace the combination of natural phytochemicals in these foods in achieving the 
observed health bene fi ts. There are thousands of phytochemicals present in whole 
foods. These compounds differ in molecular size, polarity, and solubility, which 
may affect the bioavailability and distribution of each phytochemical in different 
macromolecules, subcellular organelles, cells, organs, and tissues. This balanced 
natural combination of phytochemicals present in fruit, vegetables, and whole grains 
cannot simply be mimicked by pills or tablets. 

 Research progress in antioxidant and bioactive compounds has boosted the 
dietary supplement and nutraceutical industries (see Chap.   20     by Temple). The use 
of dietary supplements is growing, especially among baby-boomer consumers. 
However, many of these supplements have been developed based on the research 
results derived from biochemical and chemical analyses and studies, in vitro cell 
culture studies, and in vivo animal experiments, without human intervention studies. 
The health bene fi ts of natural phytochemicals at the low levels present in fruit, 
 vegetables, and whole grains does not mean that these compounds are more effective 
or safe when they are consumed at a higher dose, even in a pure dietary supplement 
form. Generally speaking, higher doses increase the risk of toxicity. The basic 
principle of toxicology is that any compound can be toxic if the dose is high enough; 
dietary supplements are no exception. Therefore, a thorough understanding of 
the ef fi cacy and long-term safety of many dietary supplements needs further 
investigation. 

 It is also important to differentiate pharmacological doses from physiological (or 
nutritional) doses. Pharmacological doses are used clinically to treat speci fi c dis-
eases in certain situations; physiological (or nutritional) doses, such as the doses 
naturally present in whole foods, are much lower and are used to improve or main-
tain optimal health. Pharmacological doses can sometimes be toxic for long-term 
use. In the case of antioxidant nutrients and common dietary supplements, the 
proper physiological (or nutritional) doses should follow the Dietary Reference 
Intakes (DRI). We do not have DRI for phytochemicals or of many dietary supple-
ments. It is therefore unwise to take mega-doses of puri fi ed phytochemicals as sup-
plements to improve nutritional status or maintain health before the appearance of 
strong supporting evidence.  

    13.5   Summary 

 Dietary modi fi cation by increasing the consumption of a wide variety of fruit, veg-
etables, and whole grains daily is a practical strategy for consumers to optimize 
their health and reduce the risk of chronic diseases. Use of dietary supplements, 
functional foods, and nutraceuticals is increasing as industry is responding to 
consumers’ demands, while the bene fi ts of whole foods are quite apparent, the 
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ef fi cacy of nutraceuticals remains to be validated. However, there is a need for more 
information about the health bene fi ts and possible risks of dietary supplements so as 
to ensure their ef fi cacy and safety. Phytochemical extracts from fruit and vegetables 
have strong antioxidant and antiproliferative activities, and the major part of total 
antioxidant activity is from the combination of phytochemicals. The additive and 
synergistic effects of phytochemicals in fruit and vegetables are responsible for 
their potent antioxidant and anticancer activities. The bene fi t of a diet rich in fruit, 
vegetables, and whole grains is attributed to the complex mixture of phytochemicals 
present in these and other whole foods. This explains why no single antioxidant can 
replace the combination of natural phytochemicals in fruit and vegetables and 
achieve their health bene fi ts. Therefore, the evidence suggests that antioxidants are 
best acquired through whole food consumption, not from expensive dietary supple-
ments. Further research on the health bene fi ts of phytochemicals in whole foods is 
warranted.      
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  Key Points 

    A major focus of nutrition science has centered on identifying the various macro-• 
nutrients, vitamins, and minerals and then discovering their mode of action.  
  Many associations between diet and risk of disease are best understood by look-• 
ing at food as a whole and not merely as a collection of individual nutrients and 
other bioactive substances.  
  Because of the limitations of epidemiology, it is extremely dif fi cult in many • 
cases to identify the substances in food that account for protection against dis-
ease. This is especially the case with phytochemical-rich plant foods, including 
fruit, vegetables, nuts, legumes, and whole-grain cereal foods.  
  Research into foods and dietary patterns is needed. Such  fi ndings can be directly • 
translated into public recommendations. They also serve as a scienti fi c anchor 
point to which studies of food components must conform.     

 This chapter critically evaluates approaches to explaining the nature of the relation-
ship between diet and disease. Most research has focused on studying single sub-
stances: macronutrients, micronutrients, as well as the many other bioactive 
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 substances present in food, either bene fi cial or harmful. Here we argue the case for 
turning our attention to food as a whole and to dietary patterns. This concept, known 
as food synergy, de fi ned as additive or more than additive in fl uences of foods and 
food constituents on health, is a powerful tool to help explain many nutrition-related 
diseases and how best to prevent and treat them. This chapter is based on previous 
publications from one of us (DJ)  [  1–  5  ] . 

    14.1   The Concept of Nutrient De fi ciency Diseases 

 Up until the 1950s a major focus of nutrition science centered on identifying the 
various vitamins and minerals and then discovering their mode of action. The under-
lying philosophy can be summarized as follows:

    1.    There is a simple cause-and-effect relationship between de fi ciency of a nutrient 
and the associated speci fi c disease.  

    2.    Each nutrient de fi ciency disease can be explained in terms of the role played by 
that nutrient, especially in the areas of biochemistry and physiology.  

    3.    The nutrient de fi ciency can be prevented (and often reversed) by giving that 
nutrient in an isolated (pure) form.     

 Classic examples are vitamin C in relation to scurvy and iron in relation to ane-
mia. This concept is still very much alive and is seen in the vitamin and mineral 
chapters of every textbook used in college nutrition courses. The concept can be 
applied not only to vitamins and minerals but also to protein and essential fats. 

 In recent years the concept has shown its continuing value in several areas. 
Research has  fi rmly established that supplementary folic acid (a form of folate) is 
protective against neural tube defects (NTD), a group of congenital disorders that 
include spina bi fi da  [  6  ] . While NTD cannot be characterized as a vitamin-de fi ciency 
disease in the mother, it seems clear that a low maternal intake of folate creates a 
de fi ciency condition in the fetus that hinders normal development of the nervous 
system, thereby allowing the condition to emerge  [  7  ] . As a result of this discovery 
addition of folic acid to re fi ned grain products is now mandatory in the USA and 
Canada. Research on vitamin D is another illustrative example. There was little 
progress in this area for several decades after the relationship between vitamin D 
and rickets was discovered. But in recent years strong evidence has emerged that the 
vitamin has a protective action against the risk of cancer and several other diseases 
(Chap.   17    ). 

 The relationship between single substances and disease risk extends well beyond 
disease protection by micronutrients; there are many other bioactive substances in 
food, either bene fi cial or harmful. Sodium (as salt) is an especially clear example of 
this. A high intake of the mineral, which is the case for the great majority of the 
population, plays an important role in the causation of hypertension ( [  8,   9  ] ; see 
Chap.   11    ) and cardiovascular disease (CVD)  [  9,   10  ] . Strong evidence also suggests 
that salt signi fi cantly increases the risk of stomach cancer  [  11  ] .  Trans  fatty acids are 
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another example. This type of dietary fat adversely affects multiple cardiovascular 
risk factors and increases the risk of coronary heart disease (CHD)  [  12,   13  ] . Another 
bioactive substance in food is alcohol. High intakes cause multiple harmful effects. 
But as explained in the next chapter evidence has emerged over the last 2 decades 
that alcohol lowers the risk of CHD and possibly several other conditions. The 
active ingredient is alcohol itself, not the other substances commonly found in alco-
holic beverages. 

 In many respects this reductionist approach to nutrition, called nutritionism by 
Scrinis  [  14  ] , has not provided satisfactory answers to nutritional questions. Of spe-
cial note, as discussed below, are studies in which nutrients were derived from food 
intake, found to be “protective” observationally (e.g.,  [  15  ] ), then used in higher 
doses as supplements in clinical trials. The puri fi ed nutrients in relatively high dose 
did not work as expected according to reductionist logic.  

    14.2   Food Synergy: An Alternative Paradigm 

    14.2.1   The Emergence of the Concept of Food Synergy 

 A strong argument has been made that to properly explain the many associations 
between diet and risk of disease we should view food as a whole, and not merely as 
a collection of individual nutrients and other bioactive substances. Over the past 
couple of decades this concept has emerged as an alternative concept to the one 
discussed above that focuses on individual nutrients and bioactive substances in 
food. In a nutshell— fi guratively (and literally in the case of nuts)—food synergy 
has provided a better explanation for many nutrition-related diseases and how best 
to prevent and treat them. This represents a paradigm shift in our understanding of 
nutrition science. 

 Compelling support for food synergy comes from examining complex dietary 
patterns in relation to disease risk. The following examples illustrate this.  

    14.2.2   The Mediterranean Diet 

 One such dietary pattern that has been much studied in relation to CHD is the 
Mediterranean diet. While this diet varies from country to country around the 
Mediterranean, major features include a relatively high intake of vegetables, fruit, 
legumes, nuts,  fi sh, whole-grain cereals, and olive oil. Conversely, the diet is typi-
cally low in meat (especially red meat). 

 Mente and colleagues carried out a systematic review on the relationship between 
diet and risk of CHD  [  16  ] . They examined some 26 nutrients, foods, and dietary 
patterns for the strength of the associations seen in cohort studies. They reported 
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that of all the associations with risk of CHD, either positive or negative, the 
strongest one was for the Mediterranean diet. The Mediterranean diet has the fol-
lowing attributes:  fi rst, it manifests a strong protection against the risk of CHD; and 
second, it has a complex nutritional composition, rich in phytochemicals but low in 
saturated fat, heme iron, and many other substances found in meat. It appears highly 
likely that multiple dietary components and multiple pathways are responsible. 
Based on this it can be reasonably argued that this diet–disease association provides 
strong support for the food synergy concept.  

    14.2.3   The Alternate Healthy Eating Index 

 Another healthy eating dietary pattern is the Alternate Healthy Eating Index  [  17  ] . 
Findings from the Nurses’ Health Study showed that middle-aged women adhering 
to this dietary pattern have a much reduced risk of death from CVDs, from cancer, 
and from all causes combined  [  18  ] .  

    14.2.4   The A Priori Healthy Diet Score 

 A novel index based only on foods is the a priori Healthy Diet Score  [  19  ] . It was 
formulated as the sum of ranks of food groups that had been judged to be favorable 
or unfavorable for health by knowledgeable persons experienced in nutrition and 
nutritional epidemiology. It was related to reduced odds for myocardial infarction 
 [  19  ] , to changes in intermediate risk markers  [  20,   21  ] , to common carotid intima 
media thickness, mediated by waist circumference  [  20  ] , and to incident diabetes, 
mediated by waist circumference  [  22  ] .  

    14.2.5   Western Dietary Pattern 

 Just as every movie with a hero also needs a villain, so a healthy dietary pattern 
needs an unhealthy one. That role is played by the “Western” pattern. Such a diet is 
high in red meat, processed meat, re fi ned cereals, French fries, and desserts. A pub-
lication from the Nurses’ Health Study linked this dietary pattern to an elevated risk 
of death from CVDs, from cancer, and from all causes combined  [  23  ] .  

    14.2.6   Meat and Health 

 The above dietary patterns are wide ranging. The meat content of these dietary pat-
terns is just one factor among many. However, there has been much interest for 
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many decades regarding the relationship between meat consumption and health. 
Vegetarian diets have been advocated by many people over the years as a healthier 
alternative to a meat-based diet. The most compelling evidence supporting the 
strong health bene fi ts of a reduced intake of meat comes from a cohort study of half 
a million middle-aged and elderly Americans  [  24  ] . The  fi ndings clearly show that 
consumption of red meat (i.e., beef and pork) and processed meat are associated 
with higher risk of death from CVDs, from cancer, and from all causes combined. 

 There are several possible food constituent-based reasons that might explain 
these results, including the dietary intake of saturated fat, iron, and of various amino 
acids, and low intake of phytochemicals. The researchers in this study did adjust 
their hazard ratios for many confounding variables. This is important as meat con-
sumption in this population was associated with a generally poor diet and unhealthy 
lifestyle. Many nutritional factors are probably involved in the connection between 
meat and risk of death from diverse causes. Accordingly, meat consumption should 
best be viewed from the perspective of food synergy.  

    14.2.7   DASH Diet 

 This diet was developed as a treatment for hypertension  [  25  ] . Key features are a 
generous intake of fruit, vegetables, and low-fat dairy products, combined with a 
reduced intake of meat, and therefore saturated fat. As described in Chap.   11     this 
food synergy approach has proven effective as a treatment for hypertension  [  25  ] .  

    14.2.8   Food Synergy and Disease 

 In each of the above cases we see strong evidence that the relationship between diet 
and disease risk is best explained by focusing on foods rather than substances present 
in food. This applies both to prevention and to treatment. It also applies both to dietary 
patterns and to single food groups, such as meat. Our best explanation lies in the great 
complexity of food and dietary patterns, the thousands of different substances present, 
and the many pathways that connect food with the etiology of disease.   

    14.3   Food Synergy: A Research Pespective 

    14.3.1   The Limitations of Epidemiology 

 The evidence considered above supports the case for food synergy as an explana-
tion for many diet–disease associations. However, there is a separate line of argu-
ment that also supports the food synergy concept. Nutrition research methods have 
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limited power to identify which nutrients or other bioactive substances in a complex 
food are likely to be responsible for particular health bene fi ts. The reasons for this 
were explained in Chap.   1     by the authors of this chapter. The major problem is that 
nutrients and other bioactive substances are not distributed randomly in foods. 
Instead, they are mostly associated with each other. In other words, focusing on one 
substance causes confounding due to the presence of many other substances. This 
problem is especially acute with the multitude of substances found in fruit and veg-
etables and other phytochemical-rich plant foods. These include folate, vitamin C, 
potassium,  fi ber, and, of course, a great many other phytochemicals, many of which 
have been little studied or not even identi fi ed. Because of this, it is unlikely that 
epidemiological studies will ever be able to identify, for example, whether lycopene 
prevents prostate cancer or if  a -carotene prevents colon cancer. 

 Cereal  fi ber and whole-grain cereal foods pose a similar challenge and an inter-
esting counterpoint. This was illustrated in a study by Jacobs et al.  [  26  ] . They 
observed that dietary  fi ber from whole-grain cereals has a stronger protective asso-
ciation with disease than does the same amount of  fi ber from re fi ned cereals. The 
proposed explanation is because of the phytochemicals present in whole grains. 
This indicates that epidemiological studies cannot even state with con fi dence 
whether dietary  fi ber really has an independent protective association with disease 
risk, beyond its direct effect in the large intestine. However, the suggestion is that 
there is something of health value in the whole grain, which is a conclusion about a 
food, rather than a nutrient. 

 We see, therefore, that the problem of confounding makes it extremely dif fi cult 
to identify which nutrients or other bioactive substances deserve the credit for the 
health bene fi ts of fruit, vegetables, and whole-grain cereals. 

 One obvious way to circumvent this problem is to carry out randomized clinical 
trials (RCTs) on single substances. However, these are extremely costly and usually 
take several years. They are only appropriate, therefore, when dealing with dietary 
components where there is already strong supporting evidence. Besides, as argued 
in depth in Chap.   1     on research design, the many differences between drugs and 
foods heavily in fl uence research design. One must be very careful when undertak-
ing an RCT on a single substance derived from food to be clear about whether it is 
even possible to answer the question being asked about the health implications of a 
single nutritional substance. As well, one must consider whether that RCT answer 
would help elucidate what food people should eat. We will now illustrate these 
points with some examples. 

 The saga of antioxidants provides perhaps the best illustration of the limits of 
epidemiology. It was discovered that  b -carotene (derived as a weighted average of 
 b -carotene-containing foods) was inversely related to lung cancer  [  15  ] . Subsequent 
epidemiological studies led to the widely held view that  b -carotene may be effective 
as a chemopreventive agent against a range of cancers  [  27  ] . At around the same time 
epidemiological evidence linked two other antioxidant vitamins—vitamins C and 
E—with protection against disease. Vitamin C was reported to have a negative asso-
ciation with risk of cancer  [  28  ]  while several cohort studies observed that intake of 
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vitamin E has a modest protective association with risk of CHD  [  16,   29  ] . Following 
these  fi ndings all three antioxidant vitamins were studied as disease preventatives; 
this involved administering these substances in a puri fi ed form at doses typically 
several times higher than the RDA. The results of long-term RCTs on  b -carotene 
appeared in the mid-1990s and these have consistently shown that supplements are 
ineffective for the prevention of cancer  [  30  ] . Likewise, supplements of vitamin E 
have little or no preventive action against CHD  [  16  ] . Findings for all three antioxi-
dants were actually adverse: an increase in total mortality of about 5–6%  [  31,   32  ] . 
The likely explanation for these  fi ndings is that the negative associations seen in 
epidemiological studies were entirely due to confounding by or interaction with 
phytochemicals and other substances that are found in the same foods as the antioxi-
dant vitamins. 

 It is very likely that there is a complex food synergy at work in all the examples 
discussed above. In other words, the true reason that fruit, vegetables, and whole-
grain cereals are protective against cancer and CHD is because of a complex inter-
action induced by a wide variety of nutrients and other bioactive substances. But 
let us suppose for one moment that the active ingredients are limited to a mere 
three or four phytochemicals. Because of the limitations of epidemiology, as 
explained above, it is extremely dif fi cult to identify these substances with any 
con fi dence. For that reason, it hardly matters if the actual number of anticarcino-
genic phytochemicals is 3 or 300. In contrast, a  fi nding that a certain food or dietary 
pattern in fl uences health is feasible, informative for future thinking, and of great 
practical value. 

 The limitations of epidemiology are also shown by studies investigating the 
relationship between homocysteine, folate, and CHD. Several epidemiological 
studies had revealed that blood homocysteine levels are correlated with risk of 
CHD and other CVDs  [  33,   34  ] . As supplements of folic acid (the form of folate 
used in supplements) are effective at lowering the blood homocysteine level 
 [  35,   36  ] , it was hypothesized that this intervention will therefore be protective 
against CHD. Separate from this, epidemiological studies had indicated that dietary 
intake of folate has a strong inverse association with risk of CHD  [  16  ] . Indeed, in 
the systematic review carried out by Mente et al.  [  16  ] , of all the nutrients, foods, 
and dietary patterns examined, folate had one of the strongest associations with 
risk of CHD, based on the  fi ndings from cohort studies. However, when the results 
of RCTs appeared, the optimistically expected results showed no indication that 
folic acid supplements prevent CHD  [  16,   35  ] , and some RCTs have even suggested 
adverse effects on cancer and other diseases ( [  36,   37  ] ; see Chap.   12     by Davis and 
Milner). The lesson here is that the studies that attempted to explain the association 
between blood homocysteine levels and risk of CHD did not con fi rm a simple, 
critical, causal role for homocysteine. The protective association between folate 
and CHD is most likely explained as one more case of confounding. These supple-
ment studies do not necessarily imply no value for folate when obtained from 
foods, because nutrients obtained from (whole) foods are in natural balance, 
certi fi ed by evolution.  

http://dx.doi.org/10.1007/978-1-61779-894-8_12
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    14.3.2   The Limitations of Mechanistic Research in Explaining 
the Effects of Food on Health 

 Some might argue that what cannot be achieved by epidemiology can be accom-
plished by laboratory-based research with the goal of explaining disease in terms of 
its causative mechanisms. For example, studies of the biochemical action of diverse 
phytochemicals on the processes of carcinogenesis will (supposedly) help identify 
which ones are potentially chemopreventive and should therefore be tested in RCTs. 
Similarly, while epidemiological research has provided indications that particular 
vitamins prevent CHD (and therefore, by implication, also help prevent atheroscle-
rosis), this can be  fi rmly established by studies of the processes of atherosclerosis at 
a cellular level. 

 Chapter   1     explained the serious limitations of mechanistic research on nutrients, 
often referred to as reductionism. We will illustrate this by returning to two of the 
antioxidant vitamins discussed above. Many studies were carried out during the 
1980s that investigated the effects of  b -carotene on body systems possibly related to 
cancer. This included studies of antioxidant action  [  38  ]  and immune function  [  39, 
  40  ] . However, the dubious relevance of these studies to the relationship between 
diet and cancer became obvious when RCTs demonstrated that supplemental  b -car-
otene does not prevent human cancer likewise with vitamin E. Here, the focus of 
research was on the ability of vitamin E to retard the oxidation of LDL  [  41  ] . But as 
vitamin E has shown little or no effectiveness in preventing CHD, it is hard to dis-
cern the practical value of the mechanistic research.   

    14.4   Future Research Directions 

 While there is nothing intrinsically wrong with an approach that searches for simple 
answers and roles of speci fi c molecules, there is much to be said for accepting a 
 fi nding about a food or food pattern as important information that answers a nutri-
tional question. It is not necessary to reduce foods to constituents in order to under-
stand that diet does affect health and to make policy for better eating. We should 
take a food synergy perspective, think foods  fi rst  [  4  ] , working on the assumption 
that as we have little idea which substances are involved, the only practical approach 
is to assume that all nutrients and other bioactive substances in phytochemical-rich 
plant foods play a role in giving protection against cancer, CHD, and other chronic 
diseases. Even if there are simple reductionist answers to nutritional questions in 
generally well-nourished people, due to practical circumstances of solving the 
immensely complex problem of interacting food constituents, we are unlikely to 
make major progress in the reductionist mode in the near future. 

 What is the best way for researchers to design investigations to achieve a better 
understanding of how to maintain health? Based on the arguments presented here 
the answer lies in a two-stage strategy. First, epidemiological studies are required 
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to identify which dietary patterns or foods have an apparent cause-and-effect 
 relationship with disease. Such studies are quite reliable for that purpose. In the 
second stage RCTs need to be carried out in order to test either whole diets or 
individual foods. 

 Carrying out such RCTs presents serious challenges. These would need to be 
long term. Moreover, blinding is all but impossible as it is fairly obvious what is 
being eaten. Compliance to  fi xed diets may be an even larger problem. Imagine 
requiring that for several years coffee drinkers abstain from coffee or those who 
dislike coffee consume it regularly; or that meat lovers become vegetarian or vege-
tarians omnivores. However, such studies are feasible. For example, a 4-month trial 
using the DASH diet as a treatment for elevated blood pressure achieved excellent 
compliance  [  42  ] . The Women’s Health Initiative set a much more ambitious target 
with the aim of persuading healthy women to make major changes in their diets and 
maintain them for 6 year  [  43  ] . For example, they aimed to reduce total fat intake to 
20% of calories. However, the actual change was only about half of this.  

    14.5   Conclusions 

 Food which emanates from a living organism is a mixture of constituents, but not a 
random mixture. Rather, the particular mixture has proven adequate through evolu-
tion for the life of the organism eaten. To the extent that the organism has been eaten 
for a long time, evolution has also tested the mixture of constituents as a food for 
the eater. 

 There is still much to be gained from research that investigates individual nutri-
ents and bioactive substances in food and then attempts to determine their role in 
health and disease. This is especially valuable in cases where problems of con-
founding are relatively small and it is therefore possible to investigate nutrients or 
other substances as single variables. An interesting example is vitamin D, where sun 
exposure is important in addition to food. 

 In several cases research on single nutrients has lead to important measures that 
have improved public health. We see this with folate in relation to spina bi fi da, 
although there are reservations about whether the good  fi ndings for NTDs carry 
over to the whole population for protection from chronic diseases of adulthood. 
Other notable cases of single-nutrient solutions to health problems are iron supple-
mentation for iron de fi ciency anemia and vitamin B 

12
  supplementation for the 

elderly. However, these instances usually occur in situations of relative de fi ciency. 
 We must stay open to the possibility of more such cases appearing. It is entirely 

possible that a small number of phytochemicals will be proven to have valuable 
health-enhancing actions. In such cases they could have potential as drugs. Indeed, 
some evidence of this has already been documented: lutein is showing promise for 
improving eye health  [  44,   45  ]  and soy iso fl avones for improving bone health  [  46  ] . 
Whether these nutrients would be useful as supplements in the general population is 
an unanswered question; or, perhaps they should be thought of as drugs. 
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 But, increasingly, we are seeing the limitations of this approach. There is a strong 
case for placing much more emphasis on food synergy and regarding  fi ndings for 
foods or dietary patterns as  fi nal answers to questions. This can include dietary pat-
terns, such as the Mediterranean diet, or single foods, such as red meat. It is not 
clear whether food synergy re fl ects a true mathematical synergistic relationship 
(i.e., the whole risk or bene fi t is greater than the sum of the parts) or else is simply 
an additive effect. At minimum, though, even in the absence of mathematical syn-
ergy, foods are complex mixtures, tested by evolution, which we would not come to 
by constituting them de novo from individual constituents. 

 We are sympathetic to attempts to properly understand the detailed causes of 
chronic diseases. However, we believe that the complexity of metabolism and 
pathology is such that nutrition research is a long way from being able to achieve 
this goal. Epidemiologic studies of nutrients are often misleading because they miss 
the context of the whole food and diet pattern. In other words, both epidemiologic 
study of nutrients and mechanistic research are inferior strategies for achieving 
valuable breakthroughs that lead to improvements in public health through improved 
diet. Despite that, mechanistic research attracts far more resources than food-based 
research. We conclude, therefore, that improved infrastructure for food-oriented 
research would be most valuable.      
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  Key Points 

    Consumption of alcohol is associated with many effects harmful to health, • 
including accidents, violence, suicide, fetal alcohol syndrome, and cancer.  
  There is little evidence linking alcohol with weight gain.  • 
  Strong evidence indicates that moderate consumption of alcohol is protective • 
against coronary heart disease. There is also evidence suggesting that alcohol in 
moderation may be protective against several other conditions including elevated 
blood pressure, gallstones, loss of bone mineral density, hearing loss, dementia, 
benign prostatic hyperplasia, type 2 diabetes, and lung disease.  
  For many conditions the relationship is J-shaped: the lowest risk is associated • 
with consumption of alcohol in moderation whereas risk climbs with higher 
 levels of alcohol consumption.  
  For people aged 50–80 year the lowest risk of death is seen at an alcohol intake • 
of around 1.0–1.5 drinks/day in men and 0.5–1.0 drinks/day in women. However, 
for people below age 40 year alcohol consumption does not reduce mortality.  
  Alcohol is most protective when consumed in small regular amounts rather than • 
binge drinking.     

 The harmful effects of alcohol are far better known than the bene fi cial effects. This 
is scarcely surprising: it requires no training in epidemiology to recognize the dev-
astating harm that often comes with both drunkenness and chronic alcohol abuse. 

    N.  J.   Temple, PhD   (*)
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However,  fi ndings that have emerged in recent years have uncovered several 
 surprising associations between moderate intake of alcohol and enhanced health 
and well-being. 

 In this chapter we use the American de fi nition of a drink, namely 12.5–13.0 g of 
alcohol. This quantity of alcohol is approximately the amount contained in 12 oz 
(356 g) of regular beer, 4–5 oz (118–148 g) of wine, or 1.5 oz (42 g) of spirits. We 
also use the USDA dietary guidelines’ de fi nition of moderate alcohol consumption 
as up to two drinks a day for men and one drink a day for women. 

    15.1   Harmful Effects of Alcohol 

    15.1.1   Accidents, Violence, and Suicide 

 It is well established that abuse of alcohol is associated with accidents, violence, 
and suicide. The most dramatic evidence of this has come from Russia. Following 
the collapse of the Soviet Union in 1989 Russia experienced serious economic 
decline and much political turmoil. During the early 1990s life expectancy fell by 
4 years in men and by 2 years in women. A major factor in this was apparently 
widespread alcohol abuse, particularly binge drinking, which led to large increases 
in deaths from accidents, homicide, and suicide, as well as cardiovascular disease 
 [  1,   2  ] . This severe health crisis has not abated. In 2006, in comparison with Western 
Europe, the mortality rate for Russians aged 15–54 year was  fi ve times higher for 
men and three times higher for women. Alcohol is apparently the dominant factor 
that explains this  [  3  ] . 

 In the United States in 2006 alcohol was a factor in about 17,900 fatal crashes, or 
about 40% of all fatal crashes  [  4  ] . This  fi gure includes alcohol intake by persons 
other than the driver, such as a pedestrian. This was the highest level since 1992, 
suggesting that the trend towards lower levels of alcohol-related car crashes has 
gone into reverse.  

    15.1.2   Chronic Alcohol Abuse 

 For many persons, years of alcohol abuse eventually leads to chronic health and 
nutritional problems. Alcohol is rich in calories and typically devoid in nutrients, 
especially alcohol- and sugar-rich hard liquors. The body often compensates for the 
high caloric intake by decreasing the stimulus to eat regular nutrient-rich foods. 
As a result, there is a high probability of malnutrition, especially of folate and 
 thiamin. The thiamin de fi ciency associated with alcohol abuse is known as 
Wernicke–Korsakoff syndrome. Liver disease is also a likely result with a down-
ward spiral from fatty liver, to alcoholic hepatitis, and, eventually, to cirrhosis.  
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    15.1.3   Fetal Alcohol Syndrome 

 Pregnancy is another situation where alcohol misuse can have tragic consequences. 
This induces fetal alcohol syndrome (FAS). FAS encompasses a variety of symp-
toms including prenatal and postnatal growth retardation, abnormal facial features, 
and an increased frequency of major birth defects. Children born with FAS never 
recover. 

 A subclinical form of FAS is known as fetal alcohol effects (FAE). Children with 
FAE may be short or have only minor facial abnormalities, or develop learning dis-
abilities, behavioral problems, or motor impairments. 

 FAS occurs at a level of alcohol intake that in a nonpregnant woman would not 
be considered alcohol abuse. Four drinks per day poses a real threat of FAS, although 
one or two drinks per day may still retard growth; the epidemiological data are 
weaker and somewhat inconsistent at these lower levels of consumption. Although 
women who have an occasional drink during pregnancy should not fear they are 
doing irreparable harm to their fetus, it is now generally accepted that any woman 
who is or may become pregnant should abstain from alcohol.  

    15.1.4   Cancer 

 Alcohol much increases the risk of several types of cancer. An alcohol intake at the 
high end of moderation (two drinks per day in women, four in men) is associated 
with RRs for different types of cancer as follows: 1.16 for colorectal cancer 1.6 for 
breast, 1.8 for mouth and pharynx, 2.4 for esophagus, and 3.0 for liver  [  5  ] . Our best 
evidence is that lower intakes of alcohol produce proportionately smaller RRs. For 
all cancer combined a signi fi cant risk is seen starting at an alcohol intake of two 
drinks per day, with a RR of 1.22 at 4 drinks per day  [  6  ] . 

 Many studies have investigated the mechanisms by which alcohol may enhance 
risk of cancer. It is likely that metabolites of alcohol, such as acetaldehyde, are car-
cinogenic. Alcohol can act as a solvent enhancing the penetration of carcinogens 
into cells. For breast cancer, it is less likely that ethanol is directly toxic since the 
increase has been seen at relatively low levels. It is more likely that alcohol in fl uences 
circulating estrogen levels which may impact on disease occurrence  [  7,   8  ] . 

 Emerging evidence also indicates that alcohol, even in moderation, may suppress 
circulating folate levels, which could impact on DNA synthesis and gene expression. 
These  fi ndings, combined with various other epidemiological and experimental evi-
dence, led to speculation that a low dietary intake of folate may increase risk of 
cancer while supplements of folic acid are anticarcinogenic. However, recent evi-
dence from several cohort and randomized trials indicates that the reality is much 
more complex. Indeed, supplemental folic acid apparently increases the risk of can-
cer at several sites, including the breast, lung, and prostate. The topics of alcohol and 
folate in relation to cancer are further discussed in Chap.   12     by Davis and Milner.  

http://dx.doi.org/10.1007/978-1-61779-894-8_12
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    15.1.5   Obesity 

 Alcohol, of course, is a source of calories (7 kcal/g). It is important to remember 
that alcoholic beverages also contain carbohydrates that add additional calories. 
A half liter of wine contains about 350 kcal while three cans of beer supply about 
250–450 kcal, clearly enough to tip the energy balance well into positive territory. 
These numbers explain the popularity of low-calorie “light beers”. It is predictable, 
therefore, that alcohol consumption should be associated with excess weight gain. 
But, is this actually the case in the real world? 

 Intervention studies are inconclusive. Alcohol consumption causes an increase 
in energy intake  [  9  ] . However, Cordain et al.  [  10  ]  reported that when men con-
sumed 35 g/day of alcohol (a little less than three glasses of wine) for a period of 
6 week, this did not affect body weight. Similarly, a follow-up study con fi rmed 
this when overweight women consumed 25 g/day of alcohol, 5 day/week, for 10 
week  [  11  ] . 

 Several long-term cohort studies have been carried out. In a cohort study of 
16,600 men aged 40–75, change in alcohol intake was not associated with change in 
waist circumference over 9 year of follow-up  [  12  ] . In a cohort study of 19,200 
women of normal BMI at baseline, alcohol intake displayed a clear negative asso-
ciation with risk of becoming overweight or obese over the following 13 year  [  13  ] . 
In sharp contrast, other cohort studies have reported a positive association between 
alcohol consumption and weight gain  [  14  ] . At present, therefore, it is far from clear 
whether alcohol intake is a risk factor for weight gain.   

    15.2   Protective Effects of Alcohol 

    15.2.1   Coronary Heart Disease 

 A convincing body of evidence suggests that the risk of coronary heart disease 
(CHD) is reduced by 20–40% in persons who consume alcohol in moderation  [  5  ] . 

 In some populations this association can be skewed if individuals at higher 
risk for CHD reduce or eliminate alcohol consumption due to a diagnosis of a 
related chronic disease (e.g., hypertension or diabetes). This is frequently 
described as the “sick quitter” syndrome and can create a spurious arti fi cial 
inverse association between alcohol and CHD  [  15  ] . Because conditions such as 
hypertension and  diabetes increase the risk of CHD by two to threefold, a study 
which does not take these conditions into account may  fi nd that moderate 
drinkers have as much as 50–70% less heart disease. However, even in large 
cohort studies where “sick  quitters” are removed or moderate drinkers are com-
pared to lifelong abstainers, alcohol has been found to have strong cardiovascular 
bene fi t  [  16,   17  ] . 
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 There has been much speculation that wine may be more potent than beer or 
spirits in preventing CHD. This is largely based on  fi ndings from ecological studies 
(i.e., countries such as France with a high intake of wine tend to have relatively low 
rates of CHD)  [  18  ] . It has been repeatedly shown that such associations can easily 
be spurious. This is indicated by the  fi ndings from case–control and cohort studies: 
these show no clear trend for one type of alcohol to be more consistently associated 
with protection from CHD  [  16,   18  ] . Where one type of alcohol does manifest a 
stronger association than other types, this is likely due to confounding by such fac-
tors as smoking and drinking pattern or to differences in other lifestyle factors such 
as eating patterns or physical activity. 

 A major cohort study in women indicates that HDL-C and HbA 
1c

  explain most of 
the association between alcohol and CHD, while  fi brinogen played a much lesser 
role  [  16  ] . However, in men HDL-C was the dominant factor; it accounts for about 
half of the association. The other signi fi cant factors were HbA 

1c
 ,  fi brinogen, triglyc-

erides, and adiponectin.  

    15.2.2   Blood Pressure and Stroke 

 A relatively high alcohol intake (>4 drinks/day) has been shown to be associated 
with elevated blood pressure  [  19,   20  ]  and an increased risk of stroke  [  5  ] . However, 
evidence from cohort studies suggests that the association between alcohol and 
hypertension may be J-shaped such that light and moderate drinkers have a mod-
estly reduced risk of developing the condition  [  21  ] . Although the results of large 
epidemiological studies have not been consistent, the data as a whole indicate that 
there is also a J-shaped relationship between alcohol intake and risk of stroke  [  5  ] . 
The protective effect of moderate consumption of alcohol is seen only for ischemic 
stroke (the more common type), not for hemorrhagic stroke  [  5  ] . 

 More work is needed to determine if drinking patterns in fl uence risk of stroke 
(i.e., frequent consumption of small amounts of alcohol vs. binge drinking).  

    15.2.3   Impotence 

 The relationship between excessive alcohol intake and poor erectile function is well 
known. As Shakespeare put it: “It provokes the desire, but takes away from the per-
formance” (Macbeth). But, as in the case of alcohol and blood pressure, recent 
 fi ndings have revealed an apparently bene fi cial effect, or at least no ill effects, of 
moderate alcohol consumption  [  22  ] . 

 Although erectile dysfunction was originally thought to be purely psychogenic 
in nature, 80–90% is likely due to biological factors that may share a similar pro fi le 
to atherosclerosis.  
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    15.2.4   Gallstones 

 Most studies that have examined this question have reported a protective association 
between alcohol and risk of gallstones. For instance, Leitzmann et al.  [  23  ]  observed 
that men who consume alcohol frequently (5–7 day/week) have a reduced risk of 
gallstones but not those who consume alcohol less frequently (1–2 day/week). These 
 fi ndings indicate that frequency of alcohol consumption rather than quantity is the 
critical factor.  

    15.2.5   Bone Health 

 While  fi ndings are not consistent, several studies have reported that compared to 
nondrinking, moderate alcohol intake is associated with higher bone mineral den-
sity, especially in postmenopausal women  [  24–  26  ] . This suggests that alcohol may 
help prevent osteoporosis. However, as osteoporosis is so dependent on lifetime 
diet, physical activity, obesity, and other factors, it is probable that alcohol does 
not play an important role. In contrast to the situation with osteoporosis, high lev-
els of drinking cause loss of balance and falls leading to an increased risk of hip or 
wrist fracture.  

    15.2.6   Hearing Loss 

 A cross-sectional study of subjects aged 50–91 year reported that moderate alcohol 
intake was associated with better hearing  [  27  ] . Again, like bone health, many other 
environmental and genetic effects play a more important role in the etiology of 
 hearing loss.  

    15.2.7   Cognitive Function and Dementia 

 It is well known that heavy drinking has a damaging effect on brain function. 
Nevertheless, alcohol manifests a J-shaped relationship with the decline in brain 
function with aging. In several studies, mostly carried out on older adults, moderate 
consumption of alcohol was associated with enhanced cognitive ability or a slower 
rate of decline with aging. This effect is generally more pronounced in women 
 [  28–  32  ] . 

 While results have not been entirely consistent, several cohort studies have 
reported a protective association between moderate alcohol consumption and the 
development of dementia (mainly Alzheimer’s disease)  [  32–  35  ] .  
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    15.2.8   Benign Prostatic Hyperplasia 

 A cohort study reported that moderate alcohol intake (2.5–4 drinks/day) was associ-
ated with a reduced risk of benign prostatic hyperplasia (RR of 0.59)  [  36  ] . The 
mechanisms for this action are more speculative, but may include the effects of 
alcohol on steroid hormone levels.  

    15.2.9   Diabetes 

 Cohort studies have suggested that alcohol may be protective against type 2 diabe-
tes. Moderate consumers have a 33–56% reduced risk of developing the condition 
 [  37  ] . Interestingly, several studies have suggested that moderate consumption of 
alcohol among men and women with type 2 diabetes is also associated with a much 
reduced risk of subsequent CHD  [  38–  41  ] , the number one killer of diabetics.  

    15.2.10   Lung Disease 

 Alcohol may also be protective against chronic obstructive pulmonary disease 
(COPD). A cohort study of middle-aged men in Finland, Netherlands, and Italy 
revealed a protective association between alcohol intake and risk of death from 
COPD  [  42  ] . The lowest risk was seen at an intake of up to about three drinks per 
day. Alcohol intake has also been observed to manifest a protective association with 
emphysema in smokers  [  43  ] .   

    15.3   Effect of Alcohol on Total Mortality 

 The effects of alcohol consumption represent a complex mixture of harm and 
bene fi t. Overall, alcohol certainly causes more deaths than it prevents. In an esti-
mate by Danaei et al.  [  5  ]  alcohol causes 90,000 deaths per year in the USA. These 
are due to a variety of causes, the main ones being traf fi c accidents and other inju-
ries, violence, chronic liver disease, cancer, alcohol use disorders, and hemorrhagic 
stroke. At the same time alcohol prevents 26,000 deaths from CHD, ischemic stroke, 
and diabetes. Alcohol therefore causes 64,000 more deaths than it prevents. 

 When intake is moderate and binge drinking is avoided, the bene fi cial health 
effects of alcohol on the cardiovascular system outweigh most detrimental effects. As 
a result, the net effect of alcohol on total mortality is a J-shaped curve with minimum 
mortality associated with a moderate intake of alcohol but with a rising curve as con-
sumption increases, especially when there is binge drinking. As an example, a major 
study by the American Cancer Society on subjects with a mean age of 56 year reported 
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that in each sex, persons consuming one drink daily had a risk of death from all 
causes about 20% below those of nondrinkers  [  44  ] . To put this in perspective, among 
American men and women aged 35–69 year, a moderate consumption of alcohol 
prevents approximately one death for every six deaths caused by smoking  [  44  ] . 

 The bene fi ts of alcohol are most apparent in the middle-aged and elderly. This is 
because alcohol reduces risk of CHD and stroke, the  fi rst and third leading cause of 
death, respectively, in that age group. By contrast the leading cause of death in 
Americans under age 40 year is accidents, with homicide and suicide also being 
other major causes, especially in males. These are all associated with alcohol. This 
age effect is illustrated by a report from the Nurses’ Health Study. A moderate 
intake of alcohol has a protective relationship with total mortality in women aged 
over 50 year (RR is 0.80–0.88) but is associated with a doubling of the risk of death 
in those aged 34–39 year  [  45  ] . Similar  fi ndings were reported from England and 
Wales: a net favorable mortality outcome was seen only in men over age 55 and 
women over 65 year  [  46  ] . 

 The alcohol intake corresponding to the nadir for mortality is still unclear but in 
people aged 50–80 year is around 1.0–1.5 drinks/day in men and 0.5–1.0 drinks/day 
in women  [  47,   48  ] . However, as this is based on self-reported intake, which repre-
sents a substantial underestimation, the true nadir is almost certainly higher  [  47  ] .  

    15.4   Drinking Patterns 

 More recently, research has focused on the importance of pattern of drinking on risk 
of health outcomes. Not surprisingly, alcohol is most protective when consumed in 
small regular amounts rather than binge or episodic drinking. This was demonstrated 
in cohort studies in the USA  [  49  ]  and Finland  [  50  ] . People who engaged in occa-
sional heavy drinking had a higher risk of death than persons with the same alcohol 
intake but who did not engage in binge drinking. Similar observations were made on 
cardiovascular disease in Canada. The data from that study revealed that while alco-
hol consumption has a protective association with both CHD and hypertension, binge 
drinking increases the risk of both, especially in men  [  51  ] . In a study of US male 
health professionals, frequency of consumption (day/week) was more important than 
quantity consumed. Men who consumed alcohol at least 5 day/week had the lowest 
risk of both type 2 diabetes  [  52  ]  and myocardial infarction  [  16  ] , regardless of the total 
amount consumed. These  fi ndings are hardly surprising: many dietary components 
cause no harm in small, frequent doses but are toxic when a large dose is taken.  

    15.5   Conclusions 

 Clearly, alcohol can do much good but also much harm. It is important to bear in 
mind that the harmful effects of alcohol frequently occur at a much younger age 
than the bene fi ts. Consequently, if the effects of alcohol are measured in terms of 
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quality years of life (lost or gained), then the harm done to one (usually younger) 
person by alcohol may be far greater than the bene fi t gained by another (usually 
older) person. 

 The large majority of the harmful effects of alcohol can be avoided by sensible 
drinking, by drinking in moderation, and by the avoidance of alcohol when driving. 
For the person who can drink sensibly and can avoid alcohol’s negative side, alcohol 
can be of considerable bene fi t. Like so much else in life, it is a matter of balance. 
While alcohol should perhaps not be prescribed  [  53  ] , neither should it be 
proscribed. 

 Researchers in Australia estimated that for people aged over 60 year, the cost per 
life year gained by moderate consumption of alcohol was A$5,700 in men and 
A$19,000 in women  [  54  ] . This translates to about $7,000 in men and $23,000 in 
women in 2011 US dollars. On this basis alcohol can be considered a cost-effective 
medication. For instance, it is many times more cost-effective than is medication 
with statins for treatment of hypercholesterolemia  [  55  ] . 

 The  fi ndings discussed in this chapter have implications for public health policy. 
But what are those implications? One possible policy is the following: all adults 
aged over 40 year should be encouraged to consume moderate amounts of alcohol 
daily, unless there is a speci fi c reason to the contrary, such as religion, medication 
use, or a history of alcohol abuse. The problem with such a policy is the risk of caus-
ing a rise in the prevalence of alcohol abuse. Typically, about 5–10% of people in 
any society where alcohol is available become abusers of the beverage. The actual 
proportion is related to the mean alcohol intake: the higher the mean alcohol intake, 
the higher is the proportion of alcohol abusers  [  56  ] . Thus, a policy that encourages 
greater use of alcohol will likely also lead to more problems associated with abuse. 

 Arguably, the most prudent policy is one that explains that alcohol in moderation 
will likely have several health bene fi ts for people in middle age and above, while 
also stressing the hazards of abuse.      

  Acknowledgment   This chapter is a revision of a previous version co-authored with Eric Rimm 
and published in the second edition of this book. The author thanks Dr Rimm for his substantial 
contributions.  
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  Key Points 

    Water intake whether from a tap or bottle is important, but the value of bottled • 
water is clouded by cost, environmental impact, and the dubious nutritional value 
of supplemental ingredients.  
  Green tea appears associated with reductions in cancer and cardiovascular dis-• 
ease risk and intake should be promoted at 3–4 cups/day. Black tea also may be 
bene fi cial.  
  Coffee consumption does not hurt health and may actually improve health. Intake • 
should be limited to 2–3 cups/day.  
  Milk and fruit juices should be promoted for improved health.  • 
  Sports drinks may provide important bene fi ts for hydration status during extended • 
exercise.  
  Soft drinks should be avoided because they are associated with reduced milk • 
consumption, increased energy intake, and increased weight gain.  
  There is some suggestion that arti fi cial sweetened drinks may not serve their • 
desired purpose in that they may decrease satiety and increase risk of metabolic 
abnormalities.  
  Consumption of weight-loss beverages may be bene fi cial, but energy drinks • 
should be avoided.     
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    16.1   Introduction 

 Beverages play a major role in determining nutritional health. Indeed, water repre-
sents as much as 60% of the body weight in a lean person but only 45% in the obese. 
Water from a tap or bottle remains the most popular beverage on the planet. 
Determining the nutritional consequences of a beverage is complicated by the myriad 
of additional contents mixed in with our water. Nonalcoholic beverages include cof-
fee, tea, milk, juices, soft drinks, energy drinks, sports drinks, drinks for weight man-
agement, and of course water. Beverages provide about one- fi fth of our daily energy 
intake, with the greatest intake occurring in 19- to 39-year olds  [  1  ] . These beverages 
may contain sugars, fats, minerals, and vitamins from natural or supplemental origin; 
these substances can alter the taste and nutritional consequences of beverages. 
Alcohol is another potential ingredient in beverages which can have dramatic health 
consequences. Alcoholic beverages were covered in the previous chapter. 

 The nutritional impact of beverages covers a broad area and has been described in 
a previous book from this book series  [  2  ] . This chapter brie fl y reviews the subject.  

    16.2   Water 

 The dietary recommended intake (DRI) of water for nonexercising persons is 3.7 L/
day for men and 2.7 L/day for women  [  3  ] . This includes water obtained from both 
beverages and food. Water needs during exercise increase by about 1 mL water for 
each kcal burned. Ironically, while water is one of the most common compounds on 
the earth, access to quality potable water that is not tainted by pathogens such as 
 Cholerae  or toxins such as mercury is a major concern in many regions of the world. 

 A variety of health promotion water products also have recently appeared on the 
market. While they may be useful as a display of wealth or social status, their nutri-
tional value appears to be inversely proportional to their cost and they should be 
avoided. These products typically contain water, of course, but also supplemental 
vitamins, minerals, herbs, and taste essences. Some of these “water” products actu-
ally contain a signi fi cant quantity of sugar making them not too dissimilar to the 
soda they are intended to “replace.” This led to a successful lawsuit by the Center 
for Science in the Public Interest which claimed a fraudulent health claim  [  4  ] . 
Examples of currently supplemented water products from the Coca-Cola are the 
“VitaminWater” products and of the PHENOM ®  a series from Pepsi Co./General 
Nutrition Centers Inc. Calorie-free  fl avored water products are also popular, such as 
the calorie-free Aqua fi na series from Pepsi Co. 

 While the “taste” may be appealing, these are not products that should be pro-
moted with the consumer, if health is a goal. The topic of the marketing of supple-
ments of dubious nutritional value is a topic discussed at greater length by Temple 
in Chap.   20    . It is ironic that bottled mineral waters are often processed from munici-
pal water supplies and can be exorbitantly priced. For example, whereas the cost of 
a gallon of gasoline for one’s car in the USA is about $4, the cost of various water 
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products (calculated as cost per gallon) is $7.32 for Fiji Water ( pure water imported 
from Fiji ), $6.32 for Glaceau Smartwater ( condensed from water vapor ), and $3.64 
for naturally sweetened Vitaminwater ( 50 kcal/serving ). 

 The expanding use of bottled waters also creates environmental concerns. Vast 
numbers of plastic bottles are used for this purpose, most of which are nonreusable 
and end up in land fi lls. Environmental problems are made much worse when the 
bottled water is imported from distant places such as Europe or Fiji, leaving a major 
carbon footprint. Often these are made of glass, which adds weight. If people want 
to clean their tap water, a far cheaper and environmentally better approach is to 
simply  fi lter tap water (e.g., using a Brita ® ).  

    16.3   Tea 

 After water, tea is the most popular beverage in the world. Countries where tea 
drinking is especially popular include Britain, China, Japan, and several other coun-
tries in Asia. Its popularity in the United States is increasing, in part as a conse-
quence of the favorable health bene fi ts attributed to it. Leaves from the tea plant 
 Camellia sinensis  are the source of the primary tea types (green, black, and oolong). 
For green tea, the plant leaves are steamed and parched after picking in order to 
prevent oxidation of the catechins present in the leaf. To produce black tea, the plant 
leaves are picked and then allowed to wither indoors, ferment and oxidize. Oolong 
tea is produced by “semi-fermenting” the green leaves, resulting in a tea that is 
chemically a mixture of green and black teas. 

 Even though each of these nonherbal teas is derived from  C. sinensis , qualitative 
and quantitative chemical differences result from the different processing tech-
niques. Freshly brewed green tea contains (-)-epigallocatechin-3-gallate (EGCG) 
and other phenolics and black tea contains lower levels of these polyphenolic com-
pounds  [  5  ] . EGCG makes up more than 40% of the total polyphenolic mixture and 
appears to be the polyphenol most responsible for green tea’s bene fi cial effects. 
Maximal plasma concentrations are achieved for EGCG 1.3–2.4 h after consump-
tion. EGCG is classi fi ed by the FDA as “generally recognized as safe” (GRAS) and 
is a popular food additive and nutraceutical supplement. Tea also contains caffeine, 
though considerably less than in coffee. It also contains theophylline, a substance 
similar to caffeine in both its chemistry and pharmacological effects. 

 Green tea shows much potential as an anticancer agent; this is because many 
epidemiological studies have reported a protective association with the risk of can-
cer  [  5  ]  and cardiovascular disease  [  6  ] . Black tea has also been demonstrated to be 
protective against cardiovascular disease by helping improve endothelial cell 
 function and vasodilation  [  7  ] . The recent green tea meta-analysis by Wang et al. 
suggested that the protective relationship is strongest for green tea and slightly pro-
tective for black tea  [  8  ] . However, much of the generally optimistic epidemiological 
evidence concerning green tea is based heavily on studies in Japan and China where 
many people drink 8 or more cups/day. As a general guideline, consumption of up 
to 3–4 cups/day should be recommended as safe.  
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    16.4   Coffee 

 It is reasonable to believe that low-to-moderate coffee consumption ( £ 3 cups/day) 
should be safe for the typical consumer. Overall, epidemiological evidence shows 
the absence of any appreciable association between coffee intake and most common 
neoplasms; indeed, an inverse relationship between coffee consumption and col-
orectal cancer risk may exist  [  9  ] . Coffee consumption has also been associated with 
neutral or moderately bene fi cial effects on cardiovascular disease risk and overall 
mortality  [  10  ] , although consumption may cause a slight increase in systolic blood 
pressure for moderate levels of consumption (1–3 cups/day)  [  11  ] . In addition, recent 
evidence suggests that coffee consumption may be bene fi cial for preventing type 2 
diabetes  [  12,   13  ]  and prevention of cognitive decline  [  14  ] , although these effects 
may be due simply to the caffeine contained in coffee. 

 The content of caffeine and phenolics is dependent on the type of coffee 
(American coffee, espresso, or mocha), the amount of coffee used, the duration of 
brewing, and the type of coffee bean used. Caffeic and ferulic acids have antioxidant 
and other biological activities and have been suggested to reach a plasma concentra-
tion of 114 and 96 nM, respectively, about an hour after consumption  [  15  ] . The 
amount of caffeine present in a cup varies from 30 mg in a weakly prepared decaf-
feinated instant coffee to 350 mg for a brew steeped from dark robusta beans, with 
80–125 mg being more typical. It is noteworthy that decaffeination does not remove 
all of the caffeine; there are large variations in residual caffeine in “decaffeineated” 
coffee. The decaffeination process is associated with a reduced phenolic content 
and the introduction of compounds, such as nitric acids and formaldehyde, which 
may have deleterious health effects, with the water method perhaps being the mild-
est but also resulting in the greatest loss of phenolic content. 

 When estimating coffee consumption, it is important to consider the size of the 
container, the habit of re fi lling the cup, the variability of coffee drinking between 
different days (weekdays/weekends), and seasonal differences in intake. A general 
guideline for coffee is at most 2–3 cups/day.  

    16.5   Milk 

 Milk has long been recognized as a way to improve calcium intake and bone health, 
especially when it is forti fi ed with vitamin D. The high calcium content in milk and 
its lipid content, which improves absorption of lipid-soluble vitamins, make it ideal 
as a medium for vitamin D forti fi cation. Milk is also an excellent source of potas-
sium, magnesium, and protein. The popularity of various recommendations for milk 
has had its ups and downs and ups    over the last 20 years. 

 Milk consumption by persons who lack lactase in their intestine results in lactose 
intolerance. While persons of south-east Asian decent are most troubled by this 
condition, intolerance can also be seen in many people of northern European decent. 
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The problem can be overcome by use of lactose-free dairy products. Many such 
products are available. 

 The DASH study suggested that low-fat dairy consumption may reduce blood 
pressure  [  16  ] . Milk does not appear to affect overall mortality and may reduce the 
risk of cardiovascular disease, an effect that is probably stronger for low-fat milk 
 [  17  ] . The effect of milk on the lipoprotein pro fi le is in part dependent on the fat 
content, with most studies showing slight increases in both LDL and HDL, making 
its effects somewhat neutral  [  18  ] . 

 Milk consumption is relatively neutral with regard to weight change, despite the 
fat and calories it contains  [  19  ] . In overweight persons, consumption of skim milk 
has been suggested to decrease both appetite and energy intake during a subsequent 
meal  [  20  ] . Milk has also been inversely correlated with the risk of developing insu-
lin resistance  [  21  ]  and type 2 diabetes  [  22  ] . Milk consumption is arguably most 
important in younger persons who are developing bone mass. In the last few decades 
milk consumption among this age group has gradually declined at the same time 
that soft drink consumption, and obesity, has steadily increased. Milk consumption 
should be promoted in persons who are not lactose intolerant. A general guideline 
for milk consumption should be 2–4 cups/day with a recommendation of low-fat 
milk (preferably 1% or fat-free) as a way to promote decreased intake of both energy 
and saturated fat.  

    16.6   Fruit and Vegetable Juices 

 The bene fi ts of eating fruit and vegetables for blood pressure reduction were dem-
onstrated by the DASH study  [  16  ] . Persons in the lowest quartile of fruit and vege-
table consumption are in the highest quartile for CVD and cancer. These  fi ndings 
support the Five-A-Day program to improve consumption in the USA. Fruits and 
vegetables are an excellent source of many vitamins and minerals, as well as phy-
tochemical compounds, such as quercetin-3-galactoside from cranberries. This 
topic is examined in detail in Chap.   13     by Rui Hai Liu. For reasons of ease and 
convenience, converting a whole fruit or vegetable to a juice can be a useful way to 
improve consumption, although this may occur at the cost of losing some of the 
 fi ber in the original whole fruit or vegetable. 

    16.6.1   Fruit Juices 

 Juices are a popular way to increase fruit consumption because of their widespread 
accessibility, ease of storage, modest cost, and, of course, their enjoyable taste and 
eating pleasure. The new USDA recommendations at MyPlate suggest using 100% 
fruit juice as equivalent to a fruit serving for the purpose of the plate  [  23  ] . The 
energy content of apple juice and orange juice (OJ) (110 kcal/240 mL serving) is 
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about 6% higher than that of cola drinks. The energy content of white grape juice is 
even higher, around 150 kcal/240 mL. As mentioned previously, caution is therefore 
warranted if a consumer wishes to consume more than two cups of juice per day.  

    16.6.2   Health Bene fi ts of Citrus Juice 

 OJ is the most commonly consumed citrus juice in the USA. It is also the most 
nutrient-dense of the popular fruit juices. An 240 mL provides 72 mg of vitamin 
C (120% of Daily Value). OJ is also a good source of potassium (450 mg or 13% of 
DV), folate (60  m g or 15% of DV), and thiamin (0.15 mg or 10% of DV). Grapefruit 
juice is another citrus juice consumed by a great many people. It contains a similar 
amount of vitamin C to OJ, but a lower concentration of potassium and the 
B-vitamins folate, thiamin, and niacin. It also has a different pro fi le of phenolic 
acids which may be responsible for an alteration of drug metabolism. 

 Epidemiological data, clinical investigations, and animal studies provide strong 
evidence that citrus juice consumption is bene fi cial with respect to coronary heart 
disease (CHD), cancer, and overall mortality. Potassium functions to maintain intra-
cellular  fl uid balance and, as such, a high intake is associated with lower blood 
pressure and a reduced risk of stroke. Consumption of OJ may help lower the LDL/
HDL ratio and components of citrus juice may also decrease LDL oxidation, thereby 
reducing the risk of CHD. However, because the vitamin C in OJ readily oxidizes 
following exposure to air, it should be consumed within 1 week of opening  [  24  ] .  

    16.6.3   Health Effects of Other Fruit Juices 

 Cranberry juice has been used in folk medicine for millennia. Recent clinical studies 
have con fi rmed its usefulness for the prevention of urinary tract infections. The active 
antibacterial agents are proanthocyanidins speci fi c to cranberries which prevent bac-
terial adhesion to the urinary tract. These antiadhesive effects may also be associated 
with oral and gastric health bene fi ts. Consumption of cranberry products is associ-
ated with bene fi cial antioxidant  [  25  ] , vasodilatory  [  26  ] , and antiplatelet aggregation 
properties that may make these products a viable substitute to red wine and Concord 
grape juice for protection from CHD. However, consumer and researcher under-
standing of how cranberries affect human health is limited; reasons for this include 
the large range of product sweeteners used and the differences in the amount of cran-
berry juice actually present in these beverages, which can range from 3 to 27% v/v. 

 Concord and purple grape juices contain an array of polyphenolic compounds 
that are similar to but not identical to those in red wine. The biological effects of 
grape juice have been demonstrated to include a small improvement in plasma lipid 
pro fi le, vasodilation, and antiplatelet aggregatory activities. Pomegranate has been 
associated with improved vasodilation and a hypocholesterolemic effect.  
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    16.6.4   Vegetable Juices 

 Tomato juice has been popular for decades. It has been linked to health bene fi ts such 
as protection against CHD and prostate cancer, but while the preliminary data look 
promising causality remains to be proven in long-term human trials  [  27  ] . 
Unfortunately, its health bene fi ts are reduced by the large content of added salt (as 
high as 560–660 mg sodium/cup). However, in recent years numerous brands of 
vegetable juices have appeared on the market that are low in salt. This is usually 
prominently stated on the label. V8 is one well-known brand. These juices can have 
a relatively low energy content (50 kcal/cup as compared to 110 kcal/cup in OJ and 
apple juice). It is also important to recognize that many vegetable drinks include 
pear, white grape, or other juices as a source of sweeteners. Sugar calories are indeed 
sugar calories, regardless of whether they come from high-fructose corn syrup 
(HFCS) or pear juice.  

    16.6.5    Recommendations for Consumption of Fruit 
and Vegetable Juices 

 Fruit and vegetable juices clearly offer many health bene fi ts. However, consumers 
should be reminded that whole fruits are better nutritionally, especially with respect 
to the control of energy intake. This is because they often do not contain the  fi ber 
component of the original whole fruit. It is far easier to consume 200 kcal from OJ 
or apple juice than from whole oranges or apples. In this regard low-salt vegetable 
juices are preferable as they have only half the energy content of fruit juices. Total 
juice consumption recommendations are dif fi cult to make. However, as with all 
things, moderation is best. Intake should probably not exceed one to two 240 mL 
servings/day; persons seeking to lose weight should be especially cautious.   

    16.7   Sports Beverages 

 A variety of beverages are consumed by athletes for a variety of reason, a topic also 
discussed in Chap.   19     on sports nutrition by Kreider, Schwarz, and Leutholtz. 

 Compromises in physical and mental performance can occur with the loss of 
body water representing as little as 2% of body weight. Athletes are prone to dehy-
dration and sports beverages can and do improve hydration status. The key compo-
nent to this, surprisingly, is taste: if people like the taste, then they are more likely 
to drink more of the beverage, thereby leading to greater improvements in their 
hydration status. 

 Many beverages include sodium and glucose, the presence of which permits the 
intestine to co-transport the two substances into the blood. In addition, as sodium 
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and glucose maintain spheres of hydration, this also enhances the rapid absorption 
of water from the intestine. However, beverages that contain an excessive amount of 
sugar, such as soft drinks, can actually promote a reduction in gastric emptying and 
an osmotic effect in the intestine that can lead to solvent drag of water into the intes-
tine and dehydration. 

 Sports beverages can improve electrolyte status, although the effects are most 
signi fi cant for exercise of long duration (e.g., a half marathon or mowing a lawn on 
a hot summer day for 2 h). However, if a nonathletic person is adequately hydrated 
and has a proper electrolyte balance prior to beginning an exercise session, consum-
ing electrolytes from a sports beverage is unlikely to signi fi cantly improve physical 
performance during exercise of long duration. 

 It is generally recommended that everyone should carry out 30 min/day of mod-
erate exercise, such as walking at a brisk pace. Consumers should pay close atten-
tion to the energy content of sports drinks. For example, Gatorade provides 125 kcal 
per 500 mL bottle. Exercising people should therefore be reminded that for the pur-
pose of weight management, such drinks can negate most of the caloric bene fi ts of 
the exercise. Unless it is an especially hot day and they exercise for a prolonged 
time period, then dehydration is unlikely.  

    16.8   Soft Drinks and Sugar-Sweetened Beverages 

 If we increase our consumption of sugar-sweetened beverages (SSBs; soft drinks, 
fruit punch, etc.), several things predictably occur. We tend to have more dental car-
ies. We tend to decrease our consumption of more nutrient-dense cow’s milk. We 
tend to see a decrease in bone density. We also tend to increase our overall energy 
intake because soft drinks are less satiating than solid foods. SSBs can contribute to 
a positive energy balance and in adolescents this can represent 17% of average 
energy intake  [  27  ] . In this regard the NHANES data set reports that in 2005–2006 
adolescents aged 13–19 years consumed an average of 242 kcal/day of soft and fruit 
drinks  [  28  ] . Encouragingly, SSB consumption by youths appears to have begun to 
drop slightly, though this change has not been observed in adults. 

 Adult and adolescent obesity is increasing in the USA, but the exact reason for 
this is probably multifactorial. Soft drink consumption is probably one contributing 
factor. In adults consumption of SSBs is positively and tightly correlated with 
weight gain, the risk for developing metabolic syndrome and type 2 diabetes  [  29  ] . 
SSBs have been reported to contribute to increased body mass index in children and 
adolescents  [  30  ] . Blaming SSBs for all childhood obesity represents an apparently 
low-hanging fruit. In contrast, data from the 5-year-long data collection in Project 
EAT suggest that there was no direct association between soft drink consumption 
and adolescent weight gain, although weight gain was associated with those who 
consumed low-calorie soft drinks or who consumed little or no whole milk  [  31  ] . 

 Cardiovascular disease risk may also be associated with the consumption of 
SSBs. Data from the Nurses’ Health Study suggest a positive association between 
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SSB intake and risk of CHD  [  32  ] . After 24 years of follow-up, women who  consumed 
two or more servings of SSBs per day had a 35% higher risk of developing CHD 
compared with those who consumed less than one serving/month. 

 HFCS is a common sweetener used in the beverage industry. While the health 
effects of HFCS remains controversial for many, it appears that it does not contrib-
ute to direct negative health effects  [  33  ] . Furthermore, it appears that consumption 
of fructose in the human diet ( £ 50 g/day) does not create deleterious effects  [  34  ] . 
Caution may be warranted as epidemiological studies move to more de fi nitive con-
trolled clinical trials. 

 In a perfect world, we would have zero consumption of SSBs. Instead, water 
would have many splendid tastes making caloric beverages irrelevant. Water con-
sumption would also be supported by billion dollar advertizing campaigns. In the 
light of reality it is perhaps sensible to suggest limiting SSBs to no more than 1 or 2 
cups/day, though none is clearly preferable. Given that the consumption of diet soft 
drinks is not typically associated with reductions in body weight, their consumption 
should be limited in a similar fashion. Furthermore, as mentioned previously with 
respect to the VitaminWater product, even a beverage that is marketed as “water” 
can contain sugar and calories. 

 A “solution” to the SSB problem would seem to be to  fi nd a safe, acaloric sweet-
ener that could be added to water to provide a soft drink-like beverage that was 
really just water, but satiated in the sense of taste. This idea is the origin of diet soft 
drinks and other products that contain reduced calories because they include an 
arti fi cial sweetener. Arti fi cial sweeteners currently on the market include aspartame, 
sucralose, and saccharine. As noted above, these products do not appear to solve the 
problem; use of arti fi cially sweetened beverages was associated with weight gain in 
the Project EAT study  [  31  ] . In addition, three prospective epidemiologic studies 
have found positive associations between use of diet soft drinks and incident meta-
bolic abnormalities including diabetes  [  35–  37  ] . It should be noted that epidemio-
logical studies of general use of arti fi cial sweeteners have not been able to identify 
which sweetener each participant used.  

    16.9   Weight Loss and Weight-Management Beverages 

 For several reasons, meal-replacement beverages may have a place in the regular 
nutrition of many persons. A variety of meal-replacement beverages (e.g., Slim-
Fast, Met-Rx, and Atkins Nutritionals) provide consumers with a convenient way to 
consume a relatively balanced nutritional intake that supplies about 200 kcal along 
with a typically large protein intake, as well as minerals and vitamins. Liquid meal 
replacements are readily available, do not require refrigeration, and are often quite 
palatable. However, to improve palatability some beverages actually contain gener-
ous amounts of fat or sugar. 

 Older persons tend to consume more food during the meal following consump-
tion of a liquid meal replacement, making these beverages useful for elderly persons 
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attempting to gain weight, but detrimental for overweight persons attempting to lose 
weight  [  38  ] . While liquid meal replacements may be useful for some persons, the 
best nutritional advice for most people is to consume a balanced diet that empha-
sizes a variety of foods consumed in their solid form.  

    16.10   Health Effects of Energy Drinks 

 The increasing popularity of what are popularly termed “energy drinks” is an 
American and global phenomenon. They are consumed for perceived enhancements 
in mental acuity, wakefulness, and physical performance. Regardless of whether 
their consumption provides a measureable change in physiological/mental status, 
their popularity is very great with net sales of several billion dollars per year. 

 Energy drinks constitute a class of beverages whose ingredients are not uniform. 
While caffeine is a primary ingredient in most brands, its content is quite variable 
ranging from 50 to 500 mg per container  [  39  ] . Energy drinks generally contain a 
variety of other compounds with potential for altering physiological/mental activity. 
These may include taurine (neurotransmitter function) and various B vitamins. In 
addition, most contain sugar, although some are nearly calorie-free; the energy con-
tent ranges from 10 to 150 kcal/8 oz serving. 

 While energy drinks are commonly believed to have signi fi cant physiological 
effects, there is relatively scant documentation of this. Echocardiographic evidence 
suggests that Red Bull ®  consumption may improve stroke volume in persons with 
heart failure  [  40  ] . Surprisingly, in a study of 70 college-aged subjects who con-
sumed a 240 mL serving of Red Bull or placebo, the author (TW) did not observe 
any statistically signi fi cant changes in heart rate, ECG QRT segments/intervals, or 
blood pressure during the 2 h following consumption  [  41  ] . However, given the con-
sistency of anecdotal reports that link cardiac pathologies associated with energy 
drinks when consumed with alcohol, caution seems warranted  [  42  ] . 

 What is tangible is that inclusion of large amounts of caffeine in combination 
with alcohol in an energy drink-like format can lead to an inability of the consumer 
to perceive sobriety. This can lead to motor vehicle accidents, poor decision-making 
skills, and acts of sexual violence which lead the US FDA to send four letters of 
caution to makers of these beverages  [  43  ] ; these cautionary letters are expected to 
reduce the availability of alcoholic energy drinks that also contain caffeine.  

    16.11   The Future 

 It is estimated that over 25,000 new beverage products entered the world market in 
2010  [  44  ] . A more complete description of beverage and food products that are 
becoming popular can be found in Chap.   21    . Few clinical trials for the impact of 
established beverage products on health have been published; clinical trials for the 
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newer products are nearly nonexistent. The ever-changing formulations that 
 manufacturers put into their beverages make clinical trials dif fi cult. What is tested 
today may have a formula or manufacturing method that differs next year when the 
results of a trial are published. Given this reality, it remains important for clinicians 
to be able to provide the “best estimates” of the health impact of the beverages 
described in this chapter.  

    16.12   Conclusions 

 Nonalcoholic beverages constitute a substantial proportion of our diet and can have 
a major impact on our health. No single beverage can replace water, that ubiquitous 
beverage, but even drinking water has its faults when we consider the presence of 
potential pollutants and environmental impacts. Tea appears to have bene fi cial effects 
and coffee may have some bene fi cial effects as well. Consumption of low-fat milk 
has been determined to promote better health. Fruit and vegetable juices provide 
health bene fi ts and have the potential to get consumers closer to the Five-A-Day 
goal, although the consumer may be better eating the raw fruit if possible. Sugar-
sweetened soft drinks appear to promote weight gain and diminish the opportunity 
for a varied and high nutrient intake by providing energy almost entirely from sugar. 
Arti fi cially-sweetened soft drinks should in principle solve the problem of sugar-
sweetened soft drinks, but doubts have been raised about their safety. Sports drinks 
may be helpful for improving hydration and electrolyte status, but only during sus-
tained exercise and may also increase caloric intake. With regards to energy drinks, 
conclusive evidence to support health concerns regarding their consumption gener-
ally does not exist; caution should remain the operative word. Water enters our 
 bodies in a variety of forms and the materials dissolved in the water are important to 
consider with respect to their impact on our health. The vitamins, minerals, phy-
tochemicals, and other materials dissolved in the beverages we consume require our 
attention as we seek to make the best dietary recommendations possible.      
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Dietary Reference Intakes used in the USA and Canada. These are most suited 
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  Dietary guidelines are published in different countries. The goals of these are to • 
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sets of dietary guidelines include quantitative recommendations that focus on 
nutrients. They are usually intended for health professionals who in turn translate 
them into practical advice for the public. Other sets of dietary guidelines are 
based entirely on foods rather than nutrients; these are known as food-based 
dietary guidelines.  
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  Many countries have published food guides that provide advice on the overall • 
diet. These are particularly suited for the general public. One example is 
MyPlate.  
  There is evidence suggesting that certain dietary supplements may be bene fi cial, • 
especially, calcium, vitamin D, and  fi sh oil.     

    17.1   Introduction 

 The ultimate goal of nutritional research is the provision of diets that will give the 
best chance of long-term health. This chapter explores the various types of nutrition 
recommendations. They all share a goal of improving public health. 

 We start by looking at the most basic type of recommendations: those that con-
cern the quantities of essential nutrients that people should consume. 

 Other types of nutrition recommendations focus on the key aspects of the diet 
(i.e., foods and their major components). These dietary guidelines have emerged 
since the late 1960s. They strive to translate research  fi ndings into guidelines that 
are evidence-based and authoritative. These guidelines are of two general types. 
One is based on particular nutrients or food components, especially fat, sugar, 
dietary  fi ber, salt, and alcohol (“no more than 30% of energy from fat”) and is 
directed mainly at health professionals. The general message  fi lters through to the 
public. The other type of dietary guidelines is advice on how to make food choices 
(“eat  fi ve servings a day of fruit and vegetables”). The aim of such recommenda-
tions is that the majority of the general population can understand and accept 
them. 

 This chapter examines the various attempts that have been made in a number of 
countries to formulate such recommendations. Unfortunately, con fl icts can arise 
between the recommendations of, on the one hand, nutritional scientists and gov-
ernment agencies who formulate dietary guidelines and, on the other hand, the 
wishes of parts of the food industry who may see their pro fi ts threatened if the pro-
posed guidelines are published and widely followed. This can result in dietary 
guidelines being modi fi ed under pressure from industry lobby groups. Though it is 
desirable for all relevant stakeholders to be involved either in development of, or 
consultation on, food guidelines, no single stakeholder group should exert undue 
in fl uence on the process. 

 After discussing dietary guidelines, attention is turned to various types of food 
guides. As we shall see, there are a wide variety in use around the world. 

 That section is followed by an examination of food labels. This area has been the 
focus of much research in recent years with the generation of many new ideas, both 
for the front of packs and the reverse. 

 In the  fi nal section of the chapter, we discuss the merits of using 
supplements.  
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    17.2   Recommendations for Nutrient Intake 

 Numerous countries produce their own sets of recommendations concerning the 
intake of nutrients. They are most useful for health professionals who then translate 
the recommendations into practical advice for the general public. The information 
they provide reaches the public in different ways. In particular, they are a key part 
of dietary recommendations. This means that dietary guidelines, such as the national 
food guide, must be designed so that a person who follows them is assured of obtain-
ing enough of every nutrient. Nutrient intake recommendations also play an impor-
tant role in food labels. 

    17.2.1   USA and Canada 

 The Recommended Dietary Allowances (RDA) are estimates of the daily amounts 
of nutrients considered necessary to meet the needs of the great majority of healthy 
people. The RDA have been in use in the USA for several decades, longer in fact 
than the other types of dietary guidelines described in this chapter. In the late 1990s, 
a new set of recommendations were formulated: the Dietary Reference Intakes 
(DRI). The DRI were developed by the Institute of Medicine (IOM) of the National 
Academy of Sciences together with Health Canada and are used in both the USA 
and Canada. The DRI include several sets of tables of nutrient recommendations, 
one of which is the RDA. For those nutrients where there is insuf fi cient information 
to establish an RDA, estimates are made, known as Adequate Intakes (AI). Values 
of RDA and AI are given for 14 vitamins and 15 minerals. Values are also given for 
energy, carbohydrates, essential ( n -3 and  n -6) fatty acids, protein, dietary  fi ber, and 
water. Tables are broken down by age and sex. Speci fi c recommendations are given 
for women who are pregnant or lactating. 

 The DRI include two other sets of tables. The Estimated Average Requirements 
(EAR) are the mean requirements of a group for each particular nutrient. The EAR 
for a nutrient will meet the nutrient need of half the population within that age and 
gender group. The other table within the DRI gives Tolerable Upper Intake Levels 
(UL). This is the maximum amount of potentially toxic nutrients that appears safe 
for most healthy people to consume on a regular basis. Whereas RDA and AI are 
targets to aim for, UL provides a warning against overconsumption of nutrients. UL 
values are (presumably) commonly used by food manufacturers when they add 
nutrients to foods and by the manufacturers of dietary supplements. In each case 
selecting quantities of nutrients based, in part, on UL values is intended to help 
minimize the risk of delivering a toxic excess of nutrients. For a number of nutri-
ents, a UL has not been determined due to inadequate data on adverse effects of 
overconsumption (vitamin K, chromium, cyanocobalamin, pantothenic acid, potas-
sium, ribo fl avin, and thiamin). For these nutrients, the IOM recommends that con-
sumption should be from food only. 
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 As noted above, Canada collaborated with the USA in the development of DRI. 
An important reason behind this move was to help harmonize food labels across the 
world’s largest trading border.  

    17.2.2   United Kingdom 

 The Scienti fi c Advisory Committee on Nutrition (SACN) is tasked with advising 
the UK Health Department and the Food Standards Agency on nutrition. However, 
as part of government spending cutbacks, this work has been brought under the 
direct control of the Department of Health. 

 The Dietary Reference Values (DRV) were set in a 1991 report  [  1  ] . This report 
took a new approach by de fi ning a range of values for each nutrient to re fl ect vari-
ability in requirements within the population. Nutrient recommendations are stated 
as Lower Reference Nutrient Intake (LRNI), EAR, and Reference Nutrient Intake 
(RNI); these represent the lower limit, mean, and upper limits, respectively, of nutri-
ent requirements in a population. We now examine these terms in more detail:

   The DRV are based on the assessment of the distribution of nutrient requirements • 
for a population. They aid interpretation of dietary information on both groups 
and individuals. However, strictly speaking, the DRV are intended primarily to 
provide a comparator for nutrient intakes of groups only.  
  The EAR is the mean requirement of a group for a particular nutrient or for • 
energy. About half the population will usually need more than the EAR and half 
less.  
  The RNI is the amount of a nutrient (calculated as mean EAR + 2SD) which is • 
suf fi cient for almost all individuals in a group (about 97%). It therefore exceeds 
the requirement of most people; habitual intakes above the RNI are almost cer-
tain to be adequate.  
  The LRNI is the amount of a nutrient or energy (calculated as mean EAR–2SD), • 
which is suf fi cient for only a few individuals in a group who have low needs. 
Habitual intakes below the LRNI by an individual will almost certainly be 
inadequate.    

 Although the criteria for determining the above values have not always been 
backed by strong evidence, it was judged to be the best possible and set a framework 
for amendments as new information from research becomes available. 

 The DRV has obvious similarities to the American DRI: EAR is essentially the 
same in both sets of guides while the RNI (of the DRV) is equivalent to the RDA 
and AI (of the DRI). 

 Of the population’s average percentage of total energy (including alcohol), total 
fat should contribute no greater than 33%, of which saturated fat should be not more 
than 10%, polyunsaturated fat 6% (not more than 10%), and  trans  fatty acids not 
more than 2%. Nonstarch polysaccharides (the term used in the UK for dietary 
 fi ber) should be 18–24 g/day (corresponding to around 30–35 g/day dietary  fi ber) 
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and nonmilk extrinsic sugars should not exceed 60 g/day or 10% of total dietary 
energy. 

 These guidelines can be used for several diverse purposes: yardsticks for surveys 
(RNI), in guidance of dietary composition (RNI), for food labels (RNI), and to pro-
vide a general guide in assessing the adequacy of an individual’s diet (LRNI/RNI).  

    17.2.3   Comment 

 Other countries use variations of the above systems. Often only one set of values are 
given for nutrient intake recommendations, the equivalent of RDA and RNI, 
although different terms are used by different agencies. 

 In af fl uent countries and communities, intakes that meet the RDA (or RNI) can be 
assumed for most nutrients for most people. In this situation, the RDA serves as a 
warning in cases of undernutrition. In underdeveloped countries and communities, 
by contrast, malnutrition is often widespread. In that context, nutritional policy is 
generally focused on attempts to reach the RDA (or an equivalent set of recommen-
dations concerning essential nutrients) for as many people and nutrients as possible.   

    17.3   Dietary Guidelines 

 Around the world, different agencies publish sets of dietary guidelines that are 
aimed at the improvement of population diets. In highly developed countries, the 
primary goal is to reduce the impact of chronic disease. 

 Dietary guidelines fall into two distinct groups:

   Some include several quantitative recommendations that focus on nutrients, such • 
as setting a target for sodium of <1,500 mg/day. Recommendations of this type 
are most useful for health professionals. However, the aim is that the advice 
 fi lters down to the general population.  
  Other sets of dietary guidelines are based entirely on foods rather than nutrients; • 
they are therefore referred to as food-based dietary guidelines (FBDG). They are 
written in clear simple language, are nonquantitative, and can be understood by 
the general public.    

    17.3.1   Dietary Guidelines that Include Quantitative 
Recommendations 

 First, we examine some examples of dietary guidelines that include quantitative 
recommendations and that are therefore intended mainly for health professionals. 
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    17.3.1.1   USA 

      American Heart Association Recommendations 

 Several professional bodies in the USA publish dietary recommendations. Amongst 
the most well known are those from the American Heart Association (AHA) which, 
not surprisingly, have a focus on the prevention of cardiovascular disease (CVD). 
Their 2006 revision  [  2  ]  includes the following recommendations:

   Consume a diet rich in vegetables and fruits.  • 
  Choose whole-grain, high- fi ber foods.  • 
  Consume  fi sh, especially oily  fi sh, at least twice a week.  • 
  Limit your intake of saturated fat to <7% of energy,  • trans  fat to <1% of energy, 
and cholesterol to <300 mg/day.  
  Minimize your intake of beverages and foods with added sugars.  • 
  Choose and prepare foods with little or no salt.  • 
  If you consume alcohol, do so in moderation.    • 

 Previous versions of these guidelines stressed that the total intake of fat should be 
<30% of energy. That recommendation has now disappeared; this re fl ects a clear 
trend seen with various expert organizations that now focus on the type of dietary fat 
rather than quantity. The recommendation for sodium intake in the above report was 
<2,300 mg/day, but in a 2010 revision the AHA lowered this to <1,500 mg/day  [  3  ] .  

      Dietary Guidelines for Americans 

 These are published by the Departments of Agriculture (USDA)  [  4  ] . The most 
signi fi cant differences from the AHA recommendations are as follows: saturated fat 
is less restricted (<10% of energy); sodium (<2,300 mg/day for half of the popula-
tion but <1,500 mg/day for children, adults aged >51, and persons at risk); and 
alcohol (up to one drink a day for women and up to two per day for men). 

 Researchers at the Department of Nutrition of the Harvard School of Public 
Health have disputed whether the Dietary Guidelines for Americans are the best 
ones for the prevention of chronic disease. They base this verdict on the  fi ndings 
from large cohort studies. They compared two sets of composite food scores: the 
Health Eating Index (based on the Dietary Guidelines for Americans) and the 
Alternative Healthy Index (based on the  fi ndings from large cohort studies). The 
Alternative Healthy Index manifested a stronger negative association with risk of 
death from cancer and CVD, and with all-cause mortality  [  5,   6  ] . The actual food 
content of the Alternative Healthy Index is similar to the Mediterranean diet and is 
described below when we discuss the Healthy Eating Pyramid (HEP).   

    17.3.1.2   World Health Organization 

 The 2003 dietary guidelines from the World Health Organization (WHO)  [  7,   8  ]  are 
broadly similar to the American ones. The one notable exception is that the 
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recommendation for total fat is 15–30% of energy. The recommendation for 
carbohydrate is 55–75% of energy. Setting an upper limit of 75% for carbohydrate, 
which is a high  fi gure, re fl ects the fact that the target populations for WHO, and also 
of the Food and Agriculture Organization (FAO), include the populations of devel-
oping countries, who consume high-carbohydrate staple foods, such as rice, as a 
major component of their diets. 

 Other recommendations are as follows: protein 10–15% of energy, sugars 
(including those present in fruit juice) <10%,  n -6 polyunsaturated fats 5–8%,  n -3 
fats 1–2%, saturated fat <10%, and  trans  fatty acids <1%. The maximum recom-
mended salt intake is 5 g/day. There is no speci fi c recommendation for dietary  fi ber 
but rather a general recommendation for fruit, vegetables, and whole grain foods.   

    17.3.2   Food-Based Dietary Guidelines 

 In contrast to the dietary guidelines described above, FBDG are based entirely on 
foods rather than nutrients, are nonquantitative, and can be readily understood by 
the general public. FBDG were recommended for health promotion by a FAO/WHO 
international consultation published in 1998  [  9  ] . In support of this approach, 
Mozaffarian and Ludwig  [  10  ]  recently argued that dietary guidelines should be 
based on foods rather than nutrients. 

 FBDG are culturally sensitive and take the customary dietary pattern of consum-
ers into account. They vary from country to country depending on local needs. 
FBDG used in developing countries often contain statements along the following 
lines: “Drink lots of clean, safe water,” “Foods consumed should be safe and clean,” 
and “Use only iodized salt.” 

 A recent report described the use of FBDG in Chile, South Africa, Germany, and 
New Zealand  [  11  ] . The FAO has compiled a website that gives the FBDG used in 
many countries around the world  [  12  ] . 

    17.3.2.1   Canada 

 Whereas the USA has several agencies that publish dietary recommendations, 
Canada is the very opposite. Until a few years ago, the of fi cial guidelines were 
Nutrition Recommendations for Canadians. They were broadly similar to the guide-
lines from the AHA. A process was then initiated for a major revision but for rea-
sons that are entirely unclear this work was abandoned. Currently, the only dietary 
guidelines are Canada’s Guidelines for Healthy Eating  [  13  ] , which are as follows:

   Enjoy a variety of foods.  • 
  Emphasize cereals, breads, other grain products, vegetables, and fruits.  • 
  Choose low-fat dairy products, lean meats, and foods prepared with little or no fat.  • 
  Achieve and maintain a healthy body weight by enjoying regular physical  activity • 
and healthy eating.  
  Limit salt, alcohol, and caffeine.     • 
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    17.3.2.2   UK 

 In the UK, the  Eight tips for healthy eating   [  14  ]  are as follows:

    1.    Base your meals on starchy foods  
    2.    Eat lots of fruit and veg  
    3.    Eat more  fi sh  
    4.    Cut down on saturated fat and sugar  
    5.    Eat less salt  
    6.    Get active and be a healthy weight  
    7.    Don’t get thirsty  
    8.    Don’t skip breakfast     

 When comparing the dietary guidelines produced by different agencies, both 
quantitative recommendations as well as FBDG, we see notable differences in the 
inclusion of such dietary components as cholesterol, sugar, and fat. These differ-
ences point to the debates that have taken place among nutrition experts and other 
stakeholders but that have not yet been settled.    

    17.4   Food Guides 

 Numerous countries have published food guides that provide advice on the overall 
diet for the general public. They tend to center on a colored diagram or poster. They 
are, in essence, FBDG in a graphical format. Several of these were reviewed by 
Kaufer-Horwitz et al.  [  15  ] . Several examples are described below. 

    17.4.1   USA 

 Until 2005, the guide disseminated to the general public in the USA was the Food 
Guide Pyramid. It was a simple matter to look at this one-page document and deter-
mine how many servings should be eaten from each food group, much as one reads 
a TV guide. But this all changed with the launch of MyPyramid, which was in use 
from 2005 until 2011. Unlike all other food guides around the world this one 
required the use of the internet. The user entered his or her pro fi le (age, sex, and 
physical activity) and then received a personalized set of diet recommendations. 
The obvious challenge with this food guide was the matter of user accessibility. It 
seems certain that there are millions of people who are willing to read a simple, 
printed food guide, but either cannot or would not use a website for this purpose. 

 In most countries, such as Canada for example, the government health depart-
ment is responsible for writing the food guide but in the USA they work for the 
Department of Agriculture. That department has a serious con fl ict of interest: it 
must help make farming and food production pro fi table (which often means 
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boosting the sale of less than healthy foods) while at the same time advising people 
how to eat for health. As a result, there is strong evidence that both the old and new 
pyramids are compromises between these two opposing forces. The nutrition experts 
from the Harvard School of Public Health have been highly critical of MyPyramid 
and the food industry lobbying that played a role in its development  [  16  ] . Marion 
Nestle of New York University described MyPyramid as “a disaster”  [  17  ] . 

 It seems that the USDA listened to the criticism. In 2011 they abandoned 
MyPyramid. In its place they went over to a simple pictorial design called MyPlate 
 [  18  ] . The food guide is depicted as a plate with food sectors. Unlike MyPyramid, it 
places little emphasis on how many servings should be eaten from each food group. 
This new food guide is much easier to understand.  

    17.4.2   Harvard’s Healthy Eating Pyramid and Healthy 
Eating Plate 

 In view of the criticisms leveled against MyPyramid (and its predecessor), it should 
come as little surprise that alternative food guides have been developed in the USA. 
A well-known one is the HEP, produced by the Department of Nutrition of the 
Harvard School of Public Health  [  16,   19  ] . Just as MyPyramid is based on Dietary 
Guidelines for Americans, so HEP is based on the Alternative Healthy Index which 
was discussed above. The visual design of HEP is similar to the Food Guide Pyramid 
but with one notable exception: it does not specify the number of servings from 
each food group. Instead, it tells users to: “Forget about numbers and focus on 
quality.” 

 In 2011, after the USDA switched from MyPyramid to MyPlate, Harvard fol-
lowed suite and switched from HEP to their own plate design, called Healthy Eating 
Plate  [  20  ] .  

    17.4.3   Canada’s Food Guide 

 A fully revised version of Canada’s Food Guide was published in 2007  [  21  ] . It is 
similar to the old Food Guide Pyramid with respect to the number of servings from 
each food group. It is based on a chart and is simple to use. There are several nota-
ble features. The recommended number of servings of fruit and vegetables (which 
are lumped together in one food group) has now overtaken grains. Supplements are 
speci fi cally recommended for particular groups: 400 IU (10  m g)/day of vitamin D 
for people over age 50 (remember this is for people living in Canada) and a multi-
vitamin containing folic acid for women who could become pregnant and those 
who are pregnant or breastfeeding. Anyone wishing to use this food guide should 
request a printed copy as this makes using it much easier than reading it via the 
internet.  
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    17.4.4   United Kingdom 

 The Eatwell Plate is a pictorial food guide that was produced by the Food Standards 
Agency  [  22  ] . It shows the proportion and types of foods that are needed to make up 
a healthy balanced diet. The food guide is depicted as a plate with food sectors, 
similar to MyPlate in the USA. It resembles the Canadian guide in that fruit and 
vegetables are combined into one group. Fatty and sugary foods are included in the 
pictorial representation. The Eatwell Plate is based on the Eat Well, Be Well tips 
(see Sect.  17.3.2.2 ).  

    17.4.5   Other Countries 

 The Australian and Swedish food guides are plate-shaped and are similar to MyPlate 
and the UK guide. The guide used in China and Korea is a pagoda that resembles 
the Food Guide Pyramid that was formerly used in the USA. 

 The Dietary Guidelines for Japanese, released in 2000, provide the basics of a 
healthy diet for the people of Japan. In July 2005, the Ministry of Health, Labour 
and Welfare and the Ministry of Agriculture, Forestry and Fisheries of Japan jointly 
released a new pictorial guide, The Japanese Food Guide Spinning Top, to help 
people implement the Dietary Guidelines for Japanese  [  23  ] .  

    17.4.6   Comment 

 These various food guides all convey essentially the same message. If followed, 
then the diet will almost certainly provide all nutrients in amounts that meet RDA 
recommendations. One notable exception to this rule appears to be vitamin D, a 
topic discussed later in the chapter. The food guides encourage consumption of at 
least  fi ve servings of fruit and vegetables daily. The newer revisions of the American 
and Canadian food guides have put much more emphasis on whole grains but have 
stopped short of stressing that only whole grains (not re fi ned grains) should be 
eaten. 

 Several differences between the food guides are noteworthy. An important dif-
ference concerns the use of quantitative recommendations. Canada’s Food Guide 
emphasizes how many servings each person should consume as did MyPyramid. 
However, several food guides used in different countries, including the new MyPlate 
(USA), Healthy Eating Plate (Harvard), and the Eatwell Plate (UK), give very little 
attention to numbers of servings. Some might argue that specifying the recom-
mended numbers of servings might assist consumers in selecting a healthier diet. 
However, to what extent individuals pay attention to the recommended amounts is 
not known. As with several other aspects of the construction of these food guides, 
this is an area that deserves investigation. 
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 Fruit and vegetables are grouped together in some guides (Canada, UK, China, 
Korea, Portugal, and Mexico) but are in separate groups in others (Germany, USA, 
Sweden, and Australia). In the USA and Canada, potatoes go with other vegetables, 
but in Sweden potatoes and root vegetables are given their own group distinct from 
other vegetables. Several countries—Korea, UK, Portugal, Germany, and Mexico—
include potatoes with grains. Keeping potatoes separate from other vegetables is 
probably sensible as potatoes are poor in phytochemicals, have a high glycemic 
index, and are often consumed as fries (and may therefore have a high content of 
oxidized fat). 

 Another inconsistency is in the placement of legumes. In Canada, beans are 
included with meat, hence the name of that food group: “meat and alternatives.” 
MyPlate, by contrast, allows beans to be counted with either “protein foods” or with 
vegetables. This schism in the placement of legumes re fl ects the fact that legumes 
are a low-fat, protein-rich alternative to meat but are also a good source of  fi ber and 
various nutrients such as folate. 

 One problem with food guides is that manufactured products often contain mix-
tures of diverse foods, or their derivatives, along with several additives. Accordingly, 
placing manufactured foods in a food guide is often dif fi cult. How does a shopper 
perceive a label on, for example, “Breakfast Apple Crisp?” Is this food a valuable 
means to obtain fruit or is it a signi fi cant source of fat and sugar? Similarly, many 
functional foods and forti fi ed foods, far more commonly available now, would be 
dif fi cult to assign to a single sector of most of the food guides. 

 Some food guides are limited by not including foods representative of diverse 
cultures, such as food eaten by people from Africa or southeast Asia. To address this 
in the USA, MyPlate lists a wide range of foods in each food group. This has not 
been possible with the UK Eatwell Plate.  

    17.4.7   Traf fi c Lights Food Guide 

 Food guides typically categorize foods into two broad classes: those that are recom-
mended and those that should be eaten only in limited quantities. But nutrition sci-
ence informs us that many foods belong somewhere in between. It therefore makes 
more sense to divide food into three distinct groups. One of us (NT) has designed a 
food guide based on this approach (see Table  17.1 ).  

 The design of the traf fi c lights food guide is radically different from the food 
guides described above. One outstanding feature is its simplicity. Within each food 
group, foods have been categorized as follows: green (eat freely, based on recom-
mended amounts), amber (eat in limited amounts), or red (these are treats; eat little 
or none). This food guide design is a logical development of traf fi c food labels (see 
next section), which are becoming increasingly used in the UK  [  24  ]  and other coun-
tries. By using a similar system for both food labels and a food guide, the general 
public should  fi nd food selection to be much simpli fi ed.   
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    17.5   Food Labels 

 Developed countries have regulations that specify what information must be 
stated on food labels. Generally, the labeling regulations only apply to food that 
is sold in packages, such as cans or cardboard boxes, whereas many foods that are 
not packaged by the manufacturer, such as fresh meat and  fi sh, do not require a 
label. 

 Food labels are an important topic as they play a vital role in determining the 
food choices made by millions of people. Alas, as we shall see, the great majority 
of labels fail, by a wide margin, to achieve their potential to positively in fl uence the 
national diet. 

    17.5.1   Why Food Labels Cause Confusion 

 Labels are of two types:

   Front-of-pack (FOP) labels inform the buyer of the brand name and the type of • 
food (such as Quaker Oats).  
  Back-of-pack (BOP) labels provide details of the nutritional composition of the • 
food (such as 185 mg sodium per 35 g serving). To help the consumer interpret 
the information, the amounts are also stated as percent of recommended daily 
intake (called Daily Values in the USA and Canada). This part of the label also 
lists the ingredients in the food, usually in order by amount (main ingredient 
 fi rst). In the UK, it is mandatory to include “the big four” on packaged foods 
(energy, protein, carbohydrate, and fat). Many food manufacturers also include 
four additional nutrients (sugars, saturated fat, salt, and one other).    

 Food labels in common use, both in Europe and North America, can be a source 
of confusion for consumers. Here are the major problems:

   FOP labels often give misleading names to foods. Soft drinks may be the most • 
egregious example. In North America, only pure fruit juice can be called “juice.” 
However, there are several imitation juice products that contain no more than 
20% actual juice; many contain none at all. These pseudo-juice products are, in 
reality, sugar solutions with added colors and  fl avors. Despite being little differ-
ent from cola drinks, they have names that suggest real fruit, such as fruit bever-
age, fruit nectar, and fruit cocktail. Adding to the confusion, the brand name may 
also be suggestive of real fruit (e.g., Sunny Delight).  
  The BOP label lists the ingredients in the food in order by amount but seldom • 
gives the actual quantity of each ingredient. What this can mean in practice is 
that a manufacturer sells a juice containing mainly apple juice (which is cheap) 
with some added berry juice (which costs much more). But as many customers 
prefer berry juice, the FOP label will likely say, in large letters, “made with real 
berries” and have large images of berries. The list of ingredients will merely 
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indicate that there is more apple juice than berry juice. Therefore, even if the 
customer realizes that the label is deceptive and tries to determine how much 
berry juice is actually present, this will be impossible.  
  In addition to the list of ingredients, BOP labels also give a table with the content • 
of selected food components (energy,  fi ber, sugar, fat, and some nutrients). 
However, food components that should be consumed in limited amounts (such as 
sodium, sugar, and saturated fat) are interspersed with others that are often lack-
ing in the diet (such as dietary  fi ber and  n -3 fat). The effect of this is almost 
certainly to make food labels more confusing for consumers.  
  There are guidelines for serving sizes on food labels, but these are often ignored. • 
What we often  fi nd is that labels for similar products use different serving sizes, 
thereby making it dif fi cult for consumers to compare them. The problem is illus-
trated in Table  17.2 . The information in the table has been extracted from actual 
labels of foods sold in Canada. Let us suppose a shopper wishes to buy crackers 
low in energy and sardines low in sodium. Brand A crackers contain 80 cal per 4 
crackers (20 g), while brand B contains 130 cal per 5 crackers (32 g). The shop-
per might easily conclude—wrongly—that brand A is lower in energy. In fact, 
measured as Calories (kcal) per 100 g the two products are almost identical in 
energy density. A similar problem occurs with the sodium content of sardines. 
Brand C contains 210 mg sodium per 58 g serving (which is half of the 115 g 
can), while brand D contains 420 mg sodium per 106 g serving (which is the 
whole can). This means that the two brands have an almost identical content of 
sodium (as mg per 100 g). However, the shopper may decide to compare the cans 
by looking at the sodium content in terms of percentages of Daily Values. But 
because brand C has a much smaller serving size than brand D, the label states 
that it has much less sodium per serving (9% vs. 17%). This leads to a com-
pletely false conclusion.     

 Let us suppose that a typical shopper is in a supermarket and wishes to buy 
breakfast cereals. The time spent evaluating each of the choices on offer is typically 
no more than a few seconds. For that reason, it is the FOP labels that are crucial for 
making a choice. But as we have seen, FOP labels may give misleading information. 
Even if the shopper is especially diligent and carefully reads the BOP labels in order 
to make a careful selection, he or she is likely to end up being confused by the infor-
mation. Indeed, research studies in various countries have revealed that the majority 
of people have problems understanding food labels  [  25  ] . This is especially the case 
with older adults and those with less education.  

   Table 17.2    Examples of information found on food labels   

 Brand  Type of food  Serving size  Calories  Sodium (mg) 
 Percentage 
of daily value 

 A  Crackers  4 crackers (20 g)   80 
 B  Crackers  5 crackers (32 g)  130 
 C  Sardines  58 g (half can)  210   9 
 D  Sardines  106 g (whole can)  420  17 
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    17.5.2   Improved Designs for Food Labels 

 It is clear that the types of food labels used in many countries fail to give consumers 
the information they require, and in a user-friendly format. This is a serious barrier 
that prevents consumers from making informed choices as to which food items 
are healthiest. In response to these challenges, several new designs have been 
proposed. 

 One alternative system that shows much promise has been developed in Britain 
and is based on traf fi c lights  [  24  ] . With this system, colored circles are placed on the 
FOP and indicate if the food has a high (red), medium (orange), or low (green) con-
tent of fat, saturated fat, sugars, and salt. The label also indicates the actual quantity 
of these substances per serving. Research studies have been carried out in which 
consumers have been asked to compare traf fi c light labels with more complicated 
systems. Traf fi c light labels are generally well liked and are very effective for help-
ing people to assess the health value of a food  [  26–  29  ] . 

 One possible improvement to this system is to add an extra traf fi c light to indi-
cate the overall health value of the food. In order to accomplish this, a standardized 
methodology for comparison of diverse foods is required. Several such systems 
have been proposed  [  30–  34  ] . 

 Little research has been done to determine whether a traf fi c lights design will 
result in people actually eating a healthier diet. Until that research is done, it is a 
matter of speculation as to whether this design is superior to the type of food guides 
discussed earlier. 

 Other tests have been conducted using even simpler FOP labels where the overall 
health value of a food is summarized as stars (or a similar symbol); healthier prod-
ucts are given more stars. This format obviously provides less information than 
traf fi c light labels. However, tests conducted in several European countries revealed 
that this system scores even better in terms of allowing people to correctly identify 
which foods are healthiest  [  26  ] . 

 One system based on stars in called Guiding Stars. Each food receives from zero 
to three stars based on an overall health score. The system was tested in a supermar-
ket chain in the northeast of the USA to determine its impact on people’s actual 
shopping habits  [  35  ] . The stars were af fi xed to the shelf adjacent to the food rather 
than on the actual food label. This strategy bypasses the problem that manufacturers 
of unhealthy foods are most unlikely to announce that facts on food labels. The 
supermarkets also provided educational material to shoppers. At the start of 
the study 24.5% of foods sold carried at least one star, but after 2 years this rose to 
25.9%, a signi fi cant increase. While this improvement is modest, it does provide 
support for the view that easy-to-understand food labels will lead to an increase 
in sales of healthier food items. In 2011 Loblaws, a major supermarket chain in 
Canada, announced that the system will be implemented in their stores. 

 Another variation of the above systems is a health tick. This indicates if a par-
ticular food is judged to be healthy. A version of this system was recently adopted 
by ten food companies based in the USA  [  36  ] . While being very simple for consumers 
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to comprehend, it has the disadvantage that all foods are placed in one of only two 
categories. Traf fi c lights come much closer to the reality of nutrition science by 
using three categories while a system based on stars typically uses three or four 
categories. This may explain why, when tested in several European countries, the 
health tick system did not fare as well as either traf fi c lights or stars for helping 
people to identify which foods are healthiest  [  26  ] . 

 A well-designed FOP should be combined with more detailed nutritional 
information (such as Guideline Daily Amount [GDAs]). In the view of Feunekes 
et al.  [  26  ] : “This will allow consumers to make a quick decision, whilst also provid-
ing detailed information if consumers desire this.”   

    17.6   The Case for Supplements 

 The conventional wisdom is that we can obtain adequate amounts of all nutrients 
from a normal diet. In other words, following MyPyramid will result in a diet that 
meets the RDA (and likewise for guides in other countries). Moreover, there is a 
dearth of hard evidence that supplements of most vitamins and minerals have 
a favorable impact on health. But, on the other hand, for several nutrients (and  fi sh 
oil) a case can be made for the merits of supplements. The evidence is strongest for 
people whose diets are marginally de fi cient, and in groups such as pregnant women 
and the elderly. Here, we examine this evidence. 

    17.6.1   Folic Acid 

 Folic acid provides perhaps the most compelling example that supplements of a 
nutrient may be warranted. Randomized controlled trials (RCTs) demonstrated that 
supplements of folic acid (the form of folate used in supplements) can prevent a 
substantial proportion of neural tube defects (NTD), such as spina bi fi da  [  37  ] . In 
1996, in response to this evidence, the Food and Drug Administration (FDA) man-
dated that all grain foods in the USA be supplemented with folic acid. This has lead 
to a sharp drop in the incidence of NTD  [  38  ] . The likely reason that folic acid sup-
plements achieve this bene fi t is because a substantial proportion of females have a 
poor folate intake which is a probable risk factor for NTD. Supplementation there-
fore corrects this problem.  

    17.6.2   Calcium 

 The RDA for calcium is 1,200 mg for adults aged over 50. This is equivalent to a 
liter of milk. There is no doubt that large numbers of people consume inadequate 
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amounts of the mineral. This problem is most likely to occur in non-Caucasians 
(who frequently have lactose intolerance) and women (because of their lower food 
intake). Indeed, a survey in Canada revealed that a quarter of women have a calcium 
intake of under 500 mg/day  [  39  ] . 

 While the evidence lacks consistency, it appears that supplemental calcium may 
afford protection against fractures in older adults  [  40,   41  ] . The most probable expla-
nation for this is that a long-term low intake of calcium plays an important role in 
the development of osteoporosis. However, recent evidence has suggested that cal-
cium supplements may cause an increased risk of CVD  [  42  ] . Calcium supplements 
are therefore not recommended for people where the risk of bone problems is rela-
tively low, such as most men and black people.  

    17.6.3   Vitamin D 

 In the USA, Canada, and some other countries milk is forti fi ed with this nutrient. 
Fish is another good source. But if milk and  fi sh consumption are low, then vitamin 
D status may be poor since there are few other signi fi cant dietary sources. This is 
especially the case for those living in northern latitudes, such as Canada and the 
northern states of the USA, due to lack of ultraviolet light from sunshine for much 
of the year. Vitamin D insuf fi ciency is most common in the elderly, people with dark 
skin, and those who expose little skin to the sun. 

 Solid evidence has emerged in recent years linking a poor vitamin D status with 
various health problems. RCTs have reported that in older adults supplemental vita-
min D is protective against both falls  [  43  ]  and fractures  [  44  ] . In the case of fractures, 
the presumed mechanism is by working in tandem with calcium to help prevent 
osteoporosis. An especially important development in recent years has been  fi ndings 
indicating that vitamin D may have a strong protective association with the risk of 
cancer, especially colon cancer  [  45  ] . Other evidence suggests that vitamin D helps 
reduce the risk of CVD and total mortality  [  45  ] . Some studies have linked the vita-
min with protection against both type 1  [  46  ]  and type 2 diabetes  [  47  ] . Low levels of 
vitamin D are correlated with faster cognitive decline in older adults  [  48  ] . 

 The ideal dose for prevention is much above the RDA in the USA (currently 
15  m g or 600 IU/day at ages up to 70 years, and 20  m g or 800 IU/day at age >70 
years). Based on the totality of the evidence, a supplemental dose of 25  m g (or 
1,000 IU) per day is indicated for such groups as the elderly, people with dark skin, 
and those who expose little skin to the sun  [  49,   50  ] . This policy has already been 
partially implemented in Canada where all adults over age 50 are advised to take a 
vitamin D supplement, though at a lower dose than that suggested here. It is impor-
tant to appreciate that the potent form of vitamin D is D 

3
 . Many supplements have 

D 
2
  but that is only one quarter as potent. 
 It must be stressed that this whole area is controversial with some arguing that an 

optimal dose of supplement should be even higher  [  51,   52  ]  while others are much 
more negative  [  53  ] .  
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    17.6.4   Fish Oil 

 Many cohort studies have reported an inverse association between  fi sh consumption 
(especially fatty  fi sh) and risk of CHD  [  54,   55  ] . These studies indicate that eating 
 fi sh between once and  fi ve times per week is associated with a reduced risk of CHD, 
especially fatal CHD. Fish oil displays the same protective associations, although 
the cardioprotective bene fi ts of  fi sh and  fi sh oils may be greater in populations with 
a low habitual  fi sh consumption and those at greater risk of developing CHD. These 
 fi ndings have been, to some extent, replicated in RCTs  [  54,   55  ] . There is also some 
evidence supporting the use of  n -3 PUFA supplements for secondary prevention of 
coronary events, particularly after MI, although bene fi t may be reduced in post-MI 
patients receiving optimal drug treatments. Current data from RCTs using  n -3 PUFA 
for primary prevention of CVD are limited. 

 Many studies have suggested that long-chain  n -3 fatty acids, the active ingredient 
in  fi sh oil, exert several cardioprotective actions, lowering triglyceride levels, 
improving endothelial function (the endothelium is the surface of the arteries that 
faces the blood), and reducing thrombosis, in fl ammation, and arrhythmias. This 
subject is reviewed in Chap.   10     by McEvoy, Young, and Woodside. 

 These  fi ndings demonstrate impressive evidence that  fi sh and  fi sh oil are likely to 
have a protective action against the risk of CHD. For a person who chooses not 
to eat  fi sh regularly,  fi sh oil supplements will provide most, probably all, of the 
bene fi t.  

    17.6.5   Antioxidant Vitamins 

 Epidemiological studies have repeatedly indicated that intake of vitamin E has an 
inverse association with CVD  [  56  ] . Similarly,  b -carotene has a clear protective 
association with risk of different types of cancer, especially lung cancer (see 
Chap.   12     by Davis and Milner). The obvious implication of these  fi ndings is that 
supplements of antioxidant vitamins will protect against CVD and cancer. 

 Several large RCTs have been conducted in which the three major antioxidant 
vitamins— b -carotene or vitamins C or E—have been tested. The major goal of 
most trials has been the prevention of either heart disease or cancer. The dose has 
typically been several times higher than the RDA. Meta-analyses have revealed no 
bene fi t of either  b -carotene or vitamin E for CVD endpoints  [  57  ] . Supplementation 
with  b -carotene failed to prevent cancer and appears to increase the incidence of 
lung and stomach cancers  [  58  ] . Moreover, a major meta-analysis concluded that 
supplementing with  b -carotene or vitamins C or E leads to an  increase  of about 
5–6% in all-cause mortality  [  59,   60  ] . These  fi ndings strongly suggest that while 
foods naturally rich in antioxidants and phytochemicals, such as fruit and vegeta-
bles, are excellent for the health, this bene fi t does not extend to puri fi ed antioxi-
dants. The reasons for this are complex and poorly understood. 

http://dx.doi.org/10.1007/978-1-61779-894-8_10
http://dx.doi.org/10.1007/978-1-61779-894-8_12
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 The saga of antioxidant vitamins serves as a reminder that we must always move 
with caution when making claims for the bene fi ts of dietary supplements. What may 
appear to be a strong case for the value of a particular dietary supplement can easily 
collapse once the results of RCTs become available and we  fi nd that the supplement 
fails to deliver the promised healthy bene fi ts.  

    17.6.6   Multivitamins 

 It seems likely that in most cases where supplements appear to be bene fi cial, this is 
only because large numbers of people have an inadequate diet and may therefore be 
marginally de fi cient in various nutrients. For that reason, our  fi rst priority should 
clearly be to encourage people to improve the overall quality of their diets. But at 
the same time, we need to be realistic and recognize that a substantial section of the 
population will continue to eat a diet that is far from ideal. For that reason a case 
can be made for a general recommendation to take a daily multivitamin, at 
least for speci fi c population groups. This view was well formulated by Willett and 
Stampfer  [  61  ] : 

 Given the greater likelihood of bene fi t than harm, and considering the low cost, we  conclude 
that a daily multivitamin that does not exceed the RDA of its component vitamins makes 
sense for most adults. Substantial data suggest that higher intakes of folic acid, vitamin B 

6
 , 

vitamin B 
12

 , and vitamin D will bene fi t many people, and a multivitamin will ensure an 
adequate intake of other vitamins for which the evidence of bene fi t is indirect. A multivita-
min is especially important for women who might become pregnant; for persons who regu-
larly consume one or two alcoholic drinks per day; for the elderly, who tend to absorb 
vitamin B 

12
  poorly and are often de fi cient in vitamin D; for vegans, who require supplemen-

tal vitamin B 
12

 ; and for poor urban residents, who may be unable to afford adequate intakes 
of fruit and vegetables.  

    17.6.7   Comment 

 There is considerable skepticism over the use of supplements within the nutrition 
community. The reasons for this are not hard to identify. One problem is that the 
supporting evidence is often contradictory and may fail to survive trial by RCT. This 
is well illustrated by the history of  b -carotene and vitamins C and E. Another prob-
lem is the widespread practice of dishonest marketing of dietary supplements, as 
documented in Chap.   20     by Temple. It is therefore essential that recommendations 
for the use of supplements be based on solid evidence stemming from the results of 
well-conducted studies. 

 Ideally, supplements should be safe, effective, and cheap. Recent discoveries 
in nutrition have brought such a supplement several steps closer to becoming a reality. 

 It may well be that for maximum effectiveness some of the nutrients discussed 
here need to be consumed in amounts greater than is obtainable from a normal diet. 

http://dx.doi.org/10.1007/978-1-61779-894-8_20
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This may be especially the case for vitamin D for people living in northern latitudes, 
such as the northern states of the USA and Canada.   

    17.7   Conclusion 

 The various sets of recommendations described in this chapter are a work in progress. 
The three altogether different types of recommendations serve entirely distinct 
purposes. 

 The development of the DRI in the USA and Canada is dramatic in that one set 
of recommendations concerning intake of nutrients (the RDA) was replaced by sev-
eral tables. Clearly, the committee that developed the DRI felt that the obvious loss 
in terms of simplicity was a necessary price to pay for giving health professionals a 
more complete set of tools, and a similar argument can be made for the introduction 
of DRV in the UK. 

 There are several challenges in developing recommendations concerning nutri-
ent intake. One is differentiating between two distinct objectives: achieving a diet 
that is adequate in each nutrient so that there is  no risk of de fi ciency , and achieving 
an  optimal intake for health.  While not explicitly stated, the section on supplements 
focuses more on the latter than the former. 

 The dietary guidelines concerned with countering chronic disease are intended 
mainly for health professionals. Accordingly, there is far less of a challenge in grab-
bing the attention of the reader. The guidelines place their focus on the most impor-
tant nutritional issues. But we see notable differences in the inclusion of such dietary 
components as cholesterol,  fi ber, and fat. These contrasts in the various guidelines 
point to the debates that have taken place but have not yet been settled. 

 Food guides, such as the MyPyramid, are also a work in progress. They are 
directed at the general population and for that reason are meant to be easily under-
stood and highly  fl exible, something that is far easier to aim for than to achieve. But 
as we have seen, the various guidelines often fail to put enough emphasis on various 
key areas of the diet, such as ensuring a generous intake of whole grains and on 
reducing consumption of red meat. There are also numerous differences between 
the guides in the placement of different foods. More research is clearly needed into 
how to optimize the presentation of the guides so that users are encouraged to con-
sume the healthiest diet. As national diets around the world continue their rapid 
evolution, the food guides will also need to evolve. 

 Clearly, guidelines must address the key nutritional issues of their target popula-
tion. In developed countries, the focus is primarily on the prevention of chronic 
diseases. But in less developed countries, malnutrition is still a widespread problem. 
However, such chronic diseases as obesity are becoming rapidly more prevalent in 
many less developed countries and food guidelines must stay abreast of these 
changes in population health. 

 One conclusion is inescapable: this entire  fi eld will be the scene of considerable 
debate, controversy, and research for years to come.      
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  Key Points 

    Health promotion campaigns of various types have been conducted: in commu-• 
nities, at worksites, and in physician of fi ces. The most common targets have 
been smoking, exercise, and dietary, such as intake of fruits and vegetables. The 
aim has most often been to reduce excess weight, lower the blood cholesterol, 
blood pressure, and blood glucose, and prevent coronary heart disease (CHD).  
  Results of these campaigns have been mixed. Some have achieved very little • 
while others have met with moderate success. Typically, target outcomes have 
been improved by a few percentage points and this should reduce the risk of 
CHD by about 5–15%.  
  In the light of this limited success of individually oriented health promotion • 
 programs, we argue in support of government policy initiatives in order to 
improve population health. This includes use of taxes and subsidies to adjust the 
price of various foods so as to shift consumption patterns to healthier foods. 
Other policy measures can include restrictions on advertising of unhealthy food, 
especially to children, and improved food labeling.  
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  Policy measures along these lines are likely to meet with resistance from the food • 
industry.  
  Low socioeconomic status (SES), such as low income and poor education, is a • 
major risk factor for poor health. This may be mediated via unhealthy lifestyle 
choices, such as a poor diet, as well as by psychological factors. Therefore, 
attempts to improve the population health will require action focused on engag-
ing or affecting these disadvantaged people.     

    18.1   Introduction 

 It is now generally accepted that lifestyle—diet, tobacco use, exercise—has a major 
impact on health, especially lifestyle-related chronic diseases. However, there is a 
world of difference between awareness of these facts and their translation into pre-
ventive action. 

 While the focus of this chapter is on nutrition in relation to health promotion, we 
also examine other areas, especially smoking and exercise. This is necessary because 
many health promotion campaigns take a broad lifestyle approach and simultane-
ously tackle nutrition, exercise, and smoking. 

 Trends towards a healthier lifestyle and better health over recent decades have 
been inconsistent. In the USA, deaths from coronary heart disease (CHD) have 
fallen by half since their peak in the late 1960s. Yet, at the same time, the USA has 
been struck by an epidemic of obesity. Between 1976–1980 and 1988–1994 obesity 
among adults jumped from 14.5 to 22.9%  [  1  ] . This then climbed to 30.5% in 1999–
2000  [  2  ] . Since then the curve seems to have  fl attened: in 2007–2008, the preva-
lence of adults who were overweight was 68%, of whom 32% were obese  [  3  ] . Much 
the same trend is seen with American children and adolescents: an enormous rise in 
the prevalence of overweight and obesity between the years 1980 and about 2000, 
followed since then by a  fl atter curve  [  4  ] . A fast rising prevalence of overweight and 
obesity has also been reported from all other Western countries  [  5  ] . 

 Despite vast amounts of dietary information being disseminated, there has been 
an underwhelming rate of progress in improving the American diet. Between 1970 
and 2007, Americans made little change in their consumption of fruits and vegeta-
bles. It is currently around 2–3 servings/day, about half the recommended intake 
 [  6  ] . The trend for intake of whole grains has moved in the wrong direction and is 
now about one-third of the recommended intake  [  6  ] . 

 This poor rate of progress in the area of diet should be seen as part of a more 
general problem that large sections of the population give a low priority to a healthy 
lifestyle. There was an impressive fall by about half in smoking rates in men in many 
Western countries starting around 1970. But in the USA this progress seems to have 
slowed to a crawl since around 1990: the proportion of Americans who smoke is 
stuck at about one in four  [  7  ] . About half of adults state that they engage in regular 
physical activity, a  fi gure that has changed little in recent years  [  7–  9  ] . Things are no 
better in the UK: about 30% of British adults reported that they engage in at least 
moderate physical activity for at least 30 min on at least 5 days each week  [  10  ] .  
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    18.2   Health Promotion Campaigns 

 During the 1970s, the intimate connection between lifestyle and health became 
increasingly apparent. As a result many people assumed that the next step was to 
disseminate this information to the public and exhort lifestyle changes, action 
deemed suf fi cient to bring about the necessary changes. Here we look at various 
types of health promotion campaigns, most of them focused on risk factors for car-
diovascular disease (CVD). 

    18.2.1   Campaigns in Communities 

 A number of community interventions have used the mass media combined with 
various other methods to reach the target population. Three major projects were 
carried out in the USA during the 1980s. Their aims were to lower elevated levels 
of blood cholesterol, blood pressure, and weight, to cut smoking rates, and to per-
suade more people to take exercise. Each program lasted 5–8 years and succeeded 
in implementing its intervention on a broad scale, involving large numbers of pro-
grams and participants. In the Stanford Five-City Project, conducted by Farquhar 
et al.  [  11  ]  in California, two intervention cities received health education via TV, 
radio, newspapers, other mass-distributed print media, direct education, and 
schools. On average each adult was exposed to 26 h of education, achieved at the 
remarkably low per capita cost of $4/year (i.e., about 800 times less than total 
health-care costs). A similar project was the Minnesota Heart Health Program 
which included three intervention cities and three control cities in the Upper 
Midwest  [  12  ] . A third project was the Pawtucket Heart Health Program in which 
the population of Pawtucket, Rhode Island received intensive education at the grass 
roots level: schools, local government, community organizations, supermarkets, 
and so forth, but without involving the media  [  13  ] . 

 An analysis combined the results of the three studies so as to increase the sample 
size to 12 cities  [  14  ] . Improvements in blood pressure, blood cholesterol, BMI, and 
smoking were of very low magnitude and were not statistically signi fi cant; the esti-
mated risk of CHD mortality was unchanged. These results are mirrored by two other 
community projects: little success was seen in the Heart To Heart Project in Florence, 
South Carolina  [  15  ]  and the Bootheel Heart Health Project in Missouri  [  16  ] . 

 One factor contributing to the lack of effect may have been secular trends; the 
projects took place at a time when American lifestyles were becoming generally 
more healthy and CHD rates were falling. This suggests that when a population 
starts receiving health education, even if little more than reports in the mass media 
and government policy pronouncements, large numbers of people will decide to 
adopt a healthier lifestyle. A health promotion campaign superimposed on such 
secular trends may have little  additional  bene fi t. 

 Fortunately, we have some examples of reasonably successful community proj-
ects for heart disease prevention. One of the earliest and most successful such 
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 projects was conducted in North Karelia, a region of eastern Finland which had an 
exceptionally high rate of the disease  [  17  ] . Indeed, Finnish men had the distinction 
of having the highest mortality rate in the world for CHD. The intervention began 
in 1972 before much health information had reached the population. Nutrition edu-
cation was an important component of the intervention. Over the next few years, 
CHD rates in North Karelia fell sharply. Between 1972 and 2007, CHD mortality in 
middle-aged men fell by an astonishing 80%  [  18  ] . This can be largely explained by 
changes in risk factors: serum cholesterol declined by 22% while sharp decreases 
were also seen for blood pressure and smoking. An intensive educational campaign 
spread to the rest of Finland leading to a national drop in CHD rates  [  19  ] . 

 Two other European studies also achieved some success. Positive results were 
seen in the German Cardiovascular Prevention Study  [  20  ] , which took place from 
about 1985 to 1992, when there was no particular favorable trend in risk factors for 
the population as a whole. It was carried out in six regions of the former West 
Germany using a wide-ranging approach similar to that used in the American com-
munity studies. The intervention caused a small decrease in blood pressure and 
serum cholesterol (about 2%) and a 7% fall in smoking, but had no effect on weight. 
Action Heart was a community-based health promotion campaign conducted in 
Rotherham, England  [  21  ] . After 4 years, 7% fewer people smoked and 9% more 
drank low-fat milk, but there was no change in exercise habits, obesity, or consump-
tion of wholemeal bread. 

 Two community campaigns are of particular interest because each was narrowly 
focused on changing only one aspect of lifestyle and used paid advertising as a 
major intervention strategy. The 1% Or Less campaign aimed to persuade the popu-
lation of two cities in West Virginia to switch from whole milk to low-fat milk (1% 
or less)  [  22  ] . Advertising in the media was a major component of the intervention 
(at a cost of slightly less than a dollar per person) together with supermarket cam-
paigns (taste tests and display signs), education in schools, as well as other com-
munity education activities. Low-fat milk sales, as a proportion of total milk sales, 
increased from 18 to 41% within just a few weeks. The intervention campaign was 
repeated in another city in West Virginia; this time only paid advertising was used 
 [  23  ] . Low-fat milk sales increased from 29 to 46% of total milk sales. An Australian 
intervention campaign also used paid advertising as a major component  [  24  ] . The 
campaign ran in the State of Victoria from 1992 to 1995 and aimed to increase con-
sumption of fruits and vegetables. Signi fi cant increases in consumption of these 
foods were reported (fruits by 11% and vegetables by 17%). 

 Another area where campaigns have been narrowly focused on trying to change 
just one aspect of lifestyle has been those attempting to increase levels of exercise. 
Numerous such interventions have been carried out and some encouraging results 
have appeared. Several dozen interventions have tried to persuade people to engage 
in more walking. A systematic review of these concluded that people can be encour-
aged to walk more by interventions tailored to their needs, targeted at the most 
sedentary or at those most motivated to change, and delivered either at the level of 
the individual or household or through group-based approaches  [  25  ] . By this means, 
interventions can potentially increase walking by up to 30–60 min/week on average. 
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Several dozen interventions have also attempted to increase exercise levels among 
children and adolescents  [  26  ] . Results have been very mixed. The authors of a 
 systematic review concluded that: “For adolescents, multicomponent interventions 
and interventions that included both school and family or community involvement 
have the potential to make important differences to levels of physical activity and 
should be promoted.”  [  26  ] . 

 A recent study that is worthy of attention is Romp & Chomp  [  27  ] . This is a 
community-wide, multisetting, multistrategy intervention conducted on young chil-
dren in Australia from 2004 to 2008. The goals of the intervention were to reduce 
the prevalence of obesity by improving diets and encouraging children to engage in 
more exercise. This intervention was carried out in the city of Geelong with a target 
group of 12,000 children. Despite the ambitious scope of the intervention it did 
achieve its goals. 

 The investigators summarize the current situation as follows:

  Early-childhood settings in the intervention areas are now places in which fruit, vegetables, 
and water are promoted and packaged snacks and sweet drinks are restricted or discour-
aged. Driving these changes has been the implementation and enforcement of effective 
policy, cultural changes within organizations, and capacity-building with early-childhood 
teachers and caregivers. The consistency and continued reinforcement of messages across 
the community was a key factor in the success of the intervention, in addition to the capac-
ity building of a willing and in fl uential group of gatekeepers (early-childhood workers). 
Utilizing capacity-building and policy-based strategies also increases the potential of the 
intervention to bene fi t future cohorts of children.   

 Taken together, the community intervention studies indicate that small changes 
in cardiovascular risk factors can be made by the methods used to date. The evi-
dence is suggestive that interventions focused on a small number of changes and 
using paid advertising can achieve much success when well planned.  

    18.2.2   Worksite Health Promotion 

 As an alternative to health promotion using a community intervention approach, 
other interventions have focused on the worksite. A pioneering project of this type, 
which started in 1976, was carried out in Europe by the World Health Organization. 
The project was conducted over 6 years in 80 factories in Belgium, Italy, Poland, 
and the UK with the aim of preventing CHD  [  28,   29  ] . The trial achieved modest risk 
factor reductions (1.2% for plasma cholesterol, 9% for smoking, 2% for systolic 
blood pressure, and 0.4% for weight); these were associated with a 10% reduction 
in CHD. 

 At around the same time, Live for Life was carried out by the Johnson & Johnson 
company in the USA. This comprehensive intervention was started in 1979 and 
lasted 2 years. Employees exposed to the program showed signi fi cant improvements 
in smoking behavior, weight, aerobic capacity, incidence of hypertension, days of 
sickness, and health-care expenses  [  30  ] . 
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 Another worksite project took place in New England  [  31  ] . Employees were 
encouraged to increase their intake of  fi ber and to reduce their fat intake. Compared 
with the control sites, the program had no effect on  fi ber intake but fat intake fell by 
about 3%. A few years later the research team reported that they succeeded in 
increasing employees’ intake of fruits and vegetables by 19% (0.5 serving/day) 
using an approach that targeted employees and their families  [  32  ] . A similar project 
in Minnesota offered employees weight control and smoking cessation programs 
 [  33  ] . No effect was seen on weight but the prevalence of smoking was reduced by 
2% more than occurred in the control worksites. 

 The above reports represent a small selection of large numbers of such interven-
tions that have taken place. The American Heart Association recently reviewed the 
subject  [  34  ] . One of their conclusions is that interventions at the worksite can be 
highly cost-effective, saving employers several dollars for each dollar invested.  

    18.2.3   Health Promotion in the Physician’s Of fi ce 

 In 1994, two British studies reported the effects of health promotion activities car-
ried out by nurses in the of fi ces of family physicians. The aim was to improve car-
diovascular risk factors. Each study was a randomized trial aimed at cardiovascular 
screening and lifestyle intervention. Both studies achieved only modest changes 
despite intensive intervention. The OXCHECK study reported no signi fi cant effect 
on smoking or excessive alcohol intake but did observe small signi fi cant improve-
ments in exercise participation, weight, dietary intake of saturated fat, and serum 
cholesterol  [  35,   36  ] . The Family Heart Study achieved a 12% lowering of risk of 
CHD (based on a risk factor score)  [  37  ] . Similar  fi ndings came from an American 
study where patients were given mailed personalized dietary recommendations, 
educational booklets, a brief physician endorsement, and motivational counseling 
by phone. After 3 months the intervention group had increased its consumption of 
fruits and vegetables by 0.6 serving/day but there was no change in intake of red 
meat or dairy products  [  38  ] . 

 Wilcox et al.  [  39  ]  reviewed 32 intervention studies carried out in a medical 
 setting. They concluded that:

  Overall, these interventions tended to produce modest but statistically signi fi cant effects for 
physical activity or exercise, dietary fat, weight loss, blood pressure, and serum choles-
terol…. Whereas small by conventional statistical de fi nitions, these  fi ndings are likely to be 
meaningful when considered from a public health perspective.   

 A variation of the above trials is the targeting of patients at high risk of CHD, 
probably the most cost-effective form of intervention  [  40  ] . A study from Sweden 
exempli fi es this approach. Subjects at relatively high risk of CHD received either 
simple advice from their physician or intensive advice ( fi ve 90-min sessions plus an 
all-day session)  [  41  ] . The intensive advice had a modest impact; it reduced the risk 
of CHD by approximately 6%. Two highly successful randomized controlled trials, 
one in the USA and one in Finland, were carried out on overweight subjects with 
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impaired glucose tolerance, the goal being to prevent the progression to type 2 
 diabetes  [  42,   43  ] . The interventions consisted of physical activity and dietary change. 
In both studies, the estimated risk reduction was about 58%. These studies are more 
fully described in Chap.   7     by Temple and Steyn. In general, interventions focused 
on high-risk subjects have been more successful than other interventions  [  44  ].  

 The major de fi ciency of the high-risk approach, as Rose  [  45  ]  has pointed out, is 
that it only affects a minority of future cases: the 15% of men at “high risk” of CHD 
account for only 32% of future cases. Therefore, to achieve a major effect on CHD 
it is necessary to target the entire population. This logic also applies to other dis-
eases related to diet and lifestyle, such as stroke and cancer.  

    18.2.4   Computer-Based Health Promotion 

 In recent years, many health promotion programs have been developed that use 
computers for delivering information. This is a diverse  fi eld with programs targeting 
exercise, diet, obesity, and smoking. Promising  fi ndings have been reported from 
many interventions  [  46–  49  ] .  

    18.2.5   Health Promotion and the Individual 

 What the above projects teach us is that appealing to individuals to change their 
lifestyles will be effective in some instances but not in others and can therefore be 
frustratingly dif fi cult. While some projects have achieved a moderate degree of suc-
cess, typically progress has amounted to no more than a few percentage points. This 
might be expected to reduce the risk of CHD by about 5–15%. While this is cer-
tainly bene fi cial, it will not, however, affect the majority of people at risk. Thus 
exhortations to the individual, whether via the media, in the community, at the 
worksite, or in the physician’s of fi ce, are most unlikely to turn the tide of the chronic 
diseases of lifestyle. 

 Pennant et al.  [  50  ]  recently carried out a systematic review that assessed the 
effectiveness of community programs for the prevention of CVD. They included 
only those interventions that targeted the whole population living within a de fi ned 
geographic area. Their conclusions are similar to the comments made above. 
Overall, systolic blood pressure was reduced by 2.9 mmHg, total cholesterol level 
by 0.01 mmol/L, and smoking prevalence by 1.7%. The estimated decrease in 
10-year CVD risk was 9.1%. This is relative risk, meaning the proportion of cases 
prevented. The estimated decrease in absolute risk was 0.65%, indicating that one 
case of CVD would be prevented during 10 years for every 150 people in the target 
population. The authors of this review were unable to identify factors that made 
program success more likely. 

 A remarkable feature about the studies reviewed by Pennant et al.  [  50  ]  is that 
almost every one of them was done before the year 2000 (35 were carried out 
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between 1970 and 2000 but only one between 2000 and 2008). This suggests that in 
the  fi eld of health promotion the hare has been replaced by a tortoise! The one area 
where signi fi cant progress has been made in recent years is the development of 
computer-based interventions. 

 Myriad factors in fl uence people’s lifestyle behavior besides concerns about how 
to protect health. Social factors, such as housing, employment, and income also 
shape people’s attitudes, as does education. Advertising directly affects what people 
want and prices determine whether they can afford it. We are also creatures of habit 
and custom; resistance may therefore be expected when lifestyle modi fi cation 
demands changes in longstanding behavior and goes against fashion or peer pres-
sure. We must also bear in mind that individuals have little control over many 
aspects of their physical environment, such as pollution, food contamination, and 
where and what kinds of foods are sold. It is probably naïve, therefore, to expect 
dramatic results from interventions that merely exhort the individual to lead a 
healthier lifestyle. Indeed, this has sometimes been characterized as “victim 
blaming.” 

 This is in no way to dismiss interventions aimed at encouraging people to 
improve their lifestyle. Quite the contrary: minor changes can make valuable con-
tributions to public health that more than justify the expense and effort involved. 
For instance, Jeffery and associates  [  33  ]  concluded that a smoking cessation pro-
gram at a worksite costs about $100–$200 per smoker who quits, whereas the cost 
to the employer for each employee who smokes is far greater. Similarly, Action 
Heart estimated that the cost per year of life gained was a mere 31 (British) 
pounds  [  21  ] . 

 Health promotion, therefore, can be a cost-effective way to educate and persuade 
large numbers of people to lead a healthier lifestyle and thereby improve their health 
 [  51,   52  ] . More research is required to determine why different health promotion 
projects have achieved such varying levels of success. Would campaigns be more 
successful if the focus was on one lifestyle change rather than many? Is paid adver-
tising the best means to utilize scarce resources?   

    18.3   Government Policy 

    18.3.1   The Case for Public Health Policies 

 While health promotion is a valuable and cost-effective means to improve the health 
of the population, it clearly has major limitations. We now turn our attention to an 
alternative strategy. 

 Effective interventions may need to tackle the factors that determine how people 
make food choices. Such interventions require the implementation of policies, 
especially by governments. In the words of Davey Smith and Ebrahim  [  53  ] : “…
even with the substantial resources given to changing people’s diets the resulting 



38118 Nutrition, Promotion and Policy

reductions in cholesterol concentrations are disappointing. [Health promotion 
 programs] are of limited effectiveness. Health protection—through legislative and 
 fi scal means—is likely to be a better investment.” These words were published in 
1998 but there is no reason to think differently today. 

 Governments have a variety of powers at their disposal that can be put into ser-
vice. One approach, which relies entirely on voluntary cooperation, is to issue state-
ments of policy. However, these can easily amount to no more than hollow 
declarations. This is well illustrated by government policies on tobacco which, for 
many years and in many countries, meant very little. On the other hand, policy state-
ments can serve as a clarion call to action. For instance, British and American gov-
ernment policy on diet, lifestyle, and disease, in conjunction with the media and 
medical science, helped change the climate of opinion so that it is now widely 
accepted that, for example, people should exercise more and diets should contain 
more fruits and vegetables. 

 But governments have other powerful tools that can bring about positive changes 
in lifestyle across much of the population. This whole subject is discussed in more 
detail in Chap.   23     by Temple. Here we summarize the key points. 

 For many products, there is a relationship between price and sales. This has been 
clearly shown for tobacco and alcohol and certainly applies to food. By means of 
taxes and subsidies, fruits, vegetables, and wholegrain cereals can be made more 
attractively priced in comparison with less healthy choices, such as beverages con-
taining sugar. This would most likely induce many people to shift their diets in a 
healthier direction. 

 Food advertising is another area where policy interventions might positively 
affect food choices. The annual worldwide advertising budgets in 2010 for Burger 
King, Coca-Cola, PepsiCo, and McDonald’s were $392 million, $758 million, 
$1.01 billion, and $1.3 billion, respectively  [  54  ] . In stark contrast, the money 
allocated by federal and state governments for promoting consumption of 
unre fi ned foods, such as fruits, vegetables, whole grains, and beans, is miniscule. 
The extent to which these vast imbalances in advertising budgets affect people’s 
actual diets is not known but is almost certainly signi fi cant  [  55  ] . Common sense 
dictates that if advertising did not work, the advertisers would not be wasting their 
money. 

 A particular issue is food advertising on children’s TV. It is overwhelmingly 
(80–90%) for unhealthy food choices or for fast-food restaurants and helps boost 
sales of the advertised foods. This advertising has been linked to the risk of obesity 
in children and adolescents. 

 Advertising is but one part of the wider production and marketing strategy of the 
food industry. Manufacturers sell foods with less fat but the missing fat often reap-
pears in foods that are often little more than concoctions of fat, sugar, white  fl our, 
and salt. The food industry promotes these foods because they are so pro fi table. At 
the same time food labeling is a mine fi eld of confusion for large sections of the 
population, as detailed in Chap.   17    . The system is, in theory, based on “consumer 
choice” but, in reality, choices are largely uninformed. 

http://dx.doi.org/10.1007/978-1-61779-894-8_23
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 The above information compels the view that government policies in such areas 
as the pricing, advertising, and labeling of food may be an effective means to induce 
desirable changes in eating patterns. 

 Here we offer some speci fi c suggestions as to how existing government policies 
could be modi fi ed along the above lines so as to encourage healthier diets  [  56  ] .

    1.    Subsidies paid to milk producers could be changed to favor low-fat milk. 
Likewise, by the use of such means as subsidies, grading regulations, and labeling, 
and perhaps even taxation, the sale of low-fat meat could be encouraged over 
high-fat varieties.  

    2.    There is much scope for improved food labels so as to facilitate purchase of 
foods with a low content of saturated fat, sugar, and salt. In addition, labeling and 
nutrition information should be extended to areas presently outside the system, 
such as fresh meat.  

    3.    By means of regulations and rewards, schools could be encouraged to sell meals 
of superior health value while restricting the sale of junk food. Similar policies 
could be applied to other institutions under government control, such as the mili-
tary, prisons, and cafeterias in government of fi ces.  

    4.    TV advertising could be regulated so as to control the content, duration, and 
frequency of advertising for unhealthy food products, especially when the target 
audience is children.     

 The approach discussed earlier was well put by Blackburn in an article published 
in 1992  [  57  ] :

  … A shift of focus to reducing, by policy change, many widespread practices that are life-
threatening, while enhancing life-supportive practices, should redirect the currently mis-
placed emphasis on achieving “responsible” behavior and its purported dif fi culty. For 
example, local communities may more appropriately be considered to have a “youth tobacco 
access problem,” approachable in part by regulation, than a “youth smoking problem,” 
approachable mainly by education. Policy interventions may also be designed to .... make 
preventive practice more economical, as well as to encourage the development of more 
healthy products by industry. They may be a partial answer to another major paradox: while 
unhealthy personal behavior is medically discouraged for individuals, the whole of society 
legalizes, tolerates, and even encourages the same practices in the population.   

 We must at this point inject a note of caution. While the policy proposals dis-
cussed here appear to make excellent sense, there is a lack of solid research evi-
dence to demonstrate their effectiveness  [  58  ] . 

 The problem of lead pollution is an excellent illustration of what can be achieved 
by governmental action. In the 1970s, regulations implemented by the American 
government forced major reductions or removal of lead from gasoline, paint, water, 
and consumer products. As a result by the early1990s, the blood level of the average 
American child was less than one quarter of what it had been in the late 1970s  [  59, 
  60  ] . Another remarkable success story concerns folic acid. After it was discovered 
that giving supplements of the vitamin to women during early pregnancy prevents 
neural tube defects (NTD), it became mandatory, starting in 1998, to add it to cere-
als in both the USA and Canada. This has almost certainly been responsible for a 
major reduction in the incidence of NTD by ~20–78%  [  61–  63  ] .  
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    18.3.2   Barriers Against Public Health Policies 

 While many might consider the policies discussed here to be worthy of implementa-
tion, it must be appreciated that there are barriers that need to be overcome. In par-
ticular, industry pro fi ts enormously from the sale of highly processed food and has 
often shown itself to be resistant to change. In this regard, industry often secures 
government support. 

 The history of attempts to enact legislative control over tobacco illustrate how 
effective an industry can be when it utilizes a large budget, much of it used for con-
tributions to political parties, in attempts to delay, dilute, or stop laws. There is clear 
evidence that this is a major reason why the US Congress has for decades been so 
lethargic when it comes to antismoking legislation. The inherent con fl ict of interest 
also promotes government inaction; cigarette companies support the government 
through tax revenues. 

 If the tobacco industry can achieve so many successes, then it will likely be much 
easier for the food industry to thwart interventions that threaten its pro fi ts. This is 
because the relationship between diet and disease is far less clear than is the case 
with tobacco. Indeed, there is ample evidence that governments are sympathetic to 
the wishes of the agricultural and food industries. Typically, while the health arm of 
governments encourages people to eat a healthier diet, the departments responsible 
for the agricultural and food industries are mainly focused on maintaining high 
production and sales. 

 There is considerable evidence of how industry has successfully pressured gov-
ernments to bow to their wishes on questions of nutrition policy. As discussed by 
Nestle  [  64  ] , the meat industry has been particularly effective in rewriting dietary 
guidelines. In the late 1970s, the goal was “eat less meat.” This then became “choose 
lean meat.” By 1992 people were encouraged to consume at least two or three serv-
ings daily. More recent US dietary guidelines urge reduction of “solid fats and added 
sugars” (SoFAS), continuing a long tradition of using nutrients as euphemisms for 
foods, in this case meat and sodas, for example  [  65  ] . 

 The pressure exerted by the food industry in protection of its  fi nancial welfare is 
further explored in Chap.   22     by Nestle and Wilson.  

    18.3.3   National Nutrition Policies: The Example of Norway 

 These barriers to effective nutrition policies help explain why national governments 
have rarely implemented national nutrition policies. One of the rare examples is 
the case of Norway. The Norwegian Nutrition and Food Policy is a pioneering proj-
ect that was implemented in 1976  [  66  ] . It recognized the need to integrate agri-
cultural, economic, and health policy. The policy included consumer and price 
subsidies, marketing measures, consumer information, and nutrition education 
in schools. Unfortunately, the policy clashed with policies aiming to stimulate agri-
culture. As a result subsidies went to pork, butter, and margarine rather than to 

http://dx.doi.org/10.1007/978-1-61779-894-8_22
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potatoes, vegetables, and fruits. Despite these setbacks, the policy has achieved 
some success in moving the national diet in the intended direction  [  67  ] . 

 Most governments have de facto nutrition policies for such things as school 
meals and food assistance to the poor, but these are usually disconnected from other 
areas of food policy. The massive U.S. farm legislation, for example, governs such 
matters as agricultural subsidies (roughly 15% of authorized spending), food assis-
tance programs (67%), and the rest for conservation, organic production, research, 
and other programs  [  68  ] . Food advocates are becoming increasingly active in 
attempts to bring agricultural and nutrition assistance policies in line with health 
promotion policies.  

    18.3.4   Are Nutrition Policies Acceptable to the Public? 

 An important question concerns the extent to which the public would accept the 
suggested policies. The issues of seat belt use, drunk driving, and bans on smok-
ing in many indoor public places illustrate that when legislation is implemented 
and the public is educated as to its importance, there is a high degree of 
acceptance.   

    18.4   Campaigns Against Obesity 

 It was established during the 1950s and 1960s that smoking is a major cause of 
disease and death. Finally, in the 1980s, governments in many countries started to 
take the problem seriously. Even in countries where smoking had been long accepted 
as almost normal, such as France, Ireland, and China, the governments have imple-
mented tough polices, such as a ban on smoking in many indoor public places. This 
story is now starting to be repeated with obesity. 

 Many of the policies advocated above have come together in campaigns that 
have focused on curbing the obesity epidemic. An excellent—but, alas, rare—
example of the implementation of a broad strategy comes from an intervention 
carried out in France  [  69  ] . Children in schools in two towns were given nutrition 
education. This program was launched in 1992 and expanded somewhat after 
1997 to the adult population of the towns. From 1999 there was even wider 
 community activity in support of more physical activity and a healthier lifestyle. 
At the same time there was much media interest. The BMI of children aged 5–12 
years was measured in 2004 and compared with two other towns that received no 
intervention. The  fi ndings revealed that the children in the intervention towns had 
a lower BMI (15.7 vs. 16.5) and a lower prevalence of overweight or obesity 
(7.4% vs. 19.4% in boys; 10.4% vs. 16.0% in girls). This is a remarkable degree 
of success.  
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    18.5   Socioeconomic Status and Health 

 One area of importance is the relationship between socioeconomic status (SES) and 
health. Low SES is strongly and consistently associated with a raised mortality rate. 
This applies to total mortality as well as to death from CHD and cancer. The risk 
ratios are in the range 1.5–4, clearly making SES a major determinant of health. 
Various measures of SES have been examined—income, social status of job, being 
unemployed, area of residence, and education—and each seems to manifest a simi-
lar relationship with mortality  [  70–  76  ] . 

 Various studies have investigated why SES is associated with increased mortal-
ity. In general, lower SES is associated with higher rates of smoking and a diet of 
lower nutritional quality. Is SES merely a proxy measure of lifestyle? Or does SES 
affect health by a more direct mechanism? This question is of much more than mere 
theoretical importance and has a bearing on health strategies. If people of low SES 
are unhealthy because they lead an unhealthy lifestyle, then the solution lies in 
encouraging changes in their lifestyles. But, if a low SES is intrinsically unhealthy, 
then the solution lies elsewhere. 

 Our best evidence is that both possibilities are partially correct. After correcting 
for confounding variables, especially smoking, exercise, blood cholesterol, blood 
pressure, and weight, most studies have found that the strength of the association 
between SES and mortality is reduced by about a quarter or a half  [  70,   73,   77,   78  ] . 
A recent British cohort study that included four separate assessments of lifestyle dur-
ing the follow-up period, in addition to the baseline check, found that 72% of the 
association between SES and risk of death was now explained by lifestyle, especially 
exercise, diet, and alcohol intake  [  79  ] . These reports indicate that people with lower 
SES tend to lead a less healthy lifestyle and this partly explains their poorer health. 

 But this still leaves much of the association between SES and mortality unex-
plained, somewhere between one quarter and three quarters. Many studies carried 
out in Europe and North America have demonstrated that people of low SES tend to 
eat a less nutritious diet  [  80  ] . Consistent with this, Drewnowski  [  81  ]  showed in his 
cost analysis that energy-dense foods, such as sugar, oil, fried potatoes, and re fi ned 
grains, provide energy at far lower cost than lean meat,  fi sh, fresh vegetables, and 
fruit. This helps explain why such conditions as hypercholesterolemia, hyperten-
sion, and obesity are associated with low SES. Nevertheless, it appears that much of 
the association between SES and mortality cannot be explained by lifestyle and 
must therefore be a more direct consequence of low SES. 

 Psychological factors appear to play an important role in explaining the associa-
tion between SES and mortality  [  74,   82  ] . The psychological factor most closely 
associated with risk of poor health is lack of control at work  [  82–  84  ] . We can specu-
late that other psychological factors, such as resentment, frustration, and a feeling 
of disempowerment, all contribute to poor health among low-income groups. 
Whatever the precise mechanisms, there is little doubt that structural elements of 
inequality within Western societies—economic, educational, social status—lead to 
reduced health. 



386 N.J. Temple and M. Nestle

 But what should be done about this? An effective strategy to deal with the 
 challenge of low SES must include efforts to reduce socioeconomic inequalities 
 [  85  ] . But if people of lower SES could be persuaded to adopt the same lifestyle, 
including diet, as those of higher SES, perhaps as much as half of the problem 
would likely disappear. Dietary advice is still worth some effort although 
approaches that change the food environment to make it easier for low-income 
groups to have access to and to afford healthier foods stand a better chance of 
being effective.  

    18.6   Government Policy: Some Final Comments 

 Based on the close association between various measures of SES and health, an 
essential component of enhancing a population’s health must be measures to 
improve health-oriented policies, including the SES of the more deprived sections 
of the population. This means serious measures to counter such widespread prob-
lems as poverty and poor education, and reducing income inequities. In countries 
where there is a strong tradition of social welfare, appropriate measures can be 
undertaken by the government. Where more individualistic and business-oriented 
ideologies are the norm, as in the USA, implementing such measures presents a 
much greater challenge. The private sector would need to act, for example, through 
charitable and other nongovernmental organizations and private schools. The goal 
of achieving both a healthy population and a healthy economy would seem more 
dif fi cult to realize under such governmental systems; nevertheless, a healthy work-
force and population is ultimately in the interest of business. Such societies must 
also  fi nd a way to public health. 

 This viewpoint applies to the relationship between nutrition and the diseases 
related to it. When governments are focused on economic issues, they lose sight of 
nutrition policies, and national health can easily become a low priority. In that case 
the failure of the government and business sectors to work together for the public 
health may cause the loss of great opportunities for the prevention of such diseases 
as cancer and CHD. In these circumstances governments must be pressured to 
implement policies for the improvement of the national health. 

 The philosophy discussed here need not stop at nutrition: what applies to nutri-
tion certainly applies to other areas of lifestyle, especially to smoking. Exercise also 
lends itself to policy initiatives. What is the point in telling people to exercise if 
there is a lack of appropriate facilities? What is the point in telling people to cycle 
if the roads are too dangerous for bikes? What is needed is a comprehensive view of 
human health that takes all such factors into consideration. 

 As the century unfolds people may look back with incredulity on today’s world 
where narrow commercial interests and government  laissez-faire  predominate 
while the national health  fl ounders. More optimistically, an innovative meshing of 
business interests, individualism, and recognition of community health needs will 
emerge.      
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  Individuals engaged in intense exercise should consume enough water and/or • 
glucose-electrolyte drinks to maintain hydration.  
  Several nutrients have been reported to enhance exercise performance and/or • 
training adaptations. Competitive athletes should only consider taking dietary 
supplements that have been shown to be safe and effective, are from reputable 
manufacturers that conduct tests for the presence of banned substances, and are 
allowed in their sport.     

    19.1   Introduction 

 The primary factors that affect exercise performance capacity include an individu-
al’s genetic endowment, the quality of training, and effective coaching (see 
Fig.  19.1 ). Beyond these factors, nutrition plays a critical role in optimizing perfor-
mance capacity. In order for athletes to perform well, their training and diet must be 
optimal. If athletes do not train enough or have an inadequate diet, their perfor-
mance may be decreased  [  1  ] . On the other hand, if athletes train too much, without 
a suf fi cient diet, they may be susceptible to becoming overtrained (see Fig.  19.2 ).   

 Because optimizing training and dietary practices are critical to peak perfor-
mance, athletes have searched for various ways to improve exercise performance 
capacity through the use of  ergogenic aids . An  ergogenic aid  is any training tech-
nique, mechanical device, nutritional practice, pharmacological method, or psycho-
logical technique that can improve exercise performance capacity and/or enhance 
training adaptations  [  2–  4  ] . This includes aids that may help prepare an individual to 

  Fig. 19.1    Factors that affect performance. Reprinted with permission from Kreider et al.  [  4  ]        
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exercise, improve the ef fi ciency of exercise, and/or enhance recovery from exercise. 
Ergogenic aids may also allow an individual to tolerate heavy training to a greater 
degree by helping them recover faster or help them stay healthy during intense train-
ing. This chapter presents an overview of the role that nutrition has on optimizing 
sport performance; describes nutritional guidelines that athletes should employ to 
optimize training adaptations; and evaluates the potential ergogenic value of various 
nutrients that have been proposed to improve exercise capacity and/or training adap-
tations. Guidelines presented have been adapted from several of our previous publi-
cations  [  2,   4,   5  ]  and position stands that have been coauthored with the International 
Society of Sports Nutrition (ISSN)  [  2,   6–  9  ] .  

    19.2   Energy Demands for Active Individuals 

 The  fi rst component in optimizing training and performance through nutrition is to 
ensure that the athlete is consuming enough calories to offset energy expenditure 
 [  1,   2,   4,   10,   11  ] . People who participate in a general  fi tness program (e.g., exercising 
30–40 min/day, three times per week) can generally meet nutritional needs follow-
ing a normal diet (e.g., 1,800–2,400 kcal/day or about 25–35 kcal/kg/day for a 
50–80 kg individual) because their caloric demands from exercise are not too great 
(e.g., 200–400 kcal/session)  [  2  ] . However, athletes involved in moderate levels of 
intense training (e.g., 2–3 h/day of intense exercise performed  fi ve to six times per 
week) or high volume intense training (e.g., 3–6 h/day of intense training in 1–2 
workouts for 5–6 days/week) may expend 600–1,200 kcal/h or more during exer-
cise. For this reason, their caloric needs may approach 45–60 kcal/kg/day for power 
athletes (2,700–7,200 kcal/day for a 50–100 kg athlete) and 50–80 kcal/kg/day for 
endurance athletes (2,500–6,400 kcal/day for a 50–80 kg athlete)  [  2  ] . For elite ath-
letes, energy expenditure during heavy training or competition may be enormous 
 [  2,   4  ] . For example, energy expenditure for cyclists to compete in the Tour de France 
has been estimated as high as 12,000 kcal/day (150–200 kcal/kg/day for a 60–80 kg 
athlete)  [  12–  14  ] . Additionally, caloric needs for large athletes (i.e., 100–150 kg) 
may range between 6,000 and 12,000 kcal/day, depending on the volume and inten-
sity of different training phases  [  2,   4,   14  ] . 

  Fig. 19.2    Relationship of 
training volume/intensity to 
performance. Reprinted with 
permission from Kreider 
et al.  [  4  ]        
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 Although some exercise physiologists and nutritionists argue that athletes can 
meet caloric needs simply by consuming a well-balanced diet, it is often very dif fi cult 
for larger athletes and/or athletes engaged in high volume/intense training to be able 
to eat enough food in order to meet caloric needs. Maintaining an energy de fi cient 
diet during training often leads to signi fi cant weight loss (including muscle mass), 
illness, onset of physical and psychological symptoms of overtraining, and reductions 
in performance  [  15  ] . Nutritional analyses of athletes’ diets have revealed that many 
are susceptible to maintaining negative energy intakes during training. Susceptible 
populations include runners, cyclists, swimmers, triathletes, gymnasts, skaters, danc-
ers, wrestlers, boxers, and athletes attempting to lose weight too quickly  [  2,   10  ] . 
Additionally, female athletes have been reported to have a high incidence of eating 
disorders  [  10  ] . Consequently, it is important for the exercise physiologist working 
with athletes to ensure that athletes are well fed and consume enough calories to off-
set the increased energy demands of training and maintain body weight  [  2  ] . 

 Although this sounds relatively simple, intense training often suppresses appetite 
and/or alters hunger patterns so that many athletes do not feel like eating  [  10  ] . Some 
athletes do not like to exercise within several hours after eating because of sensa-
tions of fullness and/or a predisposition to cause gastrointestinal distress. Further, 
travel and training schedules may limit food availability and/or the types of food 
that athletes are accustomed to eating. This means that care should be taken to plan 
meal times in concert with training as well as to make sure that athletes have 
suf fi cient availability of nutrient-dense foods throughout the day for snacking 
between meals (e.g., drinks, fruits, carbohydrate/protein bars)  [  7,   15  ] . For this rea-
son, sport nutritionists often recommend that in order to meet energy needs athletes 
should consume 4–6 meals each day and snack between meals  [  7  ] . Use of nutrient-
dense energy bars and high-calorie carbohydrate/protein supplements often provide 
a convenient way for athletes to supplement their diet in order to maintain energy 
intake during training.  

    19.3   General Macronutrient Guidelines for Athletes 

 The second component to optimizing training and performance through nutrition is 
to ensure that athletes consume the proper amounts of carbohydrate, protein, and fat 
in their diet  [  2  ] . Table  19.1  summarizes macronutrient guidelines for individuals 
initiating training through elite athletes. The following overviews macronutrient 
needs based on the level of training an individual is performing.  

    19.3.1   Carbohydrate 

 Carbohydrate serves as the primary fuel for high-intensity intermittent or pro-
longed exercise. Carbohydrate is stored in the muscle (about 15 g/kg) and liver 
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(about 80–100 g). Intense exercise signi fi cantly depletes muscle and liver glycogen 
stores. The depleted stores are replenished from dietary carbohydrate. Unfortunately, 
when signi fi cant amounts of carbohydrate are depleted, it may be dif fi cult to fully 
replenish carbohydrate levels within 1 day. Consequently, when athletes train once 
or twice per day over a period of days, carbohydrate levels may gradually decline, 
leading to fatigue, poor performance, and/or overtraining. 

 Athletes involved in moderate amounts of intermediate to advanced training pro-
grams typically need to consume a diet consisting of 45–60% carbohydrate (i.e., 
4–8 g/kg/day) in order to maintain liver and muscle glycogen stores  [  2,   7,   11  ] . 
Research has also shown that athletes involved in high-volume intense training (e.g., 
3–6 h/day of intense training in 1–2 workouts for 5–6 day/week) may need to con-
sume 8–10 g/kg/day of carbohydrate (i.e., 400–1,500 g/day for 50–150 kg athletes) 
in order to maintain muscle glycogen levels. This would be equivalent to consuming 
0.5–2.0 kg/day of spaghetti. Preferably, the majority of dietary carbohydrate should 
come from complex carbohydrates with a low to moderate glycemic index (e.g., 
grains, starches, fruits). However, since it is physically dif fi cult to consume that 
much carbohydrate per day when an athlete is involved in intense training, many 
nutritionists and exercise physiologists recommend that athletes consume concen-
trated carbohydrate juices/drinks and/or consume high-carbohydrate supplements 
to meet carbohydrate needs. While this amount of carbohydrate is not necessary for 
the  fi tness-minded individual who only trains three to four times per week for 
30–60 min, it is essential for competitive athletes engaged in intense moderate- to 
high-volume training. The general consensus in the scienti fi c literature is the body 
can oxidize 1–1.1 g/min of carbohydrate or about 60 g/h  [  7  ] . The American College 
of Sports Medicine (ACSM) recommends ingesting 0.7 g/kg/h during exercise in a 
6–8% solution (i.e., 6–8 g/100 mL of  fl uid). Harger-Domitrovich et al.  [  16  ]  reported 
that 0.6 g/kg/h of maltodextrin optimized carbohydrate utilization  [  16  ] . This would 

   Table 19.1    General dietary guidelines for athletes   

 Beginners 
(50–90 kg) 

 Intermediate 
(50–90 kg) 

 Advanced 
(50–100 kg) 

 Power athletes 
(60–120 kg) 

 Endurance 
athletes 
(50–80 kg) 

 Caloric intake 
 kcal/kg/day  30–35  35–40  40–50  45–60  50–80 
 kcal  1,500–3,150  1,750–600     2,000–5,000  2,700–7,200  2,500–6,400 

 Carbohydrate 
 % Energy  45–55  45–55  50–60  40–50  55–65 
 g/kg/day  3–5  4–6  5–8  5–8  7–13 

 Protein 
 % Energy  13–17  11–15  10–16  10–15  10–12 
 g/kg/day  1–1.5  1–1.5  1.5–2.0  1.7–2.2  1.5–2.0 

 Fat 
 % Energy  <30  25–30  22–30  <30  25–30 
 g/kg/day  1–1.2  1–1.35  1–1.5  1.5–2.0  1.5–2.2 

  Reprinted with permission from Kreider et al.  [  4  ]   
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be about 30–70 g of carbohydrate per hour for a 50–100 kg individual  [  17–  19  ] . 
Studies also indicate that ingestion of additional amounts of carbohydrate does not 
further increase carbohydrate oxidation. 

 It should also be noted that exogenous carbohydrate oxidation rates have been 
shown to differ based on the type of carbohydrate consumed because they are taken 
up by different transporters  [  20–  22  ] . For example, oxidation rates of disaccharides 
and polysaccharides like sucrose, maltose, and maltodextrins are high while fruc-
tose, galactose, trehalose, and isomaltulose are lower  [  23–  25  ] . Ingesting combina-
tions of glucose and sucrose or maltodextrin and fructose have been reported to 
promote greater exogenous carbohydrate oxidation than other forms of carbohy-
drate  [  20–  26  ] . These studies generally indicate a ratio of 1–1.2 for maltodextrin to 
0.8–1.0 fructose. For this reason, we recommend that care should be taken to con-
sider the type of carbohydrate ingested prior to, during, and following intense exer-
cise in order to optimize carbohydrate availability.  

    19.3.2   Protein 

 There has been considerable debate regarding protein needs of athletes  [  5,   8,   27–  30  ] . 
Initially, it was recommended that athletes do not need to ingest more than the RDA 
for protein (i.e., 0.8–1.0 g/kg/day). However, research over the last decade has indi-
cated that athletes engaged in intense training need to ingest about 1.5–2 times the 
RDA (i.e., 1.5–2.0 g/kg/day) in order to maintain protein balance. If an insuf fi cient 
amount of protein is obtained from the diet, an athlete will maintain a negative nitro-
gen balance resulting in protein catabolism and slow recovery. Over time, this may 
lead to lean muscle wasting and training intolerance  [  2  ] . 

 For people involved in a general  fi tness program, protein needs can generally be 
met by ingesting 0.8–1.0 g/kg/day of protein. It is generally recommended that ath-
letes involved in moderate amounts of intense training consume 1–1.5 g/kg/day of 
protein (50–225 g/day for a 50–150 kg athlete), while athletes involved in high vol-
ume intense training consume 1.5–2.0 g/kg/day of protein (75–300 g/day for a 
50–150 kg athlete)  [  2  ] . This protein need would be equivalent to ingesting 3–11 
servings of chicken or  fi sh per day for a 50–150 kg athlete. Although smaller ath-
letes typically can ingest this amount of protein in their normal diet, larger athletes 
often have dif fi culty consuming this much dietary protein. Additionally, a number 
of athletic populations have been reported to be susceptible to protein malnutrition 
(e.g., runners, cyclists, swimmers, triathletes, gymnasts, dancers, skaters, wrestlers, 
boxers). Therefore, care should be taken to ensure that athletes consume a suf fi cient 
amount of quality protein in their diet in order to maintain nitrogen balance (e.g., 
1.5–2 g/kg/day). 

 However, it should be noted that not all protein is the same. Proteins differ based 
on the source of the protein, its amino acid pro fi le, and the methods of processing or 
isolating it  [  31  ] . These differences in fl uence availability of amino acids that have 
been reported to possess biological activity (e.g.,  a -lactalbumin,  b -lactoglobulin, 
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glycomacropeptides, immunoglobulins, lactoperoxidases, lactoferrin) and the rate 
and metabolic activity of the protein  [  32  ] . For example, different types of proteins 
(e.g., casein and whey) are digested at different rates, and this directly affects catab-
olism and anabolism  [  31–  34  ] . Therefore, care should be taken not only to make sure 
that the athlete consumes enough protein in their diet but also that the protein is high 
quality. The best dietary sources of low-fat, high-quality protein are light skinless 
chicken,  fi sh, egg white, and skim milk (casein and whey)  [  31,   35  ] . The best sources 
of high-quality protein found in nutritional supplements are whey, colostrum, casein, 
milk proteins, and egg protein  [  31,   35  ] . Although some athletes may not need to 
supplement their diet with protein and some sports nutrition specialists may not 
think that protein supplements are necessary, it is common for a sports nutrition 
specialist to recommend that some athletes (e.g., power and strength) supplement 
their diet with protein in order to meet dietary protein needs and/or provide essential 
amino acids (EAA) following exercise in order to optimize protein synthesis. 

 The ISSN has recently adopted a position stand on protein that highlights the 
following points  [  8  ] :

    1.    Exercising individuals need approximately 1.4–2.0 g of protein per kg of body 
weight per day.  

    2.    Concerns that protein intake within this range is unhealthy are unfounded in 
healthy, exercising individuals.  

    3.    An attempt should be made to obtain protein requirements from whole foods, but 
supplemental protein is a safe and convenient method of ingesting high-quality 
dietary protein.  

    4.    The timing of protein intake in the time period encompassing the exercise session 
has several bene fi ts including improved recovery and greater gains in fat-free 
mass.  

    5.    Protein residues such as branched-chain amino acids have been shown to be 
bene fi cial for the exercising individual, including increasing the rates of protein 
synthesis, decreasing the rate of protein degradation, and possibly aiding in 
recovery from exercise.  

    6.    Exercising individuals need more dietary protein than their sedentary 
counterparts.      

    19.3.3   Fat 

 The dietary recommendations of fat intake for athletes are similar to or slightly 
greater than those recommended for nonathletes in order to promote health  [  2  ] . 
Maintenance of energy balance, replenishment of intramuscular triglycerides, and 
adequate consumption of essential fatty acids are of greater importance among 
athletes and allow for somewhat increased intake  [  36  ] . This depends on the athlete’s 
training state and goals. For example, higher fat diets appear to maintain circulating 
testosterone concentrations better than low-fat diets  [  37,   38  ] . This may have 
relevance to the documented suppression of testosterone that may occur during 



398 R.B. Kreider et al.

volume-type overtraining  [  39  ] . Generally, it is recommended that athletes consume 
a moderate amount of fat (approximately 30% of their daily caloric intake), while 
increases up to 50% of energy can be safely ingested by athletes during regular 
high-volume training  [  36  ] . For athletes attempting to decrease body fat, however, it 
has been recommended that they consume 0.5–1 g/kg/day of fat. This is because 
some weight-loss studies indicate that people who are most successful in losing 
weight and maintaining the weight loss are those who ingest less than 40 g/day of 
fat in their diet, although this is not always the case  [  40  ] . Certainly, the type of 
dietary fat (e.g.,  n -6 vs.  n -3; saturation state) is a factor in such research and could 
play an important role in any discrepancies  [  41,   42  ] . Strategies to help athletes man-
age dietary fat intake include teaching them which foods contain various types of fat 
so they can make better food choices and learn how to count fat grams.  

    19.3.4   Nutrient Timing 

 In addition to the general nutritional guidelines described earlier, research has also 
demonstrated that the timing and composition of meals consumed may play a role 
in optimizing performance, training adaptations, and preventing overtraining  [  2,   4  ] . 
In this regard, it takes about 3–4 h for carbohydrate to be digested and begin to be 
stored as muscle and liver glycogen. Consequently, preexercise meals should be 
consumed about 4–6 h prior to exercise  [  11  ] . This means that if an athlete trains in 
the afternoon, breakfast is the most important meal to top off muscle and liver gly-
cogen levels. Research has also indicated that ingesting a light carbohydrate and 
protein snack 30–60 min prior to exercise (e.g., 50 g of carbohydrate and 5–10 g of 
protein) serves to increase carbohydrate availability toward the end of an intense 
exercise bout, increase availability of amino acids during exercise, maintain insulin 
levels, and decrease exercise-induced catabolism  [  27,   43,   44  ] . 

 When exercise lasts more than 1 h, athletes should ingest glucose/electrolyte 
solution (GES) drinks in order to maintain blood glucose levels, help prevent dehy-
dration, and reduce the immunosuppressive effects of intense exercise  [  45–  48  ] . 
Within 30 min following intense exercise, athletes should consume carbohydrate 
and protein (e.g., 1 g/kg of carbohydrate and 0.5 g/kg of protein) as well as consume 
a high-carbohydrate meal within 2 h of the exercise  [  49,   50  ] . This nutritional strat-
egy has been found to accelerate glycogen resynthesis as well as promote a more 
anabolic hormonal pro fi le that may hasten recovery  [  49–  51  ] . Finally, for 2–3 days 
prior to competition, athletes should taper training by 30–50% and consume 200–
300 g/day of  extra  carbohydrate in their diet. This  carbohydrate loading  technique 
has been shown to supersaturate carbohydrate stores prior to competition and 
improve endurance exercise capacity  [  11  ] . Thus, the type of meal and timing of eat-
ing are important factors in maintaining carbohydrate availability during training 
and potentially decreasing the incidence of overtraining. 

 The ISSN has adopted a position stand on nutrient timing  [  7  ]  that was summa-
rized with the following points:



39919 Optimizing Nutrition for Exercise and Sports

    1.    Prolonged exercise (>60–90 min) of moderate- to high-intensity exercise will 
deplete the internal stores of energy, and prudent timing of nutrient delivery can 
help offset these changes.  

    2.    During intense exercise, regular consumption (10–15  fl  oz) of a GES delivering 
6–8% CHO (6–8 g CHO/100 mL  fl uid) should be consumed every 15–20 min 
to sustain blood glucose levels.  

    3.    Glucose, fructose, sucrose, and other high-glycemic CHO sources are easily 
digested, but fructose consumption should be minimized as it is absorbed at a 
slower rate and increases the likelihood of gastrointestinal problems.  

    4.    The addition of PRO (protein; 0.15–0.25 g/kg/day) to CHO at all time points, 
especially postexercise, is well tolerated and may promote greater restoration of 
muscle glycogen when carbohydrate intakes are suboptimal.  

    5.    Ingestion of 6–20 g of EAA and 30–40 g of high-glycemic CHO within 3 h 
after an exercise bout and immediately before exercise has been shown to 
signi fi cantly stimulate muscle PRO synthesis.  

    6.    Daily postexercise ingestion of a CHO + PRO supplement promotes greater 
increases in strength and improvements in lean tissue and body fat% during 
regular resistance training.  

    7.    Milk PRO sources (e.g., whey and casein) exhibit different kinetic digestion 
patterns and may subsequently differ in their support of training adaptations.  

    8.    Addition of creatine monohydrate to a CHO + PRO supplement in conjunction 
with regular resistance training facilitates greater improvements in strength and 
body composition as compared with when no creatine is consumed.  

    9.    Dietary focus should center on adequate availability and delivery of CHO and 
PRO. However, including small amounts of fat does not appear to be harmful 
and may help to control glycemic responses during exercise.  

    10.    Irrespective of timing, regular ingestion of snacks or meals providing both CHO 
and PRO (3:1 CHO:PRO ratio) helps to promote recovery and replenishment of 
muscle glycogen when lesser amounts of carbohydrate are consumed.       

    19.4   Proposed Nutritional Ergogenic Aids 

 Nutritional ergogenic aids include alterations in the composition of the diet, timing 
of eating, and/or supplementation of various macro- and micronutrients that may 
enhance performance. Nutritional strategies that improve the preparation for exer-
cise, the ef fi ciency of exercise, performance capacity, and/or enhance the recovery 
from exercise may be viewed as ergogenic. Consequently, the  fi nal nutritional strat-
egy for enhancing training and/or performance capacity in athletes is the appropri-
ate use of effective, safe, and legal nutritional ergogenic aids. Although research has 
demonstrated that some nutritional strategies and nutrients may affect exercise 
training and/or performance capacity, the majority of nutritional ergogenic aids 
marketed to athletes do not affect performance. The following reviews macro- and 
micronutrients that have been proposed to improve exercise capacity. 
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    19.4.1   Carbohydrate and Carbohydrate By-products 

 As stated previously, dietary carbohydrate availability can signi fi cantly affect muscle 
and liver carbohydrate stores and performance capacity. For this reason, in addition 
to the dietary guidelines described earlier, a signi fi cant amount of research has been 
conducted on determining ways to optimize carbohydrate availability during exercise 
and/or spare muscle glycogen use during exercise. Generally, increasing availability 
of any form of carbohydrate has the potential to improve exercise capacity by serving 
as an exogenous fuel source. Table  19.2  describes the proposed ergogenic value and 
summary of research  fi ndings for several forms of carbohydrate and carbohydrate 
by-products that have been proposed to enhance exercise performance. Of the nutri-
ents reviewed, glucose-electrolyte solution (GES) sport drinks possess the greatest 
potential to improve exercise capacity. Although some clinical and/or exercise 
bene fi ts have been reported from corosolic acid, calcium  d -glucarate, dihydroxyac-
etone phosphate (DHAP), fructose 1,6-diphosphate (FDP), polylactate, pyruvate, and 
ribose supplementation, it is our view that additional research is necessary to deter-
mine the ef fi cacy of these nutrients before they are recommended for athletes.   

    19.4.2   Lipids and Lipid By-products 

 Since fat can serve as a primary fuel source during low- to moderate-intensity exer-
cise and most people have a considerable amount of fat stored as potential energy, 
researchers have therefore investigated the effects of lipids and lipid by-products on 
exercise capacity and training. The basic rationale is that if fat oxidation can be 
increased during exercise, carbohydrate stores can be spared, exercise capacity can 
be improved, and/or a greater amount of fat can be burned during exercise. Table  19.3  
presents research  fi ndings for selected lipids and lipid by-products that have been 
proposed to affect exercise performance. Of the nutrients presented, glycerol sup-
plementation used as a means to hyper-hydrate athletes susceptible to dehydration 
appears to possess the most ergogenic potential. There is also accumulating evi-
dence that conjugated linoleic acids (CLA) supplementation affects body composi-
tion during training and/or may possess health bene fi ts  [  52  ]  and that  l -carnitine 
tartrate may help athletes tolerate training to a greater degree  [  53  ] . Based on current 
data, there appears to be limited ergogenic value of medium-chain triglyceride 
(MCT) supplementation. Finally, although there may be some health bene fi ts from 
diets high in omega-3 fatty acids, there is no evidence that supplementation with 
them affects exercise performance.   

    19.4.3   Protein and Amino Acids 

 Amino acids are the foundation of protein in the body and are essential for the syn-
thesis of tissue, speci fi c proteins, hormones, enzymes, and neurotransmitters  [  27  ] . 
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Amino acids are also involved in the synthesis of energy through gluconeogenesis 
and regulation of numerous metabolic pathways. Consequently, it has been sug-
gested that athletes may require additional protein in their diet in order to enhance 
muscle and tissue growth, the synthesis of hormones and enzymes necessary for 
energy metabolism, or serve as a potential energy substrate during exercise. 

 Table  19.4  describes the potential ergogenic value of amino acids which have 
been purported to affect exercise capacity and/or promote training adaptations. 

   Table 19.4    Proposed nutritional ergogenic aids—protein and amino acids   

 Nutrient  Proposed ergogenic value  Summary of research  fi ndings 

  a -Keto-
glutarate 
( a -KG) 

  a -KG is an intermediate in the TCA 
cycle that is involved in aerobic 
energy metabolism. There is some 
clinical evidence that  a -KG may 
serve as an anticatabolic nutrient 
after surgery  [  101,   102  ]  

 It is unclear whether  a -KG supplementa-
tion during training affects training 
adaptations 

  a -Keto-
iso-
caproate 
(KIC) 

 KIC is a branched-chain keto acid 
that is a metabolite of leucine. In 
a similar manner as HMB, 
leucine and metabolites of 
leucine are believed to possess 
anticatabolic properties  [  103  ]  

 There is some clinical evidence that KIC 
may spare protein degradation in 
clinical populations  [  104,   105  ] . 
However, we are not aware of any 
studies that have evaluated the effects of 
KIC supplementation during training on 
body composition 

 Arginine, 
orni-
thine, 
lysine 

 Clinical studies indicate that 
supplementation of these amino 
acids may stimulate growth 
hormone release serving to 
preserve muscle mass during bed 
rest. Additionally, some studies 
indicate that arginine 
supplementation improves 
immune status. Consequently, 
some have suggested that 
supplementation of these amino 
acids during training may 
increase muscle mass and 
strength gains 

 Recent studies indicate that supplementa-
tion with arginine, ornithine, and/or 
lysine (10–25 g/day) does not enhance 
the effect of exercise stimulation on 
either hGH or various measures of 
muscular strength or power in 
experienced weightlifters  [  106,   107  ] . 
Some recent studies suggest that 
arginine-based supplementation 
increases nitric oxide and may affect 
performance  [  108–  110  ]  

 Aspartate, 
asparag-
ine 

 These amino acids serve as 
precursors to oxaloacetate in the 
TCA cycle. Supplementation has 
been theorized to spare muscle 
glycogen use and enhance 
endurance performance capacity 

 Some well-controlled studies support the 
ergogenic value of aspartate and arginine 
supplementation on sparing muscle 
glycogen use and improving exercise 
capacity  [  111–  113  ] . However, additional 
research is necessary 

(continued)
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 Nutrient  Proposed ergogenic value  Summary of research  fi ndings 

 Branched-
chain 
amino 
acids 
(BCAA) 

 Exercise-induced decreases in 
BCAA levels have been 
suggested to contribute to central 
fatigue as well as muscle 
catabolism. Supplementation of 
BCAA with sports drinks may 
increase BCAA availability and 
decrease the ratio of free 
tryptophan/BCAA. Theoretically, 
this may minimize serotonin 
production in the brain and delay 
central fatigue. Additionally, 
BCAA supplementation has been 
reported to decrease exercise-
induced protein degradation and/
or muscle enzyme release (an 
indicator of muscle damage) 
possibly by promoting an 
anticatabolic hormonal pro fi le 
 [  44,   114  ] . BCAA has also been 
reported to stimulate protein 
synthesis after intense exercise 
 [  2,   7  ]  

 A number of studies have reported that 
BCAA supplementation (4–16 g) can 
affect physiological and psychological 
responses to exercise. However, it is 
unclear the degree to which these 
potentially bene fi cial effects may affect 
performance. In terms of training, there 
is some evidence to support contentions 
that BCAA supplementation may affect 
catabolism and body composition 
 [  115–  117  ] , particularly when training at 
altitude. In addition, BCAA and 
essential amino acid supplementation 
have been shown to stimulate protein 
synthesis after resistance exercise and 
lead to greater training adaptations over 
time  [  2,   7  ]  

 Creatine  The availability of phosphocreatine 
(PC) stores in the muscle 
signi fi cantly affects the amount 
of energy generated during brief 
periods of high-intensity 
exercise. Creatine supplementa-
tion has been shown to increase 
muscle creatine and PC content, 
help maintain ATP levels during 
exercise, and accelerate the rate 
of resynthesis of ATP during and 
following high-intensity, 
short-duration exercise leading to 
greater sprint performance and 
training adaptations 

 Numerous studies have indicated that 
creatine supplementation increases 
high-intensity exercise performance and 
muscle mass during training  [  118  ] . 
Compared to controls performance 
gains are typically 5–15% greater while 
muscle mass gains are 2–5 lb greater 
during 4–12 weeks of training  [  119, 
  120  ] . The gains in muscle mass appear 
to be a result of an improved ability to 
perform high-intensity exercise enabling 
an athlete to train harder and thereby 
promote greater training adaptations 
and muscle hypertrophy  [  121–  123  ] . 
Although concerns have been raised 
about the safety and possible side 
effects of creatine supplementation 
 [  120,   124  ] , recent long-term safety 
studies have reported no apparent side 
effects  [  125–  127  ]  and/or that creatine 
monohydrate may lessen the incidence 
of injury during training  [  128–  131  ] . 
Consequently, supplementing the diet 
with creatine monohydrate and/or 
creatine-containing formulations seems 
to be a safe and effective method to 
increase muscle mass  [  9  ]  

(continued)
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Table 19.4 (continued)

 Nutrient  Proposed ergogenic value  Summary of research  fi ndings 

 Essential 
amino 
acids 
(EAA) 

 Recent studies have indicated that 
ingesting 3–6 g of EAA prior to 
 [  132,   133  ]  and/or following 
exercise stimulates protein 
synthesis  [  134–  148  ] . 
Theoretically, this may enhance 
gains in muscle mass during 
training 

 Recent research indicates that ingesting 
EAA with carbohydrate immediately 
following resistance exercise in elderly 
subjects promoted signi fi cantly greater 
training adaptations as compared to 
waiting until 2 h after exercise to 
consume the supplement  [  149  ] . 
Although more data are needed, there is 
a strong theoretical rationale and some 
supportive evidence that EAA 
supplementation may enhance protein 
synthesis and training adaptations. 
Because EAAs include BCAAs it is 
probable that positive effects on protein 
synthesis from EAA ingestion are likely 
due to the BCAA content  [  139–  148  ]  

 Glutamine  Glutamine has been reported to 
increase cell volume and 
stimulate synthesis of protein 
 [  150,   151  ]  and glycogen  [  152  ] . 
Glutamine availability also 
directly affects lymphocytic 
function. Theoretically, 
glutamine supplementation prior 
to and/or following exercise (e.g., 
6–10 g) may help to optimize cell 
hydration, protein synthesis, and 
maintain immune function 
leading to greater training 
adaptations 

 A study found that subjects who supple-
mented their diet with glutamine (5 g) 
and BCAA (3 g) enriched whey protein 
during training promoted about a 1 kg 
greater gain in muscle mass and greater 
gains in strength than ingesting whey 
protein alone  [  153  ] . While a 1 kg increase 
in lean body mass was observed, it is 
likely that these gains were due to the 
BCAAs that were added to the whey 
protein. In a well-designed 6-week 
investigation, Candow et al.  [  154  ]  studied 
the effects of oral glutamine supplemen-
tation combined with resistance training 
in young adults. At the end of the 6-week 
intervention, the authors observed that 
glutamine supplementation during 
resistance training had no signi fi cant 
effect on muscle performance, body 
composition, or muscle protein 
degradation in young healthy adults. 
While there may be other bene fi cial uses 
for glutamine supplementation, there 
does not appear to be any scienti fi c 
evidence that it supports increases in lean 
body mass or muscular performance 

  b -Alanine  Carnosine is a dipeptide comprised 
of the amino acids histidine and 
 b -alanine naturally occurring in 
large amounts in skeletal 
muscles. Carnosine is believed to 
be one of the primary muscle-
buffering substances available in 
skeletal muscle  [  54  ]  

 Studies have shown that  b -alanine 
supplementation can increase the number 
of repetitions one can perform, increase 
lean body mass, increase knee extension 
torque, and training volume  [  54  ]  

(continued)



40919 Optimizing Nutrition for Exercise and Sports

 Nutrient  Proposed ergogenic value  Summary of research  fi ndings 

  b -Hydroxy 
 b -meth-
ylbu-
tyrate 
(HMB) 

 Leucine and metabolites of leucine 
such as  a -ketoisocaproate (KIC) 
have been reported to inhibit 
protein degradation. The 
anticatabolic effects have been 
suggested to be regulated by the 
leucine metabolite HMB. Adding 
HMB to dietary feed improved 
carcass quality in sows and 
steers. It has been hypothesized 
that supplementing the diet with 
leucine and/or HMB may inhibit 
protein degradation during 
resistance training 

 Supplementing the diet with 1.5–3 g/day of 
calcium HMB has been reported to 
increase muscle mass and strength, 
particularly among untrained subjects 
initiating training  [  155–  158  ]  and the 
elderly  [  159  ] . Gains in muscle mass are 
typically 0.5–1 kg greater than controls 
during 3–6 weeks of training. There is 
also recent evidence that HMB may 
lessen the catabolic effects of prolonged 
exercise  [  160  ]  and that there may be 
additive effects of co-ingesting HMB 
with creatine  [  161,   162  ] . However, the 
effects of HMB supplementation in 
athletes are less clear. Most studies 
conducted on trained subjects have 
reported nonsigni fi cant gains in muscle 
mass possibly due to a greater 
variability in response of HMB 
supplementation among athletes 
 [  163–  165  ] . Consequently, there is fairly 
good evidence showing that HMB may 
enhance training adaptations in 
individuals initiating training. However, 
additional research is necessary to 
determine whether HMB may enhance 
training adaptations in trained athletes 

 Ornithine- a -
ketoglu-
tarate 
(OKG) 

 OKG is believed to possess anabolic/
catabolic effects. Animal and 
clinical studies suggest that 
patients administered OKG 
experience improved protein 
balance. Theoretically, it may 
provide some value for athletes 
engaged in intense training 

 A recent study reported that OKG 
supplementation (10 g/day) during 6 
weeks of resistance training promoted 
greater gains in bench press  [  166  ] . 
However, no signi fi cant differences 
were observed in squat strength, 
training volume, or gains in muscle 
mass 

 Tryptophan  Tryptophan is an amino acid which 
increases during prolonged 
exercise as fatty acids are 
mobilized for fat oxidation. 
Increases in brain concentrations 
of tryptophan have been reported 
to contribute to fatigue as well as 
increase endogenous opioid 
production. Tryptophan 
supplementation has been 
theorized to help athletes tolerate 
pain and enhance endurance 
exercise capacity 

 Most studies indicate that increases in 
tryptophan in the blood and brain 
contribute to central fatigue. Although 
an initial study suggested that 
 l -tryptophan supplementation improves 
endurance performance while 
exercising at 80% of maximal exercise 
capacity  [  167  ] , another study indicated 
that  l -tryptophan had no effect or 
promoted an ergolytic effect on 
performance  [  168  ]  

  Adapted from Kreider et al.  [  4  ]   

Table 19.4 (continued)
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Of the amino acids reviewed, without a doubt creatine has been consistently reported 
as one of most effective and safe nutritional supplements to enhance anaerobic exer-
cise capacity, strength, and gains in muscle mass during training  [  9  ] . Studies have 
indicated that aspartate, branched-chain amino acids (leucine, isoleucine, and 
valine), EAA, glutamine,  b -hydroxy  b -methylbutyrate (HMB), and arginine may 
affect exercise capacity, enhance recovery, and/or promote greater training adapta-
tions. However, not all studies report the ergogenic value of these supplements and 
additional research is needed. Finally, there is accumulating evidence that  b -alanine 
supplementation can increase muscle carnosine levels and serve as an effective buf-
fer during high-intensity exercise performance  [  54  ] . Although there may be some 
clinical applications, there appears to be little ergogenic value of ornithine, lysine, 
and tryptophan supplementation for athletes.   

    19.4.4   Vitamins 

 Vitamins are essential organic compounds which serve to regulate metabolic pro-
cesses, energy synthesis, neurological processes, and prevent destruction of cells. 
There are two primary groups of vitamins: fat and water soluble. The fat-soluble 
ones include vitamins A, D, E, and K. The body stores these and therefore excessive 
intake may result in toxicity. Water-soluble vitamins are the B vitamins and vitamin 
C. Since these are water soluble, excessive intake is eliminated in urine, with few 
exceptions (e.g., vitamin B 

6
 , which can cause peripheral nerve damage when 

consumed in excessive amounts). 
 Table  19.5  describes the RDA, proposed ergogenic bene fi t, and summary of 

research  fi ndings for fat- and water-soluble vitamins. Although research has demon-
strated that speci fi c vitamins may possess some health bene fi t (e.g., vitamins C and 
E, niacin, folic acid), few have been reported to directly provide ergogenic value for 
athletes. However, some vitamins may help athletes tolerate training to a greater 
degree by reducing oxidative damage (vitamins C and E) and/or help to maintain a 
healthy immune system during heavy training (vitamin C). Theoretically, this may 
help athletes tolerate heavy training leading to improved performance. The remain-
ing vitamins reviewed appear to have little ergogenic value for athletes who con-
sume a normal, nutrient-dense diet. Since dietary analyses of athletes have found 
de fi ciencies in caloric and vitamin intake, many sports nutritionists recommend that 
athletes consume a low-dose daily multivitamin and/or a vitamin enriched post-
workout carbohydrate/protein supplement during periods of heavy training. A 
paper published in the American Medical Association also recommended that 
Americans consume a one-a-day, low-dose multivitamin in order to promote gen-
eral health and well-being  [  55,   56  ] . We feel this is prudent advice particularly for 
active populations.   
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    19.4.5   Minerals 

 Minerals are essential inorganic elements necessary for a host of metabolic 
processes. They serve as structure for tissue, important components of enzymes and 
hormones, and regulators of metabolic and neural control. Some minerals have been 
found to be de fi cient in athletes or become de fi cient in response to training and/or 
prolonged exercise. When mineral status is inadequate, exercise capacity may be 
reduced. Dietary supplementation of minerals in de fi cient athletes has generally 
been found to improve exercise capacity. Additionally, supplementation of speci fi c 
minerals in nonde fi cient athletes has also been reported to affect exercise capacity. 

 Table  19.6  describes minerals that have been purported to affect exercise capac-
ity in athletes. Of the minerals reviewed, several appear to possess health and/or 
ergogenic value for athletes under certain conditions. For example, calcium supple-
mentation in athletes susceptible to premature osteoporosis may help maintain bone 
mass. There is also recent evidence that dietary calcium may play a role in fat loss 
and maintenance. Iron supplementation in athletes prone to iron de fi ciency and/or 
anemia has been reported to improve exercise capacity. Sodium phosphate loading 
has been reported to increase maximal oxygen uptake, anaerobic threshold, and 
improve endurance exercise capacity by 8–10%  [  57,   58  ] . Increasing dietary avail-
ability of salt (sodium chloride) during the initial days of exercise training in the 
heat has been reported to help maintain  fl uid balance and prevent dehydration. The 
ACSM recommendations for sodium levels (340 mg) represent the amount of 
sodium in less than 1/8 teaspoon of salt and meet recommended guidelines for 
sodium ingestion during exercise (300–600 mg/h or 1.7–2.9 g of salt during a pro-
longed exercise bout)  [  19,   59–  61  ] . Finally, zinc supplementation during training has 
been reported to decrease exercise-induced changes in immune function. 
Consequently, somewhat in contrast to vitamins, there appear to be several minerals 
that may enhance exercise capacity and/or training adaptations for athletes under 
certain conditions. However, although ergogenic value has been purported for the 
remaining minerals, there is little evidence that boron, chromium, magnesium, or 
vanadium affect exercise capacity or training adaptations in healthy individuals eat-
ing a normal diet.   

    19.4.6   Water 

 The most important nutritional ergogenic aid for athletes is water  [  2  ] . Exercise 
performance can be signi fi cantly impaired when 2% or more of body weight is lost 
through sweat. For example, when a 70-kg athlete loses more than 1.4 kg of body 
weight during exercise (2% of body weight), performance capacity is often 
signi fi cantly decreased. Loss of more than 4% of body weight during exercise may 
lead to heat illness, heat exhaustion, heat stroke, and possibly death  [  62  ] . For this 
reason, it is critical that athletes consume a suf fi cient amount of water and/or GES 
sports drinks during exercise in order to maintain hydration status. 
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 The normal sweat rate of individuals engaged in exercise ranges from 0.5 to 
2.0 L/h depending on temperature, humidity, exercise intensity, and their sweat 
response to exercise  [  62  ] . This means that in order to maintain  fl uid balance and 
prevent dehydration, athletes need to ingest 0.5–2 L/h of  fl uid in order to offset 
weight loss. This requires frequent ingestion of 6–8 oz of cold water or a GES sports 
drink every 5–15 min during exercise  [  62  ] . Athletes should not depend on thirst to 
prompt them to drink because people do not typically get thirsty until they have lost 
a signi fi cant amount of  fl uid through sweat. Additionally, athletes should weigh 
themselves prior to and following exercise training to ensure that they maintain 
proper hydration  [  62  ] . The athlete should consume three cups of water for every 
pound lost during exercise in order to adequately rehydrate themselves after exer-
cise  [  62  ] . Athletes should also train themselves to tolerate drinking greater amounts 
of water during training and make sure that they consume more  fl uid in hotter or 
humid environments. Preventing dehydration during exercise is one of the most 
effective ways to maintain exercise capacity. Finally, inappropriate and excessive 
weight-loss techniques (e.g., cutting weight in saunas, wearing rubber suits, severe 
dieting, vomiting, using diuretics) are extremely dangerous and should be prohib-
ited. Sports nutrition specialists can play an important role in educating athletes 
and coaches about proper hydration methods and supervising  fl uid intake during 
training and competition.  

    19.4.7   Miscellaneous Substances 

 Table  19.7  describes a number of miscellaneous purported ergogenic substances 
used by athletes. Of the nutrients described, sodium bicarbonate, caffeine, and 
 Echinacea  appear to have the greatest potential to affect exercise performance and/
or training adaptations. Sodium bicarbonate loading (0.3 g/kg of baking soda) prior 
to exercise has been consistently reported to enhance bouts of high-intensity 
exercise lasting from 1 to 3 min in duration (e.g., a 400–800 m run). Although some 
athletes may experience gastrointestinal distress, bicarbonate loading appears to be 
a highly effective ergogenic aid for athletes as long as they can tolerate the supple-
mentation protocol.  

 Caffeine is a naturally occurring stimulant found in many foods consumed in the 
normal diet (e.g., coffee, tea, chocolate). Caffeine ingestion (3–9 mg/kg) prior to 
exercise has been reported to increase fat oxidation, spare muscle glycogen use, and 
enhance endurance exercise performance  [  6  ] . The ergogenic effects of caffeine 
appear to be more pronounced in nonhabitual caffeine users and in habitual users 
who abstain from consuming caffeine for about a week prior to competition. 
Although some athletic governing bodies have banned excessive intake of caffeine 
as an ergogenic aid, studies show that even when taken within the limits allowed 
by athletic governing bodies, caffeine may provide ergogenic bene fi t. Doses should 
be limited to 7 mg/kg or less to avoid a positive drug test for excess caffeine use. 
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This is equivalent to ingesting 2–3 cups of premium coffee. Since caffeine serves as 
a mild diuretic, there has been some concern whether caffeine intake prior to 
exercise may hasten dehydration. However, recent studies indicate that caffeine 
does not appear to in fl uence hydration status in active individuals who follow 
normal  fl uid intake guidelines  [  6  ] . 

  Echinacea  is an herb that has been reported to enhance immune function and 
decrease the severity, duration, and incidence of colds and upper respiratory tract 
infections. Since intense training may compromise immune function in athletes, 
some have suggested that  Echinacea  supplementation during heavy training may 
decrease the incidence of colds and infections, particularly when combined with vita-
min C and/or zinc. Although there are data to support the immuno-enhancing effects 
of  Echinacea , we are not aware of any studies that have determined whether use of 
 Echinacea  in athletes helps maintain immune function during intense training.   

    19.5   Summary 

 Dietary and nutritional practices of athletes can signi fi cantly affect exercise perfor-
mance capacity. In order to optimize performance, athletes should (1) eat enough 
calories to offset energy expenditure (typically 50–80 kcal/kg/day); (2) consume the 
proper amount of carbohydrate (5–10 g/kg/day), protein (1.5–2.0 g/kg/day), and fat 
(0.5–1.5 g/kg/day); (3) ingest meals and snacks at appropriate time intervals prior 
to, during, and/or following exercise in order to provide energy for exercise as well 
as promote recovery following exercise; and (4) only consider using nutritional 
supplements that have been found to be an effective and safe means to improve 
performance capacity. 

 Table  19.8  presents the ISSN’s recommendation regarding nutrients that have 
been shown to be effective; possibly effective; too early to tell; and apparently 
ineffective or potentially dangerous  [  2  ] . The foundation for good performance 
begins with a good diet and intelligent training. For strength/power athletes, research 
has indicated that water, carbohydrate, postexercise carbohydrate/protein intake, 
creatine monohydrate, sodium phosphate, and possibly sodium bicarbonate may 
have the greatest impact on optimizing performance and/or training adaptations. For 
endurance athletes, research suggests that carbohydrate loading, water/GES sports 
drinks, caffeine, sodium phosphate loading, and possibly use of glycerol in an 
attempt to hyper-hydrate prior to exercise may offer some ergogenic value. Sports 
drinks, carbohydrate, postexercise carbohydrate with protein or EAA, creatine, 
and HMB have been reported to help athletes tolerate exercise and training. In 
addition, postexercise carbohydrate, protein, EAA, and glutamine as well as vita-
min C, zinc, and  Echinacea  may help athletes maintain a healthy immune system 
during training. Use of these strategies can help optimize performance and/or help 
athletes tolerate intense periods of training.       
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   Table 19.8    Summary of categorization of dietary supplements based on available literature   

 Category 
 Muscle building 
supplements  Weight loss supplements 

 Performance 
enhancement 

 Apparently 
effective and 
generally safe 

 Weight-gain powders 
 Creatine 
 Protein 
 EAA 

 Low-calorie foods, MRPs, 
and RTDs 

 Ephedra, caffeine, and 
salicin-containing 
thermogenic supplements 
taken at recommended 
doses in appropriate 
populations (ephedra 
banned by FDA) 

 Water and sports 
drinks 

 Carbohydrate 
 Creatine 
 Sodium phosphate 
 Sodium bicarbonate 
 Caffeine 
  b -Alanine 

 Possibly 
effective 

 HMB (untrained 
individuals initiating 
training) 

 High- fi ber diets 
 Calcium 
 Green tea extract 
 CLA 

 Postexercise 
carbohydrate 
and protein 

 BCAA  EAA 
 BCAA 
 HMB 
 Glycerol 

 Too early to tell   a -Ketoglutarate  Gymnema sylvestre, chitosan  Medium chain 
triglycerides   a -Ketoisocaproate  Phosphatidyl choline 

 Ecdysterones  Betaine 
 GHRP and 

secretagogues 
 Coleus forskohlii 

 Ornithine  DHEA 
 Zinc/magnesium aspartate  Psychotropic nutrients/herbs 

 Apparently not 
effective and/
or dangerous 

 Glutamine  Calcium pyruvate  Glutamine 
 Smilax  Chromium (nondiabetics)  Ribose 
 Iso fl avones  HCA  Inosine 
 Sulfo-polysaccharides 

(myostatin inhibitors) 
  l -Carnitine 
 Phosphates 
 Herbal diuretics  Boron 

 Chromium 
 CLA 
 Gamma oryzanol 
 Prohormones 
 Tribulus terrestris 
 Vanadyl sulfate 

(vanadium) 

  Reprinted with permission from Kreider et al.  [  2  ]   

  Acknowledgments   This chapter represents an update to a number of articles and book chapters 
researchers in the Exercise and Sport Nutrition Laboratory have developed over the years. In addi-
tion, the chapter incorporates guidelines developed as position stands by a number of colleagues 
for the International Society of Sports Nutrition. While we could not acknowledge everyone’s 
contributions to this work, the authors would like to thank all of the students, colleagues, and 
research participants who have contributed to the research and exercise and sport nutrition guide-
lines presented in this chapter.  



424 R.B. Kreider et al.

   References 

    1.    Kreider RB, Fry AC, O’Toole ML. Overtraining in sport. Champaign: Human Kinetics 
Publishers; 1998.  

    2.    Kreider RB, Wilborn CD, Taylor L, et al. ISSN exercise & sport nutrition review: research & 
recommendations. J Int Soc Sports Nutr. 2010;7:7.  

    3.    Williams M. Nutrition for health  fi tness and sport. 6th ed. Dubuque: McGraw-Hill; 2002.  
    4.   Kreider R, Leutholtz B, Katch F, Katch V. Exercise and sport nutrition. Santa Barbara: Fitness 

Technologies Press; 2009.   http://www.ExerciseAndSportNutrition.com    .  
    5.    Kreider RB, Campbell B. Protein for exercise and recovery. Phys Sportsmed. 2009;37:13–21.  
    6.    Goldstein ER, Ziegenfuss T, Kalman D, et al. International society of sports nutrition position 

stand: caffeine and performance. J Int Soc Sports Nutr. 2010;7:5.  
    7.    Kerksick C, Harvey T, Stout J, et al. International Society of Sports Nutrition position stand: 

nutrient timing. J Int Soc Sports Nutr. 2008;5:17.  
    8.    Campbell B, Kreider RB, Ziegenfuss T, et al. International Society of Sports Nutrition posi-

tion stand: protein and exercise. J Int Soc Sports Nutr. 2007;4:8.  
    9.    Buford TW, Kreider RB, Stout JR, Greenwood M, Campbell B, Spano M, et al. International 

Society of Sports Nutrition position stand: creatine supplementation and exercise. J Int Soc 
Sports Nutr. 2007;4:6.  

    10.    Berning JR. Energy intake, diet, and muscle wasting. In: Kreider RB, Fry AC, O’Toole ML, 
editors. Overtraining in sport. Champaign: Human Kinetics; 1998. p. 275–88.  

    11.    Sherman WM, Jacobs KA, Leenders N. Carbohydrate metabolism during endurance exer-
cise. In: Kreider RB, Fry AC, O’Toole ML, editors. Overtraining in sport. Champaign: 
Human Kinetics Publishers; 1998. p. 289–308.  

    12.    Brouns F, Saris WH, Beckers E, et al. Metabolic changes induced by sustained exhaustive 
cycling and diet manipulation. Int J Sports Med. 1989;10 Suppl 1:S49–62.  

    13.    Brouns F, Saris WH, Stroecken J, et al. Eating, drinking, and cycling. A controlled Tour de 
France simulation study, Part II. Effect of diet manipulation. Int J Sports Med. 1989;10 Suppl 
1:S41–8.  

    14.    Kreider RB. Physiological considerations of ultraendurance performance. Int J Sport Nutr. 
1991;1:3–27.  

    15.    Kreider RB. Nutritional considerations of overtraining. In: Stout JR, Antonio J, editors. Sport 
supplements: a complete guide to physique and athletic enhancement. Baltimore, MD: 
Lippincott, Williams & Wilkins; 2001. p. 199–208.  

    16.    Harger-Domitrovich SG, McClaughry AE, Gaskill SE, Ruby BC. Exogenous carbohydrate 
spares muscle glycogen in men and women during 10 h of exercise. Med Sci Sports Exerc. 
2007;39:2171–9.  

    17.    Rodriguez NR, Di Marco NM, Langley S. American College of Sports Medicine position 
stand. Nutrition and athletic performance. Med Sci Sports Exerc. 2009;41:709–31.  

    18.    Rodriguez NR, DiMarco NM, Langley S. Position of the American Dietetic Association, 
Dietitians of Canada, and the American College of Sports Medicine: nutrition and athletic 
performance. J Am Diet Assoc. 2009;109:509–27.  

    19.    Sawka MN, Burke LM, Eichner ER, Maughan RJ, Montain SJ, Stachenfeld NS. American 
College of Sports Medicine position stand. Exercise and  fl uid replacement. Med Sci Sports 
Exerc. 2007;39:377–90.  

    20.    Currell K, Jeukendrup AE. Superior endurance performance with ingestion of multiple trans-
portable carbohydrates. Med Sci Sports Exerc. 2008;40:275–81.  

    21.    Earnest CP, Lancaster SL, Rasmussen CJ, et al. Low vs. high glycemic index carbohydrate 
gel ingestion during simulated 64-km cycling time trial performance. J Strength Cond Res. 
2004;18:466–72.  

    22.    Jeukendrup AE, Moseley L. Multiple transportable carbohydrates enhance gastric emptying 
and  fl uid delivery. Scand J Med Sci Sports. 2010;20:112–21.  

http://www.ExerciseAndSportNutrition.com


42519 Optimizing Nutrition for Exercise and Sports

    23.    Jentjens RL, Jeukendrup AE. Effects of pre-exercise ingestion of trehalose, galactose and glu-
cose on subsequent metabolism and cycling performance. Eur J Appl Physiol. 2003;88:459–65.  

    24.    Jentjens RL, Venables MC, Jeukendrup AE. Oxidation of exogenous glucose, sucrose, and 
maltose during prolonged cycling exercise. J Appl Physiol. 2004;96:1285–91.  

    25.    Venables MC, Brouns F, Jeukendrup AE. Oxidation of maltose and trehalose during pro-
longed moderate-intensity exercise. Med Sci Sports Exerc. 2008;40:1653–9.  

    26.    Achten J, Jentjens RL, Brouns F, Jeukendrup AE. Exogenous oxidation of isomaltulose is 
lower than that of sucrose during exercise in men. J Nutr. 2007;137:1143–8.  

    27.    Kreider RB. Dietary supplements and the promotion of muscle growth with resistance exer-
cise. Sports Med. 1999;27:97–110.  

    28.    Lemon PW, Tarnopolsky MA, MacDougall JD, Atkinson SA. Protein requirements and 
muscle mass/strength changes during intensive training in novice bodybuilders. J Appl 
Physiol. 1992;73:767–75.  

    29.    Tarnopolsky MA, Atkinson SA, MacDougall JD, Chesley A, Phillips S, Schwarcz HP. Evaluation 
of protein requirements for trained strength athletes. J Appl Physiol. 1992;73:1986–95.  

    30.    Tarnopolsky MA, MacDougall JD, Atkinson SA. In fl uence of protein intake and training 
status on nitrogen balance and lean body mass. J Appl Physiol. 1988;64:187–93.  

    31.    Bucci L, Unlu L. Proteins and amino acid supplements in exercise and sport. In: Driskell J, 
Wolinsky I, editors. Energy-yielding macronutrients and energy metabolism in sports nutri-
tion. Boca Raton: CRC Press; 2000. p. 191–212.  

    32.    Boirie Y, Dangin M, Gachon P, Vasson MP, Maubois JL, Beaufrere B. Slow and fast dietary 
proteins differently modulate postprandial protein accretion. Proc Natl Acad Sci U S A. 
1997;94:14930–5.  

    33.    Boirie Y, Gachon P, Corny S, Fauquant J, Maubois JL, Beaufrere B. Acute postprandial 
changes in leucine metabolism as assessed with an intrinsically labeled milk protein. Am J 
Physiol. 1996;271(6 Pt 1):E1083–91.  

    34.    Dangin M, Boirie Y, Garcia-Rodenas C, et al. The digestion rate of protein is an independent 
regulating factor of postprandial protein retention. Am J Physiol Endocrinol Metab. 
2001;280:E340–8.  

    35.    Kreider RB, Kleiner SM. Protein supplements for athletes: need vs. convenience. Your Patient 
Fitness. 2000;14:12–8.  

    36.    Venkatraman JT, Leddy J, Pendergast D. Dietary fats and immune status in athletes: clinical 
implications. Med Sci Sports Exerc. 2000;32(7 Suppl):S389–95.  

    37.    Dorgan JF, Judd JT, Longcope C, et al. Effects of dietary fat and  fi ber on plasma and urine 
androgens and estrogens in men: a controlled feeding study. Am J Clin Nutr. 1996;64:850–5.  

    38.    Hamalainen EK, Adlercreutz H, Puska P, Pietinen P. Decrease of serum total and free testos-
terone during a low-fat high- fi bre diet. J Steroid Biochem. 1983;18:369–70.  

    39.    Fry AC, Kraemer WJ, Ramsey LT. Pituitary-adrenal-gonadal responses to high-intensity 
resistance exercise overtraining. J Appl Physiol. 1998;85:2352–9.  

    40.    Pirozzo S, Summerbell C, Cameron C, Glasziou P. Should we recommend low-fat diets for 
obesity? Obes Rev. 2003;4:83–90.  

    41.    Hu FB, Manson JE, Willett WC. Types of dietary fat and risk of coronary heart disease: a 
critical review. J Am Coll Nutr. 2001;20:5–19.  

    42.    Vessby B. Dietary fat, fatty acid composition in plasma and the metabolic syndrome. Curr 
Opin Lipidol. 2003;14:15–9.  

    43.    Cade JR, Reese RH, Privette RM, Hommen NM, Rogers JL, Fregly MJ. Dietary intervention 
and training in swimmers. Eur J Appl Physiol Occup Physiol. 1991;63:210–5.  

    44.    Carli G, Bonifazi M, Lodi L, Lupo C, Martelli G, Viti A. Changes in the exercise-induced 
hormone response to branched chain amino acid administration. Eur J Appl Physiol Occup 
Physiol. 1992;64:272–7.  

    45.    Burke LM. Nutrition for post-exercise recovery. Aust J Sci Med Sport. 1997;29:3–10.  
    46.    Burke LM. Nutritional needs for exercise in the heat. Comp Biochem Physiol A Mol Integr 

Physiol. 2001;128:735–48.  



426 R.B. Kreider et al.

    47.    Nieman DC. Nutrition, exercise, and immune system function. Clin Sports Med. 1999;18:
537–48.  

    48.    Nieman DC, Fagoaga OR, Butterworth DE, et al. Carbohydrate supplementation affects 
blood granulocyte and monocyte traf fi cking but not function after 2.5 h or running. Am J Clin 
Nutr. 1997;66:153–9.  

    49.    Tarnopolsky MA, Bosman M, Macdonald JR, Vandeputte D, Martin J, Roy BD. Postexercise 
protein-carbohydrate and carbohydrate supplements increase muscle glycogen in men and 
women. J Appl Physiol. 1997;83:1877–83.  

    50.    Zawadzki KM, Yaspelkis III BB, Ivy JL. Carbohydrate-protein complex increases the rate of 
muscle glycogen storage after exercise. J Appl Physiol. 1992;72:1854–9.  

    51.    Kraemer WJ, Volek JS, Bush JA, Putukian M, Sebastianelli WJ. Hormonal responses to con-
secutive days of heavy-resistance exercise with or without nutritional supplementation. J 
Appl Physiol. 1998;85:1544–55.  

    52.    Campbell B, Kreider RB. Conjugated linoleic acids. Curr Sports Med Rep. 2008;7:237–41.  
    53.    Volek JS, Kraemer WJ, Rubin MR, Gomez AL, Ratamess NA, Gaynor P. L-Carnitine 

L-tartrate supplementation favorably affects markers of recovery from exercise stress. Am J 
Physiol Endocrinol Metab. 2002;282:E474–82.  

    54.    Culbertson J, Kreider R, Greenwood M, Cooke M. Effects of beta-alanine on muscle carnos-
ine and exercise: a review of the current literature. Nutrients. 2010;2:75–98.  

    55.    Fletcher RH, Fair fi eld KM. Vitamins for chronic disease prevention in adults: clinical appli-
cations. JAMA. 2002;287(23):3127–9.  

    56.    Fair fi eld KM, Fletcher RH. Vitamins for chronic disease prevention in adults: scienti fi c 
review. JAMA. 2002;287:3116–26.  

    57.    Kreider RB, Miller GW, Schenck D, et al. Effects of phosphate loading on metabolic and 
myocardial responses to maximal and endurance exercise. Int J Sport Nutr. 1992;2:20–47.  

    58.    Kreider RB, Miller GW, Williams MH, Somma CT, Nasser TA. Effects of phosphate loading 
on oxygen uptake, ventilatory anaerobic threshold, and run performance. Med Sci Sports 
Exerc. 1990;22:250–6.  

    59.    Jeukendrup AE, Currell K, Clarke J, Cole J, Blannin AK. Effect of beverage glucose and 
sodium content on  fl uid delivery. Nutr Metab (Lond). 2009;6:9.  

    60.    Rehrer NJ. Fluid and electrolyte balance in ultra-endurance sport. Sports Med. 2001;31:
701–15.  

    61.    Sawka MN, Montain SJ. Fluid and electrolyte supplementation for exercise heat stress. Am J 
Clin Nutr. 2000;72(2 Suppl):564S–72.  

    62.    Maughan RJ, Noakes TD. Fluid replacement and exercise stress. A brief review of studies on 
 fl uid replacement and some guidelines for the athlete. Sports Med. 1991;12:16–31.  

    63.    Murakami C, Myoga K, Kasai R, et al. Screening of plant constituents for effect on glucose 
transport activity in Ehrlich ascites tumour cells. Chem Pharm Bull (Tokyo). 1993;41:2129–31.  

    64.    Fukushima M, Matsuyama F, Ueda N, et al. Effect of corosolic acid on postchallenge plasma 
glucose levels. Diabetes Res Clin Pract. 2006;73:174–1747.  

    65.    Stanko RT, Robertson RJ, Galbreath RW, Reilly Jr JJ, Greenawalt KD, Goss FL. Enhanced 
leg exercise endurance with a high-carbohydrate diet and dihydroxyacetone and pyruvate. J 
Appl Physiol. 1990;69:1651–6.  

    66.    Myers J, Atwood JE, Forbes S, Evans B, Froelicher V. Effect of fructose 1,6-diphosphate on 
exercise capacity in patients with peripheral vascular disease. Int J Sports Med. 1990;11:
259–62.  

    67.    Convertino VA, Armstrong LE, Coyle EF, et al. American College of Sports Medicine 
position stand. Exercise and  fl uid replacement. Med Sci Sports Exerc. 1996;28:i–vii.  

    68.    Bates SH, Jones RB, Bailey CJ. Insulin-like effect of pinitol. Br J Pharmacol. 2000;130:
1944–8.  

    69.   Greenwood M, Kreider RB, Rasmussen C, Almada AL, Earnest CP. D-pinitol augments 
whole body creatine retention in man. J Exerc Physiol Online. 2001;4(4):41–7.   http://www.
css.edu/users/tboone2/asep/GreenwoodNOVEMBER2001.pdf    .  

http://www.css.edu/users/tboone2/asep/GreenwoodNOVEMBER2001.pdf
http://www.css.edu/users/tboone2/asep/GreenwoodNOVEMBER2001.pdf


42719 Optimizing Nutrition for Exercise and Sports

    70.    Kerksick CM, Wilborn CD, Campbell WI, et al. The effects of creatine monohydrate supple-
mentation with and without D-pinitol on resistance training adaptations. J Strength Cond Res. 
2009;23:2673–82.  

    71.    Walaszek Z, Szemraj J, Narog M, et al. Metabolism, uptake, and excretion of a D-glucaric 
acid salt and its potential use in cancer prevention. Cancer Detect Prev. 1997;21:178–90.  

    72.    Fahey T. The effects of ingesting polylactate or glucose polymer drinks during prolonged 
exercise. Int J Sport Nutr. 1991;1:49–56.  

    73.    Swensen T, Crater G, Bassett Jr DR, Howley ET. Adding polylactate to a glucose polymer 
solution does not improve endurance. Int J Sports Med. 1994;15:430–4.  

    74.    Kalman D, Colker CM, Wilets I, Roufs JB, Antonio J. The effects of pyruvate supplementa-
tion on body composition in overweight individuals. Nutrition. 1999;15:337–40.  

    75.    Stanko RT, Arch JE. Inhibition of regain in body weight and fat with addition of 3-carbon 
compounds to the diet with hyperenergetic refeeding after weight reduction. Int J Obes Relat 
Metab Disord. 1996;20:925–30.  

    76.    Gross M, Kormann B, Zollner N. Ribose administration during exercise: effects on substrates 
and products of energy metabolism in healthy subjects and a patient with myoadenylate 
deaminase de fi ciency. Klin Wochenschr. 1991;69:151–5.  

    77.    Hegewald MG, Palac RT, Angello DA, Perlmutter NS, Wilson RA. Ribose infusion acceler-
ates thallium redistribution with early imaging compared with late 24-hour imaging without 
ribose. J Am Coll Cardiol. 1991;18:1671–81.  

    78.    Wagner DR, Gresser U, Zollner N. Effects of oral ribose on muscle metabolism during bicy-
cle ergometer in AMPD-de fi cient patients. Ann Nutr Metab. 1991;35:297–302.  

    79.    Kreider RB, Melton C, Greenwood M, et al. Effects of oral d-ribose supplementation on 
anaerobic capacity and selected metabolic markers in healthy males. Int J Sport Nutr Exerc 
Metab. 2003;13:87–96.  

    80.    Op’t Eijnde B, Van Leemputte M, Brouns F, et al. No effects of oral ribose supplementation on 
repeated maximal exercise and de novo ATP resynthesis. J Appl Physiol. 2001;91:2275–81.  

    81.    Pariza MW, Park Y, Cook ME. The biologically active isomers of conjugated linoleic acid. 
Prog Lipid Res. 2001;40:283–98.  

    82.    DeLany JP, West DB. Changes in body composition with conjugated linoleic acid. J Am Coll 
Nutr. 2000;19:487S–93.  

    83.    Park Y, Albright KJ, Liu W, Storkson JM, Cook ME, Pariza MW. Effect of conjugated lino-
leic acid on body composition in mice. Lipids. 1997;32:853–8.  

    84.    Blankson H, Stakkestad JA, Fagertun H, Thom E, Wadstein J, Gudmundsen O. Conjugated 
linoleic acid reduces body fat mass in overweight and obese humans. J Nutr. 2000;130:2943–8.  

    85.    Gaullier JM, Berven G, Blankson H, Gudmundsen O. Clinical trial results support a prefer-
ence for using CLA preparations enriched with two isomers rather than four isomers in 
human studies. Lipids. 2002;37:1019–25.  

    86.    Inder WJ, Swanney MP, Donald RA, Prickett TC, Hellemans J. The effect of glycerol and 
desmopressin on exercise performance and hydration in triathletes. Med Sci Sports Exerc. 
1998;30:1263–9.  

    87.    Magal M, Webster MJ, Sistrunk LE, Whitehead MT, Evans RK, Boyd JC. Comparison of 
glycerol and water hydration regimens on tennis-related performance. Med Sci Sports Exerc. 
2003;35:150–6.  

    88.    Meyer LG, Horrigan Jr DJ, Lotz WG. Effects of three hydration beverages on exercise per-
formance during 60 hours of heat exposure. Aviat Space Environ Med. 1995;66:1052–7.  

    89.    Kavouras SA, Armstrong LE, Maresh CM, et al. Rehydration with glycerol: endocrine, car-
diovascular, and thermoregulatory responses during exercise in the heat. J Appl Physiol. 
2006;100:442–50.  

    90.    Brass EP, Hiatt WR. Carnitine metabolism during exercise. Life Sci. 1994;54:1383–93.  
    91.    Villani RG, Gannon J, Self M, Rich PA. L-carnitine supplementation combined with aerobic 

training does not promote weight loss in moderately obese women. Int J Sport Nutr Exerc 
Metab. 2000;10:199–207.  



428 R.B. Kreider et al.

    92.    Angus DJ, Hargreaves M, Dancey J, Febbraio MA. Effect of carbohydrate or carbohydrate 
plus medium-chain triglyceride ingestion on cycling time trial performance. J Appl Physiol. 
2000;88:113–9.  

    93.    Calabrese C, Myer S, Munson S, Turet P, Birdsall TC. A cross-over study of the effect of a 
single oral feeding of medium chain triglyceride oil vs. canola oil on post-ingestion plasma 
triglyceride levels in healthy men. Altern Med Rev. 1999;4:23–8.  

    94.    Goedecke JH, Elmer-English R, Dennis SC, Schloss I, Noakes TD, Lambert EV. Effects of 
medium-chain triaclyglycerol ingested with carbohydrate on metabolism and exercise perfor-
mance. Int J Sport Nutr. 1999;9:35–47.  

    95.    Jeukendrup AE, Thielen JJ, Wagenmakers AJ, Brouns F, Saris WH. Effect of medium-chain 
triacylglycerol and carbohydrate ingestion during exercise on substrate utilization and subse-
quent cycling performance. Am J Clin Nutr. 1998;67:397–404.  

    96.    Misell LM, Lagomarcino ND, Schuster V, Kern M. Chronic medium-chain triacylglycerol 
consumption and endurance performance in trained runners. J Sports Med Phys Fitness. 
2001;41:210–5.  

    97.    Goedecke JH, Clark VR, Noakes TD, Lambert EV. The effects of medium-chain triacylglyc-
erol and carbohydrate ingestion on ultra-endurance exercise performance. Int J Sport Nutr 
Exerc Metab. 2005;15:15–27.  

    98.    Burke LM, Kiens B, Ivy JL. Carbohydrates and fat for training and recovery. J Sports Sci. 
2004;22:15–30.  

    99.    Nosaka N, Suzuki Y, Nagatoishi A, Kasai M, Wu J, Taguchi M. Effect of ingestion of 
medium-chain triacylglycerols on moderate- and high-intensity exercise in recreational ath-
letes. J Nutr Sci Vitaminol (Tokyo). 2009;55:120–5.  

    100.    Brilla LR, Landerholm TE. Effect of  fi sh oil supplementation and exercise on serum lipids 
and aerobic  fi tness. J Sports Med Phys Fitness. 1990;30:173–80.  

    101.    Hammarqvist F, Wernerman J, Ali R, Vinnars E. Effects of an amino acid solution enriched 
with either branched chain amino acids or ornithine-alpha-ketoglutarate on the postoperative 
intracellular amino acid concentration of skeletal muscle. Br J Surg. 1990;77:214–8.  

    102.    Wernerman J, Hammarqvist F, Vinnars E. Alpha-ketoglutarate and postoperative muscle 
catabolism. Lancet. 1990;335:701–3.  

    103.    Antonio J, Stout JR. Sport supplements. Philadelphia, PA: Lippincott, Williams and Wilkins; 
2001.  

    104.    Mitch WE, Walser M, Sapir DG. Nitrogen sparing induced by leucine compared with that 
induced by its keto analogue, alpha-ketoisocaproate, in fasting obese man. J Clin Invest. 
1981;67:553–62.  

    105.    Van Koevering M, Nissen S. Oxidation of leucine and alpha-ketoisocaproate to beta-hydroxy-
beta-methylbutyrate in vivo. Am J Physiol. 1992;262(1 Pt 1):E27–31.  

    106.    Procopio M, Maccario M, Savio P, et al. GH response to GHRH combined with pyridostig-
mine or arginine in different conditions of low somatotrope secretion in adulthood: obesity and 
Cushing’s syndrome in comparison with hypopituitarism. Panminerva Med. 1998;40:13–7.  

    107.    Wu G, Meininger CJ. Arginine nutrition and cardiovascular function. J Nutr. 2000;130:
2626–9.  

    108.    Bloomer RJ, Williams SA, Canale RE, Farney TM, Kabir MM. Acute effect of nitric oxide 
supplement on blood nitrate/nitrite and hemodynamic variables in resistance trained men. J 
Strength Cond Res. 2010;24:2587–92.  

    109.    Bloomer RJ, Farney TM, Trepanowski JF, McCarthy CG, Canale RE, Schilling BK. 
Comparison of pre-workout nitric oxide stimulating dietary supplements on skeletal muscle 
oxygen saturation, blood nitrate/nitrite, lipid peroxidation, and upper body exercise perfor-
mance in resistance trained men. J Int Soc Sports Nutr. 2010;7:16.  

    110.    Bloomer RJ, Tschume LC, Smith WA. Glycine propionyl-L-carnitine modulates lipid peroxi-
dation and nitric oxide in human subjects. Int J Vitam Nutr Res. 2009;79:131–41.  

    111.    Colombani P, Wenk C, Kunz I, et al. Effects of L-carnitine supplementation on physical per-
formance and energy metabolism of endurance-trained athletes: a double-blind crossover 
 fi eld study. Eur J Appl Physiol Occup Physiol. 1996;73:434–9.  



42919 Optimizing Nutrition for Exercise and Sports

    112.    Colombani PC, Bitzi R, Frey-Rindova P, et al. Chronic arginine aspartate supplementation in 
runners reduces total plasma amino acid level at rest and during a marathon run. Eur J Nutr. 
1999;38:263–70.  

    113.    Tuttle JL, Potteiger JA, Evans BW, Ozmun JC. Effect of acute potassium-magnesium aspar-
tate supplementation on ammonia concentrations during and after resistance training. Int J 
Sport Nutr. 1995;5:102–9.  

    114.    Coombes JS, McNaughton LR. Effects of branched-chain amino acid supplementation on 
serum creatine kinase and lactate dehydrogenase after prolonged exercise. J Sports Med Phys 
Fitness. 2000;40:240–6.  

    115.    Bigard AX, Lavier P, Ullmann L, Legrand H, Douce P, Guezennec CY. Branched-chain 
amino acid supplementation during repeated prolonged skiing exercises at altitude. Int J 
Sport Nutr. 1996;6:295–306.  

    116.    Candeloro N, Bertini I, Melchiorri G, De Lorenzo A. [Effects of prolonged administration of 
branched-chain amino acids on body composition and physical  fi tness]. Minerva Endocrinol. 
1995;20:217–23.  

    117.    Schena F, Guerrini F, Tregnaghi P, Kayser B. Branched-chain amino acid supplementation 
during trekking at high altitude. The effects on loss of body mass, body composition, and 
muscle power. Eur J Appl Physiol Occup Physiol. 1992;65:394–8.  

    118.    Williams MH. Facts and fallacies of purported ergogenic amino acid supplements. Clin 
Sports Med. 1999;18:633–49.  

    119.    Kreider RB. Effects of creatine supplementation on performance and training adaptations. 
Mol Cell Biochem. 2003;244:89–94.  

    120.    Kreider RB, Melton C, Rasmussen CJ, et al. Long-term creatine supplementation does not 
signi fi cantly affect clinical markers of health in athletes. Mol Cell Biochem. 2003;244:95–104.  

    121.    Volek JS, Duncan ND, Mazzetti SA, et al. Performance and muscle  fi ber adaptations to creatine 
supplementation and heavy resistance training. Med Sci Sports Exerc. 1999;31:1147–56.  

    122.    Willoughby DS, Rosene J. Effects of oral creatine and resistance training on myosin heavy 
chain expression. Med Sci Sports Exerc. 2001;33:1674–81.  

    123.    Willoughby DS, Rosene JM. Effects of oral creatine and resistance training on myogenic 
regulatory factor expression. Med Sci Sports Exerc. 2003;35:923–9.  

    124.    Graham AS, Hatton RC. Creatine: a review of ef fi cacy and safety. J Am Pharm Assoc (Wash). 
1999;39:803–10.  

    125.    Juhn MS, Tarnopolsky M. Potential side effects of oral creatine supplementation: a critical 
review. Clin J Sport Med. 1998;8:298–304.  

    126.    Schilling BK, Stone MH, Utter A, Kearney JT, Johnson M, Coglianese R, et al. Creatine 
supplementation and health variables: a retrospective study. Med Sci Sports Exerc. 
2001;33:183–8.  

    127.    Taes YE, Delanghe JR, Wuyts B, Van De Voorde J, Lameire NH. Creatine supplementation 
does not affect kidney function in an animal model with pre-existing renal failure. Nephrol 
Dial Transplant. 2003;18:258–64.  

    128.    Greenwood L, Greenwood M, Kreider R, et al. Effects of creatine supplementation on the 
incidence of cramping/injury during eighteen weeks of division I football training/competi-
tion. Med Sci Sports Exerc. 2002;34:S146.  

    129.    Watsford ML, Murphy AJ, Spinks WL, Walshe AD. Creatine supplementation and its effect 
on musculotendinous stiffness and performance. J Strength Cond Res. 2003;17:26–33.  

    130.    Greenwood M, Kreider RB, Greenwood L, Byars A. Cramping and injury incidence in col-
legiate football players are reduced by creatine supplementation. J Athl Train. 2003;38:
216–9.  

    131.    Greenwood M, Kreider RB, Melton C, et al. Creatine supplementation during college foot-
ball training does not increase the incidence of cramping or injury. Mol Cell Biochem. 
2003;244:83–8.  

    132.    Tipton KD, Borsheim E, Wolf SE, Sanford AP, Wolfe RR. Acute response of net muscle 
protein balance re fl ects 24-h balance after exercise and amino acid ingestion. Am J Physiol 
Endocrinol Metab. 2003;284:E76–89.  



430 R.B. Kreider et al.

    133.    Wolfe RR. Regulation of muscle protein by amino acids. J Nutr. 2002;132:3219S–24.  
    134.    Biolo G, Williams BD, Fleming RY, Wolfe RR. Insulin action on muscle protein kinetics and 

amino acid transport during recovery after resistance exercise. Diabetes. 1999;48:949–57.  
    135.    Miller SL, Tipton KD, Chinkes DL, Wolf SE, Wolfe RR. Independent and combined effects 

of amino acids and glucose after resistance exercise. Med Sci Sports Exerc. 2003;35:449–55.  
    136.    Rasmussen BB, Tipton KD, Miller SL, Wolf SE, Wolfe RR. An oral essential amino acid-

carbohydrate supplement enhances muscle protein anabolism after resistance exercise. J 
Appl Physiol. 2000;88:386–92.  

    137.    Rasmussen BB, Wolfe RR, Volpi E. Oral and intravenously administered amino acids pro-
duce similar effects on muscle protein synthesis in the elderly. J Nutr Health Aging. 2002;6:
358–62.  

    138.    Tipton KD, Rasmussen BB, Miller SL, et al. Timing of amino acid-carbohydrate ingestion 
alters anabolic response of muscle to resistance exercise. Am J Physiol Endocrinol Metab. 
2001;281:E197–206.  

    139.    Ferrando AA, Paddon-Jones D, Hays NP, et al. EAA supplementation to increase nitrogen 
intake improves muscle function during bed rest in the elderly. Clin Nutr. 2010;29:18–23.  

    140.    Katsanos CS, Aarsland A, Cree MG, Wolfe RR. Muscle protein synthesis and balance respon-
siveness to essential amino acids ingestion in the presence of elevated plasma free fatty acid 
concentrations. J Clin Endocrinol Metab. 2009;94:2984–90.  

    141.    Katsanos CS, Chinkes DL, Paddon-Jones D, Zhang XJ, Aarsland A, Wolfe RR. Whey protein 
ingestion in elderly persons results in greater muscle protein accrual than ingestion of its 
constituent essential amino acid content. Nutr Res. 2008;28:651–8.  

    142.    Paddon-Jones D, Shef fi eld-Moore M, Katsanos CS, Zhang XJ, Wolfe RR. Differential stimula-
tion of muscle protein synthesis in elderly humans following isocaloric ingestion of amino 
acids or whey protein. Exp Gerontol. 2006;41:215–9.  

    143.    Katsanos CS, Kobayashi H, Shef fi eld-Moore M, Aarsland A, Wolfe RR. A high proportion 
of leucine is required for optimal stimulation of the rate of muscle protein synthesis by essen-
tial amino acids in the elderly. Am J Physiol Endocrinol Metab. 2006;291:E381–7.  

    144.    Borsheim E, Kobayashi H, Traber DL, Wolfe RR. Compartmental distribution of amino acids 
during hemodialysis-induced hypoaminoacidemia. Am J Physiol Endocrinol Metab. 
2006;290:E643–52.  

    145.    Paddon-Jones D, Wolfe RR, Ferrando AA. Amino acid supplementation for reversing bed 
rest and steroid myopathies. J Nutr. 2005;135:1809S–12.  

    146.    Katsanos CS, Kobayashi H, Shef fi eld-Moore M, Aarsland A, Wolfe RR. Aging is associated 
with diminished accretion of muscle proteins after the ingestion of a small bolus of essential 
amino acids. Am J Clin Nutr. 2005;82:1065–73.  

    147.    Paddon-Jones D, Shef fi eld-Moore M, Zhang XJ, et al. Amino acid ingestion improves mus-
cle protein synthesis in the young and elderly. Am J Physiol Endocrinol Metab. 2004;286:
E321–8.  

    148.    Volpi E, Kobayashi H, Shef fi eld-Moore M, Mittendorfer B, Wolfe RR. Essential amino acids 
are primarily responsible for the amino acid stimulation of muscle protein anabolism in 
healthy elderly adults. Am J Clin Nutr. 2003;78:250–8.  

    149.    Esmarck B, Andersen JL, Olsen S, Richter EA, Mizuno M, Kjaer M. Timing of postexercise 
protein intake is important for muscle hypertrophy with resistance training in elderly humans. 
J Physiol. 2001;535(Pt 1):301–11.  

    150.    Low SY, Taylor PM, Rennie MJ. Responses of glutamine transport in cultured rat skeletal 
muscle to osmotically induced changes in cell volume. J Physiol. 1996;492:877–85.  

    151.    Rennie MJ, Ahmed A, Khogali SE, Low SY, Hundal HS, Taylor PM. Glutamine metabolism 
and transport in skeletal muscle and heart and their clinical relevance. J Nutr. 1996;126(Suppl):
1142S–9.  

    152.    Varnier M, Leese GP, Thompson J, Rennie MJ. Stimulatory effect of glutamine on glycogen 
accumulation in human skeletal muscle. Am J Physiol. 1995;269(2 Pt 1):E309–15.  

    153.    Colker CM. Effects of supplemental protein on body composition and muscular strength in 
healthy athletic male adults. Curr Ther Res. 2000;61:19–28.  



43119 Optimizing Nutrition for Exercise and Sports

    154.    Candow DG, Chilibeck PD, Burke DG, Davison KS, Smith-Palmer T. Effect of glutamine 
supplementation combined with resistance training in young adults. Eur J Appl Physiol. 
2001;86:142–9.  

    155.    Gallagher PM, Carrithers JA, Godard MP, Schulze KE, Trappe SW. Beta-hydroxy-beta-
methylbutyrate ingestion, Part I: effects on strength and fat free mass. Med Sci Sports Exerc. 
2000;32:2109–15.  

    156.    Gallagher PM, Carrithers JA, Godard MP, Schulze KE, Trappe SW. Beta-hydroxy-beta-
methylbutyrate ingestion, Part II: effects on hematology, hepatic and renal function. Med Sci 
Sports Exerc. 2000;32:2116–9.  

    157.    Nissen S, Sharp R, Ray M, et al. Effect of leucine metabolite beta-hydroxy-beta-methylbu-
tyrate on muscle metabolism during resistance-exercise training. J Appl Physiol. 1996;81:
2095–104.  

    158.    Panton LB, Rathmacher JA, Baier S, Nissen S. Nutritional supplementation of the leucine 
metabolite beta-hydroxy-beta- methylbutyrate (hmb) during resistance training. Nutrition. 
2000;16:734–9.  

    159.    Vukovich MD, Stubbs NB, Bohlken RM. Body composition in 70-year-old adults responds 
to dietary beta-hydroxy-beta-methylbutyrate similarly to that of young adults. J Nutr. 
2001;131:2049–52.  

    160.    Knitter AE, Panton L, Rathmacher JA, Petersen A, Sharp R. Effects of beta-hydroxy-beta-
methylbutyrate on muscle damage after a prolonged run. J Appl Physiol. 2000;89:1340–4.  

    161.    Jowko E, Ostaszewski P, Jank M, Sacharuk J, Zieniewicz A, Wilczak J, et al. Creatine and 
beta-hydroxy-beta-methylbutyrate (HMB) additively increase lean body mass and muscle 
strength during a weight-training program. Nutrition. 2001;17:558–66.  

    162.    O’Connor DM, Crowe MJ. Effects of beta-hydroxy-beta-methylbutyrate and creatine mono-
hydrate supplementation on the aerobic and anaerobic capacity of highly trained athletes. J 
Sports Med Phys Fitness. 2003;43:64–8.  

    163.    Kreider RB, Ferreira M, Wilson M, Almada AL. Effects of calcium beta-hydroxy-beta-meth-
ylbutyrate (HMB) supplementation during resistance-training on markers of catabolism, 
body composition and strength. Int J Sports Med. 1999;20:503–9.  

    164.    Ransone J, Neighbors K, Lefavi R, Chromiak J. The effect of beta-hydroxy beta-methylbu-
tyrate on muscular strength and body composition in collegiate football players. J Strength 
Cond Res. 2003;17:34–9.  

    165.    Slater G, Jenkins D, Logan P, et al. Beta-hydroxy-beta-methylbutyrate (HMB) supplementa-
tion does not affect changes in strength or body composition during resistance training in 
trained men. Int J Sport Nutr Exerc Metab. 2001;11:384–96.  

    166.   Chetlin RD, Yeater RA, Ullrich IH, Hornsby WG, Malanga CJ, Byrner RW. The effect of 
ornithine alpha-ketoglutarate (OKG) on healthy, weight trained men. J Exerc Physiol Online. 
2000;3(4).   http://www.css.edu/users/tboone2/asep/ChetlinV.pdf    .  

    167.    Segura R, Ventura JL. Effect of L-tryptophan supplementation on exercise performance. Int 
J Sports Med. 1988;9:301–5.  

    168.    Stensrud T, Ingjer F, Holm H, Stromme SB. L-tryptophan supplementation does not improve 
running performance. Int J Sports Med. 1992;13:481–5.  

    169.    Williams MH. Vitamin supplementation and athletic performance. Int J Vitam Nutr Res 
Suppl. 1989;30:163–91.  

    170.    Reid IR. Therapy of osteoporosis: calcium, vitamin D, and exercise. Am J Med Sci. 1996;312:
278–86.  

    171.    Appell HJ, Duarte JA, Soares JM. Supplementation of vitamin E may attenuate skeletal mus-
cle immobilization atrophy. Int J Sports Med. 1997;18:157–60.  

    172.    Goldfarb AH. Antioxidants: role of supplementation to prevent exercise-induced oxidative 
stress. Med Sci Sports Exerc. 1993;25:232–6.  

    173.    Goldfarb AH. Nutritional antioxidants as therapeutic and preventive modalities in exercise-
induced muscle damage. Can J Appl Physiol. 1999;24:249–66.  

    174.    Tiidus PM, Houston ME. Vitamin E status and response to exercise training. Sports Med. 
1995;20:12–23.  

http://www.css.edu/users/tboone2/asep/ChetlinV.pdf


432 R.B. Kreider et al.

    175.    Craciun AM, Wolf J, Knapen MH, Brouns F, Vermeer C. Improved bone metabolism in 
female elite athletes after vitamin K supplementation. Int J Sports Med. 1998;19:479–84.  

    176.    Fogelholm M, Ruokonen I, Laakso JT, Vuorimaa T, Himberg JJ. Lack of association between 
indices of vitamin B1, B2, and B6 status and exercise-induced blood lactate in young adults. 
Int J Sport Nutr. 1993;3:165–76.  

    177.    Alaswad K, O’Keefe Jr JH, Moe RM. Combination drug therapy for dyslipidemia. Curr 
Atheroscler Rep. 1999;1:44–9.  

    178.    Garg R, Malinow M, Pettinger M, Upson B, Hunninghake D. Niacin treatment increases 
plasma homocyst(e)ine levels. Am Heart J. 1999;138(6 Pt 1):1082–7.  

    179.    Murray R, Bartoli WP, Eddy DE, Horn MK. Physiological and performance responses to 
nicotinic-acid ingestion during exercise. Med Sci Sports Exerc. 1995;27:1057–62.  

    180.    Bonke D. In fl uence of vitamin B1, B6, and B12 on the control of  fi ne motoric movements. 
Bibl Nutr Dieta. 1986;38:104–9.  

    181.    Bonke D, Nickel B. Improvement of  fi ne motoric movement control by elevated dosages of 
vitamin B1, B6, and B12 in target shooting. Int J Vitam Nutr Res Suppl. 1989;30:198–204.  

    182.    Van Dyke DC, Stumbo PJ, Mary JB, Niebyl JR. Folic acid and prevention of birth defects. 
Dev Med Child Neurol. 2002;44:426–9.  

    183.    Mattson MP, Kruman II, Duan W. Folic acid and homocysteine in age-related disease. Ageing 
Res Rev. 2002;1:95–111.  

    184.    Weston PM, King RF, Goode AW, Williams NS. Diet-induced thermogenesis in patients with 
gastrointestinal cancer cachexia. Clin Sci (Lond). 1989;77:133–8.  

    185.    Webster MJ. Physiological and performance responses to supplementation with thiamin and 
pantothenic acid derivatives. Eur J Appl Physiol Occup Physiol. 1998;77:486–91.  

    186.   van der Beek EJ. Vitamin supplementation and physical exercise performance. J Sports Sci. 
1991;9(Spec No):77–90.  

    187.    van der Beek EJ, Lowik MR, Hulshof KF, Kistemaker C. Combinations of low thiamin, 
ribo fl avin, vitamin B6 and vitamin C intake among Dutch adults (Dutch Nutrition Surveillance 
System). J Am Coll Nutr. 1994;13:383–91.  

    188.    Nieman DC. Exercise immunology: nutritional countermeasures. Can J Appl Physiol. 
2001;26(Suppl):S45–55.  

    189.    Pedersen BK, Bruunsgaard H, Jensen M, Krzywkowski K, Ostrowski K. Exercise and 
immune function: effect of ageing and nutrition. Proc Nutr Soc. 1999;58:733–42.  

    190.    Petersen EW, Ostrowski K, Ibfelt T, et al. Effect of vitamin supplementation on cytokine 
response and on muscle damage after strenuous exercise. Am J Physiol Cell Physiol. 
2001;280:C1570–5.  

    191.    Ferrando AA, Green NR. The effect of boron supplementation on lean body mass, plasma 
testosterone levels, and strength in male bodybuilders. Int J Sport Nutr. 1993;3:140–9.  

    192.    Green NR, Ferrando AA. Plasma boron and the effects of boron supplementation in males. 
Environ Health Perspect. 1994;102 Suppl 7:73–7.  

    193.    Grados F, Brazier M, Kamel S, et al. Effects on bone mineral density of calcium and vitamin 
D supplementation in elderly women with vitamin D de fi ciency. Joint Bone Spine. 
2003;70:203–8.  

    194.    Zemel MB. Role of dietary calcium and dairy products in modulating adiposity. Lipids. 
2003;38:139–246.  

    195.    Zemel MB. Mechanisms of dairy modulation of adiposity. J Nutr. 2003;133:252S–6.  
    196.    Hasten DL, Rome EP, Franks BD, Hegsted M. Effects of chromium picolinate on beginning 

weight training students. Int J Sport Nutr. 1992;2:343–50.  
    197.    Campbell WW, Joseph LJ, Anderson RA, Davey SL, Hinton J, Evans WJ. Effects of resistive 

training and chromium picolinate on body composition and skeletal muscle size in older 
women. Int J Sport Nutr Exerc Metab. 2002;12:125–35.  

    198.    Volpe SL, Huang HW, Larpadisorn K, Lesser II. Effect of chromium supplementation and 
exercise on body composition, resting metabolic rate and selected biochemical parameters in 
moderately obese women following an exercise program. J Am Coll Nutr. 2001;20:293–306.  



43319 Optimizing Nutrition for Exercise and Sports

    199.    Brutsaert TD, Hernandez-Cordero S, Rivera J, Viola T, Hughes G, Haas JD. Iron supplemen-
tation improves progressive fatigue resistance during dynamic knee extensor exercise in iron-
depleted, nonanemic women. Am J Clin Nutr. 2003;77:441–8.  

    200.    Bohl CH, Volpe SL. Magnesium and exercise. Crit Rev Food Sci Nutr. 2002;42:533–63.  
    201.    Lukaski HC. Magnesium, zinc, and chromium nutrition and athletic performance. Can J Appl 

Physiol. 2001;26(Suppl):S13–22.  
    202.    Cade R, Conte M, Zauner C, et al. Effects of phosphate loading on 2,3 diphosphoglycerate 

and maximal oxygen uptake. Med Sci Sports Exerc. 1984;16:263–8.  
    203.    Morton DP, Callister R. Characteristics and etiology of exercise-related transient abdominal 

pain. Med Sci Sports Exerc. 2000;32:432–8.  
    204.    Noakes TD. Fluid and electrolyte disturbances in heat illness. Int J Sports Med. 1998;19 

Suppl 2:S146–9.  
    205.    Shirreffs SM, Armstrong LE, Cheuvront SN. Fluid and electrolyte needs for preparation and 

recovery from training and competition. J Sports Sci. 2004;22:57–63.  
    206.    Margaritis I, Tessier F, Prou E, Marconnet P, Marini JF. Effects of endurance training on 

skeletal muscle oxidative capacities with and without selenium supplementation. J Trace 
Elem Med Biol. 1997;11:37–43.  

    207.    Tessier F, Margaritis I, Richard MJ, Moynot C, Marconnet P. Selenium and training effects 
on the glutathione system and aerobic performance. Med Sci Sports Exerc. 1995;27:390–6.  

    208.    McCutcheon LJ, Geor RJ. Sweating. Fluid and ion losses and replacement. Vet Clin North 
Am Equine Pract. 1998;14:75–95.  

    209.    Fawcett JP, Farquhar SJ, Thou T, Shand BI. Oral vanadyl sulphate does not affect blood cells, 
viscosity or biochemistry in humans. Pharmacol Toxicol. 1997;80:202–6.  

    210.    Fawcett JP, Farquhar SJ, Walker RJ, Thou T, Lowe G, Goulding A. The effect of oral vanadyl 
sulfate on body composition and performance in weight-training athletes. Int J Sport Nutr. 
1996;6:382–90.  

    211.    Gibson RS, Heath AL, Ferguson EL. Risk of suboptimal iron and zinc nutriture among ado-
lescent girls in Australia and New Zealand: causes, consequences, and solutions. Asia Pac J 
Clin Nutr. 2002;11 Suppl 3:S543–52.  

    212.    Gleeson M, Bishop NC. Elite athlete immunology: importance of nutrition. Int J Sports Med. 
2000;21 Suppl 1:S44–50.  

    213.    Singh A, Failla ML, Deuster PA. Exercise-induced changes in immune function: effects of 
zinc supplementation. J Appl Physiol. 1994;76:2298–303.  

    214.    Williams MH. Ergogenic and ergolytic substances. Med Sci Sports Exerc. 1992;24(9 
Suppl):S344–8.  

    215.    Kraemer WJ, Gordon SE, Lynch JM, Pop ME, Clark KL. Effects of multibuffer supplementa-
tion on acid-base balance and 2,3- diphosphoglycerate following repetitive anaerobic exer-
cise. Int J Sport Nutr. 1995;5:300–14.  

    216.    McNaughton L, Backx K, Palmer G, Strange N. Effects of chronic bicarbonate ingestion on 
the performance of high- intensity work. Eur J Appl Physiol Occup Physiol. 
1999;80:333–6.  

    217.    Matson LG, Tran ZV. Effects of sodium bicarbonate ingestion on anaerobic performance: a 
meta-analytic review. Int J Sport Nutr. 1993;3:2–28.  

    218.    Lindh AM, Peyrebrune MC, Ingham SA, Bailey DM, Folland JP. Sodium bicarbonate 
improves swimming performance. Int J Sports Med. 2008;29:519–23.  

    219.    Applegate E. Effective nutritional ergogenic aids. Int J Sport Nutr. 1999;9:229–39.  
    220.    Graham TE. Caffeine and exercise: metabolism, endurance and performance. Sports Med. 

2001;31:785–807.  
    221.    Carr A, Dawson B, Schneiker K, Goodman C, Lay B. Effect of caffeine supplementation on 

repeated sprint running performance. J Sports Med Phys Fitness. 2008;48:472–8.  
    222.    Glaister M, Howatson G, Abraham CS, Lockey RA, Goodwin JE, Foley P, et al. Caffeine 

supplementation and multiple sprint running performance. Med Sci Sports Exerc. 2008;40:
1835–40.  



434 R.B. Kreider et al.

    223.    Tarnopolsky MA, Atkinson SA, MacDougall JD, Sale DG, Sutton JR. Physiological responses 
to caffeine during endurance running in habitual caffeine users. Med Sci Sports Exerc. 
1989;21:418–24.  

    224.    Armstrong LE. Caffeine, body  fl uid-electrolyte balance, and exercise performance. Int 
J Sport Nutr Exerc Metab. 2002;12:189–206.  

    225.    Falk B, Burstein R, Rosenblum J, Shapiro Y, Zylber-Katz E, Bashan N. Effects of caffeine 
ingestion on body  fl uid balance and thermoregulation during exercise. Can J Physiol 
Pharmacol. 1990;68:889–92.  

    226.    Rama Rao SV, Sunder GS, Reddy MR, Praharaj NK, Raju MV, Panda AK. Effect of supple-
mentary choline on the performance of broiler breeders fed on different energy sources. Br 
Poult Sci. 2001;42:362–7.  

    227.    Buchman AL, Awal M, Jenden D, Roch M, Kang SH. The effect of lecithin supplementation 
on plasma choline concentrations during a marathon. J Am Coll Nutr. 2000;19:768–70.  

    228.    Buchman AL, Jenden D, Roch M. Plasma free, phospholipid-bound and urinary free choline 
all decrease during a marathon run and may be associated with impaired performance. J Am 
Coll Nutr. 1999;18:598–601.  

    229.    Kaikkonen J, Kosonen L, Nyyssonen K, et al. Effect of combined coenzyme Q10 and d-alpha-
tocopheryl acetate supplementation on exercise-induced lipid peroxidation and muscular 
damage: a placebo-controlled double-blind study in marathon runners. Free Radic Res. 
1998;29:85–92.  

    230.    Svensson M, Malm C, Tonkonogi M, Ekblom B, Sjodin B, Sahlin K. Effect of Q10 supple-
mentation on tissue Q10 levels and adenine nucleotide catabolism during high-intensity exer-
cise. Int J Sport Nutr. 1999;9:166–80.  

    231.    Bowers CY. Growth hormone-releasing peptide (GHRP). Cell Mol Life Sci. 1998;54:
1316–29.  

    232.    Camanni F, Ghigo E, Arvat E. Growth hormone-releasing peptides and their analogs. Front 
Neuroendocrinol. 1998;19:47–72.  

    233.    Hargreaves M, McKenna MJ, Jenkins DG, et al. Muscle metabolites and performance during 
high-intensity, intermittent exercise. J Appl Physiol. 1998;84:1687–91.  

    234.    McNaughton L, Dalton B, Tarr J. Inosine supplementation has no effect on aerobic or anaero-
bic cycling performance. Int J Sport Nutr. 1999;9:333–44.  

    235.    Starling RD, Trappe TA, Short KR, et al. Effect of inosine supplementation on aerobic and 
anaerobic cycling performance. Med Sci Sports Exerc. 1996;28:1193–8.  

    236.    Williams MH, Kreider RB, Hunter DW, et al. Effect of inosine supplementation on 3-mile 
treadmill run performance and VO2 peak. Med Sci Sports Exerc. 1990;22:517–22.  

    237.    Messina M, Messina V. Soyfoods, soybean iso fl avones, and bone health: a brief overview. 
J Ren Nutr. 2000;10:63–8.  

    238.   Brilla LR, Conte V. Effects of a novel zinc-magnesium formulation on hormones and strength. 
J Exerc Physiol Online. 2000;3(4).   http://www.css.edu/users/tboone2/asep/BrillaV.pdf    .      

http://www.css.edu/users/tboone2/asep/BrillaV.pdf


435N.J. Temple et al. (eds.), Nutritional Health: Strategies for Disease Prevention, 
Nutrition and Health, DOI 10.1007/978-1-61779-894-8_20, 
© Springer Science+Business Media, LLC 2012

   Hope springs eternal in the human breast 

 (A. Pope, Essay on man, Epistle i)    

  Keywords   Dietary supplements  •  Health food stores  •  Multilevel marketing  • 
 Marketing methods  •  Herbal treatment  •  Nutrition Labeling and Education Act      

  Key Points 

    Around half of people in North American use dietary supplements regularly.  • 
  Supplements are marketed by a variety of different methods, including health • 
food stores, multilevel marketing, TV advertising, bulk mail, spam e-mails, and 
internet websites.  
  A large part of the marketing of supplements involves giving information that is • 
unreliable or dishonest.  
  There is very little regulation of the marketing of supplements in the USA and • 
Canada.  
  Advice is given for evaluating claims made for supplements and advice for the • 
general public.     

    N.  J.   Temple, PhD   (*)
     Centre for Science ,  Athabasca University ,    Athabasca ,  AB ,  T9S 3A3, Canada       
e-mail:  normant@athabascau.ca   

    Chapter 20   
 The Marketing of Dietary 
Supplements: Pro fi t Before Health       

      Norman   J.   Temple           



436 N.J. Temple

    20.1   Introduction 

 Dietary supplements refer to any substance taken in addition to regular food. 
Supplements include vitamins, minerals, amino acids, herbs, enzymes, and various 
substances extracted from plants and animals. They are sold as liquids, tablets, cap-
sules, and powders. By de fi nition these products are not conventional foods but are 
designed to supplement the diet. 

 Regulating the colossal and growing dietary supplement industry and protecting 
consumers from fraudulent and misleading products and health claims is a daunting 
enterprise. Clearly, dietary supplement manufacturers have succeeded in convincing 
consumers to buy their products, but an important question remains unanswered: 
What bene fi ts do consumers receive from the billions of dollars they spend on 
supplements? This chapter examines the main methods of marketing supplements, 
provides examples of egregious marketing strategies and claims, reviews the current 
regulatory status of dietary supplements in Canada and the United States, and out-
lines ways in which health professionals can help consumers protect themselves 
from unscrupulous or even dishonest supplement marketers. What is especially 
remarkable is the meager amount of peer-reviewed research that has investigated 
this area and the effect that this lack of research has on our ability to make recom-
mendations regarding the rational use of supplements.  

    20.2   Use of Dietary Supplements 

 Findings from National Health and Nutrition Examination Survey (2003–2006) 
revealed that 33% of adult Americans reported using vitamin/mineral supplements 
 [  1  ] . This survey also reported that herbal supplements were taken by about 20% of 
adult Americans. In total about half of all American take a dietary supplement regu-
larly. Use of dietary supplements is also highly prevalent in Canada. Three in four 
Canadians take supplements and a third use them every day  [  2  ] . 

 The people most likely to use dietary supplements are female, older, white, non-
smokers, regular exercisers, and better educated  [  3–  8  ] . Supplement use tends to be 
higher among those with a higher income  [  7  ] , although this is not a consistent 
 fi nding  [  6  ] . Two studies reported that supplement use is highest in those who are 
healthiest  [  4  ] , but one study indicated the reverse  [  7  ] .  

    20.3   Common Supplements and Common Claims 

 A wide variety of supplements are sold, but space permits only a limited number to 
be discussed here. The quality of the evidence supporting their ef fi cacy covers a 
wide spectrum. 
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    20.3.1   Supplements with Strong Supporting Evidence 

 Supplements where the case for bene fi t is strong include  fi sh oil, vitamin D, and 
calcium. Multivitamins—meaning pills containing a broad spectrum of vitamins 
and minerals—can be especially valuable for various groups of people, such as 
many elderly persons and many women during their reproductive years in order to 
achieve an adequate intake of iron and folic acid. These supplements are further 
discussed in Chap.   18     and other chapters. 

 Alas, most of the marketing of supplements is concentrated on products where 
the supporting evidence is far weaker but the pro fi t potential far greater.  

    20.3.2   Herbs and Herbal Cocktails 

 St John’s wort is one of the very few herbs where there is fairly solid supporting 
evidence of effectiveness. Evidence indicates that it may be effective in the treat-
ment of mild to moderate depression. It has also been reported to have fewer side 
effects than drugs  [  9  ] . However, it poses a problem due to interaction with numer-
ous medications  [  10  ] . 

 However, the great majority of claims for the ef fi cacy of herbal treatments fall  fl at 
when well-conducted studies are performed. Here are two prominent examples:

   Ginkgo biloba. This herb is used by many people in the belief that it helps • 
maintain cognitive health in aging, especially for the memory. In 2009 the 
results were published of a randomized, double-blind trial in which 3,070 peo-
ple across the USA, aged 72–96, were given either the herb or a placebo  [  11  ] . 
After 6 years there was no difference in the rate of cognitive decline between 
the two groups. No bene fi ts were seen for memory function.  
  Ginseng. This herb is widely used to improve energy and physical or cognitive • 
performance. Despite claims dating back centuries and vast numbers of users 
who, presumably, are con fi dent of its value, the supporting evidence is quite 
weak  [  9,   12  ] .    

 Unlike conventional drugs, herbal supplements generally lack standardization of 
active ingredients. There can be much variation between different brands of what is 
supposedly the same herb due to such factors as the actual species of plant used, the 
part of the plant used, and the extraction method. For example, wide variations in 
the concentration of active components in different samples of ginseng and 
St. John’s wort have been reported  [  13,   14  ] . It is also entirely possible that some 
manufacturers may simply be using cheap ingredients in place of expensive herbs. 
For these reasons an herb that was effective in a published study may be of no value 
when used by consumers. 

 Many supplements consist of a mixture of herbs. Often the label will give the 
ingredient list as a dozen or so herbs, each with a Latin name. As very little research 
has been conducted on mixtures of herbs, there is no good reason to be con fi dent 
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that such supplements will achieve any clinically valuable bene fi ts. Moreover, such 
herbal cocktails pose a risk of inducing harmful side effects that will be very dif fi cult 
to relate to any speci fi c herb or herb combination. Polypharmacy is always hazardous, 
whether it is based on conventional drugs or herbal cocktails.  

    20.3.3   Antioxidants 

 Many supplements are sold with a claim of being “rich in antioxidants,” the obvious 
implication being that such products will improve health or prevent disease. This 
can sound very impressive. Certainly, it is  fi rmly established that foods naturally 
rich in antioxidants, such as fruit and vegetables, are excellent for the health. But the 
real reasons for this are complex and not universally understood. The weakness of 
the claim that more antioxidants equates to improved health or less risk of disease 
is disproven by the results of several large randomized clinical trials (RCTs) in 
which the three major antioxidant vitamins— b -carotene or vitamins C or E—have 
been given to patients. The dose has typically been several times higher than the 
RDA. A recent meta-analysis concluded that supplementing with these vitamins 
leads to an  increase  of about 5–6% in all-cause mortality  [  15,   16  ] . Therefore, when 
sellers of supplements state in their advertisements that a product is “rich in antioxi-
dants,” that is weak evidence that it will improve health or prevent disease.  

    20.3.4   Detoxi fi cation 

 For the sellers of supplements, detoxi fi cation is much like the word antioxidants: it 
provides a simple concept that most people can easily grasp and that can be used to 
provide an apparently scienti fi c reason why a particular product will do wonders for 
the health. Detoxi fi cation is, of course, a well-established biochemical process. 
However, herbal treatments, in particular, are routinely sold with the promise that 
they will stimulate the liver—and perhaps some other organs as well—so that 
detoxi fi cation is accelerated and the body is cleansed. However, the claims being 
made that particular supplements will induce detoxi fi cation and lead to enhanced 
health are without any supporting evidence, at least none that this author has ever 
been able to  fi nd.  

    20.3.5   Boosting the Immune System 

 Many supplements come with the claim that they somehow stimulate the immune 
system. As with detoxi fi cation this is usually associated with herbs. For some herbs 
there is supporting evidence, Echinacea for example  [  17,   18  ] . But in most cases the 
claims come minus credibility. 
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 The claims being made for supplements that supposedly boost the immune 
system resemble those for antioxidants and detoxi fi cation: in each case we see a 
marketing strategy based on a biomedical mechanism that is suf fi ciently simple that 
the average person can understand it.  

    20.3.6   Exotic Fruit Juices 

 In recent years several exotic fruit juices have appeared on the market. The main 
ones are acia, goji, mangosteen, and noni. They are sold by multilevel marketing 
and through health food stores (HFS). They invariably come with promises of 
wonderful bene fi ts, though the supporting evidence appears to be very weak. Despite 
that, they are sold at an exorbitant price. For example, a health food store in 
Edmonton, Canada, where this author lives, charges about $50–60 per liter for these 
juices. By contrast, the local supermarket sells the common types of fruit and 
vegetable juices for less than $3 per liter.  

    20.3.7   Weight-Loss Products 

 With the huge obesity epidemic that has swept North America, it is scarcely surpris-
ing that supplement manufacturers have jumped on the bandwagon. New products 
appear with bewildering regularity. Typically, such products come with thin promises 
based on even thinner evidence. But what they do produce, very often, is a photo of 
a young woman with a BMI of about 20; the implicit message is obvious. Overall, 
the evidence for effectiveness of most of these supplements is weak  [  9  ] .  

    20.3.8   A Repeating Story 

 What we see, time and time again, is weak evidence dressed up as solid science. The 
marketers of supplements like to use scienti fi c evidence the way a drunk uses a lamp 
post: more for support than illumination. Sometimes the marketers go to the extreme 
and claim that their product cures almost anything and everything, even cancer. 

 The following are the types of evidence frequently referred to and that are used 
to promote the sale of supplements:

   A physiological or biochemical change in the body. Often this is based on mere • 
speculation or even pure invention; for example, that health will be improved 
because a herbal mixture induces detoxi fi cation or because an exotic fruit juice 
is rich in antioxidants.  
  Weak clinical evidence (e.g., a particular herb has been used for centuries as a • 
treatment and therefore it must be effective; or evidence based on one or two 
small studies of dubious importance).  
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  Anecdotal evidence, often from an unquali fi ed person with a serious con fl ict of • 
interest. A slight variation of anecdotal evidence is the use of testimonials (“Jim 
from Miami says: ‘Thanks to Speedy Fat Burn I have lost 25 lb in 1 month.’”).    

 In order for claims to have real credibility we need to see hard scienti fi c evidence. 
Ideally, there should be consistent evidence from well-conducted RCTs, with clini-
cal endpoints, showing health bene fi ts, and published in peer-reviewed journals. But 
such evidence is seldom available. 

 Dietary supplements are a multibillion dollar industry, but integral to its success 
has been the widespread use of blatantly misleading marketing. This strategy has 
been so successful because most of the population has a weak grasp of biomedical 
science  [  6  ] .  

    20.3.9   Potential Hazards from Supplements 

 The supplement industry regularly boasts that its products are safe. Alas, this is 
often not the case. For example, many supplements contain undeclared active phar-
maceutical agents. Cohen  [  19  ] , in an editorial in the  New England Journal of 
Medicine , published in 2009, wrote: “…more than 140 contaminated products have 
been identi fi ed, but these represent only a fraction of the contaminated supplements 
on the market.” Similar  fi ndings came from a recent study in which a chemical 
analysis was conducted on traditional Ayurvedic medicines that were being sold in 
the USA via the internet. The  fi ndings revealed that 21% of these herbal preparations 
exceeded one or more standards for acceptable daily intake of lead, mercury, or 
arsenic  [  20  ] . Now, it is certainly true that only a tiny fraction of users of supple-
ments experience undesired side effects. However, they do occur; indeed, many 
deaths have been reported, especially from herbs  [  21  ] . Quite apart from hazardous 
contaminants, many herbs interact with various drugs. St. John’s wort is especially 
problematic in that regard  [  10  ] . Compounding this problem patients often do not tell 
their physician about their use of supplements. 

 Another problem that is probably quite common, though hard numbers on this 
seem to be lacking, is that many people with a health problem that could be helped 
by a conventional medical treatment turn instead to ineffective supplements  [  20  ] .   

    20.4   How Dietary Supplements Are Marketed 

 Dietary supplements are promoted using many types of marketing methods, includ-
ing advertisement in newspapers (sometimes as multipage supplements), bulk mail 
(“junk mail”), spam e-mails, and internet websites, as well as by TV advertising. 
The actual selling of supplements is also carried out in diverse ways. They can be 
purchased in pharmacies, supermarkets, and HFS; directly from people engaged in 
multilevel marketing; and by mail order. This section describes some marketing 
strategies used by manufacturers and sellers. 
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    20.4.1   Health Food Stores, Drugstores, and Supermarkets 

 HFS are a popular source of dietary supplements. They typically carry hundreds 
of different products. But here I describe my favorite: Cellfood. According to the 
lea fl et that explains the wonders of the product, Cellfood “enhances the bioavail-
ability of oxygen though its ability to ‘dissociate’ water molecules within the 
body—releasing nascent oxygen and hydrogen directly to the cells.” The ingredient 
list includes almost the entire periodic table, even thallium, polonium, nitrogen, 
and the inert gases. The only elements missing are the ones well known to be 
toxic, such as lead and arsenic. Other ingredients include 16 amino acids and 
32 enzymes. What is truly remarkable is that the recommended dose is a mere 
eight drops. 

 That some HFS staff act in dishonest, uninformed, or unethical ways has been 
demonstrated in several studies. One was conducted in Hawaii in 1998  [  22  ] . 
A woman visited 40 HFS and in each one she stated that her mother had advanced 
breast cancer and requested advice. In 36 (90%) of the HFS, one or more products 
were recommended. The most common ones recommended were shark cartilage 
(recommended in 17 HFS), followed by essiac (an herbal treatment), maitake mush-
room, CoQ10, and vitamin C. In all, 38 different products were recommended. No 
sales person mentioned potential adverse effects. The cost of the supplements of 
shark cartilage, essiac, and maitake ranged from US$300 to US$3,400. In a similar 
study conducted in Ontario, Canada, the investigator posed as a mother of a child 
with Crohn’s disease  [  23  ] . Of the 32 HFS visited, 23 (72%) offered advice. The 
advice given was remarkably inconsistent, with 30 different herbs and nutritional 
supplements recommended. A third study was carried out in London, England  [  24  ] . 
Here, the researcher stated that she had been getting headaches lately. The researcher 
visited 29 HFS; of these, 25 (86%) recommended a speci fi c product. Again, a vari-
ety of products were recommended. In addition, seven of the stores (24%) recom-
mended diet or lifestyle change. One disturbing aspect of this study was that the 
researcher presented with what could be a serious disease, yet only seven of the 
HFS (24%) suggested a visit to a physician. By contrast, 18 of the HFS (62%) sug-
gested a cause of the headaches. 

 In recent years it seems that every drugstore has given over a generous amount of 
shelf space to the display of supplements. The same is seen in the pharmacy section 
of supermarkets. However, these stores are quite different from HFS in one impor-
tant respect: customers requesting advice are far less likely to be recommended to 
buy useless supplements. This is not surprising as pharmacists are trained health 
professionals and must abide by a code of ethics, This was recently con fi rmed in a 
study that I conducted in Canada  [  25  ] . Visits were made to 260 HFS and drugstores 
(or the pharmacy section of supermarkets). The results reveal that on 88% of times 
that questions were asked in HFS, the recommendations made were either unscienti fi c 
(6%) or were poorly supported by the scienti fi c literature (82%). By contrast, this 
occurred for only 27% of questions in drugstores/supermarkets. Conversely, on 
two-thirds of visits to drugstores/supermarkets, staff gave advice considered to be 
fairly accurate or accurate, but this seldom occurred in HFS (68% vs. 7%).  
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    20.4.2   Multilevel Marketing 

 Many products—from Avon cosmetics to Tupperware—are sold by direct marketing, 
a strategy in which company salespeople recruit other salespeople. The foot soldiers 
and everyone up the chain get a commission for their sales. This marketing strategy 
is popular among manufacturers of dietary supplements. Its focus is pro fi t, not 
consumer health. Although I am not aware of any actual surveys, my own observations 
have left me convinced that the great majority of the folks who are hired to sell 
supplements lack any real training in key areas of nutrition and health. This is also 
true of HFS. 

 Here is one example of this. A few years ago advertising lea fl ets were distributed 
here in Edmonton promoting a public lecture by Dr. Earl Mindell, the person behind 
the sale of goji juice by multilevel marketing. He was referred to as “Widely regarded 
as the world’s #1 nutritionist” and the product as “The biggest discovery in nutrition 
in the last 40 years!” 

 Body Wise International provides our second example. This company rewards its 
“consultants” for selling products and also for recruiting other independent consul-
tants. According to the company website, consultants can use this form of network 
marketing to generate “substantial incomes”  [  26  ] . The science behind some of the 
company’s products is questionable, as evidenced in a public lecture given by Tim 
Tierney in 2002 in Edmonton. Tierney did not claim to be an expert but was giving 
the views of Dr. Jesse Stoff, who was described in the advertising lea fl et for the 
lecture as “the world’s leading viro-immunologist.” A check of Medline, however, 
failed to produce a single publication by Stoff, though he has authored several 
populist nutrition books of dubious credibility. 

 Tierney made some rather strange statements in his lecture, including that milk 
causes osteoporosis. However, the real purpose of the lecture was the promotion 
of products sold by Body Wise. Tierney claimed that several people had been 
cured of cancer by the products. Indeed, the products seem to cure pretty much 
everything. For evidence of its ef fi cacy, the audience was given, not references to 
papers in journals, but statements by half a dozen people describing fantastic cures 
experienced by themselves or others. The products come with money-back guar-
antees. The company website  [  26  ]  refers to two unpublished research studies that 
examined immune function (number of natural killer cells) rather than clinical 
endpoints.  

    20.4.3   Advertising in the Media 

 Large amounts of advertising for supplements appears in newspapers and maga-
zines. My local newspaper, the Edmonton Journal, regularly includes inserts that 
consist entirely of adverts for supplements. These direct readers either to internet 
websites or to HFS. 
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 In the last few years there seems to be far more advertising of supplements 
during regular TV programs. As an example, ImmuGo is a product that is claimed 
to stimulate the immune system. During 2008 it was heavily advertised on American 
TV. According to the company website: “[It] was created by Vitamin Gene Arnold, 
the vitamin guru to Hollywood stars. For over 15 years, celebrities have been 
coming to Vitamin Gene for the latest breakthrough vitamins”  [  27  ] . 

 Another form of distribution of many types of health-related products is by info-
mercials. These TV programs are produced and paid for by commercial companies. 
They resemble regular TV programs but are, in reality, a form of advertising. They 
typically last for 30 min and air during the night.  

    20.4.4   Spam E-Mails 

 Spam e-mails are a cheap and easy way for manufacturers to promote their dietary 
supplements to tens of thousands, if not millions, of people. As a result large num-
bers of products are being touted, most of them of highly dubious value. In recent 
years vast numbers of spam e-mails have been sent out promoting sex-related herbal 
supplements. Spam e-mails typically work by directing the person to a website. 
There are large numbers of websites selling all types of supplements; they are, in 
effect, virtual HFS. They often  fl out U.S. law  [  28  ] .  

    20.4.5   Internet Websites 

 According to the Federal Trade Commission (FTC) more than 90 million Americans 
use the Internet to  fi nd health information. The Internet is well suited to mass market-
ing as it provides low-cost access to a global market. Unfortunately, its easy accessi-
bility and openness make it an ideal forum for selling products of dubious value. 

 In an analysis of herbal products marketed on the Internet, it was discovered that 
among 338 websites that sold herbal remedies, 273 (81%) made one or more health 
claims  [  28  ] . Of these 273, over half (55%) broke US law by claiming that a product 
could treat, prevent, diagnose, or cure a speci fi c disease, and half of them failed to 
show the standard federal disclaimer related to health claims.  

    20.4.6   The Object of the Exercise 

 The purpose of all this huge marketing enterprise is, of course, to maximize sales. 
As mentioned earlier, there are some supplements for which solid evidence exists 
justifying their use. Examples include vitamin D, calcium, and  fi sh oil. Each of 



444 N.J. Temple

these costs around $3 or $4 per month. But go into a HFS, tell the salesperson that 
you do not have enough energy, you have an ache in your knee, and your mother 
died of cancer and you will likely be told to take a handful of supplements, each 
costing between $20 and $60 per month. This might easily add up to $100–200 per 
month. And it is quite likely that the recommended supplements would have little or 
no bene fi cial effect on health.   

    20.5   Regulations on the Marketing of Supplements 

 The growth of the dietary supplement industry in recent years has created many 
regulatory challenges for federal agencies. 

    20.5.1   United States 

 The principal agency of the US government that regulates supplements is the Food 
and Drug Administration (FDA). However, product advertising is regulated by 
the FTC. 

 The Nutrition Labeling and Education Act (NLEA) of 1990 gave the FDA the 
authority to require the manufacturers of dietary supplements to furnish evidence that 
their products are safe  [  29  ] . The FDA was also empowered to approve the health 
claims for these products. However, enactment of the Dietary Supplement and 
Health Education Act (DSHEA) of 1994 freed dietary supplement manufacturers 
from many FDA regulations  [  29  ] . Whereas manufacturers were required by the 
NLEA regulations to prove that a dietary supplement is  safe , the FDA must prove 
under DSHEA regulations that a supplement is  unsafe . This shift in regulatory 
policy places burdens on a federal agency with important public health responsibili-
ties but limited resources. Moreover, manufacturers are now free to make health-
related claims (structure/function claims). However, manufacturers are not permitted 
to state explicitly that the product will cure or prevent a disease, and they must 
state that the FDA has not evaluated the agent. What this means in practice is as 
follows:

   A manufacturer may now claim that a supplement “boosts the immune system” • 
(but cannot claim that it prevents infectious disease)  
  That it “makes the body burn fat while you sleep” (but not that it cures • 
obesity)  
  That it “ fi ghts cholesterol” (but not that it prevents heart disease)    • 

 Needless to say, the distinction between the two types of claim is lost on most 
consumers. Put bluntly, the 1994 law, together with the lack of resources at the FDA 
to properly enforce regulations, has given supplement manufacturers  carte blanche  
to employ deceptive marketing that often looks and smells like fraud. 
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 Marion Nestle, of New York University, traced the history of how the supplement 
industry succeeded in pressuring Congress to pass DSHEA, thereby allowing the 
supplement industry almost unlimited freedom to market supplements  [  29  ] :

  Today, marketers of supplements are permitted to make practically any claim they want for 
the health bene fi ts of their products. They are also permitted to vary the ingredient contents 
of their products with impunity. They do not have to remove potentially harmful products 
from the market unless taken to court by the FDA, and they do not have to prove that their 
products bestow the bene fi ts claimed for them. This remarkable situation is the result of 
the industry’s persistence and skill in generating public pressure on Congress to restrict the 
FDA’s regulatory mission.   

 This lobbying effort has been hugely rewarding for the supplement industry. Use 
of dietary supplements increased sharply in the years following the passage of 
DSHEA  [  4,   5  ] ; sales increased nearly 80% between 1994 and 2000  [  6  ] . 

 In 2003 the serious problems with the current regulatory climate were addressed 
by the editors of the  Journal of the American Medical Association  ( JAMA )  [  30  ] :

  If dietary supplements have or promote …. biological activity, they should be considered to 
be active drugs. On the other hand, if dietary supplements are claimed to be safe because 
they lack or have minimal biological activity, then their ability to cause physiologic changes 
to support “structure/function” claims should be challenged, and their sale and distribution 
as products to improve health should be curtailed. Manufacturers of dietary supplements 
are trying to have it both ways. They claim their products are powerfully bene fi cial, on the 
one hand, but harmless on the other. To claim both makes no sense, and to claim either 
without trials demonstrating ef fi cacy and safety is deceptive. The public should wonder 
why dietary supplements have effectively been given a free ride. New legislation is needed 
for de fi ning and regulating dietary supplements.   

 A similar article was published in the  New England Journal of Medicine  in 2002 
with a focus on herbal supplements  [  31  ] , and a more general editorial in 2009  [  19  ] . 

 There has been one positive development. Around 2008–2010, new regulations 
were implemented that require manufacturers to follow certain “good manufacturing 
practices”  [  32  ] . Products must now contain the substances speci fi ed on the label and 
be free of contaminants. What effect this will have in practice awaits to be seen.  

    20.5.2   Canada 

 In 1999 Health Canada created a new organization, the Natural Health Products 
Directorate, to regulate dietary supplements. The directorate’s mission is to ensure 
that Canadians have access to natural health products (NHP) that are safe, effective, 
and of high quality  [  33  ] . A key feature of the new regulations is that the require-
ments for safety and good manufacturing practices fall on the companies that manu-
facture, package, label, import, or distribute NHP. All manufacturers, importers, 
packagers, and labelers of NHP must now have site licenses, and any new NHP 
must have a product license. The regulations require a premarket review of products 
to assure Canadians that label information is truthful and health claims are sup-
ported by appropriate types of scienti fi c evidence. 



446 N.J. Temple

 When these regulations were announced, the clear impression was given that the 
marketing of supplements was to be made much more honest. Hopefully, packages 
of supplements now contain what the label says they contain—nothing more and 
nothing less. But that is only one aspect of the problem. The greater problem is the 
widespread practice of dishonest marketing and here there is scant evidence of 
improvement. In other words, a bottle of vitamin E sold in Canada should now 
contain the vitamin in the amount stated on the label, but that is of little value if the 
people in HFS are still allowed to claim that it helps prevent disease, despite the lack 
of good supporting evidence. In that respect the situation in Canada is still every bit 
as bad as that in the USA.   

    20.6   Helping Consumers Make Informed Choices 

 Given the diverse and innovative forms of marketing of dietary supplements, 
consumers need help sorting through the health claims. This is especially the case 
as the great majority of people have a weak understanding of health science and 
how supplements might affect body functioning. 

 Untrustworthy claims for supplements often have the following features  [  34  ] :

    1.    A reliance on anecdotal evidence, especially testimonials.  
    2.    A lack of supporting evidence from papers published in peer-reviewed journals.  
    3.    The use of unscienti fi c and unsupported theories to rationalize the use of supple-

ments, such as claims that a supplement boosts immunity or detoxi fi es the body.  
    4.    Money-back guarantees.  
    5.    The use of claims that the product represents a “scienti fi c breakthrough” or an 

“ancient remedy.”  
    6.    Touting the product as an effective treatment for a broad range of ailments. If 

things are too good to be true, they probably are.     

 The following simple rules are helpful in deciding whether to purchase a particu-
lar supplement:

   Whenever the above features are seen in connection with the marketing of a • 
supplement, this should raise a red  fl ag.  
  In general, it is best to ignore advice given by persons who have a  fi nancial inter-• 
est in selling supplements, especially when they appear to have no relevant 
quali fi cations. This includes staff in HFS and people engaged in multilevel mar-
keting. Likewise, it is usually best to ignore all websites of supplement manufac-
turers and all advertising in the media, both print media and TV.  
  Always use common sense. A healthy dose of skepticism is the consumer’s best • 
protection against fraudulent and misleading marketing.  
  Before purchasing a supplement, independent advice should be obtained from a • 
reliable source. There are a number of trustworthy websites that can be con-
sulted; some are listed in Table  20.1 . Legitimate health professionals can also be 
consulted, such as a physician, dietitian, or pharmacist.      
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    20.7   Conclusions 

 Consumers want to go to dietary heaven, but they do not want to die. Marketers of 
dietary supplements have rushed to  fi ll this consumer demand, frequently using 
scienti fi c evidence the way a drunk uses a lamppost: more for support than illumina-
tion. The marketing of dietary supplements is a situation where ethics, honesty, and 
a sincere desire to improve the health of consumers takes a backseat to maximizing 
sales and pro fi t. Millions of consumers have embraced the use of dietary supple-
ments with zeal, but they have turned a blind eye to issues of safety and ef fi cacy. 

 It is entirely possible that on balance the supplement industry actually does more 
harm than good to people’s health. This is because many people are persuaded to 
take worthless—and possibly harmful—supplements for the prevention and treat-
ment of a health condition and forgo a bene fi cial intervention. Why eat extra por-
tions of fruit and vegetables every day in order to lower your risk of cancer when 
you can much more easily take shark cartilage tablets? Why take  fl u shots when the 
same protection can be achieved with echinacea? Why cut down on your intake of 
hamburgers when cholesterol can be neutralized with garlic? The supplement indus-
try has built an empire, but the emperor is almost naked. 

 But there is a positive side to dietary supplements. There is good supporting 
evidence for several supplements, such as vitamin D and  fi sh oil. This was brie fl y 
reviewed earlier in the chapter. Occasionally, a supplement taken by large numbers 

   Table 20.1    Internet resources on dietary supplements and health fraud   

  Dietary supplements  
 Mayo Clinic:   http://www.mayoclinic.com     
 National Center for Complementary and Alternative Medicine (NCCAM):   http://nccam.nih.

gov/health/supplements/wiseuse.htm     
 Medline Plus:   http://medlineplus.gov/     
 MEDLINE:   http://www.ncbi.nlm.nih.gov/PubMed/     
 The National Cancer Institute’s website gives reliable information about various supplements 

claimed to be effective in the prevention or treatment of cancer:   http://www.cancer.gov/
cancertopics/treatment/cam     

 Dietary Supplements. Available from Food and Nutrition Information Center, National 
Agricultural Library, June 2011:   http://fnic.nal.usda.gov/     

 Dietary Supplements Alerts and Safety Information. Available from Food and Drug 
Administration (FDA), October 2009:   www.cfsan.fda.gov/~dms/ds-warn.html     

 Health fi nder:   www.health fi nder.gov     
 Supplement Watch:   www.supplementwatch.com     

  Health fraud  
 National Council Against Health Fraud:   www.ncahf.org     
 Quackwatch:   www.quackwatch.org     
 (Note: the above two websites are closely linked.) 
 MEDLINEplus Guide to Healthy Web Sur fi ng:   www.nlm.nih.gov/medlineplus/

healthywebsur fi ng.html
    (A website that exposes fraud in the sale of various supplements, including herbs and 
weight-loss products, is   www.dietfraud.com    ) 

http://www.mayoclinic.com
http://nccam.nih.gov/health/supplements/wiseuse.htm
http://nccam.nih.gov/health/supplements/wiseuse.htm
http://medlineplus.gov/
http://www.ncbi.nlm.nih.gov/PubMed/
http://www.cancer.gov/cancertopics/treatment/cam
http://www.cancer.gov/cancertopics/treatment/cam
http://fnic.nal.usda.gov/
http://www.cfsan.fda.gov/~dms/ds-warn.html
http://www.healthfinder.gov
http://www.supplementwatch.com
http://www.ncahf.org
http://www.quackwatch.org
http://www.nlm.nih.gov/medlineplus/healthywebsurfing.html
http://www.nlm.nih.gov/medlineplus/healthywebsurfing.html
http://www.dietfraud.com
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of people based on weak evidence turns out to be effective. One such example is 
St. John’s wort. It became popular for the treatment of mild to moderate depression, 
despite the meager quality of the supporting evidence. Nevertheless, it has stood up 
reasonably well to careful testing  [  35  ] . 

 There is no good reason why we cannot have the best of both worlds: promote 
the use of supplements when there is good supporting evidence while proscribing 
against those without supporting evidence. A vital and urgent step in this direction 
is stricter regulation, including greater vigilance of the industry by government 
agencies. In the  fi nal analysis, an educated consumer is the best consumer when it 
comes to dietary supplements. And the need for education also applies to health 
professionals.      
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as a marketing category of health-focused food.  
  Reducing or removing ingredients viewed as unhealthy in foods, such as salt • 
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    21.1   Introduction 

 The worldwide marketplace for new foods is a vast arena where many thousands of 
products are introduced each year and the majority fails within a few years. In this 
setting, functional foods have emerged and survived as a new marketing category of 
health-focused food. With the health impact of nutritional supplements critically 
reviewed in Chap.   20    , this present chapter is focused on examples of actual food 
products and ingredients to give a sample of what is offered in this functional foods 
market. In Chap.   22     Nestle and Wilson discuss how political forces in fl uence the 
choices available to the consumer. 

 Commercial interests create new foods to meet new opportunities in the market-
place. In the food industry, the word “new” itself is often used to improve demand 
or consumption. Public health alerts, popular diet trends, regulations, and govern-
mental food policies can become opportunities. In 1990 mandatory food nutritional 
labeling was introduced in the United States  [  1  ]  and similar regulations spread 
worldwide. A growing consumer awareness of process food and high levels of 
sodium, fat, cholesterol, and sugar coincided with regulatory approval to label prod-
ucts as “lite,” “reduced,” or “free,” indicating reduction or removal of these ingre-
dients perceived as unhealthy. This created functionality by reduction or elimination, 
often including replacement with alternative ingredients to provide saltiness, sweet-
ness, or fat replacement. 

 A regulatory approval in the 1990s also led to making certain health claims on 
product labels, encouraging addition of functional ingredients such as soy protein, 
 n -3 fatty acids (also known as omega-3 fatty acids), and plant stanol esters. Such 
functional ingredients with pharmaceutical-like activity became known as “nutra-
ceuticals”  [  2  ]  in some countries and “supplements” in others. Unlike whole foods 
that are intact and unre fi ned, the concepts of “reduction” and “addition” of ingredients 
encompass what is found in manufactured functional foods today. As there is no 
uniform agreement about what is healthy and acceptable in food, the criteria for 
ingredient and product approvals varies among countries and may therefore require 
manufacturers to gain approval country by country. Thus, many new functional 
foods or ingredients have limited availability across national boundaries; however, 
larger companies have the resources to broaden their markets worldwide. 

 What is new in food today will become obsolete tomorrow if it fails in any way. 
In other words, the quest for pro fi t is the key driver of these developments. For that 
reason products mentioned as examples in this chapter may not even be available in 
any market by the time this book is published. Other products may have evolved 
into a “newer” form. For functional foods or ingredients, failure can happen for a 
number of reasons. They taste terrible. They cost too much. They suffer marketing 
mishaps. They do not provide the health bene fi ts they proclaim. They are declared 
fraudulent, deceptive, or unsafe by individuals, public interest groups, or public 
institutions. What is new in food keeps evolving. 

 Presented here is a snapshot of commercially manufactured functional foods, along 
with brief commentary on de fi nitions, technologies, and regulatory settings where 

http://dx.doi.org/10.1007/978-1-61779-894-8_20
http://dx.doi.org/10.1007/978-1-61779-894-8_22
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applicable. Two broad categories of “subtracted/reduced” and “added” functionality 
are used to group these foods. A number of product and ingredient examples are given 
in each section. Company names as well as branded and trademarked products are 
printed in  italics . Websites to locate more information are listed in Table  21.1 .   

   Table 21.1    Product websites   
 Product company and brand name  Website a  

  Abbott Laboratories Ensure Muscle 
Health  

   http://ensure.com/     

  Abbott Laboratories Glucerna     http://glucerna.com/product/     
  Abbott Laboratories Zone Perfect     http://zoneperfect.com/     
  Agostoni Chocolate     http://www.agostonichocolate.com/     
  Alsosalt     http://www.alsosalt.com/     
  Arctic Zero     http://www.myarcticzero.com/     
  AstraREAL     http://www.astareal.com/     
  Attune Foods Munch     http://www.attunefoods.com/     
  Beauty Foods Chocolate Chai 

Renewal  
   http://www.beautyfoods.com/     

  Benecol     http://www.benecol.com/     
  Benelact     http://www.benelact.com/     
  Better Whey of Life     http://www.betterwheyo fl ife.com/     
  Bioactive Technologies Colostrum 

Sports Drink  
   http://www.bionz.com/     

  Bioferme Yosa     http://www.bioferme. fi /index.php?id=35     
  BioSophia Graindrops     http://www.organicmonitor.com/r2909.htm     
  Biovelop AB PromOat     http://www.biovelop.com/     
  Bolthouse Farms Protein Plus drink     http://bolthouse.com/     
  Bomba Energy SOL(e)UTION     http://www.bomba.at/languages.html     
  Borba Skin Balance Waters     http://www.borbaskinbalancewater.com/     
  BSN Lean Desert Protein     http://www.bsnonline.net/details/leandessertprotein.

html     
  Burnbrae Farms Naturegg Omega 

Pro liquid eggs  
   http://www.burnbraefarms.com/consumer/our_prod-

ucts/egg_creations_can.htm     
  Ceba Foods Oatly Oat Drink     http://www.oatly.com/     
  Clif Luna & Builders Bars     http://www.clifbar.com/food/products_luna_bar/     
  ConAgra Foods Eggbeaters     http://www.eggbeaters.com/     
  Cyclamate     http://www.cyclamate.com/     
  Cytosport Muscle Milk     http://www.musclemilk.com/     
  Danone/Dannon DanActive, Activia 

& Danacol  
   http://www.danone.com/?lang=en     

  Diamond Foods Pringles     http://www.pringles.com/products/lightfatfree     
  Diamondcrystal SaltSense     http://www.diamondcrystalsalt.com/Culinary/Products/

Salt-Sense/     
  Drank Extreme Relaxation 

Beverage  
   http://www.drankbeverage.com/     

  Dream fi elds Low Carb Pasta     http://www.dream fi eldsfoods.com/ fi nd-dream fi elds-
pasta.html     
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Table 21.1 (continued)
 Product company and brand name  Website a  

  Earthling Organics Matcha Green 
Tea Bar  

   http://earthlingorganics.com/products     

  EAS Myoplex     http://eas.com/myoplex     
  Ecco Bella Health By Chocolate & 

Beauty Bliss  
   http://www.healthbychocolate.com/     

  Eggland’s Best Eggs     http://www.egglandsbest.com/home.aspx     
  Emergen-C Joint Health     http://www.emergenc.com/index.php/products/

specialty/joint-health     
  Equal     http://www.equal.com/     
  Farm Produce Marketing Orchard 

Maid drinkable yogurt  
   http:// fi ndarticles.com/p/articles/mi_m3301/is_9_103/

ai_92137779/     
  First Foods Oat Supreme     http://www. fi rst-foods.com/icecream.htm     
  Flash-5 Energy Bars     http://www. fl ash-5.com/     
  FloraGlo     http://www. fl oraglolutein.com/     
  Forward Foods Detour Bar     http://www.detourbar.com/     
  Frito-Lay Light Potato Chips & 

Taco Chips  
   http://www.fritolay.com/our-snacks/lays-light-original.

html     
  Fruit-Sweetness     http://www.biovittoria.com/Live/biovittoria_1_1.php     
  Fuze Healthy Infusions Defensify     http://www.virtualvender.coca-cola.com/ft/index.jsp     
  GanedenBC     http://www.ganedenbc30.com/about_ganedenbc30.php     
  General Mills FiberOne     http://www. fi berone.com/     
  General Mills Total Cereal     http://www.totalcereal.com/     
  Genisoy     http://www.genisoy.com/     
  GFA Foods Smartbalance     http://www.smartbalance.com/     
  Glaceau Vitamin Water Focus     http://www.glaceau.com/     
  Glowelle Beauty Drink     http://www.glowelle.com/     
  Good Cacao Superfood Chocolate     http://www.goodcacao.com/home.html     
  Greens Plus Chia Greens Chia 

Energy Bar  
   http://greensplus.com/product_info.php/

cPath/84_21_124_101/products_id/248     
  Groupe Biscuits Leclerc Praeventia     http://www.praeventia.ca/en/praeventia-cookies.php     
  GT’s Enlightened Organic Raw 

Kombucha.  
   http://www.synergydrinks.com/kombucha_enlightened.

aspx     
  Healthsmart Foods Chocolite     http://www.healthsmartfoods.com/     
  iChill     http://ichill.com/     
  Imagine Foods Rice Dream     http://www.tastethedream.com/products/rice_dream.

php     
  Inneov Firmness     http://www.loreal- fi nance.com/eng/news/active-cosmet-

ics-40.htm     
  Interstate Bakeries Wonderbread     http://www.wonderbread.com/white-bread.html     
  Isopure     http://www.theisopurecompany.com/     
  Jarrow Formula Brown Rice 

Protein  
   http://

www.jarrow.com/product/264/Brown_Rice_Protein     
  Joint Juice     http://jointjuice.com/     
  Kashi U Black Currents & Walnuts     http://www.kashi.com/products/category/Cold%20

Cereal     
  Kellogg’s FiberPlus Antioxidants 

bars  
   http://www.kelloggs fi berplus.com/home.aspx     
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  Kemin Slendesta     http://www.kemin.com/nutraceuticals/slendesta     
  Kraft Lite & Reduced Fat Dairy 

Products  
   http://www.kraftrecipes.com/     

  La Tortilla Low Carb High Fiber 
Tortillas  

   http://www.latortillafactory.com/     

  Labradas Cookie Roll     http://www.labrada.com/     
  Lactaid     http://www.lactaid.com/     
  Lactel Jour Apres Jour     http://www.lactel.fr/chacun_son_lait/jaj.

php?b=1&c=5&d=1     
  Lassonde Immunotec Research 

Prycena& Oasis Immuniforce  
   http://alassonde.com/en/products/oasis/health_break/

immuniforce.aspx     
  LifeTop culture straws     http://lifetop.eu/products/lifetop-straw     
  Lifeway Ke fi r, Basics Plus & 

BioKe fi r shots  
   http://www.lifeway.net/     

  Lipid Nutrition PinnoThin     http://www.lipidnutrition.com/ProductRange/
PinnoThin/     

  Live Great Foods Acclaim 
chocolate milk  

   http://www.dairyfoods.com/Articles/Dairy_News/
BNP_GUID_9-5-2006_A_10000000000000784975     

  Lomasalt     http://www.lohmann-chemikalien.de/     
  Marks & Spencer Super Juice     http://www.talkingretail.com/products/product-news/

marks-spencer-launches-new-cholesterol-lowering-
super-juice     

  Martek DHA     http://www.martek.com/     
  Met Rx MRP     http://www.metrx.com/     
  Metagenics Ultrameal Rice Bar     http://www.metagenics.com/products/a-z-products-list/

UltraMeal-RICE-Bar     
  MiniChill     http://www.minichill.com/lab/     
  Minute Maid Heart Wise orange 

juice  
   http://www.minutemaid.com/     

  Modjo for Life     http://www.modjolife.com/start.php     
  MojoMilk     http://www.mojomilk.com/     
  Molico Beauty     http://www.nestle.com.br/site/marcas/Molico.aspx     
  MonaVie (M)mun     http://www.monavie.com/products/health-juices/mmun     
  Morton LiteSalt     http://www.mortonsalt.com/     
  Naka NutriHEART     http://www.nakaherbs.com/     
  Naked Juice Protein Juice Smoothie     http://www.nakedjuice.com/#     
  Nature’s Plus Chocolate Berry 

Ultra Energy Acai Bar  
   http://www.naturesplus.com/products/productDetail.asp

?criteria=search&searchVar=99635&productnumbe
r=99635&category=24     

  Nature’s Plus Spiru-tein GOLD     http://www.naturesplus.com/     
  Neotame     http://www.neotame.com/     
  Nestle Boost Complete Nutritional 

Drink  
   http://www.boost.com/     

  Nestle Boost Kid Essentials     http://www.kidessentials.com/     
  NuGo Nutrition Bars     http://www.nugonutrition.com/     
  NuSalt     http://www.nusalt.com/     
  Nu-Tek     http://www.nu-teksalt.com/     
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(continued)

Table 21.1 (continued)
 Product company and brand name  Website a  

  NuVim LactoMune LactoActin     http://nuvim.com/     
  Odwalla Super Protein & Protein 

Monster  
   http://www.odwalla.com/index.jsp     

  Old Home Foods Saf fl owerPower 
Yogurt  

   http://www.saf fl owerpower.com/     

  Olestra     http://www.pgfoodingredients.com/     
  Omega Pro  eggs    http://www.burnbraefarms.com/consumer/our_prod-

ucts/omega_pro_liquid.htm     
  Optimum Nutrition Essential Amino 

Energy  
   http://www.optimumnutrition.com/products/essential-

amino-energy-p-275.html     
  PaleoBars     http://www.designsforhealth.com/paleobar_choc.html     
  Pansalt     http://www.pansalt.ph/     
  Papetti Foods All Whites     http://www.allwhiteseggwhites.com/     
  Pharmavite SoyJoy fruit bar     http://www.otsuka.co.jp/en/product/     
  Pierre’s Ice Cream Yovation     http://www.myyovation.com/     
  Pillsbury Sugar Free Cake Mix & 

Frosting  
   http://www.pillsburybaking.com/products/product_

detail10.
aspx?gclid=CLr8pubI_KcCFQnrKgodPGdLrg     

  POM Wonderful     http://www.pomwonderful.com/     
  PowerBar Performance Bar & 

Energy Bites  
   http://www.powerbar.com/     

  Pro Lab Lean Mass Creatine Bar .    http://www.prolab.com/products/protein     
  Probi ProViva     http://www.proviva.com/en/Magens-basta-van/History/

Probi/     
  PROsnack Natural Foods Elevate 

Me  
   http://www.prosnack.com/     

  Protein Juice Smoothie ,    http://www.nakedjuice.com/#     
  PureFit     http://www.pure fi t.com/     
  Red Bull     http://www.redbull.com/     
  Revival Crispy Bars     https://secure.revivalsoy.com/     
  Rubicon Food Products Papaya 

Drink with Lutein  
   http://www.rubiconexotic.com/     

  Saltrite     http://www.saltrite.com/     
  SkinCola     http://www.angel fi re.com/ego2/skincola/     
  Skinny Water     http://skinnywater.com/     
  SmartSalt     http://www.smartsalt.com/     
  Snickers Marathon Protein Bar.     http://www.snickersmarathon.com/     
  Soylutions Earth Shake     http://www.soylutions.ca/eng/produits-originalEarth.

html     
  Soylutions YU     http://www.soylutions.ca/eng/produits.html     
  SoZo Life & CoffeeBerry     http://www.sozolife.com/     
  Splenda     http://www.splenda.com/     
  Stoney fi eld Farms     http://www.stony fi eld.com/     
  Subway Omega-3 Bread     http://www.subwayfreshbuzz.com/     
  Sunsweet Prune Juice +     http://www.sunsweet.com/     
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  Supple Drink     http://supplebodies.com/?gclid=CPyjkY39g6gCFUa8K
god9CkltQ     

  Sweet N’Low     http://www.sweetnlow.com/     
  SweetOne     http://www.sweetone.com/     
  Talin thaumatin     http://www.overseal.com/talin-natural-thaumatin.html     
  Think Products ThinkThin Bar     http://www.thinkproducts.com/2011/     
  Tip Top Up White Omega     http://www.tiptop.com.au/up/white-omega-3dha-thick     
  Tropicana Pure Premium 

Calcium + Vitamin D Orange 
Juice  

   http://www.tropicana.com/#/trop_home/home.swf     

  Truvia Rebiana     http://truvia.com/     
  Unilever Slim-Fast Meal Bar     http://www.slim-fast.com/products/mealbar/     
  Unilever Take Control     http://www.unileverfoodsolutions.com/     
  Unilever/Wall Moo frozen desert     http://www.unilever.com/innovation/buildingthefuture/

anunusualsourceofcalcium/     
  Vacation in a Bottle (ViB)     http://www.drinkvib.com/our-products/ingredients.html     
  Valio Ge fi lus  and  Evolus     http://www.valio. fi /portal/page/portal/valiocom/R_D/

Valion_tuotteet     
  Valio Ge fi lus cheese    http://ammattilaiset.valio. fi /portal/page/portal/

valiocom/Company_information/Products_
International_Sales/functional_prod-
ucts18102006164724/
lactobacillus_gg19102006134654     

  Vanilla Taste of Beauty Embrace 
Beauty Drink  

   http://www.vanillabeauty.net/supreme.htm     

  Votre Vu Snapdragon Beauty 
Beverage  

   http://www.votrevu.com/corporate/public?page=/jsp/
home.jsp     

  Wellmune WGP     http://www.wellmune.com/     
  Wells Bluebunny Bomb Pop     http://www.bluebunny.com/

Products/d/Sugar_Free_Bomb_Pop     
  Westsoy SmartPlus     http://www.westsoy.biz/     
  WholeSoy Cultured Soy     http://www.wholesoyco.com/our-products/soy-yogurt/

item/soy-yogurt     
  WineTime     http://www.winetimebar.com/order.php     
  Xenadrine     http://www.xenadrine.com/products/drink/drinkmix.

shtml     
  Yagua Beauty Juicer     http://www.yagua.nl/producten/beautyjuicer.php     
  Yagua Free Move     http://www.benseng.com/nieuws/ginseng/nieuws-

ginseng-publicaties-2003.html#yagua     
  Yakult Provie & Pretio     http://www.yakultusa.com/     
  Yili Dairy Milk     http://www.yili.com/en/about_yili/history.shtml     
  Yoplait Yorik, Petits Filous, 

Nouriche & Yo-Plus  
   http://www.yoplait.com/     

   a Last accessed 20 June 2011  
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    21.2   Functionality by Reduction and Replacement 

 Starting around the 1980s in the United States, issues relating health and the current 
food supply began to receive signi fi cant media attention. This raised public aware-
ness and concern about the contents of common foods we eat. Certain ingredients in 
foods have come to be viewed as unhealthy and harmful when consumed in excess. 
Most often these are components found in processed foods, such as sodium, choles-
terol, fat,  trans  fats, and sugar. Finding solutions to reduce and often replace these 
components has become a signi fi cant focus in the food industry, creating functional 
foods with both real and perceived health bene fi ts. Some of the replacement ingre-
dients have become controversial, leading to newer alternatives as this sector 
evolves. This impetus for change in the food industry has been brought forward by 
government regulation, improved packaging labels, food label claims, and improved 
consumer awareness and education. 

    21.2.1   Reduction of Sodium 

 High sodium content in manufactured foods, restaurant foods, children’s foods, and 
in home cooking were noted as concerns in a 2007 World Health Organization study 
 [  3  ]  and are also discussed in Chap.   11    . These concerns result from data linking high 
sodium intake and hypertension, leading to government issued health claims such as 
the United States Food and Drug Administration (FDA) approved “diets low in 
sodium may reduce the risk of high blood pressure”  [  4  ] . Table salt has been recog-
nized as a major point of individual control of sodium reduction in cooking and 
seasoning of food. With this market opportunity, many commercial tabletop salt 
substitutes have been created, a few examples being  Lite Salt ,  Nu-Tek ,  SmartSalt , 
 Nu-Salt ,  AlsoSalt ,  Pansalt ,  SaltRite , and  Lomasalt.  These various blends with 
reduced sodium have been formulated by using nonsodium mineral salts, such as 
potassium chloride and/or other  fl avor components with and without real salt. These 
are also being formulated into traditionally high-salt manufactured foods, such as 
cheese, processed meats, soups, and snacks. However,  fl avor changes generally 
become noticeable after a 25% reduction in the sodium content of the product. 
Alternatively, simple gradual reduction of salt in food products is also effective and 
over time individual taste perceptions adjust to accept reduced levels.  

    21.2.2   Reduction of Cholesterol 

 Cholesterol is only obtained in the diet from animal products. The clinical data 
behind the FDA claim that “diets low in saturated fat and cholesterol may reduce the 
risk of heart disease”  [  5  ]  resulted in a number of animal-based whole foods that 
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contain large amounts of cholesterol to come under attack: eggs, red meat, bacon, 
cheese, and other high-fat dairy products. Initial efforts to offer reduced-cholesterol 
products employed technology, such as supercritical  fl uid extraction  [  6  ]  and steam 
stripping  [  7  ] , to extract cholesterol. These processes proved effective but costly, so 
use has not been widespread. A current example utilizing this type of processing can 
be found in the  Benelact  line of dairy products. A cost-effective alternative was to 
remove the fat that contains the cholesterol. One innovation that has survived is 
extended shelf life (ESL) pasteurized liquid egg white sold in a carton, where the 
cholesterol-rich egg yolk has been removed. Examples of this include  ConAgra 
Foods Egg Beaters  and  Papetti Foods All Whites . No need to crack eggs: the conve-
nience,  fl avor, food safety, and health aspects have outweighed the added cost. 
Interestingly, this has created a safe option for consuming liquid (undenatured) egg 
protein for bodybuilders  [  8  ] . It is worthy to note that the industry has commissioned 
studies that indicate that for some products (e.g., eggs) consumer concerns about 
cholesterol content are not warranted, a topic also discussed in Chap.   9    .  

    21.2.3   Reduction of Fat 

 High-fat foods have received attention as a health risk in part from the FDA claim 
stating “diets low in fat may reduce the risk of some cancers”  [  9  ] . Attempts in the 
1990s were dramatic in removing fat completely from many foods. For higher fat 
foods, maintaining a desirable taste and texture as a “fat-free” product was a chal-
lenge. So a large commercial effort went into the development of fat-replacement 
ingredients. Many of these were digestible carbohydrates, so the caloric load of 
foods using these could still be deceptively high despite a “fat-free” label. These fat 
replacers included ingredients such as: (1) starches and maltodextrins from corn, 
tapioca, and potato; (2)  fi bers from oat, corn, rice, and pea; and (3) stabilizers such 
as pectin and microcrystalline cellulose. There was no “magic bullet” that could 
transform fat-laden foods into “fat-free” without obvious changes in  fl avor or tex-
ture. And the wisdom of removing fat from many foods was false as certain fats are 
essential and healthy in our diets. Yet certain categories of reduced fat products are 
commonplace in today’s markets. 

    21.2.3.1   Reduced-Fat Dairy Foods 

 Manufacturers of high-fat dairy foods felt threatened by high fat concerns, so they 
countered with intense research efforts and a resulting host of new products. Skim 
milk was relabeled as “fat-free” and gained popularity over 3% fat whole milk. 
Many other high-fat dairy products had to be reformulated in more dramatic ways. 
Exemplifying the effort,  Kraft Foods  introduced lines of “reduced-fat” and “fat-
free” dairy products that included cream cheese, processed cheese, and natural 
cheese. Consumer interest in many “fat-free” products declined as most products 
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fell short in  fl avor and mouth feel. However, reduced-fat dairy products, especially 
 fl uid milk and yogurts, have done well.  

    21.2.3.2   Fat-Free Snack Foods 

 Looking at the huge snack food market in the United States, Proctor & Gamble 
developed  Olestra : “the no-fat cooking oil with the full-fat  fl avor.” A fat unlike any 
other, it is a nondigestible fat substitute that was approved for use in the USA in 
1996. Still available, it has found a snack food niche, examples being  Frito-Lay’s 
Light Potato Chips  and taco chip products and in  Pringles  fat-free chip products. 
But  Olestra  has had signi fi cant criticism since it was approved; most recently it has 
been found to interfere with the body’s ability to regulate what it eats, resulting in 
overeating  [  10  ] . While it may have been a technological achievement to create a 
functional noncaloric fat, the product has limited appeal within the USA and has not 
been approved for use elsewhere.  

    21.2.3.3   Removal of  Trans  Fat in Foods 

  Trans  fats are inadvertently formed when liquid oils undergo a synthetic process of 
partial hydrogenation to turn them into solid saturated fats that have a  fi rm texture 
at room temperature. These fats have been used widely in processed foods for tex-
ture shelf stability, such as keeping peanut butter oil from separating and margarine 
spreadable. However, when health studies showed  trans  fats raised low-density 
lipoprotein (LDL or “bad” cholesterol) and increased risk of coronary heart dis-
ease, mandatory labeling for  trans  fats was initiated by the FDA in 2006  [  11  ] . In 
the United States this initiated a massive effort to eliminate  trans  fats from foods 
such as margarine, bakery products, ice cream, and peanut butter, all traditionally 
using solid fats and shortenings. The search for replacements resulted in renewed 
use of palm, palm kernel, and coconut oils: a trio of tropical oils naturally high in 
saturated fats. These are the very oils that back in the 1980s businessman Phil 
Sokolof demonized after he survived a heart attack, resulting in a campaign that 
almost single-handedly in fl uenced removal of saturated tropical oils from most 
food products in the US  [  12  ] . In response to removing tropical oils, hydrogenated 
fats were the replacement. So we have come full circle. The challenge now is to 
reduce saturated fats.   

    21.2.4   Reduction of Digestible Carbohydrates 

 Rising health alarms in the US of type 2 diabetes and obesity in adults and chil-
dren  [  13,   14  ]  have increased concern about the high use of caloric sweeteners in 
many beverages and foods. In 2002, dietary attention in the US became  fi xated on 
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reduction of high levels of digestible carbohydrate in foods for weight loss, 
 highlighted by the popularity of diets such as  Dr. Atkins Diet Revolution   [  15  ] , the 
 Zone Diet   [  16  ] ,  Sugar Busters   [  17  ] , and the  South Beach Diet   [  18  ] . While the 
trend of extreme reduction of all digestible carbohydrates in foods has not been 
sustained, the outcome has been a growth in awareness of the type and amount of 
carbohydrates in foods. Some countries have found a tool in the measurement of 
glycemic index (GI) as a means to differentiate food products for the rate at which 
they raise blood sugar after ingestion  [  19  ] . A measure of GI can be found on food 
labels in Australia, South Africa, and the United Kingdom. 

 Food carbohydrate caloric and GI reduction are achieved by a combination of 
means. Full or partial elimination of digestible sugars is paired with replacement by 
nonnutritive intense sweeteners and/or sugar alcohols to provide sweetness and 
reduction of carbohydrate calories. Replacement of a portion of any remaining car-
bohydrates with soluble and insoluble  fi bers provides further reduction of digestible 
carbohydrates. 

    21.2.4.1   Replacement with Intense Sweeteners 

 An “intense sweetener” is up to 600 times stronger in sweetness than table sugar and 
has little to no calories for the amount used. Common arti fi cial intense sweeteners are 
 Sweet N’Low  (saccharin),  Equal  (aspartame),  Splenda  (sucralose),  Sweet One  (ace-
sulfame K),  Neotame , and cyclamate, where approved. Natural (not chemically syn-
thesized) intense sweeteners include versions of stevia products: ranging from 
botanical stevia plant leaves (stevia or stevioside) to puri fi ed steviol glycoside 
rebaudioside A (Reb-A,  Rebiana ), and the blend  Truvia , containing  Rebiana , eryth-
ritol (sugar alcohol) and natural  fl avors. There are also the natural botanical extracts 
of licorice root (glycyrrhizin), the fruit based thaumatin ( Talin ), and Lo Han Kuo 
( Fruit-Sweetness , also known as Monk Fruit) that have intense sweetening 
properties.  

    21.2.4.2   Replacement with Sugar Alcohols 

 Sugar alcohols are available as both natural and synthetic derivatives of sugar, hav-
ing fewer calories and lower GI than sugar due to slower and incomplete digestion 
 [  20,   21  ] . Less sweet than table sugar, they are synergistic with intense sweeteners 
to enhance sweetness and they provide bulk volume (it makes it easier for the com-
mon measure of “a spoonful” in blends such as  Truvia ). These include sorbitol, 
maltitol, isomaltitol, mannitol, lactilol, xylitol, erythritol, and glycerol. Sugar alco-
hols are not all similar in their blood sugar response or digestibility, including vari-
able laxation effects  [  21  ] . The use of sugar alcohols has been critical to product 
functionality in development of numerous diabetic, low glycemic, no sugar added, 
and sugar-free ice creams, sweetened baked goods, chocolates, gums, and bever-
ages. Examples include  HealthSmart Foods  sugarless  Chocolite  candy bars with 
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erythritol,  Pillsbury Sugar Free  cake mixes and frostings with maltitol and 
 sucralose, and  Blue Bunny  sugar free frozen novelty  Bomb Pop  with sorbitol.  

    21.2.4.3   Replacement with Dietary Fibers 

 Many diabetic, low glycemic, weight management, and/or prebiotic formulated 
foods use added dietary  fi ber. Soluble and insoluble  fi bers from many sources are 
available with variable  fi ber concentration. Commonly used, the soluble probiotic 
 fi bers known as inulin (natural) and fructo-ologosaccharides (natural and synthetic 
sources) are found in everything from beverages, soups, and yogurts to cereals, bars, 
and breads. Polydextrose is a sweet- fl avored synthetic soluble  fi ber and bulking 
agent. A number of  fi bers, including inulin and polydextrose, are multifunctional as 
sweetness enhancers and carbohydrate-based fat replacers. Additional  fi bers include 
resistant (nondigestible) maltodextrins that are clear in beverages and resistant 
starches that are used in high- fi ber cereals, breads, and pastas. Gums are also solu-
ble  fi bers; particularly useful as  fi ber in foods are lower-viscosity products such as 
larch gum (aribinogalactan), low-viscosity guar gum, and gum arabic. Still impor-
tant are the more traditional  fi bers found in various grains (wheat, soy), cereals (oat, 
barley, rice), fruits (apple, orange), vegetables (tomato, sugar beet, pea), seeds (cot-
tonseed,  fl ax, psyllium), and nuts (almond) that can be concentrated and prepared to 
very  fi ne mesh powders.    

    21.3   Functionality by Addition 

 Dietary or nutritional supplements, also known as nutraceuticals, have no universal 
de fi nition. They refer to vitamins, minerals, herbs, botanicals, concentrated protein, 
probiotics,  fi bers, and other specialty ingredients that are added to the diet for their 
purported health bene fi t. In the USA, food supplements are regulated by DSHEA 
(Dietary Supplement Health and Education Act of 1994)  [  22  ] . In Canada and the 
European Union, nutraceuticals and new ingredients, the latter by de fi nition known 
as “Novel Foods” with no history of safe use prior to 1997  [  23–  25  ] , are also regu-
lated and must pass approval before they can be used in foods. What is available in 
one country may not be available in another, either due to marketing (the company 
making the product has not sought approval) or because the government did not 
approve its use in foods. The marketing of dietary supplements is discussed in 
greater detail in Chap.   20    .    

 What follows is a sampling of foods and beverages, categorized by the form of 
supplement and/or health claims where they have been widely recognized. Due to 
the variation in regulations, many of the products described are considered as just 
“foods,” while some are food supplements or nutraceuticals, depending on where it 
is available and what approvals the manufacturer has sought. 
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    21.3.1   Protein Addition 

 Traditionally, concentrated protein in diets has come from meat, poultry,  fi sh, egg, 
and dairy in the form of whole foods. Plant-based forms of whole food protein tend 
to be less concentrated and traditionally come from legumes, such as soybeans, 
chick peas, and lentils, that are amino acid complemented with cereal grains, such 
as corn, rice, and wheat. Isolating proteins from their sources is feasible with the 
technologies of ion exchange resin columns and/or membrane  fi ltration (reverse 
osmosis, nano fi ltration, ultra fi ltration, and micro fi ltration) that allow commercial 
scale protein puri fi cation. These technologies allow commercial puri fi cation of 
many other ingredients and supplements too, often using only water as a solvent. 
Higher levels of protein supplementation are most common in beverage and bar 
type foods where they are often marketed as a healthy snack, a sports product, or a 
meal replacement. Increasingly, lower levels of protein supplementation are found 
in more traditional foods such as baked goods, frozen desserts, and puddings; these 
are reaching out to wider specialty markets, such as children, vegans, and persons 
needing gluten-free food. 

    21.3.1.1   Soy Protein 

 The FDA approved the following health claim for soy: “Diets low in saturated fat 
and cholesterol and that include soy protein may reduce the risk of heart disease” 
 [  26  ] . In addition, the natural presence of iso fl avones, such as genistein and daid-
zein, in many soy protein foods are of interest to women’s health as sources of 
phytoestrogens to relieve menopausal symptoms  [  27  ] . Soy protein isolates are used 
in nutritional beverages such as  Westsoy SmartPlus ,  Odwalla Super Protein , 
 Soylution YU , and  WholeSoy Cultured Soy . Nutritional bars, such as  GeniSoy , 
 PowerBar Performance Energy ,  SoyJoy ,  Revival Crispy Bars ,  PureFit ,  Clif Luna , 
and  Builders , may target for 6.25 g soy protein per serving to meet the heart healthy 
claim.  

    21.3.1.2   Other Plant Proteins 

 Alternative plant protein concentrates have become commercially available as vege-
tarian, gluten free, nonallergenic, and often organic options. Wheat protein, in the 
form of vital wheat gluten, is a classic meat alternative in the form of “Seitan,” or it 
can be more concentrated as wheat protein isolate used in foods such as  Labradas  
high protein  Cookie Roll ,  Dream fi elds Low Carb Pasta , and  La Tortilla Low Carb 
High Fiber Tortillas . Rice protein concentrate is found in bars such as  Ultrameal Rice 
Bar ,  PaleoBars , and  NuGo Nutrition Bars , and beverage powders such as  Jarrow 
Formulas Brown Rice Protein.  Other protein concentrates that are commercially 
available include pea, hemp,  fl ax, chia, and potato. These types of proteins are often 
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found in various combinations, such as  Chia Greens Chia Energy Bar  and  Natures 
Plus Spiru-Tein GOLD Shake  with sprouted brown rice, chia, pea, and  fl ax protein.  

    21.3.1.3   Dairy Protein 

 Concentrating  fl uid milk with ultra fi ltration membranes can yield milk protein con-
centrates (MPC) and milk protein isolates (MPI), or if micro fi ltration is used, the 
major proteins are separated into micellar casein and native whey protein. 
Alternatively,  fl uid milk can be made into caseinates by a chemical process. Most 
whey proteins are obtained from whey (a by-product of cheese making) using 
ultra fi ltration to make whey protein concentrate (WPC) and whey protein isolate 
(WPI). The high protein micellar caseins, caseinates, MPI, and WPI typically have 
lactose removed to the 1% or less range. Guidelines for categorizing dairy contain-
ing products as “lactose free” typically are less than 0.5 g lactose/serving. 

 Use of MPC and MPI provides a sustained protein digestion that may be bene fi cial 
to a variety of beverages and bars in areas of sports nutrition, meal replacement 
products (MRP), weight-loss products, or nutrition-focused snacks. Examples 
include sports beverage  MuscleMilk , sports bar  Detour , MRPs such as  MET-Rx 
MRP  and  EAS Myoplex , and nutrition shakes such as the family of  Slim-Fast ,  Ensure , 
and  Boost  products. Use of fast digesting, highly bioavailable WPI is popular in 
many sports nutrition supplements, yet WPI is also used in novel products such as a 
transparent beverage that looks like water called  Isopure , a WPI forti fi ed yogurt 
 Better Whey of Life  or a frozen dessert called  Arctic Zero.  Combinations of dairy 
and soy protein have become more common and found in a variety of products such 
as  Glucerna  nutritional products for diabetics,  Odwalla Protein Monster  protein 
shake,  Naked Juice Protein Juice Smoothie ,  Bolthouse Farms Protein Plus  drink, 
and bars such as  Zone Perfect ,  Balance Bar ,  Slim-Fast Meal Bar ,  ThinkThin  bar, and 
 Snickers Marathon Protein Bar.    

    21.3.2   Ingredient Additions for Cardiovascular Health 

 Claims have been made for a variety of nutraceutical ingredients from different 
sources with regard to improving heart health. With heart disease still the leading 
cause of death in the United States  [  28  ] , many look to these foods to improve their 
health. This is an immense topic that was also discussed in Chaps.   9    –  11    . 

    21.3.2.1   Phytosterol Esters 

 Numerous clinical trials have shown that plant sterols can lower blood cholesterol 
 [  29  ] . The FDA allows a claim that “associates diets that include plant sterol/stanol 
esters with reduced risk of heart disease”  [  30  ] . Introduced in Finland,  Benecol  was 
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the  fi rst margarine-type spread to contain stanol esters and is now available in 
27 countries. It is found in beverages, yogurts, and candy chew type products. 
 Unilever’s Take Control  is another margarine-type spread. Introduced in 2003, 
 Heart Wise  orange juice from  Minute Maid  has been supplemented with plant stanol 
esters and carries the claim “proven to help reduce cholesterol.” Recently in Canada, 
 Danone  introduced  Danacol , a drinkable yogurt with plant sterols.  

    21.3.2.2   Oat (1,4) Beta-Glucan 

 Another FDA-approved health claim addresses soluble  fi ber, including beta-glucan 
from whole oats: “Oat  fi bers may reduce the risk of heart disease”  [  31  ] . Aside from 
classic use in cereals, there are novel applications such as US based  First Foods  with 
 Oat Supreme  oat-based nondairy frozen desserts and an oat nondairy creamer. 
Popular oat-based products  Oatly Oat Drink  and  Oat Cream  are manufactured in 
Sweden by  Ceba Foods , while  Biovelop AB  has their  PromOat  beta-glucan in  Super 
Juice  offered by  Marks & Spencer  in the UK.  

    21.3.2.3   Bioactive Milk Peptides 

 Bioactive peptides that have been shown to help control blood pressure can be made 
by hydrolysis of milk proteins using various lactic acid bacteria  [  32  ] . Functional 
beverages  Ge fi lus  and  Evolus  that promote reduced blood pressure are made by 
 Valio  dairy in Finland. These are based on patented fermented milk technology 
using probiotic strains of Lactobacillus GG. In Japan, dairy based  Yakult Pretio  is a 
fermented beverage to lower blood pressure.  

    21.3.2.4    n -3 Fatty Acids 

 Interest in  n -3 fatty acids initially escalated with their correlation to reducing risk of 
coronary heart disease and a quali fi ed (supportive but not conclusive research) FDA 
health claim that addressed this  [  33  ] , a topic also discussed in Chap.   10    . Potential 
health bene fi ts have blossomed to include studies on stroke, arthritis, depression, 
and cancer. The major  n -3 fatty acids are EPA (eicosapentanoic acid) and DHA 
(docosahexanoic acid), both primarily sourced from  fi sh or krill oil, but also avail-
able from algae ( Martek ). Meanwhile, ALA (alpha-linolenic acid) is found in veg-
etable oils, seeds, and nuts, such as  fl ax, hemp, chia, canola, and walnut  [  34  ] . Special 
chicken feed produces eggs enhanced with  n -3 fatty acids. They are available across 
the US as  Eggland’s Best Eggs . Forti fi ed  n -3 bread is becoming widely available, 
from Australia with  Tip Top Up White Omega  forti fi ed with encapsulated  fi sh oil 
DHA to food chain  Subway Omega-3 Bread . A patented margarine product, 
 Smartbalance  from  GFA Foods , combines canola, soy, and olive oil with balanced 
 n -6 and  n -3 fatty acids for heart health.   
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    21.3.3   Ingredient Additions for Bone and Joint Health 

 As populations age, such as the baby boomers in the United States, foods that assist 
in bone and joint health become more visible. However, calcium is critical for bone 
development at all ages, especially in growing children. 

    21.3.3.1   Calcium 

 Calcium is important in multiple health concerns. An FDA health claim relates the 
intake of calcium with a reduced risk of osteoporosis  [  35  ] . Emerging research is 
also  fi nding that “dietary calcium plays a key role in the regulation of energy metab-
olism and obesity risk” and that dairy sources of calcium have an effect in decreas-
ing body fat  [  36  ] . An ingredient innovation taking advantage of high-calcium 
by-products from dairy protein concentration has resulted in a natural, highly bio-
available calcium source called “milk minerals.” It can be found in products such as 
 Yoplait’s Petits Filous  yogurt for infants and toddlers. For those that are lactose 
intolerant, there is calcium forti fi ed  Lactaid   fl uid milk. While milk, yogurt, and 
cheese may have been traditional sources of dietary calcium, there are nondairy 
calcium-forti fi ed products such as  Tropicana Pure Premium Calcium + Vitamin D  
orange juice,  General Mills Total  cereal, and products directed toward children such 
as  Interstate Bakeries Wonder Bread  and  Unilever/Wall  Asian brand  Moo  frozen 
desserts.  

    21.3.3.2   Glucosamine and Chondroitin 

 Glucosamine and chondroitin are often used together to slow cartilage damage and 
alleviate arthritis  [  37  ] . Joint health beverages are becoming a popular vehicle to 
deliver both ingredients in a readily absorbed form. Product examples include  Joint 
Juice ,  Supple ,  Emergen-C Joint Health , and  Logic’s Juice4Joints . A Dutch com-
pany,  Yagua , manufactures a drink called  Free Move  with collagen hydrolysate and 
glucosamine to promote  fl exibility and relieve repetitive strain injury.   

    21.3.4   Ingredient Additions for Eye Health 

 Lutein and zeaxanthin, two carotenoid pigments, are antioxidants that have been 
associated with decreasing the risk of eye disease, such as age-related macular 
degeneration (AMD)  [  38  ] . Lutein can be found in beverages such as  Abbot 
Laboratories Glucerna  diabetic weight control meal replacement beverages 
 Sunsweet’s Prune Juice + ,  Rubicon Food Products Papaya Drink with Lutein , and 
 Glaceau Vitamin Water Focus , and in bars such as  Flash-5 Energy Bars , and  Ecco 
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Bella’ s Beauty Bliss  chocolate bars. Lutein is also promoted in  Burnbrae Farms 
Break Free Omega Pro  liquid eggs.  

    21.3.5   Ingredient Additions for Boosting Gut Health 
and the Immune System 

 The terms prebiotic and probiotic are often found together as they are a synergistic 
combination for enhancing gut health and the immune system. Probiotic is de fi ned 
as a “microbial culture bene fi cial to health by restoring balance to the intestinal 
 fl ora,” while prebiotics are “nondigestible oligosaccharides that support the growth 
of colonies of certain bacteria in the colon…so changing and possibly improving 
the colonic  fl ora”  [  39  ] . But immune enhancing characteristics are not exclusive to 
probiotics and some other unique products are included in this category. 

    21.3.5.1   Prebiotics 

 Prebiotics are soluble  fi bers, meaning they are soluble in water, as opposed to insol-
uble  fi bers such as bran. There are many types of soluble  fi bers used in foods and all 
of these help to add bulk to the diet. However, only a limited number of these have 
been studied as prebiotics where they support the growth of bacteria in the gut. Of 
these, inulin and related fructo-oligosaccharides (including natural chicory root 
 fi ber) have become widespread in foods. The caution with these  fi bers is that if the 
dose is greater than about 5 g/serving, individuals that are not accustomed to high 
amounts of  fi ber in their diets may experience bloating and gas. The bene fi ts out-
weigh the problems for most and these are found in combination with probiotics in 
many of the foods mentioned in the next section. They are also in foods without 
cultures, such as  Kellogg’s FiberPlus Antioxidants  brand of bars, cereal, and waf fl es, 
 General Mills Fiber One  brand of bars, cereals, pancake mix, brownies, muf fi ns, 
toaster pastries, cottage cheese, yogurt, and milkshake beverages, and natural cereal 
 Kashi U Black Currents & Walnuts  cereal.  

    21.3.5.2   Probiotics 

 Probiotic yogurts and beverages have been a success story in wellness foods. 
A Japanese fermented skimmed milk,  Yakult , was introduced in Japan in 1935 and 
is now available in 30 countries. Originating in France,  Danone’s  probiotic bever-
age  Actimel  has been introduced into 22 countries, while  Activia  yogurts and bever-
ages are designed to help regulate the digestive system and are available in 
30 countries. Another brand originating in France,  Yoplait , is offered in eight coun-
tries with products such as  Yorik  fermented milk,  Nouriche  Smoothie, and  Yo-Plus  
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yogurt in the US with probiotic cultures and added calcium, vitamins A, D, and E, 
and  fi ber. In the US,  Stony fi eld Farms’  line of yogurts and smoothie beverages con-
tain six live cultures and include a soy yogurt, while  Lifeway Ke fi r  and  BioKe fi r  
shots containing ten strains of bacterial cultures and two probiotics to support diges-
tive health and immunity.  Lifeway  has expanded their line to include S weet Kiss  
probiotic cheese. And in Finland,  Valio  was the  fi rst to gain worldwide license to 
probiotic culture Lactobacillus GG in 1987. Their most recent introduction in 
Belgium under the  Ge fi lus  label is a probiotic Emmantel-type cheese. 

 Not all probiotic products are dairy-based.  Attune Foods  offers a probiotic gra-
nola  Munch . The Swedish  fi rm  Probi  has licensed probiotic cultures to Skanemejerier 
that are found in fruit juice products under the name  ProViva . And Kombucha Tea, 
made by culturing a sweetened black or green tea with what is called the “Kombucha 
mushroom” of yeast and bacteria, into a highly acidic brew that may be mixed with 
juice, such as  GT’s Enlightened Organic Raw Kombucha . In Norway,  BioSophia  
makes  Graindrops  oat beverages. Featuring oat, rice, and spelt drinks, these cereal 
beverages are made by the Japanese Koji fermentation process creating organic 
“bio-dynamic” milk alternatives. In Finland,  Bioferme Ltd  makes probiotic oat 
products such as a yogurt like snack  Yosa , a smoothie, and a food dip. 

 Thermal processing inactivates cultures, thereby losing probiotic functionality. 
However, there are two innovative solutions. First is  LifeTop  culture straws, devel-
oped between aseptic process developer  Tetra Pak  and  BioGaia AB . The straw, 
internally coated with bene fi cial lactic acid bacterium, is wrapped and attached to 
the outside of beverage cartons. Upon consumption, the probiotic is released into 
the beverage. Products include  Orchard Maid  organic drinkable yogurt by  Farm 
Produce Marketing  in the UK,  Nestle’s Boost Kid Essentials , and  Yili Dairy   fl uid 
milk in China. Second is a probiotic heat-resistant bene fi cial Bacillus spore, 
 GanedenBC , patented by  Ganeden Labs . This can be added directly to heat-treated 
beverages, baked goods, cereals, soups, candies, bars, etc., and the culture will sur-
vive processing. Among the growing number of products with this probiotic culture 
are  Agostoni Chocolate’s  all natural probiotic dark chocolate,  Pierre’s Ice Cream 
Yovation  frozen dessert, and  MojoMilk  probiotic chocolate milk drink mix, claiming 
ten times the active cultures found in yogurt.  

    21.3.5.3   Colostrum 

 Colostrum, a serum rich in immunoglobulin G (IgG) that comes from the  fi rst milk 
of mammals, is commercially isolated from cow’s  fi rst milk  [  40  ] . Used as a boost to 
the immune system, it has been a popular supplement in Scandinavia, Saudi Arabia, 
and Asia. Beverages containing colostrums include a ke fi r beverage from  Lifeway  
called  Basics Plus , an antiaging juice drink from  Bomba Energy  called  SOL(e)
UTION ,  NewLife Colostrum  from Australia, and New Zealand’s  Bioactive 
Technologies Colostrum Sports Drink.   
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    21.3.5.4   Milk Micronutrients 

  NuVim  is a unique milk-juice beverage supplemented with two patented micronutri-
ents isolated from milk:  LactoMune  assists the human immune system and 
 LactoActin  promotes muscle  fl exibility and sturdy joints. These components are 
from the milk of select cows in New Zealand that are raised under a program that 
stimulates their immune system by using feeding and husbandry techniques. The 
overall impact of drinking  NuVim  is described as the maintenance of good health, 
more energy, and faster recovery times from physical activity.  

    21.3.5.5   Baker’s Yeast (1,3) (1,6) Beta-Glucan (WGP 3–6) 

 Derived from baker’s yeast,  Biothera  patented  Wellmune WGP  was 2011 front cover 
news in  Nature , the international weekly journal of science, where research described 
how this biological response modi fi er activates immune receptors  [  41  ] . Not to be 
confused with oat (1,4) beta-glucan, the  Wellmune  product can be found in Canadian 
 Lassonde Oasis Immuniforce  juices, smoothies and soups,  Groupe Biscuits Leclerc 
Praeventia  cookies,  MonaVie (M)mun  fruit beverage, and  Fuze Healthy Infusions 
Defensify  beverage.   

    21.3.6   Ingredient Additions for Weight Maintenance, 
Muscle Mass, and Body Fitness 

 These products range from promoting satiety, to assisting in weight management, to 
promoting development of lean muscle mass. There is a crossover in many products 
between weight maintenance and body  fi tness. 

    21.3.6.1   Weight Management 

 The satiety effect of releasing hunger suppressing hormones such as cholecytstoki-
nin (CCK) is suggested to be promoted by a trio of different ingredients. New 
ingredients include  Kemin’s Slendesta , a patented extract from potato protein and 
 Lipid Nutrition’s PinnoThin , an  n -6 fatty acid, pinolenic acid, that is derived from 
pine nuts. A bioactive by-product from cheese making, glycomacropeptide (GMP), 
is a fragment of casein protein left in whey after cheese making that can be iso-
lated. It is used as a component of weight-loss formulations, such as the beverage 
 Prycena  from  Immunotec Research . Alternatively, GMP is one of the only known 
phenylalanine-free natural proteins and offers a protein option for individuals with 
phenylketonuria (PKU)  [  42  ] .  
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    21.3.6.2   Conjugated Linoleic Acid 

 Conjugated linoleic acid, a natural ingredient in dairy, beef, poultry, and eggs, yet 
commercially produced from saf fl ower oil, is reported to decrease body fat and 
increase muscle mass  [  43  ] . It can be found in sports nutrition products, such as 
 Xenadrine  weight control bars, and beverages, such as  EAS Myoplex Deluxe . It is 
also present in more mainstream products such as  Old Home Foods Saf fl ower Power 
Yogurt  and  LiveGreat Foods Acclaim  chocolate milk.  

    21.3.6.3   Amino Acids 

 Amino acids, such as  l -creatine,  l -glutamine,  l -carnitine,  l -taurine, and branched 
chain amino acids (BCAA:  l -leucene,  l -valine,  l -isoleucene), have become popular 
supplements in endurance, muscle building, and recovery sports products. Creatine 
is reported to increase lean muscle mass and have an “ergogenic effect” by storing 
energy in muscle. It is available in nutrition bars such as  ProLab’s Lean Mass 
Creatine Bar . Glutamine, reported to stimulate muscle growth and recovery, is 
added as glutamine peptides in products such as  BSN’s  anabolic sustained release 
muscle building  Lean Dessert Protein .  Optimum Nutrition  offers  Essential Amino 
Energy with taurine, glutamine, arginine, leucine, isoleucine, valine, tyrosine, histi-
dine, lysine, phenylalanine, threonine and methionine amino acids for a lean mus-
cular physique.  In  Power Bar Energy Bites , BCAAs are added to the energy 
formulation and are found in a popular energy drink in Japan called  Amino Value . 
An amino acid metabolite HMB (hydroxy-methylbutyrate) branded as  Revigor  is 
formulated with protein in  Abbott Laboratories Ensure Muscle Health , a product to 
help rebuild muscle and strength naturally lost over time (as people age, decline, or 
are recovering from surgery).   

    21.3.7   Ingredient Additions for Improved Mood 

 The launch of the Austrian product  Red Bull  in 1987 initiated a category of energy 
beverages and shots that has grown in staggering proportions to hundreds of brands. 
With high consumption patterns in younger people, they are being criticized as 
harmful by the medical community  [  44,   45  ] . Ingredients, such as caffeine, taurine, 
glucoronolactone, inositol, guarana, yerba mate,  l -carnitine, creatine, ginseng, and 
ginkgo biloba, along with vitamins and minerals, are combined in formulations to 
energize and stimulate. 

 A new category of beverages are the diametric opposite of energy drinks; these 
are known as relaxation beverages and are intended to help people de-stress and 
wind down, often with the aim of helping people to get to sleep.  Drank Extreme 
Relaxation Beverage  has melatonin and valerian root ingredients, similar to  iChill  
relaxation shot made with melatonin, valerian root, B vitamins, and is stevia sweet-
ened. In a slightly different vein, there are beverages that claim to help people unwind 
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without drowsiness, such as  ViB  (vacation in a bottle), using ingredients from green 
tea extracts with B vitamins and amino acids  l -threanine and  l -threonine, or 
 MiniChill  with valerian root, GABA,  l -threanine, and 5-HTP.  

    21.3.8   Ingredient Additions for Antiaging Bene fi ts 

 Foods for healthy appearance initially were an extension of the cosmetics industry 
and were marketed like cosmetics. As more of these products adopted the use of 
antioxidants to promote health and beauty by slowing down cellular breakdown and 
in fl ammation, they have gained the attention of aging adults who want to look 
younger. This coincided with growing consumer awareness of phytochemicals in 
our diets and increased urging to consume more fruits and vegetables, such as the 
“My Plate” diet recommendations in the United States  [  46  ] . 

    21.3.8.1   Beauty Foods 

 A concept popularized in Japan and Europe is the crossover of food and cosmetics, 
known as Cosmeceuticals or beauty foods, their function is to promote healthy 
appearance, especially of the skin, hair, and nails. Exempli fi ed by the 2002 joint 
venture between French cosmetics  fi rm  L’Oreal  and Swiss food giant  Nestle  to 
create the company  Laboratoires Inneov , their objective is cosmetic nutritional sup-
plements. The  fi rst food product from this venture has been  Inneov Firmness , con-
taining lacto-lycopene, vitamin C, and soy iso fl avones, “targeted at women over 40 
concerned with loss of cutaneous  fi rmness.” From Swiss cosmetics  fi rm  Ecco Bella  
is  Health by Chocolate , “the delicious way to look beautiful” with cranberry seed 
oil,  n -3 fatty acids, blueberry extract, lutein, lycopene, astaxanthin, and  fi ber. An 
American product introduced in 2003 to New York City is  SkinCola , a beverage to 
hydrate the skin, being a  fl avorless, noncarbonated puri fi ed water with “activated 
oxygen,” zinc, and vitamins, and now there is also  Borba Skin Balance Waters  in 
four versions that  Defy ,  Clarify ,  Firm , or  Replenish  to provide “healthy skin from 
within.” Dutch company  Yagua  offers a beverage  Beauty Juicer , with grapefruit, 
ginger, white cocoa, collagen, and aloe vera to revitalize skin, hair, and nails. 
In France,  Lactel  created the product  Jour Apres Jour , an antiaging milk with  fi ber, 
zinc, magnesium, selenium, and vitamins A, D, and E.  

    21.3.8.2   Polyphenols 

 Polyphenols, also called bio fl avonoids, include a large number of bioactive plant 
substances that tend to be identi fi ed by color. Examples include resveratrol (as in 
wine), pterostilbene (as in blueberries), proanthocyanidins (as in cranberries), cur-
cuminoid (as in turmeric), and catechins (as in green tea). These substances are 
ubiquitous in plants and are described as “an integral part of the human diet”  [  47  ] . 
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These and other categories of polyphenols have gained attention for a myriad of 
potential health bene fi ts including antioxidant activity, free radical scavenging prop-
erties, cardio-protective activity, reducing in fl ammation, and inhibiting cancer cells. 
However, the health implications of adding high levels of antioxidants to foods is 
being questioned as possibly increasing the risk of chronic disease by upsetting cell 
signaling pathways  [  48  ] . More research is needed. In the meantime, more foods are 
being marketed that contain high levels of polyphenols; examples include  WineTime  
Bars, a dark chocolate with  fi ber and added resveratrol reported as equivalent to 50 
glasses of wine,  Modjo for Life , a rejuvenation beverage made from prickly pear 
cactus extract that claims  fi ve times more resveratrol than a liter of wine,  SoZo  func-
tional fruit and vegetable extract beverage highlighting antioxidants from 
 CoffeeBerry  (the noncaffeinated fruit of coffee, not the bean) promoted as having 
625 times more antioxidant value than blueberries, and  POM Wonderful  pomegran-
ate juice that promotes more antioxidant potency than a glass of red wine. Originating 
from Japan, Matcha green tea powder has the equivalent of ten times the strength of 
standard green tea. Aside from the classic Matcha green tea beverage, it can be 
found in products such as  Earthling Organics Matcha Green Tea Bar  and  Elevate 
Me  Matcha green tea with cranberries, natural whey protein, and whole fruit bars. 
Lastly, combining a little bit of everything discussed in this chapter,  Good Cacao 
Superfood Chocolate  starts with 70% cacao and includes polyphenols from 
 AstaREAL  astaxanthin harvested from red microalgae, along with  Martek n -3 DHA, 
 Wellmune WGP ,  FloraGlo  Lutein,  NutriHEART  plant sterols, and  Ganeden BC30  
probiotics. Where will functional foods go from here?    

    21.4   Conclusion 

 The majority of these examples are unusual and nontraditional foods by historical 
standards; those in the  fi rst section (functionality by reduction and replacement) go 
back some 20 years, while those in the second section (functionality by addition) 
represent the more recent and evolving category most often referenced as functional 
food. In characterizing this broad range of functional foods, the American Dietetic 
Association (ADA) describes these as including “conventional foods” (e.g., probi-
otic yogurts), “modi fi ed foods” that have been forti fi ed or enriched (e.g., calcium-
forti fi ed orange juice), “medical foods” that aid in the dietary management of a 
disease (e.g., diabetic beverage formulations), and “foods for special dietary use” 
sold at the retail level (e.g., gluten-free cookies)  [  49  ] . What has not been described 
in this chapter is the sector of conventional fresh whole foods, unprocessed, and 
unre fi ned. These are the simplest and most cost-effective forms of healthful func-
tional foods that may be found in various grains, vegetables, fruits, seeds, nuts, 
milks, eggs, and  fi sh. 

 Functional foods lack any standard de fi nition despite their worldwide promotion 
and growth as a category of food, perhaps best  fi tting what the ADA describes as “a 
marketing rather than a regulatory idiom”  [  49  ] . By necessity, individual countries 
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have had to create their working de fi nitions to legally separate these health-focused 
foods from drugs. Functional foods, with their perceptions and claims of health 
bene fi ts, are available at the retail level to consumers with no prescriptions. But 
lacking the regulatory controls of drugs, it is not clear where and if actual health 
bene fi ts match claims. At the 2011 annual meeting of the Institute of Food 
Technologists, global consumer product and market research  fi rm Mintel gave a 
report on functional foods, stating:

  …..along with the recession, growth in functional foods slowed, consumers were less likely 
to experiment with these products due to the cost…consumers don’t really believe func-
tional products are either effective or ineffective, and only one in  fi ve consumers see a 
bene fi t from the products. In addition, 68% of US consumers believe functional beverages 
should be tested by the FDA to make sure they actually do what they claim  [  50  ] .   

 Food Business News highlighted their article on this by saying “functional foods 
[are] on life support.” Other reports are more optimistic, with a UK Leatherhead 
Food Research group report pointing out that the “US functional food market [is] up 
31% since 2006” and that the main health outcomes driving the market are antiag-
ing, heart health, bone and joint health, weight management, gut health, energy/
mood enhancing, and immune function  [  51  ] . 

 Functional foods are a complex chapter in the history of food and what future it 
has in the marketplace will be vetted by further research and by reactions of con-
sumers and government policies to what is learned.      
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  Key Points 

    The USDA is the government organization responsible for promoting healthy • 
eating habits, but it is also under pressure to maintain consumption of foods pur-
chased as commodities such as butter and sugar.  
  The dollars spent on advertising by private industry far outweigh the dollars • 
spent on public service nutrition information.  
  Our food consumption patterns are in fl uenced by commercial activities such as • 
advertising. This starts in childhood where we develop the eating patterns we 
carry with us as adults.  
  Legal measures (lawsuits) can be used by either public advocacy groups or • 
private industry to in fl uence the formation and implementation of nutritional 
policy.     
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    22.1   “In fl uence: A Power Indirectly or Intangibly 
Affecting a Person or Course of Events” 

 We eat what we buy and decisions about what we buy are heavily in fl uenced by the 
food industry, government policies, and our personal beliefs about food. A nutri-
tionist’s viewpoint with respect to eating is expected to be governed largely by 
objective, peer-reviewed science, but the beliefs of most people are insulated from 
that primary layer of information. In modern industrialized nations, most people’s 
beliefs and behaviors about nutrition are in fl uenced directly or indirectly by, amongst 
other factors, governmental nutritional policy. For all of us, appreciating the 
in fl uence placed on our nutrition habits can be a tough pill to swallow. 

 Individual behavior and governmental policies are shaped by the pressures 
exerted by food companies. By exploring how this in fl uence occurs, this chapter 
looks at the general nature of nutritional policy and its practical application by 
consumers in the United States. This chapter is based on the book  Food Politics: 
How the Food Industry In fl uences Nutrition and Health , written by one of us (MN) 
 [  1  ] . The reader is directed to that book for a more detailed description of this history 
and examples of how US food policy has been manipulated by the food industry. 

 The starting point for any understanding of the food industry and its game plan 
is to appreciate that the primary goal for each and every food company is to expand 
market share and generate more pro fi t. In that respect, the food industry is little 
different from most other industries. Take the car industry, for example. Ford regu-
larly launches new models and then markets them to potential customers. Its goal is 
clearly to boost sales, increase its market share, and generate pro fi ts. In exactly the 
same way food companies launch new brands of breakfast cereals and then market 
them to the target groups of potential customers. 

 There is overwhelming evidence that food companies have very little interest in 
the effects of their products on the health of their customers. Sometimes the new 
product offers a health bene fi t to the consumer. For example, in recent years low-salt 
vegetable juices have been marketed. But more often new products are as unhealthy 
as the majority of other food products. The common denominator is that new foods 
are marketed if—and only if—higher sales might be generated. 

 The food industry is well aware that most of its sales and the lion’s share of its 
pro fi ts come from the sale of unhealthy foods. For that reason, these are the ones 
that are most heavily advertised. But the food industry goes well beyond trying to 
increase sales by conventional marketing, it also actively lobbies governments so as 
to protect its commercial interests.  

    22.2   The Food Industry and Its In fl uence 

 Eating-related behavior, purchasing in particular, occurs in a very complicated 
social context in which marketers play a huge part. Advertising is the most obvious 
tool by which the food industry attempts to manipulate consumer habits. But other 
marketing strategies are also employed and these are usually much more subtle. 
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    22.2.1   Advertising and the Problem of Manufactured Food 

 Tremendous amounts of money are spent on advertising to boost the consumption 
of particular products. In 1999 direct media spending (advertising that goes through 
agencies) by McDonald’s, Burger King, Taco Bell, and Coke and Diet Coke was 
$627, $404, $207, and $174 million, respectively  [  2  ] . This total had increased to 
$5.6 billion in 2010  [  3  ] , with McDonald’s contributing $1.2 billion of that sum. In 
addition, companies are investing heavily in social media. Coca-Cola’s direct media 
expenditure of $758 million in 2010  [  4  ]  is likely to represent one-third to one-half 
of total marketing expenditures  [  5  ] . 

 In light of the  fi nancial resources available for marketing, it is not surprising that 
the 2010 Dietary Guidelines and the new “MyPlate” program from the USDA have 
a lot of work to do if they wish to truly “change” the food habits of our nation. The 
federal government has done, and perhaps can do, little to redress this imbalance. 
As a result the quality of the American diet worsens and the prevalence of “diseases 
of the waistline” continues to grow, with diabetes now affecting approximately 10% 
of the population, a topic discussed in greater detail in Chap.   6     by Franz and Chap. 
  7     by Temple and Steyn. 

 Foods are consumed in their raw state that is commonly called a “whole food” or 
after processing. Processing in theory increases the palatability, appearance, mar-
ketability, and consumption of food products. The cost of the raw materials (“farm 
cost”) is about 55% for eggs, 13% for frozen peas, 10% for corn  fl akes, 9% for 
canned tomatoes, and 4% for corn syrup  [  6  ] . The remainder of the consumer cost 
(45–90%) is for such things as transportation, labor, and packaging, and, most 
importantly, advertising to promote demand. On average, 80% of the cost of a food 
product went for these costs  [  7,   8  ] , and this  fi gure still holds  [  9  ] . 

 Farm subsidies in the USA further exacerbate this problem by favoring corporate 
farmers producing corn and beans which have become “cheaper” in the last 40 years 
while largely unsubsidized fruits and vegetables have become more expensive  [  10  ] . 

 For the manufacturer, it is enormously advantageous if the degree of food pro-
cessing is increased because this allows huge price markups. The price per kilogram 
will be about three times higher for the manufactured foods than for the cost of the 
basic ingredients. Food corporations therefore have an obvious incentive to concen-
trate their advertising on manufactured food. If 10% of the product price is used for 
advertising and a raw apple costs 20 cents, then 2 cents would go to advertising the 
raw product. But if the apple is converted into an “instant microwaveable apple 
crisp” that sells for a dollar, then 10% means that 10 cents is now available for 
advertising. In other words, the funding available for advertising has jumped  fi vefold 
after the apple has been processed. And that, in brief, helps explain why so little 
money is spent on the advertising and promotion of raw food. Improving our nutri-
tion may be as simple as teaching people to cook foods from raw ingredients  [  10  ] , 
which explains the efforts of many advocates to restore cooking and home econom-
ics classes to public schools in the USA. 

 Food packaging includes FDA-approved labels that are “intended” to improve 
the consumers understanding of their nutritional “value,” a problem highlighted in a 
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recent commentary “Front-of-Package Food Labels: Public Health or Propaganda?” 
 [  11  ] . When people consume manufactured food, they generally have little idea of 
the nutritional value of their food and how well their diets conform to their nutrition 
guidelines. The content, convenience, and availability of these foods, and the money 
spent on their marketing, all hinder the implementation of healthful nutritional 
policy. The myriad of package claims is broad enough that Consumer Reports now 
has a special online tool for the consumer to understand what these claims are 
and determine if they carry any scienti fi c merit  [  12  ] . The real nutritional value of 
food may be further obscured by the addition of supplemental vitamin and mineral 
“forti fi cation.” The FDA has recently sought to increase the documentation needed 
to support a claim and regularly sends warning letters  [  13  ] , but it has also been met 
with resistance from industry arguing the First Amendment and their “right to free 
speech” on package labels.  

    22.2.2   In fl uential Association 

 One way the food industry in fl uences people is through “image management.” 
Consider, for example, a donation from a corporation that aggressively markets a 
product known to negatively affect the oral health of children. Should this act be 
judged as good for society or harmful? Illustrating this, in 2003 Coca-Cola donated a 
million dollars to the American Academy of Pediatric Dentistry (AAPD) for research 
 [  14  ] . The action runs the risk of undermining the science incriminating sugar-rich 
soda in poor dental health. It can potentially confuse the message of the AAPD which 
states that consumption of soft drinks may be harmful to dental health. 

 Following the successful drive to eliminate smoking, another movement was cre-
ated that involved lawsuits blaming food companies for obesity. This lead to the 
introduction of campaigns and bills to prevent advertising to young people (e.g., 
HeLP or the Healthy Lifestyles and Prevention America Act of 2004), and schools 
banning soft drinks sales and pulling out of “pouring rights” and similar deals (in 
sum, these were exclusive arrangements to market soft drinks in schools in return 
for a payment). In 2005, the HeLP bill was introduced to congress, attempting to 
“improve the health of Americans and reduce health care costs by reorienting the 
Nation’s health care system toward prevention, wellness, and self care,” without 
success. Reintroduced in 2011, HeLP has been referred to the committee of  fi nance 
but it not expected to pass this time either  [  15  ] .  

    22.2.3   Schooling Young People to Become Adult Consumers 

 Pouring rights provide marketers with a valuable tool to in fl uence brand name loyalty 
in children. This form of marketing undermines sound nutritional teaching and has 
been criticized as being exceptionally unethical. What many of these perceived 
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healthy choices have in common is misleading. A fruit juice or fruit snack, for 
example, may contain little or no fruit, while its calories derive from added sugars 
or sweeteners. Acknowledging that very young people need help to make sound 
nutrition choices, Coca-Cola, in November 2003, vowed to improve its corporate 
image by, amongst other moves, refraining from promoting the sale of soft drinks to 
elementary students during the day  [  16  ] . While it has become less socially, and 
therefore  fi nancially, acceptable for beverage companies to enter into strict pouring 
rights agreements for soft drink distribution to junior and high school kids, universi-
ties are apparently another matter. Purdue University is one such school that recently 
entered into a pouring rights agreement with Coca-Cola  [  17  ] . 

 School students are often targeted by food companies. Campbell’s Soup, Pizza 
Hut, and McDonalds are just a few of the many manufacturers who create special 
“educational” materials that highlight the “selective nutritional value” of their prod-
ucts. These materials may focus on, for example, the variety of food types in a slice 
of pizza, but neglect to mention how the fat content and re fi ned grains may contribute 
to obesity and diabetes in children who consume too much of them. These companies 
sometimes distribute alternative food guides that include pictures of their products 
and marketing symbols. Manufacturers know that children learn to recognize brand 
names, symbols, and cartoon/action  fi gures as product advocates. The Keebler Elves’ 
Cookies and Crackers, Tony Tiger’s  GRRRRREAT  Frosted Corn Flakes, and Ronald 
McDonald the Clown are a few examples of cartoon personalities that carry a 
consumer from childhood products through to products marketed to adults. 

 In the USA, the Food and Trade Commission (FTC) is responsible for regulating 
advertising and, therefore, the marketing of food and beverages to children  [  18  ] . 
Companies are believed to spend at least $1.5 billion annually to market products to 
children. Food industry fears of the threat of direct government regulatory interfer-
ence has led many to create FTC-approved “self-regulatory actions,” such as the 
Children’s Advertising Review Unit (CARU) by the advertising industry to prevent 
misleading children age 12 and under. The food industry response to concerns about 
federal interference in corporate policy has been robust with respect to preserving 
their interests  [  19  ] . Standards for improving food industry self-regulation have been 
suggested to include better transparency, meaningful objectives, accountability, and 
oversight  [  20  ] .   

    22.3   Problems with the Food Supply 

 The USA is able to produce a surplus of food, something that is perhaps both a 
blessing and a curse for health. Historically, surplus agricultural commodities have 
been purchased and distributed to needy persons through a series of programs super-
vised by the USDA. These programs supported farm income and land values, and 
particularly distributed butter, cheese, meat, and other commodities. 

 Even though commodity distribution forms a smaller and smaller portion of 
federal food assistance, the USDA continues to be caught in a con fl ict of interest. 
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On the one hand, it is responsible for promoting “eating less” of foods such as meat, 
butter, and sugar. But, at the same time, it is under political pressure from various 
lobby groups to boost sales of the products it purchases as part of its price-support 
programs. Surplus commodities are distributed, in large part, through school lunch 
programs and to persons of low income. This may partly explain why the preva-
lence of obesity in the USA is inversely related to income  [  21  ] . School lunch 
programs are where many people learn some of their food preferences, and the poor 
nutritional habits observed when food commodities are dumped in this manner may 
well continue into adulthood. Similar problems occur in the behavior of adult 
consumers who want healthier food items on the menu, but typically choose less 
healthy options  [  22  ] .  

    22.4   In fl uence of Special Interest Groups and Political 
Action Committees 

 There are a great number of special interest groups in the USA, and they exert a 
tremendous in fl uence on nutritional health policy. Here is one example that implic-
itly makes this point. A press release from the Grocery Manufacturers of America 
(GMA) in 2002 reported that former Health and Human Services Secretary Tommy 
Thompson “encouraged GMA members to ‘go on the offensive’ against critics 
blaming the food industry for obesity” and “said the industry is ‘doing wonderful 
things’ to educate people about proper diet and exercise, but that GMA member 
companies should tell more people about them and implement wellness programs 
for their own employees”  [  23  ] . 

 As explained earlier, the value added to food products during manufacturing and 
processing allows appreciably higher prices to be charged. The larger revenues gen-
erated thereby allow food corporations to in fl uence the direction of nutritional 
health policy in both obvious and less obvious ways. Advertising was discussed 
earlier. Corporate funds are used to sponsor lobbyists who in fl uence the writing and 
enforcement of laws. Special interest groups support lobbyists who work at the state 
and national levels of government. By giving contributions to campaign funds, cor-
porations help ensure that politicians are sympathetic to the needs and wants of their 
donors. It has been estimated that in 1998 $2.7 million dollars were spent lobbying 
each US Senator and Representative  [  24  ] . In 2010, the $1.44 billion price tag from 
1998 had more than doubled, reaching $3.5 billion  [  25  ] . 

    22.4.1   The Sugar Industry Empire Strikes Back 

 The manipulation of policy is well-illustrated by looking at the activities of the 
sugar lobby. Federal nutritional policy guidelines for sugar consumption have 
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changed in a clear direction of increasing obfuscation. In 1980 and 1985, the US 
 Dietary Guidelines  for sugar said, simply, and in just four words, “Avoid too much 
sugar.” In 1990, it went to  fi ve words, “Use sugars only in moderation,” and in 1995 
to six: “Choose a diet moderate in sugars.” In 2000, the scienti fi c committee recom-
mended that the guideline say, “Choose beverages and foods to limit your intake of 
sugars” (ten words), but even that was too strong. Under pressure from sugar lobby-
ists, the government agencies substituted the word “moderate” for “limit” so it read 
“Choose beverages and foods to moderate your intake of sugars.” The committee 
working on the  Guidelines  for 2005 dropped the sugar recommendation entirely, 
and discussed the issue under the heading, “Choose carbohydrates wisely….,” com-
ments made by the USDA and DHHS, 2005 Report of the Dietary Guidelines 
Advisory Committee  [  26  ] . 

 The 2010 Dietary Guidelines Advisory Committee report stated that “Americans 
of all ages … eat too much added sugars, solid fats, re fi ned grains, and sodium.” 
While this return to clarity will be helpful for many, the latter combination is regu-
larly abbreviated as “SoFAS” within the report, potentially adding further confu-
sion to their recommendations. As an example of double-speak, consider the recent 
Sugar Association reply: “The Sugar Association completed its review of the 112-
page Guidelines policy document and has determined that the 2010 Dietary 
Guidelines do not include or establish an upper limit on sugar or added sugars 
intake. However, the Association does point out that throughout the text of the 
Guidelines, there is a call to reduce added sugars intake, which it believes is not 
science-based”  [  27  ] . 

 By contrast, the American Heart Association recommends that added sugar 
should be limited to no more than 100 and 150 kcal/day for women and men, respec-
tively  [  28  ] ; this is equivalent to about 5–6% of energy. It is perhaps refreshing to see 
that the corporate interests for salt and sugar were unable to in fl uence the design of 
the new MyPlate food guide which leaves no room for snacks and desserts. 

 The sugar industry’s stated interpretation of the evidence has for many years 
stood in sharp contrast to the opinions of health professionals. A saga during 
2003–2004 well illustrates this. WHO issued guidelines recommending a limit on 
sugar consumption to 10% of total caloric intake. This is an old recommendation, 
one used by many countries that issue dietary advice and the precise level recom-
mended in the booklet that accompanies the USDA Food Guide Pyramid. 
Nevertheless, in a campaign characterized by the media and consumer groups as 
tantamount to blackmail, the year between the initial release and rati fi cation of 
these guidelines saw vigorous attempts by the sugar industry to prevent their 
adoption  [  29  ] . The Sugar Association argued that the preponderance of evidence 
indicates that people can safely consume a quarter of their calories as sugar. The 
sugar lobby’s efforts included demands that the report be removed from the 
internet and threats that the industry would be asking congressional appropriators 
to challenge the $406 million in US funding of WHO if the report was not with-
drawn  [  30,   31  ] .  
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    22.4.2   The In fl uence of TV 

 When public service nutrition messages are played on TV, the station must be 
careful to avoid alienating their advertisers. Messages that promote moderation in 
calorie, fat, or sugar consumption can provide a valuable public health service, but 
airing these ads may negatively impact the station’s relationships with advertisers 
from food and beverage companies. Pro fi tability is required for the economic 
survival of private media outlets and the corporations they are part of. Predictably, 
a TV station in Iowa, “The Pork State,” is likely to be reluctant to air a public service 
message that says: “…. reduce your fat intake ….eat less pork….” 

 By sponsoring the production and presentation of programs on private and public 
television, corporations also exert in fl uence on the content of our programming. It 
would be naïve to believe that public TV programs, underwritten by food manufac-
turers, would unhesitatingly air a news item that was clearly damaging to the inter-
ests of their sponsors. As with private TV, there is no surer way to lose one’s funding 
than to alienate one’s sponsors.  

    22.4.3   In fl uence of Farm and Corporate Interests on Research 

 There are many commodity and farm/food product promotion boards and organiza-
tions in the USA. How do commodity groups generate the large amounts of money 
needed to in fl uence nutritional health policy? Here is one example. The Beef 
Checkoff Program was established as part of the 1985 Farm Bill. The National 
Cattlemen’s Beef Promotion and Research Board, which administers the national 
checkoff program, receives $1 per head on all cattle sold  [  32  ] . This program has 
been very successful in promoting the popular and familiar “Beef: It’s What’s for 
Dinner” program. While subject to USDA approval, the organization is a nongov-
ernmental body and its revenues may be used for promotion, education, and research 
programs to improve the marketing climate for beef. 

 Marketing boards and corporate interests tend to fund research projects that have 
the potential to improve the marketability of their products. This seed funding has 
generated a literal explosion of research studies in areas of corporate/marketing 
interest. The following example illustrates this. A PubMed search for publications 
with the word “soy and human” found 78 hits for the 12 months of 1992, but a 
decade later this same period found 396 hits. Industrial giant Archer Daniels 
Midland (net sales of $30.7 billion in 2003, and $62 billion at the end of the  fi scal 
2010), and others like it, contribute millions of research dollars into selective proj-
ects related to soy proteins and iso fl avones. By sponsoring advertisements in peer-
reviewed journals, corporate soy advocates help ensure, directly or by indirect 
in fl uence, that pro-soy publications will likely receive a more favorable passage 
through the peer-review process. 

 These selective projects generally have some features in common: if their  fi ndings 
are published, they will probably be positive, they will help ensure future grants, 
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and the results will probably increase product marketability. The best evidence in 
support of this argument comes from the realm of medical research, especially 
research on drugs. A study of 332 randomized trials of drugs and other medical 
interventions published between 1999 and 2001 revealed that those that had received 
industry funding were 90% more likely to report statistically signi fi cant pro-industry 
 fi ndings  [  33  ] . This problem appears to be rampant with food research. An analysis 
was made of studies conducted between 1999 and 2003 on soft drinks, juice, and 
milk  [  34  ] . The  fi ndings of each study were classi fi ed as being favorable or unfavor-
able to the industry that sponsored the study. For interventional studies, none of the 
studies with industry  fi nancing reported a  fi nding that was unfavorable whereas 
37% of studies with no industry funding did so. 

 For all types of study (including observational studies and reviews), those with 
industry  fi nancing were 7.6 times more likely to report a  fi nding favorable to indus-
try than studies with no industry  fi nancing. Funding this type of research also places 
pressure on the USDA and other government sources to divert funds to validate and 
expand on what has already been done. This sequence of events means that the 
original grant, obtained from industry, has the potential to create an industry-friendly 
research agenda.   

    22.5   Using the Legal System to In fl uence Nutritional Policy 

 Corporate giants, such as ADM and Monsanto, have gone to great lengths to ensure 
that food labels do not provide information that could hurt product marketing  [  11  ] . 
If a corporation cannot in fl uence nutrition, they can sometimes dictate it via the 
courts. Classic examples include attempts in recent years to improve consumer 
acceptance of genetically engineered grains with improved insect resistance and 
meats produced with bovine growth hormone. Another noteworthy episode concerns 
attempts to block the ability of the consumer to identify the source and methods 
used in the production of their food took the form of a lawsuit in Maine. Monsanto 
 fi led suit against Oakhurst Dairy, a small dairy company which placed the words: 
“Our Farmer’s Pledge: No Arti fi cial Growth Hormones Used” on its packaging. 
A settlement was reached where Oakhurst was permitted to keep their original claim 
as long as their packaging also included this statement: “FDA states: No signi fi cant 
difference in milk from cows treated with arti fi cial growth hormones”  [  35  ] . Small 
companies often  fi nd the threat of legal action by a corporate giant is tantamount to 
blackmail, just by considering the costs of a legal defense. 

 Lawsuits are a two-way street. A variety of public interest organizations, such as 
the Center for Science in the Public Interest (CSPI), the Union of Concerned 
Scientists, and the Center for Food Safety, have turned to the legal system as a way 
to in fl uence nutrition and food quality policy. By initiating lawsuits, food producers 
or government organizations can be in fl uenced. The impact often comes more from 
the bad press that can be associated with a lawsuit, in addition to any  fi nes that may 
result. More recently groups with little history of involvement in nutrition have 
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weighed in, such as the Sierra Club and their dispute with the use of genetically 
modi fi ed grains in the USA and other countries. 

 Success in the USA with respect to controlling smoking and putting limits on 
advertising by the smoking industry has hinged in large part on the powers of State 
Attorney Generals. The national obesity epidemic presents a similar problem that is 
often managed at the level of a state.  Parens patriae  is the legal responsibility that 
State Attorney Generals have to promote the well-being of its residents and the 
interests of the states, although legal limits to this power differ widely between 
states  [  36  ] . They are particularly important for determining whether to enforce laws 
regarding Unfair and Deceptive Acts and Practices. State Attorney Generals can 
wield their power by directly  fi ling lawsuits, by promoting/enforcing consumer 
protection, by drafting new legislation, and developing coordinated multistate 
actions to address a problem. Coordination between states and the federal government 
and the Federal Trade Commission (FTC) has also been an important aspect of 
control, especially with respect to food advertising directed toward children  [  18  ] . 

 Self-regulatory bodies within areas of industry seek to limit the negative public 
image of industry and maintain independence from government interference. The 
Distilled Spirits Council represents one such self-regulatory body within the US 
alcohol industry which has had the most successful outcomes  [  20  ] . A key part of 
their “code” is the incorporation of responsible drinking statements in advertisements. 
However, their use of the phrase “drink responsibly” or “drink in moderation” at the 
end of a TV advertisement is of little consequence to the habits and actions of poten-
tial consumers.  

    22.6   Front Organizations to In fl uence Public Opinion 

 Front organizations provide another way for the food industry to in fl uence lawmakers 
by creating and directing consumer hostility. Food taxes have been suggested as a 
way to improve the US diet and reduce sugar consumption  [  37,   38  ] . Americans 
Against Food Taxes is a classic “front organization”. Their website  [  39  ]  claims that 
they are:

  ….. a coalition of concerned citizens—responsible individuals,  fi nancially strapped fami-
lies, small and large businesses in communities across the country—opposed to the govern-
ment tax hikes on food and beverages, including soda, juice drinks, and  fl avored milks. The 
mission of the coalition is twofold: 1) To promote a healthy economy and healthy lifestyles 
by educating Americans about smart solutions that rely upon science, economic realities 
and common sense; and 2) To prevent the enactment of regressive and discriminatory taxes 
that will not teach our children how to live a healthy lifestyle, and will have no meaningful 
impact on public health, but will have a negative impact on American families struggling in 
this economy.   

 Perhaps we are cynical but with 499 corporate sponsors displayed on their web-
site, there is little doubt as to their true motives.  
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    22.7   British Food Policy Goes Bananas 

 Lest anyone think that the USA is the only place where the food industry has been 
allowed to hijack food policy, a look across the pond reveals some disturbing trends. 

 The UK has an agency—or at least it used to have—called the Food Standards 
Agency (FSA). This agency was set up by the government but had much autonomy. 
One of its great achievements was to invent the traf fi c lights food label which is 
described in Chap.   17     by Cuskelly, Woodside, and Temple. This food label system 
brought clarity and simplicity to the front of food packaging. In 2010, the UK 
elected a new government which implemented an economic policy similar to that 
advocated by the Republican Party in the USA. One of its  fi rst actions was to dis-
mantle the FSA and incorporate its pieces into the Department of Health. By this 
means, the FSA was brought under more direct government control. 

 Is there a direct link between the traf fi c lights food label (and other excellent 
work of the FSA) and its demise? Quite simply, we don’t know. But the following 
episode indicates what the food industry thinks about traf fi c lights food labels. In 
June 2010, the European Parliament was debating whether to implement this food 
labeling system within the European Union. The food industry spent an estimated 
$1.3 billion on lobbying to try and kill the plan  [  40  ] . 

 Dismantling the FSA was merely the British government’s  fi rst step in a reorien-
tation of policies related to food and public health. In late 2010 the government 
announced their intention to set up several groups to provide advice on new policies, 
such as how best to tackle obesity. These groups would be dominated by fast food 
and processed food companies, including McDonald’s, KFC, PepsiCo, and Mars 
 [  41  ] . For good measure, the lobby group representing the alcohol industry was made 
chair of the group in charge of formulating alcohol policy.  

    22.8   Conclusions 

 Today, Americans are locked into an ever-worsening spiral of obesity and diabetes, 
what are often called “diseases of the waistline.” This tells us that American nutri-
tional habits have become terribly misdirected. Vast amounts of money are now 
spent on advertising and other forms of marketing so as to generate consumer 
demand for food products much of which is unhealthy. 

 Lobbyists for the food industry have become entrenched in the political system; 
their primary function being to serve the narrow  fi nancial interests of particular 
farm and food industry interests. As a result, government food policy is often dic-
tated by questions of economics rather than of health. Trade and political action 
groups also in fl uence the availability of research funding and the direction of proj-
ects funded by otherwise “independent” universities and research centers. Finally, 
the legal system has become a tool where corporate interests can in fl uence national 
health policy in such areas as food labeling. More recently, legal measures have also 
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been implemented by consumer advocacy groups hoping to assert new policies for 
promoting consumer health. 

 A variety of voices will continue to in fl uence the way our nutritional health is 
determined. What remains to be determined is how effective farm and industrial 
groups will be at in fl uencing the formation of a policy that promotes economic suc-
cess and pro fi tability. What also remains to be determined is how effective con-
sumer advocacy groups, such as the CSPI, can be at providing a counterbalance to 
corporate interests. What is most dif fi cult to determine is the extent to which gov-
ernment organizations can be neutral with respect to setting nutritional health guide-
lines and legislation that ensures both the health of people and the economy. 

 It is also becoming apparent that transparency is critical with respect to the in fl uence 
of funding to the nonpro fi t and advocacy agencies that make recommendations to 
government. The recent policy recommendations of the American Heart Association 
could go along ways toward creating a model for transparency in this respect  [  42  ] . 

 Many people suppose that, knowing this, governments, like nutritionists, rely 
heavily on the best available health-related scienti fi c evidence in formulating their 
nutrition policies. Alas, this is often far from the case. In practice, governmental 
nutritional policy translates nutrition science then tempers it within the current con-
text of the relevant food market, which leaves it sometimes attempting to serve at 
once the disparate interests of individuals and economic interests of corporations. 
As such, the cart of nutritional policy oftentimes seems to be in the lead with the 
horse of scienti fi c justi fi cation following some distance behind. This routinely 
seems to have been the case with how nutritional health policy was created, manipu-
lated, and implemented in the USA. 

 What is the answer to our tempering the in fl uence of the food and beverage 
industry on the formation of our government policy? Asking industry to “play nice” 
does not appear to be a realistic solution, neither does a strict Stalinist legal code. 
The solution is somewhere in between, and will be forged in part by the need of 
industry to maintain its “image” with respect to the risk of government regulatory 
interference, the need to maintain investor stock value, and the need to maintain 
enough public image to ensure that their products are not boycotted. The most 
important part of the solution is to recognize that in fl uence can be a problem. 
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  Key Points 

    Governments should implement nutrition policies that will improve population • 
health.  
  These policies include reducing the salt content of processed foods, use of dietary • 
supplements of proven value, and eliminating hydrogenated oils that contain 
 trans  fatty acids from food.  
  Implementation of the proposed policies would cost relatively little and should • 
achieve signi fi cant health bene fi ts within a few years.  
  These policies therefore have a very attractive cost-effectiveness (i.e., they • 
 generate quality-adjusted life years (QALYs) at a fraction of the cost of many 
types of conventional medical treatment).     

    23.1   Introduction 

 It has been well established since the 1970s that dietary factors play a major role in 
the causation and prevention of a spectrum of diseases. These diseases have been 
referred to by different names, including Western diseases, noncommunicable dis-
eases, and chronic diseases of lifestyle (CDL). The major CDL include most forms 
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of cardiovascular disease (CVD) (including coronary heart disease (CHD), stroke, 
and hypertension), obesity, type 2 diabetes, and several major types of cancer. 

 The high prevalence of these diseases across the Western world has created 
immense pressures on health-care systems. This crisis is most severe in the United 
States where the cost of health care now exceeds $2 trillion and accounts for more 
than 16% of GDP. This level of spending has created great strain on both public and 
private  fi nances. Unless drastic measures are taken, this spending is set to increase 
sharply over the next two decades. One factor driving this is that millions of baby 
boomers are now moving into their 60s. Another major factor is that the epidemic 
of obesity that has swept the world since the 1980s is now precipitating other health 
conditions such as type 2 diabetes. Compounding these problems, the relentless 
cost in fl ation of medical treatment has shown little sign of being brought under 
control. 

 The economic crisis that swept the world in late 2008, the worst since the 1930s, 
created enormous budget de fi cits for governments in many countries. Thus, while 
the cost of health care is on an ever-rising trajectory, governments have a reduced 
capacity to pay these costs. This crisis of over-spending is equally severe where 
medical costs are paid by individuals or by insurance companies: the individuals 
and companies who must pay the bills, whether directly or via insurance premiums, 
are also under much  fi nancial pressure resulting from the economic crisis. 

 There was one positive outcome from the economic crisis: a large section of the 
population woke up to the realization that the capitalist system requires careful gov-
ernment oversight. For many years, banks and investment companies operated with 
complete freedom to conduct business as they pleased with minimal government 
regulation or oversight. 

 But what has this to do with nutrition policy? Actually, there are strong parallels 
between the problems of the  fi nancial system and that of the national diet. The eco-
nomic interests of the food industry have been the dominant driver of nutrition 
policy in most countries, including the USA. This has frequently occurred in disre-
gard of the health impact of these policies  [  1  ] . This has directly led to many of the 
health problems that are so prevalent in today’s society, and their huge economic 
consequences. In brief, a lack of government oversight of the banks and investment 
companies played a major role in the economic meltdown, while the willingness of 
governments to place the economic interests of the food industry above the health 
interests of the general population has caused a deterioration in public health and 
the consequent expanded cost of medical treatment. 

 This chapter argues the case for a strategic shift on nutrition policy in relation to 
population health. It is essential to see the consequences of nutrition policy, not 
merely in terms of the economic interests of the food industry, but also in terms of 
the huge cost of medical treatment resulting from diseases that can be prevented by 
a healthy diet. In many cases, it is possible to make a direct comparison between 
the cost-effectiveness of these policies with those of conventional medical treat-
ments that target the same conditions. As we shall see, a nutrition policy approach 
often achieves far more bene fi t per dollar of expenditure than does medical 
spending.  
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    23.2   The Cost-Effectiveness of Medicine 

 Many analyses have been made regarding the cost-effectiveness of medicine  [  2  ] . 
Bene fi ts achieved as a result of medical interventions are often quanti fi ed based on 
how many quality-adjusted life years (QALY) are generated. The use of QALY 
allows all types of interventions to be directly compared, both those that prevent 
deaths and those that improve the quality of life. The cost-effectiveness of medical 
interventions can then be estimated based on cost per QALY. In the USA interven-
tions that cost in the range of $50,000–100,000 per QALY are often regarded as 
being acceptable, though there is a lack of consensus on this. Other countries, such 
as the UK, often use lower cost thresholds. 

 The cost-effectiveness of medical interventions covers an extremely wide range. 
Here, we shall brie fl y examine some clinical preventative services, using estimates 
based on costs in the USA. Some such interventions are cost-saving. Examples are 
aspirin therapy for the prevention of CVD in persons at elevated risk, immunization 
of children, and screening for tobacco use followed by a brief intervention  [  3  ] . 
Nicotine replacement therapy costs less than $5000 per QALY  [  4  ] , clearly making 
it highly cost-effective. Drug treatment of hypertension for nondiabetics is esti-
mated to cost approximately $53,000 per QALY  [  5  ] . Statins are a family of drugs 
widely prescribed for the prevention of CHD. Their cost-effectiveness depends 
greatly on the level of risk of the patients being treated: the higher the risk, the 
lower the cost per QALY. Thus, for patients at high risk of CHD, their cost-effec-
tiveness translates to a rather modest $20,000, or so, per QALY  [  6  ] . But this  fi gure 
becomes tenfold higher for patients at intermediate risk of CHD  [  6  ] . For that rea-
son, statins are justi fi ed only for people at high risk of CHD  [  7  ] . Nevertheless, these 
drugs are heavily marketed for patients at intermediate risk of CHD as this allows 
pharmaceutical sellers to hugely increase total sales. These costs for drug treatment 
of hypertension and for use of statins are based on the cost of brand-name medica-
tions. However, the use of generic drugs would reduce the cost per QALY by a 
factor of about  fi ve to eight (to about $7,800 for hypertension and $9,600–47,000, 
per QALY, for CHD)  [  8  ] . Many medical interventions are far more costly: around 
1 in 11 preventative interventions cost more than a quarter million dollars per 
QALY  [  9  ] . 

 While the focus above is clinical preventative services, the same problem of 
widespread use of medical procedures that exceed reasonable cost limits is seen in 
many other areas of American medicine. While this issue is much discussed in aca-
demic journals, there is seldom any serious attempt to bring this discussion into the 
public arena. A major reason for this is widespread opposition by politicians and 
others in the USA to the use of cost as a criterion for decision making  [  10  ] . 

 Other countries take a very different approach on this issue. In the UK, a cost-
effectiveness analysis (CEA) is routinely performed as part of the process of deter-
mining whether particular interventions can be employed by the National Health 
Service and therefore paid for using tax money. Such evaluations are done by the 
National Institute for Health and Clinical Excellence (NICE)  [  11  ] .  
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    23.3   Nutrition Policy and Public Health 

 The lesson from the previous discussion is that unless serious efforts are made to 
constrain costs, medical interventions can often be extremely expensive; many cost 
in the range $10,000–200,000 per QALY. A very different picture emerges when we 
examine what happens when governments implement policies designed to improve 
public health. These can often achieve widespread bene fi t at remarkably low cost. 
For example, a CEA has estimated that the mandatory use of daytime running lights 
and of motorcycle helmets is cost-saving  [  12  ] , while a smoke-free workplace can 
prevent disease and do so at an estimated cost of a mere $500 per QALY  [  4  ] . Much 
the same is seen with regard to nutrition policies: a strong body of evidence reveals 
that they can also deliver major health bene fi ts at relatively low cost. Unfortunately, 
few CEAs have been carried out in this area. 

 Here, we consider the nutrition policies where the evidence is strongest. The pro-
posed interventions have been arranged in approximate order of cost- effectiveness, 
starting with the lowest cost. The policies have been broken into two groups:

   Group A. There is a high probability that implementation of these policies will achieve 
signi fi cant health bene fi ts within a few years and are cost-effective.  

  Group B. Here, the cost-effectiveness is much less clear and/or the health bene fi ts may be 
delayed by many years.    

    23.3.1   Group A Nutrition Policies 

    23.3.1.1   Cutting the Salt Content of Food 

 A substantial body of evidence reveals that the great majority of people across 
the Western world consume a grossly excessive quantity of salt in their diets and 
that this plays a major role in the causation of hypertension  [  13,   14  ]  and CVD 
 [  14,   15  ] . Salt is also believed to be an important causative factor in stomach 
cancer  [  16  ] . 

 In order to substantially reduce the salt intake of the general population, it is 
necessary to cut the salt content of processed foods by at least half as this is where 
75–80% of the salt in the diet comes from  [  17  ] . Feeding studies demonstrate that 
consumers have little problem accepting food with a much reduced salt content  [  18, 
  19  ] . As it would cost extremely little to implement this policy and the potential 
bene fi ts are so large, it clearly follows that the cost-effectiveness would be highly 
favorable. Based on an Australian estimate, this policy would cost approximately 
US $1,180 per QALY  [  20  ] . According to an American estimate, cutting the sodium 
content of the diet to 2,300 mg/day would save around $18 billion/year in health-
care costs  [  21  ] . Another study estimated that a population-wide reduction in dietary 
salt of 3 g/day (1,200 mg of sodium) would prevent between 44,000 and 92,000 
deaths per year  [  22  ] . 
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 Should the governments of the USA and other countries implement this policy? 
To do otherwise would be heartless and a no-brainer! Alas, despite the strong case 
for action  [  23  ]  there has been only inertia in the USA. As a result there was no 
change in the salt content of food between 2005 and 2008  [  24  ] . This contrasts with 
the UK where policy implementation has lead to modest progress. In that country, 
the Food Standards Agency (FSA) embarked on a campaign to lower salt intake 
from 9.5 g/day in 2000/2001 to <6 g/day (roughly 2,300 mg sodium) by 2010. 
Actual intake by adults had fallen to 8.6 g/day in 2008  [  25  ] .  

    23.3.1.2   Dietary Supplements 

 There are several dietary supplements that have proven to be a highly effective, safe, 
and low-cost means to prevent disease. Iodine and  fl uoride are well-known exam-
ples. The prevention of spina bi fi da by the forti fi cation of grain products with folic 
acid, a policy introduced in 1996, provides another illustration of the potential value 
of this strategy. 

 A strong argument can be made that vitamin D has the potential to repeat this suc-
cess. The case for this is presented in Chap. 17. In brief, there is convincing evidence 
that the vitamin is of signi fi cant value in the prevention of osteoporosis. Strong evi-
dence has also emerged in recent years that the risk of cancer is signi fi cantly reduced 
when circulating vitamin D levels are optimal. This bene fi t may also extend to CHD. 
Based on this evidence, a large section of the population would likely bene fi t from 
supplemental intake. This applies especially to people at risk of poor vitamin D sta-
tus, notably people with darker skin color and inhabitants of northern latitudes, such 
as northern Europe, the northern states of the USA, and the whole of Canada. 

 According to a 2003 estimate, vitamin D supplements decrease fracture rates at 
a cost of $800 or less per vertebral fracture avoided  [  26  ] . This indicates that vitamin 
D supplements are highly cost-effective, especially for people aged over 40 or 50 
who may be vulnerable to poor vitamin D status.  

    23.3.1.3   Trans Fatty Acids 

 Partially hydrogenated oils contain  trans  fatty acids. Major food sources of these 
fats include hard margarine, cakes, donuts, cookies, pastry, and deep-fried foods. 
 Trans  fatty acids are now recognized as adversely affecting multiple cardiovascular 
risk factors and contribute signi fi cantly to increased risk of CHD  [  27  ] . By one esti-
mate if these fats were removed from the American diet, CHD rates would be 
reduced by 3–6%, possibly by as much as 12–22%  [  28  ] . 

 There is nothing to stop governments implementing a policy requiring that 
hydrogenated oils containing  trans  fatty acids be removed from food. But as is often 
the case with important issues of public health, governments in several countries 
have chosen the path of relying on voluntary efforts by industry to reduce popula-
tion intake of these fats  [  29  ] . Serious attempts have, however, been made in several 
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jurisdictions to reduce consumption. Denmark stands as a  fi ne example: that country 
passed laws that resulted, over the past decade, in the virtual elimination of these 
fats from food  [  30  ] . New York City and San Francisco have enacted regulations 
banning these fats from food sold in restaurants while British Columbia (Canada) 
has gone further and imposed a ban that affects not only restaurants but also bakeries 
and other food outlets. 

 Implementation of a policy that leads to the removal of  trans  fatty acids should 
prevent at least 13,000 CHD deaths per year in the USA. According to an estimate 
made in 2003 there would be a one-time industry cost of $139–275 million for test-
ing, re-labeling, and reformulation  [  30  ] . The above information leaves little doubt 
that such a policy, calculated as dollars per QALY, would deliver improved health at 
bargain-basement prices.  

    23.3.1.4   Health Promotion 

 Since the 1970s, many health promotion interventions have been carried out in the 
USA and around the world. This subject is discussed in Chap. 18. Various types of 
health promotion interventions have been done in varied settings, including schools, 
worksites, physician of fi ces, and in the community. Some have focused on just one 
or two lifestyle changes while others have been more wide ranging. The most com-
mon goals have been to reduce excess weight, lower the blood cholesterol and blood 
pressure, and encourage people to quit smoking and exercise more. Overall, the 
results have been mixed; typically, progress has amounted to no more than a few 
percentage points. This might be expected to reduce the risk of CHD by about 
5–15%. Despite this limited impact, well-designed health promotion campaigns can 
be a cost-effective way to improve lifestyles and thereby positively affect the health 
of large numbers of people  [  31–  33  ] . 

 Much health promotion is carried out independently of governments. However, 
governments have the resources and authority required to implement health promo-
tion programs across diverse settings. For that reason, the expansion of health pro-
motion programs is best done as government policy.  

    23.3.1.5   Improved Food Labels 

 Food labels used in the USA and many other countries leave much to be desired; 
many consumers  fi nd them confusing. This issue is explored in Chap. 17. 

 A special issue of food labels concerns restaurants. These are where a substantial 
part of the population consumes much of their diet. Dinners in restaurants often sup-
ply huge amounts of food energy, as much as 1,000–1,500 kcal for a main course, 
but most people have little realization of this. Menus in restaurants are therefore 
another area where nutrition information is needed, especially the energy content of 
meals  [  34,   35  ] . As the cost of implementing this policy is quite low and it may help 
many people to control their energy intake, the policy is likely to be cost-effective. 
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 Support for this policy approach has gathered speed in recent years. Legislation 
has been passed to implement this policy in several cities (including New York, San 
Francisco, and Philadelphia) and several states (including California, Oregon, and 
Massachusetts). The health-care law passed by Congress in 2010 turned this policy 
approach into federal law. It applies to all restaurant chains with 20 or more outlets.   

    23.3.2   Group B Nutrition Policies 

 We now examine nutrition policies where the cost-effectiveness is much less clear. 
This is often because the health bene fi ts may be delayed by many years. 

    23.3.2.1   Nutrition Policy, Children, and Adolescents 

 Several important nutritional policies concern children and adolescents. 
 Food advertising on TV that targets children is overwhelmingly (80–90%) for 

unhealthy food choices or for fast-food restaurants  [  36,   37  ] . Not surprisingly, such 
advertising is often successful in inducing children to consume the advertised foods 
 [  38,   39  ]  and is strongly associated with the risk of obesity in children and adoles-
cents  [  40  ] . As the advertising of unhealthy foods is clearly detrimental to health, the 
obvious remedy is an outright ban. This has been done in Quebec (Canada), Sweden, 
and Norway  [  41  ] . A much more common approach, despite its limited effectiveness, 
is based on voluntary agreements and self-regulation by the food industry  [  41  ] . 

 A study was recently carried out on 395 American public schools  [  42  ] . Vending 
machines were present in 82 and 97% of middle and high schools, respectively. 
Among schools where food was sold, approximately  fi ve in six of them permitted 
the sale of foods or beverages that are nutrient poor but high in energy (i.e., “junk 
food”). When schools permit the sale of unhealthy food, they are—implicitly—
conveying an educational message that is the diametric opposite of the one stated in 
food guidelines. Schools should therefore be compelled to restrict the sale of 
unhealthy food. Likewise, where meals are served in schools, these should be of 
high nutritional quality. This can be justi fi ed as a means to directly improve the 
nutrition of children. One jurisdiction where such a policy has been implemented is 
Abu Dhabi (part of the United Arab Emirates). In 2010, it announced that it would 
implement a policy banning unhealthy food from schools  [  43  ] . Spain followed suit 
in 2011  [  44  ] . 

 The cost of these policies—on food advertising, on food sold in schools, and on 
school meals—is dif fi cult to estimate. For example, many school authorities may 
oppose restrictions on the sale of unhealthy food as those sales can be a valuable 
source of extra income. However, from a societal perspective, the true cost of the 
proposed policies is likely to be reasonably low as spending lost in one area will be 
directed to other areas. In particular, as the sale of less healthy foods declines, sales 
of healthier foods will rise, and so will advertising for it. 
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 The proposed policies should bring about a reduced prevalence of obesity. 
Another important bene fi t is that improved dietary habits of children and adolescents 
will, at least to some extent, carry over to middle age. Clearly, most of the health 
bene fi ts of the proposed policies will accrue many years (~50 years) after the initial 
expenditures. As much is unknown with regard to both the cost and health bene fi ts 
of these policies, their cost-effectiveness cannot be estimated with any accuracy. 
Nevertheless, much like environmental protection, expenditures today are justi fi ed 
based on their long-term bene fi ts.  

    23.3.2.2   Food Prices: Using Taxes and Subsidies 

 Changing food prices by means of taxes and subsidies is an attractive means to 
encourage healthier eating patterns. The price structure of food in the USA and 
other Western countries means that less healthy foods with a high energy density 
(energy per gram) are generally cheaper than healthier food choices. Re fi ned cereals 
and foods with added sugar and fat are amongst the cheapest sources of energy, 
whereas the more nutrient-dense foods, such as  fi sh, lean meat, vegetables, and 
fruit, are generally much more expensive when the price is expressed as the cost of 
food energy (dollars per 1,000 kcal)  [  45–  47  ] . For that reason, people with a low 
income are pressured to select relatively less healthy diets with a low content of 
several micronutrients (such as vitamin C and  b -carotene) and a high energy density 
 [  48  ] . This is probably an important reason why the poorest people are often the least 
healthy. 

 An important factor responsible for the current price structure of food is that 
government subsidies are paid to agricultural enterprises with little regard for their 
nutritional consequences. For example, the subsides paid to American corn produc-
ers have made high-fructose corn syrup a cheap energy source. Between 1983 and 
2009, the consumer price index in the USA rose by 210%. During those years, the 
price of carbonated beverages increased by only 152% while the price of fruit and 
vegetables jumped by 325%  [  49  ] . These price trends help explain the huge increase 
in consumption of soft drinks in recent decades  [  50  ] . Likewise, the Common 
Agricultural Policy of the European Union gives much higher subsidies to farmers 
for production of full-fat milk than for skimmed milk, while large quantities of fruit 
and vegetables are withdrawn from the market and destroyed so as to maintain high 
prices  [  51  ] . 

 Studies on both smoking and alcohol have revealed “price elasticity” (i.e., con-
sumption falls in response to a rise in price)  [  52–  55  ] . The effect is stronger among 
the lower socioeconomic groups. What applies to tobacco and alcohol also applies 
to food  [  56  ] . A detailed analysis across the USA concluded that as the price of fast 
food rises, children and adolescents eat more fruit and vegetables and a generally 
healthier diet  [  57  ] . We can reasonably assume that the judicious use of taxes and 
subsidies can shift eating patterns in a healthier direction. This was explored by 
Jeffery, French, and colleagues in a series of studies conducted at worksites and in 
high schools in the USA  [  58–  60  ] . They observed that halving the prices of health-
ier food choices (low-fat snacks sold in vending machines and of fruit and salad 
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ingredients sold in cafeterias) lead to a doubling or trebling of sales. Consistent 
with these  fi ndings when shoppers in New Zealand were given price discounts of 
12.5% on healthier foods, sales of those foods rose by 10 or 11%  [  61  ] . 

 The above evidence points to the potential of government policies concerning 
prices of food to be an effective means to bring about desirable changes in eating 
patterns: the healthier choice must also be the affordable one. Taxes and subsidies 
could be used as tools to persuade people, for example, to consume whole grain 
bread rather than white, low-fat milk rather than full-fat milk, and chicken rather 
than beef. Researchers in the UK have made computer simulations of the effects of 
how this could be done and the likely effect  [  62,   63  ] . American advocates of this 
approach have proposed a tax on sugar-sweetened beverages (SSBs)  [  64  ] . Denmark 
has recently implemented such a policy with a 25% tax on ice cream, chocolate, and 
candy  [  65  ] . Both Denmark and France are planning a tax on SSBs, while Denmark 
also plans to impose a tax on foods containing >2.3% saturated fat. 

 The cost of the proposed changes to food prices may be quite high in the short 
term due to disruptions in patterns of agriculture and food production. However, in 
the longer term the cost should be minimal; depending on how the program is 
planned, extra costs in one area are cancelled out by savings in other areas. As is the 
case with several of the other policy proposals discussed here, the long-term health 
bene fi ts are very dif fi cult to estimate. For these reasons, more research is required 
before a realistic CEA can be made. This strategy is potentially one of the most 
powerful nutrition policy approaches but is also one the most challenging. There is 
likely to be much opposition from industrial lobbies. 

 A variation of a strategy based on direct changes to food prices is the provision 
of healthy foods to people by more direct means. The US government gives food 
assistance to the more needy members of its population by way of several different 
programs. The largest of these is the Supplemental Nutrition Assistance Program 
(SNAP; formerly the Food Stamp Program). These programs are a potential vehicle 
by which people could be encouraged to consume healthier foods  [  66  ] . As an exam-
ple of this, studies in both the UK  [  67  ]  and USA  [  68  ]  reported an increased intake 
of fruit and vegetables when low-income women were given vouchers that could be 
exchanged for these foods.    

    23.4   Conclusion 

 The policy proposals discussed here fall into two distinct groups:

   Group A. There is a high probability that implementation of these policies will achieve 
signi fi cant health bene fi ts within a few years and are highly cost-effective. These policies 
include reducing the salt content of processed foods, use of dietary supplements of proven 
value (perhaps starting with vitamin D for selected population groups, such as middle-aged 
and elderly people who have a lack of sunshine exposure), eliminating  trans  fatty acids 
from food, carefully selected health promotion interventions, and improving food labels so 
that they present clear information on the health value of food (e.g., traf fi c lights labels and 
adding nutrition information to menus in restaurants, especially the energy content of 
meals). These policies are likely to cost well under $1,000 per QALY.  
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  Group B. Here, the cost-effectiveness is much less clear and/or the health bene fi ts may be 
delayed by many years. These policies include nutritional policies that target children and 
adolescents and changes to food prices by means of taxes and subsidies.    

 The proposals made here, especially those in Group A, should be seen as the 
basis of a new overall nutrition strategy. They should help counter the burden of 
CDL. This proposed strategy is best seen in the wider context: the objective of all 
policies and actions that impact on human health, whether carried out by govern-
ment or the health-care industry, can be viewed as simply a means to generate 
QALYs. This encompasses policies as varied as improved road safety, removing 
hazardous chemicals from the environment, protecting the population from epidem-
ics of infectious disease, giving dietary advice to the general population, and treat-
ing people with drugs to treat hypertension or cancer. Seen in this context, the 
proposed nutrition policies are a logical development of the above policies and 
actions. 

 Measured as dollars per QALY—or bang for the buck—the proposed nutrition 
policies generate QALYs far more cheaply than is achieved by many types of con-
ventional medical treatment. By making comparisons as dollars per QALY it 
becomes clear that conventional medical interventions, such as the use of drugs for 
lowering blood cholesterol and controlling hypertension, typically cost many times 
more than nutrition policies to achieve comparable bene fi t: whereas medical inter-
ventions mostly cost in the range $10,000–200,000 per QALY, the proposed nutri-
tion policies are likely to cost well under $1,000 per QALY. 

 There is one important barrier that stands in the way of the implementation of the 
policies discussed here, namely that health care is typically viewed as an essential 
service whereas improved nutrition policies are seen as having a much lower prior-
ity. We see this in the high priority politicians give to maintaining  fi rst class health 
care, at least for the majority of the population. Costs are seen as something that 
should be reduced where possible. Nutrition policies, by contrast, are discussed nar-
rowly in terms of improving population health and have a far lower priority for most 
governments. One important factor responsible for this is pressure on governments 
by commercial interests: on the one hand, the pharmaceutical industry reaps vast 
pro fi ts from treating disease while the food industry has a vested interest in ignoring 
the health impact of its products. I argue here that it makes far more sense to evalu-
ate the costs and potential value of health care and nutrition policies with the goal-
posts in a  fi xed position. Clearly, we need a paradigm shift. 

 Based on current trends, it is likely that in coming years the total cost of health 
care will steadily become higher and suck in an ever-greater proportion of the 
national economic pie. A logical response to this will be policy initiatives to reject 
the use of medical procedures that exceed preset limits, measured as dollars per 
QALY. As mentioned earlier, this policy has already been implemented in the UK. 
Proposals along these lines have been made for the USA  [  69  ] . The bottom line is 
that what makes obvious sense is to direct  fi nite resources to where they can be 
most usefully deployed; to do otherwise should be seen as irrational. The pro-
posed strategic shift on nutrition policy and health should be viewed from that 
perspective.      
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  Key Points 

    Today’s technology allows for detailed genetic manipulation of plants and • 
animals.  
  Biotechnology includes the use of other methods, such as the production and in • 
vitro puri fi cation of recombinant peptides and antisense technology.  
  Adding genes or knocking down their expression in plants or animals can result • 
in signi fi cantly increased food production as well as foods with improved nutri-
tional or processing characteristics.  
  There is no clear scienti fi c evidence to support the idea that transgenic proteins • 
could harm consumers or cause an increased chance of allergic reaction when 
compared with native proteins in common foods.  
  Many concerns exist with regards to the environmental safety of using geneti-• 
cally modi fi ed organisms (GMOs) in large-scale crop and livestock production.  
  Although metabolomics is attempting to solve this problem, there is no clear • 
scienti fi c data to support the idea that GMOs have the same effects on human 
health as do the unmodi fi ed organisms.     
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    24.1   Introduction 

 The term biotechnology is often used synonymously with genetically modi fi ed organ-
isms (GMOs) in agriculture to produce plants and animals that will either increase 
the ef fi ciency of food production or increase the nutritional content. Biotechnology 
uses a number of different genetic tools, beyond modi fi cation, including the use of 
antisense technology, and the exogenous synthesis of important enzymes. This chap-
ter describes the use of biotechnology by the food industry with its main focus 
towards genetic modi fi cation, although other forms of biotechnology will also be 
described. Some bene fi ts of biotechnology can be summarized as follows  [  1  ] :

    1.    Plant production

   (a)     Higher yielding varieties because of herbicide resistance or better nutrient 
uptake  

   (b)     Improved resistance to diseases, pests, and adverse conditions  
   (c)    Improved nutritional content  
   (d)     Decreased need, in many cases, for fertilizers and other chemical treatments      

    2.    Animal production

   (a)    Improved ef fi ciency of converting feeds into useful animal products  
   (b)    Greater control of animal diseases  
   (c)    Modi fi ed composition of foods derived from animals         

 Although the use of biotechnology presents some simple and exciting bene fi ts 
for food production, it comes with some signi fi cant safety concerns which could 
either easily offset increases in production and nutritional content or cause unin-
tended damage to the environment. Some signi fi cant safety concerns are listed 
below, but are not limited to:

    1.    Environmental damage due to increased fertilizer/pesticide usage  
    2.    Unintended creation of organisms resistant to herbicides/pesticides  
    3.    Unintended spread of GMOs into neighboring  fi elds or into the wild  
    4.    Vertical and horizontal gene transfer (HGT)  
    5.    Increased allergenicity of food products      

    24.2   Using Biotechnology to Improve Food Production 
by Plants 

 Modi fi cation of plants, animals, and microbes to produce more desirable traits 
began nearly 10,000 years ago through the selective breeding of plants and animals 
containing desirable traits. Such traits include increased yield, resistance to pests, 
resistance to disease, and increased ability to cope with adverse conditions  [  2  ] . 
During the past 50 years, tremendous success has been achieved in food production 
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by creating many varieties of crops through the diversi fi cation of strains using tra-
ditional breeding practices  [  3  ] . Within the last 30 years, biotechnological producers 
catalyzed another revolution in crop production by creating genetically modi fi ed 
(GM) plants and animals; these have desired traits through the insertion of foreign 
genes into their genomes. The  fi rst generation of GM crops focused on creating 
varieties that would increase yield. By 2000, a second generation of crops became 
commercially available which are modi fi ed to increase nutritional content. 

    24.2.1   Extent of Use of Genetically Modi fi ed Crops 

 Agricultural biotechnology companies such as Monsanto, Dupont, Novartis, and 
Dow Chemical have invested billions of dollars in the development of GM crops. 
Monsanto introduced “Roundup Ready” soybeans in 1996 as the  fi rst GM crop 
available for commercial production. Globally, 167 million acres of GM crops were 
planted in 2003 according to the International Service of the Acquisition of 
Agri-Biotech Applications (ISAAA;   www.isaaa.org    ). This encompasses 15.4 million 
farmers in 29 countries. In 2011, the National Agricultural Statistics Service (NASS) 
of the US Department of Agriculture (USDA) estimated that 94% of US soybean 
acreage is planted to herbicide-resistant and insect-resistant GM varieties. GM corn 
(herbicide-resistant and insect-resistant) constitutes 72% and 65%, respectively, of 
corn production in the United States. Nearly three-fourths of all cotton grown in the 
USA is GM that is insect or herbicide resistant. 

 The acceptance of GM crops continues to grow because of continued safety test-
ing  [  4  ]  and economic advantages  [  5  ] , but scienti fi c, moral, ethical, and emotional 
objections to and support for biotechnology are being expressed openly and vigor-
ously as regulatory agencies, governments, and consumer groups debate the health, 
environmental, and commercial risks and bene fi ts of this technology. Research on 
the acceptance of foods resulting from GM crops has indicated that consumers are 
less likely to purchase those foods because of information supplied by environmen-
tal groups, but third-party, veri fi able information usually completely dissipates the 
negative in fl uences of the environmental groups  [  6  ] .  

    24.2.2   Generation of Genetically Modi fi ed Crops 

 There are two commonly used methods for the genetic modi fi cation of plants, namely 
transformation by particle bombardment (also known as the gene gun technique) and 
transformation mediated by the plant pathogen,  Agrobacterium tumefaciens   [  7–  9  ] . 
The  Agrobacterium  transformation is the preferred method due to its ease of use, as 
well as the fact that the number of insertion events is markedly reduced, allowing for 
a reduced copy number  [  10  ] . Moreover, strains of  A. tumerfaciens  have been engi-
neered to allow for transformation of monocotyledons by this method  [  11–  13  ] . 

http://www.isaaa.org
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  A. tumefaciens  is a bacterium found in soil that normally infects wound sites in 
the roots of dicotyledonous plants causing crown gall tumors  [  14  ] .  A. tumefaciens  
transforms the plant by transferring a small DNA segment, known as T-DNA into 
the nuclei of infected plant cells. Upon transfer, the T-DNA becomes stably inte-
grated into the host cell genome, allowing for tumor formation. The T-DNA is 
found in the Ti plasmid, which is carried by the  A. tumefaciens   [  9  ] . Versions of 
the Ti plasmid have been engineered in which the tumor formation genes have 
been removed from the T-DNA, and sequences have been added to allow for 
insertion of both a gene of agronomic interest as well as a marker gene for trans-
formation  [  14  ] .  

    24.2.3   Modifying Plants to Increase Production 

 Although enough food is being produced to feed the world’s population of approxi-
mately seven billion people, still one in every six in developing countries continues 
to suffer from hunger  [  15  ] . Exacerbating this situation, the world’s population is 
expected to grow to nine billion, with most of that growth occurring in the 
developing world. With the global population becoming more urban and develop-
ing countries becoming increasingly wealthy, food demand is only expected to 
increase. Improved food production using traditionally selected crops was the focus 
of Norman Borlaug’s now famous “Green Revolution” of the 1960s and 1970s. To 
this end, initial varieties of GM crops were those that allowed increased yield 
through resistance to herbicides or pests  [  15  ] . 

 The  fi rst GMO to become commercially available was the “Roundup Ready” 
soybean in 1996, which is resistant to glyphosate, the active component in the 
Roundup herbicide  [  16,   17  ] . Roundup was developed as a ubiquitious postgermina-
tion herbicide to allow for a quicker and simpler procedure for prevention of weed 
growth, thereby leading to increased crop production  [  16  ] . Roundup ready crop 
lines are modi fi ed to contain the CP4 gene from  Agrobacterium sp.  which encodes 
the glyphosate-resistant form of the 5-enolpyruvyl-shikimate-3-phosphate synthase 
(EPSPS)  [  17  ] . Development of Roundup ready crops allows farmers to use Roundup 
herbicide without killing their crops in the process. In addition to soybeans, several 
other commercially available crops have now been modi fi ed to produce the 
glyphosate-resistant EPSPS; these include alfalfa, corn, cotton, spring canola, winter 
canola, and sugar beets  [  18  ] . 

 Lepidopteran pests (butter fl ies and moths), including the European corn borer, 
can signi fi cantly reduce crop yields. A number of different crops, also known as Bt 
crops, have been modi fi ed to express the  cry1Ab  gene from  Bacillus thuringiensis  
(Bt)  [  19  ]  .  The  cry1Ab  gene expresses a Bt delta endotoxin that kills lepidoteran 
larvae  [  19  ] . Crops modi fi ed with the  B. thuringiensis cry1Ab  gene include corn, rice 
tomato, potato, and soybean  [  20  ] . 

 Interestingly, viral resistance has been engineered into cassava, an important 
crop in Africa  [  21  ] . Cassava containing AC3 transgene from African cassava mosaic 
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virus has been produced. This transgene provides cassava with resistance to the 
African cassava mosaic virus  [  21  ] . Beyond the Bt crops and virally resistant cas-
sava, improved resistance of potatoes, as well as a number of other crops, to several 
viral, fungal, and bacterial diseases will be continually researched.  

    24.2.4   Modifying Plants to Change Nutrition Value 

 The health and well-being of humans is entirely dependent on foods derived directly 
from plants or indirectly when plants are consumed by food animals. Plants supply 
macronutrients (carbohydrates, lipids, and proteins) and many essential dietary 
micronutrients (vitamins and minerals). They also supply nonessential compounds 
including a wide variety of organic phytochemicals that are linked to the promotion 
of good health (see Chap.   13    ). 

 Modi fi cation of the content of macronutrients, micronutrients, and phytochemi-
cals in plant foods is an urgent need worldwide, but especially in developing coun-
tries where people exist on a few staple foods that are typically de fi cient in speci fi c 
essential nutrients  [  22  ] . For example, de fi ciencies of vitamin A and iron are espe-
cially common. Even in developed countries where food is abundant and caloric 
intake is often excessive, de fi ciencies of micronutrients, such as iron, are prevalent 
because of poor eating habits. Hence, genetic modi fi cation of nutrient content of 
plants can have a signi fi cant impact on nutritional status and human health  [  22  ] . The 
tools of biotechnology allow manipulation of plant food composition. Genes for the 
synthesis of  fl avonoids, iso fl avonoids, carotenoids, biotin, thiamin, and vitamin E 
and for increased iron uptake are cloned and are either being used or could poten-
tially be used for plant transformation  [  23–  29  ] . Genes for other nutrients and phy-
tochemicals are being cloned and studied as tools to improve human nutrition. 

 Billions of people in developing countries depend on rice as a food staple, with 
about 400 million people suffering from a vitamin A de fi ciency and 3.7 billion 
people, especially women, having iron de fi ciency anemia  [  30  ] . Towards this end, 
research was undertaken to introduce into rice the genetic capability of synthesizing 
 b -carotene and of increasing iron content  [  24,   30  ] . Rice does not have the ability to 
produce  b -carotene, a substance that can be converted by humans into vitamin A. 
However, rice does have the ability to synthesize the early intermediate geranylger-
anyl diphosphate  [  24,   31  ] , which can be used as a precursor. Introduction of four 
genes encoding enzymes within the  b -carotene synthetic pathway allows for pro-
duction of  b -carotene  [  24,   30  ] . This genetic modi fi cation gives the rice a golden 
color, hence the name “golden rice.” About 300 g of this modi fi ed rice would meet 
the daily needs for vitamin A for an adult  [  30  ] . The use of golden rice has steadily 
increased over time due to the fact that developers, Peter Beyer and Ingo Potrykus, 
insisted that the licensing of the crop be free for humanitarian use and subsistence 
farming  [  25,   32  ] . As of 2008, 13.3 million farmers in 25 countries, 90% of them 
smallholders in less developed countries, were growing the GM crop on 763 million 
acres (  www.goldenrice.org    ). 

http://dx.doi.org/10.1007/978-1-61779-894-8_13
http://www.goldenrice.org
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 Iron in rice is normally unavailable for absorption because of the presence of 
phytate. However, introduction of a heat-stable phytase, which can break down the 
phytate, improves iron absorption. In addition, introduction of the ferritin gene 
allows for doubling the amount of iron sequestered in the rice, and introducing a 
gene encoding a metallothionein-like protein increases its bioavailability  [  26,   30  ] . 
Consumption of modi fi ed rice with these three genes has great potential to decrease 
iron malnutrition throughout the developing world  [  30  ] . 

 In contrast to the situation with the essential nutrients described above, pri-
mary evidence for health-promoting roles of nonessential nutrients, such as phy-
tochemicals and inulins, are more dif fi cult to prove because of their complex 
interaction with food constituents. In fact, the exact identity of many active phy-
tochemicals still needs to be determined. Below are selected examples of nones-
sential nutrients that are candidates to be produced in plants through genetic 
modi fi cation  [  22,   33  ] :

    1.    Carotenoids such as lycopene in tomatoes and lutein in kale and spinach  
    2.    Glucosinolates such as glucoraphanin in broccoli and broccoli sprouts  
    3.    Phytoestrogens such as genistein and diadzein in soybeans, tofu, and other soy 

products  
    4.    Phenolics such as resveratrol in red wine and red grapes  
    5.    Inulins in potatoes      

    24.2.5   Other Engineered Traits of Economic Importance 

 Along with diseases, drought, and pests, plant growth is retarded by low nitrogen 
content as well as excesses of speci fi c metals in soils. Nitrogen de fi ciency in rice 
production systems has a strong negative impact on yield. Nitrogen  fi xation by 
rice is one possible approach to help increase rice production by 60% over the next 
30 years, which is the expected need to maintain global food security  [  34  ] . As yet, 
no transgenic plants have been converted to nitrogen  fi xers. Incorporation of 
metal- resistant genes into plants and other organisms can allow plant cells to 
sequester metal complexes, such as phytochelatins, thereby making food-produc-
ing plants more tolerant to excess aluminum, mercury, copper, or cadmium in soil 
 [  35  ] . This technology could improve the acreage of land available for food 
production. 

 Drought resistance in rice also has been addressed by Capell et al.  [  36  ]  when 
they studied polyamine biosynthetic pathways in transgenic rice. For example, 
transgenic rice expressing arginine decarboxylase from  Datura stramonium  (jim-
son weed) has greater concentrations of putrescine when stressed by drought, 
which promoted spermidine and spermine synthesis and ultimate protection from 
drought  [  36  ] . 

 Enteric bacterial pathogens are the most common cause of infectious diarrhea in 
the developing world  [  37  ] . As a method of prevention of bacteria-caused diarrheal 
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disease, GM plants have been created that express human lactoferrin and lysozyme 
(an enzyme usually found in tears, saliva, and breast milk) (  www.checkbiotech.org    ). 
These antimicrobial proteins have been expressed in barley.  

    24.2.6   Modi fi ed Lipid Composition of Selected Plants 

 Vegetable oils are of much importance in human nutrition. Biotechnology has 
made it possible to tailor the composition of plant-derived lipids with respect to 
food functionality and human dietary needs  [  3  ] . Plant breeders have taken advan-
tage of the natural diversity in fatty acids that exists among plant varieties in order 
to develop plants that produce unique oils. For example, soy oils that are relatively 
resistant to the development of rancidity are now commercially available, and 
were produced through traditional breeding practices  [  38  ] . These modi fi ed oils 
have decreased concentrations of linolenic and palmitic acids. More importantly, 
they have increased levels of linoleic acid, which gives the oil its resistance to 
rancidity  [  38  ] . 

 Directed genetic modi fi cations leading to altered plant lipid content depends on 
whether genes encoding enzymes necessary for their production are cloned. For 
instance, the following genes have been cloned: fatty acyl desaturase genes which 
encode enzymes for synthesis of both  a - and  g -linolenate; a  D  5 -desaturase for the 
synthesis of eicosapentaenate  [  39  ] ; and genes for fatty acid elongases for synthesis 
of eicosamonoenoate (20:1) and docosamonoenoate (22:1) from oleate. Several 
genes to control chain length and degree of unsaturation have been cloned to allow 
plants to produce unique and novel oils. As plant oils may form oxidized products 
that are potentially toxic, increasing monounsaturated fatty acids at the expense of 
polyunsaturated fatty acids may be desirable for improved heat stability and longer 
shelf life. 

 Another possible application for use of biotechnology in the production of oils is 
to create plant strains with increased synthesis of the very-long-chain fatty acids 
with 20 and 22 carbons  [  39  ] . These fatty acids are important constituents of animal 
cell membranes. In addition, the 20-carbon acids serve as precursors for eicosanoids, 
such as prostaglandins, leukotrienes, and thromboxanes; these substances play vital 
roles in the body. Intake of these very-long-chain fatty acids is vital for infants dur-
ing their  fi rst months of life, and is bene fi cial for renal function, retinal develop-
ment, brain development, as well as the prevention of cardiovascular disease  [  39  ] . 

 Beyond direct genetic modi fi cation, other biotechnologies may also be used to 
modify plant lipid composition. For instance, antisense technology, which is used to 
knock down expression of speci fi c genes, has been used to produce soy oil with 
greater than 80% oleate and about 11% saturated fatty acids and to decrease lino-
lenate from 8 to 2%  [  39  ] . In addition, using antisense technology (oleate desatu-
rase), oleic acid-rich (>80%) canola oil has been produced  [  40  ] . Investigators 
continue to study ways to change fatty acid composition of oils (e.g., increased 

http://www.checkbiotech.org
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stearate content) to decrease formation of  trans  fatty acids during hydrogenation. 
This research is of clinical signi fi cance for decreasing the intake of the atherogenic 
 trans  fatty acids by humans.   

    24.3   Use of Biotechnology to Improve Food Production 
by Animals 

 For thousands of years, people have attempted to improve animal genetics through 
selective breeding of animals with desired or superior phenotypes. Success depends 
on identifying traits and transmissibility of traits to offspring. Improvements are 
limited by naturally occurring variations and mutations within the species of inter-
est. With the advent of recombinant DNA technology, a variety of new technologies 
became available that allowed the acceleration and re fi nement of genetic manipula-
tion of animals  [  41  ] . 

 Insertion of modi fi ed gene constructs into livestock can be used to create 
“designer production animals” that possess improved disease resistance and, there-
fore, improved productivity  [  41  ] . Producing useful proteins, tissues, and organs for 
pharmaceutical and biomedical use is likely to be another future use of GM ani-
mals. In general, scientists hope to use this technology to produce animals that are 
larger, leaner, grow faster, and more ef fi ciently produce more healthful foods, and 
are more resistant to diseases  [  41  ] . Additionally, the cloning of mammals through 
somatic nuclear transfer has opened new opportunities  [  42–  45  ] . Thus, generation of 
a large number of identical animals from a single donor with a desired genotype is 
possible. 

 An excellent review on commercializing animal biotechnology has been written 
by Faber et al.  [  46  ] . It outlines the merits and pitfalls of utilizing animals to produce 
biomedical products and the modi fi cation of food-producing animals. The review 
points out three factors—economics, societal values, and regulatory agencies—that 
will drive the intensity to which animals will be modi fi ed genetically. The following 
examples illustrate the breadth of applications of animal transgenesis for improved 
food and even pharmaceutical production  [  1,   47,   48  ] :

    1.    Meat animals, including  fi sh, with increased copy numbers of genes encoding 
somatotropin or insulin-like growth factor, allowing for improved growth 
ef fi ciency.  

    2.    Food-producing animals with greater resistance to viral and bacterial diseases 
for improved productivity.  

    3.    Lactating cattle with speci fi c genes that increase ef fi ciency of milk production.  
    4.    Lactating animals with the capability of secreting novel proteins into milk, such 

as human albumin,  a  
1
 -antitrypsin,  a -glucosidase, antibodies, antithrombin III, 

collagen, factor IX,  fi brinogen, hemoglobin, lactoferrin, protein C, tissue 
 plasminogen activator, and cystic  fi brosis transmembrane conductance regulator 
(CTFR).  

    5.    Genetic modi fi cation of animals for use in human organ replacement.     
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    24.3.1   Modi fi cation of Digestive Tract Microorganisms 
to Improve Ef fi ciency of Food Production by Animals 

 An important application of biotechnology to animal agriculture is the genetic 
modi fi cation of microbes that inhabit the rumen and cecum of food animals. For 
example, development of a modi fi ed microbe population that could be maintained 
in the rumen and/or cecum and that increases lignin degradation in  fi brous feeds 
would improve digestibility of dietary  fi bers  [  49  ] . Degradation of lignin would, in 
most cases, improve the digestion of cellulose and thus increase the quantity of use-
ful nutrients and nutraceuticals absorbed from a given quantity of consumed feed 
 [  49  ] . Genetic modi fi cations for improvement of cellulose digestion and protein 
utilization by microbes merit greater research emphasis because,  fi rst, feed repre-
sents a major cost of food production by animals and, second, because there is 
suf fi cient margin for improvement in digestibility of dietary  fi bers and protein. 

 There are animal health and food safety problems that could be addressed by admin-
istering recombinant antimicrobial peptides, produced exogenously, such as alamethi-
cin, cecropin, melittin, and magainin  [  50,   51  ] . Lazarev et al.  [  50  ]  prevented mycoplasma 
infection in chickens by treating animals with a melittin-expressing plasmid. Other 
infectious pathogens, including common food pathogens such as  Escherichia coli  
O157:H7 or Salmonella, could also be prevented with antimicrobial peptide technol-
ogy. Nandiwada et al.  [  51  ]  used colicin Hu194 to decrease and, in some cases, elimi-
nate  E. coli  O157:H7 from alfalfa seeds for use in growing alfalfa sprouts.  

    24.3.2   Production of Low-Lactose Dairy Products 

 Currently, the accepted method for treatment of lactose intolerance is to supplement 
the diet with in vitro puri fi ed lactase  [  52  ] . One possible method to assist lactose-
intolerant humans with consumption of dairy foods is to create transgenic animals 
that express lactase (encoded by the  lacZ  gene). These animals would then produce 
milk with a lower lactose content  [  52,   53  ] . The capability of expressing a lactose-
hydrolyzing enzyme in the mammary gland of mice has been developed  [  53  ] . These 
transgenic female mice secreted lactase into milk that contained 50–85% less lactose, 
but with no changes in fat or protein concentrations. Thus, creating transgenic cows 
expressing lactase could potentially be a way to produce milk with lower lactose 
composition for lactose-intolerant humans, allowing them to be free of following 
strict treatment regimen or avoiding most dairy products.  

    24.3.3   BioPharming with Cloned Animals 

 One potential technology is to use somatic nuclear transfer, using a nucleus from 
an already transgenic animal, to propagate a herd of animals containing a desired 
transgene, in a process known as biopharming [ 54 ]. This method ensures that all 
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offspring contain and likely express the transgene. Sheep, cows, mice, and goats, 
among others, have been cloned by somatic cell nuclear transfer  [  42–  44  ] . 
Interestingly, nuclei from quiescent fetal cells of transgenic goats were transferred 
into enucleated oocytes and the manipulated embryos were implanted into surro-
gate mothers  [  54  ] . The fetal cells were derived from a goat that had been mated to 
a transgenic male containing a human antithrombin transgene. One of the cloned 
offspring that began lactating produced milk with 3.7–5.8 g/L of antithrombin in 
her milk, which was a similar amount to that of her female ancestors on her father’s 
side  [  54  ] . Cloned animals, therefore, still synthesized a foreign protein at the 
expected level. If the ef fi ciency of somatic nuclear transfer ever increases, this 
technology indicates a potential method to produce a herd of lactating animals 
from one transgenic animal for production of a useful nutritional or pharmaceutical 
compound.  

    24.3.4   Use of Recombinant Somatotropin for Production 
of Dairy Foods 

 In 1937, scientists documented that injections of crude extracts of pituitary glands 
stimulated milk production by dairy cows. This initial discovery led to a classic 
study at Cornell University in which dairy cows produced about 40% more milk 
during a 6-month period when injected daily with puri fi ed bovine somatotropin 
 [  55  ] . Numerous follow-up studies at many research institutions demonstrated 
ef fi cacy and safety of the technology to increase milk production with natural or 
recombinantly derived bovine somatotropin. The following is a summary of the 
 fi ndings  [  56–  58  ] :

    1.    Milk production increases  
    2.    Feed intake increases to compensate for increased milk production  
    3.    Amount of milk produced per unit of feed consumed increases  
    4.    Milk composition does not change  
    5.    Milk quality does not change     

 Milk produced by cows treated with recombinant bovine somatotropin are con-
sidered safe because  [  59  ] :

    1.    The hormone is a protein and is degraded during normal digestive processes.  
    2.    The hormone is species speci fi c and thus is inactive in humans.  
    3.    Milk from treated cows contains normal concentrations of the hormone.  
    4.    The hormone is inactivated by the commonly used pasteurization process.  
    5.    All animal-derived foods contain small amounts of natural somatotropin.     

 Monsanto received Food and Drug Administration (FDA) approval in 1995 for 
commercialization of their product, called Posilac ® , which is an injectable and slow 
release preparation of recombinant bovine somatotropin. According to the company 
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website, in 2004, approximately 35% of the dairy cows in the United States were 
treated with Posilac ®  to improve pro fi tability (  www.monsantodairy.com    ). In a study 
of the use of recombinant somatotropin in the northeastern United States, scientists 
concluded that this technology improves lactation yield and persistency over the 
4-year postapproval period with no effects on cow stayability and herd life  [  56  ] .  

    24.3.5   Use of Recombinant Somatotropin for Meat Production 

 In 1934, it was noted that injections of pituitary gland extracts into rats stimulated 
growth and produced carcasses with more protein and less fat. Hence, administra-
tion of exogenous somatotropin to meat-producing animals seemed to merit addi-
tional study. Subsequently, it was demonstrated that injections of bovine somatotropin 
into growing beef cattle improved growth rates and slightly increased the lean-to-fat 
ratio of carcasses. Such improvements, however, have not yet proved economical, 
and thus commercial adoption of this technology has not occurred  [  60  ] . Similarly, 
injections of porcine somatotropin into young growing pigs caused marked increases 
in the lean-to-fat ratio of pig carcasses  [  60  ] . Ef fi ciency of growth improved as well. 
The color of lean pork was slightly paler because of the treatment;  fi rmness, juici-
ness, and  fl avor were not changed; but tenderness tended to be slightly decreased. 
Especially important for fat-conscious consumers, marbling or fat content of the 
pork was decreased markedly. To date, however, economics and injection protocol 
have not justi fi ed commercialization of administration of recombinant porcine 
somatotropin to growing pigs, even though the pork from treated pigs seems more 
desirable for human health. Administration of recombinant somatotropin does not 
show promise in poultry meat production because no signi fi cant improvements in 
growth ef fi ciency or carcass composition were observed.   

    24.4   Safety of Genetically Modi fi ed Foods 

 The use of biotechnology in food production provides some exciting possibilities 
for feeding a growing world population through increasing production as well as 
improved nutritional content of many staple crops. However, it is possible that some 
of the gains created by biotechnology in the short term could be offset by long-term 
safety concerns  [  61  ] . Most of the concerns with the use of GMOs come from the 
potential of environmental damage; this may result in reduced crop production in 
the long term. In addition, GMOs in the United States are not subjected to rigorous 
testing to ensure that they are safe for human consumption. Given the fact that GM 
crops are expressing foreign proteins, it is currently unclear as to how these proteins 
may impact human health. These foreign proteins could have the potential to cause 
harmful, if not fatal, allergic reactions. Moreover, unexpected gene interactions 

http://www.monsantodairy.com
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could lead to the expression of previously unexpressed toxins. In brief, “the law of 
unintended consequences” might come into play. 

    24.4.1   Environmental Safety Concerns 

 Assessing the environmental impact of the use of GMOs is necessary to ensure that 
they do not pose signi fi cant environmental risk. Such risks can be looked upon as 
direct or indirect. A direct risk is posed when a product produced by a GM crop is 
toxic to nontarget organisms, whereas an indirect risk is posed when agricultural 
practices are changed due to the use of GM crops  [  62  ] . The most common type of 
direct risk is when a nontarget organism ingests the toxin by feeding on the intended 
target organism  [  63,   64  ] . For example, research has shown that development of 
common green lacewing larvae may be delayed due to the use of  Bt  maize. The 
green lacewing larvae do not directly feed on the maize but instead prey on corn 
borer larvae. Therefore, the cause of the delayed development could be due to the 
ingestion of the endotoxin produced by the  Bt  maize or from feeding on sick, poi-
soned larvae  [  63  ] . Similarly, 2-spot ladybirds suffered from reduced egg viability 
when they were fed aphids, which ate transgenic potatoes expressing the anti-aphid 
snowdrop lectin  [  64  ] . 

 An indirect risk is posed when changes in agricultural practices due to the use 
of a GM crop affect the soil or a large number of organisms  [  61  ] . It may be that 
the indirect risks of using GMOs may be the most signi fi cant of all risks. Many 
of the GM crops currently on the market have the feature of enhanced production 
over their non-GM counterparts. Enhanced production can come in the form of 
having resistance to glyphosate or being pest resistant. However, the enhanced 
production could come at a cost. The increased use of glyphosate introduces a 
signi fi cant toxin into the environment which can spread beyond the  fi eld intended 
to be treated; this may then reduce plant diversity in nearby ecosystems. In addi-
tion, as production increases, a signi fi cant amount of nutrients, including  fi xed 
nitrogen and phosphorus, are removed from the soil. The loss of these nutrients 
could potentially affect the biodiversity of soil-dwelling microbes. To combat the 
loss of nutrients, increased amounts of fertilizers are used. Runoff from increased 
fertilizer use has been documented to cause signi fi cant damage to aquatic eco-
systems  [  65,   66  ] . 

 Another issue of considerable concern is the pollen-mediated transfer of trans-
genes from  fi elds where GM crops are grown to other  fi elds, or from GM crops to 
related wild species resulting in genetic pollution of the environment. In 2002, 
Rieger et al.  [  67  ]  followed the pollen-mediated movement of herbicide-resistant 
genes in canola to nearby  fi elds where the GM canola was not being grown. They 
found a small but signi fi cant amount of pollen-mediated movement of the herbi-
cide-resistant genes to nearby  fi elds, but only those  fi elds within a 3-km radius  [  67  ] . 
Even with a small spread radius, the GM canola could become widespread over 
time, if left unchecked. To reduce the spread, it is recommended that appropriate 



51724 Use of Biotechnology to Increase Food Production and Nutritional Value

separation distances should be maintained between  fi elds containing GM crops and 
those with non-GM crops.  

    24.4.2   Possible Health Risks 

 If GM food can be characterized as substantially equivalent to its “natural” anteced-
ent, it can be assumed to pose no new health risks to consumers and hence to be 
acceptable for commercial use. This concept is known as “substantial equivalence” 
and has been used for approval of GM food by the FDA  [  68,   69  ] . The concept was 
introduced in 1993 by the Organization for Economic Cooperation and Development 
and was endorsed by the Food and Agricultural Organization and the World Health 
Organization in 1996  [  68  ] . The concept was applied to the approval of glyphosate-
tolerant soybeans. These GM soybeans, although clearly different because of the 
newly acquired biochemical trait, are not different from their unmodi fi ed counter-
parts in terms of amounts of protein, carbohydrates, vitamins, minerals, amino 
acids, fatty acids,  fi ber, iso fl avones, and lecithins  [  68  ] . The GM soybeans were 
therefore deemed substantially equivalent and acceptable. Moreover, the recombi-
nant proteins expressed by the GMO should pose no more risk of being allergenic 
than would naturally occurring proteins  [  4  ] . 

 Some have questioned the use and de fi nition of this concept and encouraged the 
use of more biochemical and toxicological testing before commercial use is allowed 
 [  4,   70–  72  ] . This may be for good reason. For instance, expressing foreign proteins 
can result in a number of unintended effects. Expression of transgenic proteins 
could result in the unintended expression of endogenous genes which may produce 
potentially toxic or allergenic proteins  [  73  ] . 

 The idea of using full-scale metabolite pro fi ling (metabolomics) to study the safety 
of plant-derived GM food is one possible method to ensure that there are no unin-
tended consequences  [  69–  71  ] . One such consequence that would easily be detected 
is the buildup of a different, unintended compound that could be potentially toxic. 
Use of metabolomics would ensure that only the intended compound would increase 
in concentration in the GM food, as compared to the conventional food  [  69–  71  ] . 

 The National Academy of Science has published a book entitled  Safety of 
Genetically Engineered Foods—Approaches to Assessing Unintended Health 
Effects . It discusses potential hazards of using GMOs, such as allergenicity, and 
provides evidence for their safety  [  74  ] . Although not commonly thought about, tra-
ditional breeding practices can also produce varieties with negative consequences to 
human health. One such example is the selection of celery plants that were bred to 
have elevated concentrations of psoralens. Psoralen production, at reasonable lev-
els, provides resistance to insects and disease. Yet, in some cases, farm workers 
harvesting celery containing elevated psoralen concentrations may develop skin 
rashes due to a psoralen allergy  [  74  ] . Another example of unintended change is kiwi 
fruit, which were initially unpalatable. By using traditional breeding programs, kiwi 
developed into the more palatable fruits that are currently available, with the unintended 
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negative consequence of it being hyperallergenic  [  74  ] . Similar unintended changes 
can be predicted for recombinant organisms and thus testing and safety assurance 
programs need to be in place to evaluate the potential risk of both newly established 
“natural” foods and recombinant foods. 

 There is a paramount need for testing for the spread of recombinant DNA from 
commercially used plants and animals by both vertical and horizontal transmission. 
Simple and complex polymerase chain reaction analysis methods have been devel-
oped to screen for the presence of the commonly used genes in GM crops  [  75  ] . 
A thorough review on detection and traceability of recombinant DNA in foods has 
been prepared by Miraglia et al.  [  76  ]  as a summary of the Working Group IV dis-
cussions that were part of the ENTRANSFOOD Thematic Network on the Safety 
Assessment of Genetically Modi fi ed Food Crops. Two points of major concern are 
the transfer of GMOs to  fi elds where GMOs are not being grown (vertical transfer), 
and the transfer of antibiotic resistance markers to soil-dwelling bacteria (horizon-
tal transfer)  [  77–  80  ] . van den Eede et al.  [  80  ]  reviewed the concern of HGT from 
GM organisms (plant or animal) to humans, which makes it a signi fi cant concern 
for human health. Generally, it is thought that most DNA will be signi fi cantly 
degraded during its passage through the digestive tract before it arrives at what is 
thought to be critical sites for HGT in the lower part of the small intestine, cecum, 
and colon  [  80  ] .   

    24.5   Summary 

 Scienti fi c discoveries before modern biotechnology became available led to 
improved agricultural productivity and improved food composition. The applica-
tion of biotechnology, however, has accelerated the rate of those improvements 
and will continue to do so in the future. Biotechnology has permitted the develop-
ment of transgenic bacteria, plants, and animals that have a wide variety of new 
capacities. For example, new plant varieties have been developed that are highly 
productive as they have enhanced resistance to infectious diseases, insects, herbi-
cides, and adverse environmental conditions. Other new plant varieties allow 
crops to be grown with more desirable composition for consumption by humans 
and animals. Additionally, bacteria and yeast can be altered genetically to pro-
duce dietary constituents, biologically active compounds such as insulin and 
somatotropin, and a variety of other protein products that are used directly by 
humans or are used in food production by animals. Moreover, transgenic animals 
show promise of increased ef fi ciency of production of foods and perhaps even of 
pharmaceutical compounds by the mammary gland of lactating transgenic ani-
mals. However, with the use of biotechnology comes a number of safety concerns. 
These include the transfer of integrated transgenes from GMOs to non-GMOs 
through vertical transfer, horizontal transfer of transgenes to soil-dwelling 
microbes, and increased allergenicity or toxicity of the GMO as compared to 
 conventional varieties.      
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  Key Points 

    Nutritional anthropology uses a holistic, biocultural approach to studying nutri-• 
tion. It is fundamentally concerned with understanding the interrelationships of 
biological and social forces that shape human food use and the resulting nutri-
tional status of individuals and populations.  
  The ecological model provides a framework for understanding and modeling the • 
human–food environment interactions that in fl uence nutritional status.  
  In this chapter we use the example of pica, the craving and consumption of non-• 
food substances, to illustrate the utility of the ecological framework.  
  Attention to the adaptive process—how humans cope and adjust either geneti-• 
cally, physiologically, or socioculturally to meet material needs—is fundamental 
to research in nutritional anthropology.  
  When describing nutrition-related practices, anthropologists try to present both • 
the cultural insiders’ (“emic”) views of what people do and why they do it, as 
well as a more scienti fi c, external (“etic”) view. This is done because people’s 
beliefs about food play a central role in their nutrition-related behavior.  
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  Methodologically, nutritional anthropological studies draw on research tools and • 
techniques from multiple disciplines, ranging from nutritional biochemistry, 
physiology, genetics, and epidemiology to the social and policy sciences.     

    25.1   Introduction 

 As a discipline whose aim is to understand the human animal and its place in the 
natural order of things, a hallmark of anthropology is that its practitioners often 
engage in research that has the effect of  making the familiar strange, and the strange 
familiar . For example, nutritional anthropologists examine practices in contempo-
rary Euro-American societies that are taken for granted as simply “normal” or “nat-
ural” and reveal how culture-bound they actually are. The structure of meals, in 
which foods are served sequentially with soup  fi rst and dessert last, strikes people 
in other parts of the world as quite peculiar. They also seek to understand and “make 
sense” out of culinary practices that at  fi rst encounter appear to be irrational, such 
as the prohibition of beef consumption in food-scarce, poor Hindu villages. On 
more careful study, this prohibition turns out to be ecologically sound because of 
the complex energetic relationships of animals, humans, fuel, and agricultural pro-
duction in South Asia  [  1  ] . 

 Another objective of anthropology is to elucidate the  variability across cultures  
in relation to human universals. Thus, nutritional anthropologists study food pat-
terns, cultural practices related to food, and food production systems in various 
societies in order to understand how they meet or fail to meet nutritional require-
ments, and the health and social consequences of these nutritional decisions. 

 This chapter will outline the core concepts in nutritional anthropology that are 
used to accomplish these objectives.  

    25.2   Nutritional Anthropology: A Biocultural Approach 
to Understanding Nutrition 

 For human beings, food has both sociocultural and biological dimensions. The sym-
bolic meanings of food vary by society, as does the very de fi nition of what is accept-
able to consume. The analysis of food choice behavior, including its determinants 
and social consequences, involves the application of social science theories and 
methods. After it is consumed, the characteristics of food become the province of 
biological sciences, which are used to reveal how it is used for growth and mainte-
nance of the body  [  2  ] . The  fi eld of nutritional anthropology attempts to integrate 
studies of human behavior and social organization (i.e., the sociocultural or 
“predental” aspects of food), with those of nutritional status, nutrient requirements, 
and growth (i.e., the biological or “postdental” aspects of food). Nutritional anthro-
pology is  fundamentally concerned with understanding the interrelationships of 
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biological and social forces in shaping human food use and the nutritional status of 
individuals and populations   [  3  ] . Since it is focused particularly on the interactions 
of social and biological factors, nutritional anthropology is fundamentally biocul-
tural in its approach. 

 The aim of much of the research conducted by nutritional anthropologists is to 
understand how the physical well-being of humans is affected by their food sys-
tems. This aim contrasts with the approach of cultural anthropologists, sociologists, 
and historians, who use food as a vehicle for understanding how social and cultural 
systems work. Both orientations, however, yield knowledge about food and society, 
through time and across space.  

    25.3   An Ecological Model for Nutrition 

 The ecological model was  fi rst introduced into nutritional anthropology by Jerome 
et al.  [  4  ] . It attempts to identify the multiple social and environmental factors that 
affect the nutrition of a population in a simple schematic, but holistic, manner. 
While aspects of society are not as easily compartmentalized as Fig.  25.1  might 
imply, it is a heuristic tool that is useful for drawing attention to and organizing the 
complexities of the context of human nutrition. It aims to encompass biological and 
cultural aspects of nutrition through their linkage with diet.  

 The component labeled “physical environment” refers to the climate, soil charac-
teristics, water resources,  fl ora and fauna, land availability, pathogens, and other 
features that establish the conditions for food procurement and production. 
“Technology” includes the range of tools and techniques used for production, 

  Fig. 25.1    An ecological model of nutrition, adapted from [4]       
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 distribution, acquisition, storage, and preparation of all that is nutritionally valuable, 
including food and medicines. The “ideational environment” refers to cultural fea-
tures, including beliefs about the role of food in well-being, cultural expectations 
related to health, de fi nitions of food, gender ideologies, food taboos, and religious 
in fl uences on diet. The “macro-level social setting” refers to politics, economics, and 
history, while the “micro-level social setting” refers to household dynamics, com-
munity organization, and kinship structure. All of these affect the diet of an individ-
ual, which, in turn, in fl uences and is in fl uenced by biological characteristics. 

 The ecological model could be considered as a roadmap of a food system. “Food 
systems” is a concept in nutritional anthropology that refers to the totality of activi-
ties, social institutions, material inputs and outputs, and cultural beliefs within a 
social group that are involved in the production, distribution, and consumption of 
food  [  3  ] . It is often a useful exercise to map out the food system that is being studied 
to identify the patterns of interaction among its components. 

 Methodologically, nutritional anthropological studies draw on research tools and 
techniques from multiple disciplines, ranging from nutritional biochemistry, physiol-
ogy, genetics, and epidemiology to the social and policy sciences. Occasionally, they 
also turn to humanistic scholarship as a source of insights into the cultural and histori-
cal aspects of food. Thus, multi-disciplinary collaboration with scientists in other 
social and biological  fi elds commonly occurs in anthropological research in nutrition. 

 Typically, studies utilize open-ended interviews and participant observation to 
generate descriptive, qualitative data. These are coupled with highly structured data 
collection techniques such as surveys and physical measurements that yield data 
amenable to statistical analysis. Taken together, these complementary methodolo-
gies help to integrate multiple perspectives on human behavior and experience to 
explain nutritional conditions in a population.  

    25.4   The Adaptive Process 

 Attention to the adaptive process—how humans cope and adjust to meet material 
needs—is fundamental to research in nutritional anthropology  [  3  ] . Three levels of 
adaptation are distinguished: (1) genetic adaptation, (2) physiological adaptation, 
and (3) sociocultural adaptation. Nutritional anthropologists tend to focus on the 
latter two because they are relatively more common and more rapid: humans are 
constantly responding to environmental change. 

 Classic examples of physiological adaptations are decreased basal metabolic 
rates during periods of starvation and expanded lung capacity when living at high 
altitudes. Sociocultural adaptations involve behavioral and technological innova-
tions rather than biological adjustments that improve people’s ability to successfully 
exploit food resources. Examples of sociocultural adaptations include food prohibi-
tions that serve to protect or regulate animal food sources and the development of 
methods for preparing foods that remove toxic substances and make them safe for 
human consumption. 
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 When one  fi nds long-standing food patterns, it is wise to investigate them to 
determine whether they represent positive cultural adaptations that optimize nutri-
tional well-being. The traditional method of preparing maize in Mexico and Central 
America by soaking it in lime and water is a case in point. Examination of this prac-
tice revealed that the soak in an alkaline solution chemically frees up the niacin that 
would otherwise be metabolically unavailable, and therefore permits maize to be 
used as the primary food stable without putting the population at risk of pellagra  [  5  ] . 
In other parts of the world where this preparation was not adopted with the adoption 
of maize as a staple food, pellagra became a major public health problem.  

    25.5   Differentiating Emic and Etic Perspectives 

 “Emic” and “etic” are key concepts in the entire  fi eld of anthropology, not only in 
nutritional anthropology. “Emic” refers to the perspective of the “insiders” in a cul-
ture, the de fi nitions and interpretations of reality as seen through local eyes and 
ideas. The term “etic” is used to refer to the external, analytic perspective that is 
used by scientists when they are studying cultural and social phenomena. These 
concepts are important both methodologically and theoretically for nutritional 
anthropologists. With respect to description of nutrition-related practices, anthro-
pologists try to obtain the emic perspectives of the people they are studying, to pres-
ent the insiders’ views of what they do and why. From a theoretical standpoint, etic 
analysis in nutritional anthropology depends heavily on concepts drawn from nutri-
tional biochemistry, as well as on theories of biological and ecological adaptation. 

 From an etic perspective, some cultural features related to nutrition have nega-
tive consequences for health. For example, the cultural practice of restricting food 
intake during pregnancy, which is common in South Asian communities, contrib-
utes to the widespread prevalence of dangerously low birth-weight. However, larger 
infant size at birth, for which greater food intake is a signi fi cant determinant, 
increases the risk of serious problems in delivery that threaten the life of both mother 
and baby. Thus, there appears to be some logic to such a practice, although it clearly 
has a negative component. 

 For the purpose of programmatic decisions, Jelliffe and Bennett  [  6  ]  suggested 
that food practices could be classi fi ed into four categories from the perspective of 
their impact on health: practices that are harmful, those that are bene fi cial, neutral 
practices and practices whose health impact is unknown. While an emic explanation 
might be “wrong” from the current scienti fi c point of view, in many situations there 
is not enough knowledge about a particular practice to determine whether it is 
bene fi cial, harmful, or neutral in that particular setting, a fact that was clearly rec-
ognized by Jelliffe and Bennett  [  6  ] . The etic perspective is also incomplete and 
changes over time with the development of new theories and empirical  fi ndings. 

 The two perspectives, emic and etic, are not necessarily mutually exclusive; 
there is room for both explanations in the ecological model outlined above. Taken 
together, the concepts of emic and etic help to better characterize food practices. 
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Because people’s beliefs about food play a central role in their nutrition-related 
behavior, understanding the emic perspective is usually an essential step in the 
design and development of interventions to reduce the burden of human disease 
through improved nutrition.  

    25.6   Applying an Ecological Perspective to Understand 
Ingestion Practices: Pica on Pemba Island, Zanzibar 

 To illustrate the utility of the concepts outlined above, we have modeled how the eco-
logical perspective can be applied to understand a seemingly aberrant nutritional 
behavior that was encountered in the course of the  fi eldwork by one author (SLY)  [  7  ] : 

 SLY   :  What else do you eat when you’re pregnant?  
 Pemban woman:   Umm…every day, twice a day, I eat some earth scraped from 

the house walls.  

    25.6.1   What Is Pica? 

 Pica is de fi ned as “the craving and purposive consumption of substances that the 
consumer does not de fi ne as food for more than 1 month”  [  8  ] . Pica takes its name 
from the magpie,  Pica pica , a bird known for its indiscriminate appetite  [  9  ] . Yet 
those who ingest pica substances do not consume them indiscriminately; only cer-
tain nonfood substances are craved and subsequently consumed, particularly earth 
(geophagy), raw starches (amylophagy, e.g., cornstarch, laundry starch, uncooked 
rice), and large quantities of ice (pagophagy). Pica has been observed in hundreds 
of cultures and on every inhabited continent  [  10  ] . It is not a habit that has disap-
peared with “modernity,” as some researchers had predicted  [  11  ] . The practice 
remains common in rural and urban settings around the world and is ubiquitous 
among pregnant women  [  8  ] . Prevalence of pica in obstetric populations has been 
documented to be as high as 77% in the United States  [  12  ]  and even higher in devel-
oping countries (cf. ref.  [  8  ] , Supplementary Materials). In some parts of the world, 
the consumption of earth is so tightly coupled with pregnancy that it is even consid-
ered to be a “symptom” of pregnancy (e.g.,  [  13,   14  ] ). In short, the consumption of 
substances few would consider as food is not an uncommon behavior.  

    25.6.2   Pica in Pemba 

 Pemba is the second biggest island in the Zanzibar archipelago, which lies in the 
Indian Ocean, just off the coast of Tanzania. It is a lush tropical island; clove and 
seaweed farming are the main economic activities. Swahili is the predominant 



52925 Core Concepts in Nutritional Anthropology

language, Islam is the most commonly practiced religion, and the culture is similar 
to the rest of coastal East Africa. The social system is patriarchal, polygynous, and 
patrilineal. 

 In Pemba, nonfood substances are predominantly eaten by pregnant women. The 
three most commonly ingested nonfood items are  mchele  (husked but uncooked 
rice), three types of earth ( udongo ,  ufue , and  vitango pepeta ), and ice  [  15  ] . Most 
types of uncooked rice are acceptable. In contrast, earth consumed is chosen very 
carefully. It is sought out from speci fi c locations, e.g., a pit located outside the vil-
lage, the foundations of houses, and termite mounds. It is frequently heated in a 
cooking  fi re or dried in the sun before being consumed  [  16  ] . All of the earths were 
notably smooth and were obtained from places not likely to be contaminated by 
human or animal excretions. Ice consumption is not always pica; a few chunks of 
ice are not a nutritional aberration. However, Pemban women ate as many as 12 
glasses per day. Less commonly mentioned substances were charcoal, chalk, baby 
powder, ashes, dust, and powdered shells  [  15  ] .  

    25.6.3   The Emic Perspective on Pica in Pemba 

 There is an element of embarrassment or shyness about pica; most informants 
switched to the third person when beginning to discuss it. “ They  like it because they 
are pregnant.” “ They  just like it too much.” “ They  don’t do it again after giving 
birth.” But after a bit of nonjudgmental conversation, women warmed to the subject 
and began to enjoy discussing the motivations for their cravings  [  17  ] . 

 Pembans explained pregnant women’s pica cravings in similar ways. “Everyone 
eats this when they are pregnant.” “It is just a sign of pregnancy.” “Eating that stuff 
is just a habit of pregnant women.” When further probed about why pica was a 
habit, they could only explain that it is a  kileo , a craving or addiction. Pica outside 
of pregnancy was seen as more problematic, less healthy, and even indicative of 
mental illness.  

    25.6.4   Etic Perspective: Pica as an Adaptation 

 Pica has long been characterized as a harmful, “depraved appetite” (e.g.,  [  18  ] ) and 
held responsible for a long list of detrimental side effects including dental damage, 
intestinal blockage, constipation, peritonitis, caloric displacement, iron de fi ciency, 
fatigue, lead poisoning, geohelminth infection, lead poisoning, toxemia, hyperten-
sion, tetanus, and heightened susceptibility to infection  [  8  ] . 

 The way in which pica is practiced in Pemba makes it dif fi cult to associate with 
many of these negative effects. Pregnant women consume about 40 g/day; an amount 
unlikely to cause intestinal blockage. The earths that are eaten are chosen because 
of their soft texture and easy dissolvability; therefore they are not likely to harm the 
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mouth. Furthermore, earth is usually collected far from contaminated sites and is an 
unlikely vector for helminth infection  [  19  ] . There is, however, a strong association 
with anemia, although causality has not been demonstrated  [  15  ] . 

 Using the ecological model outlined above, it becomes possible to hypothesize that 
pica is a positive sociocultural adaptation to the condition of pregnancy. Several useful 
effects of pica have been suggested  [  8  ] . Many, but not all, ingested earths have bio-
logically important quantities of minerals, especially iron and calcium. The bioavail-
ability of these and other micronutrients is not presently known and needs to be 
examined on a sample-by-sample basis. To that end, chemical analysis of pica sub-
stances on Pemba is currently being undertaken. Mineral supplementation of the diet 
may occur not only as a consequence of the mineral content of the earths that are con-
sumed, but also because their consumption slows the motility of the gastrointestinal 
tract, thereby allowing more time for nutrients to be absorbed before being excreted. 

 Pica in Pemba may also be useful for relieving gastrointestinal distress (i.e., 
nausea, vomiting, and diarrhea). Our analysis of 12 representative samples of 
geophagic materials indicated they all contained kaolin (from which the antidiar-
rheal medicine, Kaopectate ® , takes its name), which has a soothing effect on the 
intestinal tract  [  16  ] . Quelling nausea enables women to consume (more) food. 
Furthermore, preventing diarrhea and vomiting permits the nutrients that are con-
sumed to remain in the digestive tract long enough to be absorbed. 

 Several researchers have proposed other adaptive bene fi ts of geophagy, not 
related to the mineral content of earth, but to the earth’s capacity as a detoxi fi er  [  20, 
  21  ] . Based on their biochemical analyses of geophageous samples, Johns and 
Duquette argue that although geophagy can be a source of nutrients, “detoxi fi cation 
broadly de fi ned” is the most satisfactory explanation for this practice  [  22  ] . This 
protection may occur via two mechanisms (Fig.  25.2 ). Earth may form a protective 
coating on the mucous membrane of the digestive tract that may protect the mucosal 
cells from damage by toxins. It may also bind to the harmful substances before they 
can pass through the intestinal wall and enter the bloodstream.  

 We are currently working to test if nonearth pica substances have the capacity to 
bind environmental toxins. We believe this idea holds promise because it helps to 
explain why expectant mothers consume a number of other substances that have 
little, if any, nutritional value, including uncooked rice, charcoal, ashes, and dust. 

 Seen in the holistic context that the ecological model helps to delineate, our 
understanding of picas as a nutritional adaptation is beginning to emerge. For 
Pemban women, who have limited access to medicines and adequate health care, 
who are frequently undernourished and repeatedly exposed to environmental toxins 
that endanger the developing fetus, and who commonly experience pregnancy-
related nausea and vomiting, pica begins to “make sense.” 

 Finally, it should be noted that the emic and etic explanations of pica in Pemba 
are complementary. While a Pemban husband explained his wife’s geophagy as “a 
sign of her pregnancy,” an American dietitian attributed the expectant Pemban 
woman’s consumption of earth to a mineral de fi ciency. There is a place for both 
types of explanations; the Pemban woman may be nutritionally de fi cient  because of  
the added demands of pregnancy.   



53125 Core Concepts in Nutritional Anthropology

    25.7   Types of Research in Nutritional Anthropology 

 The types of research undertaken by nutritional anthropologists can be classi fi ed 
into the following main categories: (1) sociocultural processes and nutrition; (2) 
social epidemiology of nutrition; (3) cultural/ideational systems and nutrition; (4) 
physiological adaptation, population genetics, and nutrition; and (5) applied research 
for nutrition programs  [  23  ] . 

    25.7.1   Sociocultural Processes and Nutrition 

 Investigations that can be categorized as studies of “sociocultural processes and 
nutrition” often focus on large-scale processes of change, such as globalization, 
modernization, urbanization, women’s changing roles, and technological change. 

  Fig. 25.2    Geophagic earth may protect against toxins and pathogens by ( a ) strengthening the 
mucosal layer by binding with mucin and/or stimulating mucin production, thereby reducing the 
permeability of the gut wall, and ( b ) binding to toxins and pathogens directly, thereby rendering 
them unabsorbable by the gut. (Scanning electron microscope photo insets kindly provided by 
Evelyne Delbos of the Macaulay Institute.) Reprinted with permission from ref.  [  8  ]        
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The studies are aimed at understanding how these processes affect food and nutrition. 
While many investigators conduct studies in which they examine the effects of 
broad social processes in a speci fi c location (e.g., rural to urban migration in a par-
ticular developing country), others are concerned with understanding how large-
scale changes have affected nutritional conditions across many populations. The 
basic structure of the questions that nutritional anthropologists ask about the rela-
tionship of sociocultural processes to nutrition is: “What is the impact of X (a socio-
cultural process) on nutrition?” 

 Anthropological studies on the health and nutritional consequences of the his-
torical and global shift from a foraging-hunting mode of subsistence to settled agri-
culture food systems are examples of research whose underlying aim is to understand 
the impact of a sociocultural process on nutrition. Investigators use a variety of 
biological techniques to analyze skeletal and plant remains from archeological sites 
in order to evaluate changes in nutritional status and other health status indicators in 
relation to information on changes in diet and lifestyle. 

 For example, Goodman et al. made detailed studies of skeletal remains from Pre-
Columbian archeological sites in Illinois, comparing the types of lesions produced 
by malnutrition and disease before and after the adoption of agriculture, which 
spread into the region from Meso-America many centuries before the arrival of 
Europeans  [  24  ] . They found substantial evidence to suggest that the people who 
lived by foraging and hunting had fewer signs of disease and poor nutrition and 
greater longevity. Similar evidence has been obtained from many other parts of the 
world  [  25  ] . This is part of the process of the nutrition transition, a topic discussed in 
more detail in Chap.   5    . The differences in health cannot, of course, be attributed 
only to dietary differences because other factors, including increasing population 
density and disease exposure, also played important roles.  

    25.7.2   Social Epidemiology of Nutrition 

 Nutritional anthropological research that falls into the category of “social epidemi-
ology of nutrition” resembles other types of epidemiological studies in nutrition. 
Investigators examine relationships between sociodemographic factors, which are 
conceptualized as determinants of food intake and nutritional outcomes. When such 
studies are conducted by anthropologists, the emphasis is on cultural factors as well 
as on other social and biological characteristics. The research question takes the 
general form: “What are the determinants or factors associated with Y (dietary prac-
tice or nutritional condition) in a particular population group or between different 
populations?” Among the topics that have attracted attention are social and ecologi-
cal determinants of micronutrient de fi ciencies, interactions of socioeconomic and 
cultural factors in infant and young child growth faltering, and the role of cultural 
perceptions about health and beauty as predictors of obesity. 

 Anthropologist Daniel Sellen’s work among the Datoga, a pastoral group in 
Tanzania, is illustrative of social epidemiological investigations in nutrition  [  26  ] . He 
was interested in the determinants of nutritional status in children in a small-scale 
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society whose economic mainstay is livestock. One of the factors he considered was 
the role of polygyny. In a culture in which having several wives is a social goal for 
men and indicates their relative economic superiority, one would expect that chil-
dren of polygynous marriages would be better off nutritionally than children whose 
mother was the only wife. Contrary to this expectation, Sellen found that the anthro-
pometric status of children in families with multiple wives was poorer than for sin-
gle-wife families, even when the overall wealth of the family was taken into account. 
This  fi nding, an example of “social epidemiology of nutrition,” led him to a further 
ethnographic examination of resource use in Datoga households. 

 Incorporating sociocultural factors in baseline epidemiological studies that are 
undertaken prior to the design of public health interventions is another way in which 
this type of research is practiced by nutritional anthropologists. Research by 
Gittelsohn et al. is illustrative of this approach  [  27  ] . In poor populations throughout 
the world, fatness is culturally valued because it indicates that the individual has 
enough to eat and is well provided for by his or her family. On the other hand, the 
information that overweight and obesity present serious threats to health is also 
becoming more and more widely known. Therefore, at the beginning of a project to 
prevent obesity and diabetes in a native American population in the southwestern 
part of the United States, the senior anthropologist in the research team, Joel 
Gittelsohn, felt it was important to assess beliefs about healthy body size before the 
intervention was designed. 

 Gittelsohn  fi rst conducted ethnographic research to develop an understanding of 
local people’s perceptions about healthy body size and eating, including their views 
about how these applied to young children. This information was used to design 
questions for a large-scale survey that included data on food intake, body mass 
index (BMI), health status, sociodemographic characteristics, and cultural/ide-
ational variables. Using epidemiological statistical methods, the investigators exam-
ined the relationship of caregivers’ perceptions about the importance of controlling 
food intake of preschoolers and concerns about weight with the children’s BMI, an 
indicator of child size and fatness. They found that caregivers who expressed greater 
worry about their children’s weight and restricted their eating also had heavier chil-
dren. This relationship remained statistically signi fi cant, even when parental BMI, 
sociodemographic variables, and the frequency of consumption of speci fi c foods 
were taken into account. Thus, the epidemiological investigation showed that in 
spite of the poverty and history of hunger the community has experienced, many 
families are well aware of the dangers of being overweight and are trying to take 
steps to deal with it in their young children. The researchers were able to conclude 
that what the community needed was better knowledge and behavioral strategies for 
managing the problem.  

    25.7.3   Ideational Systems and Nutrition 

 Studies in the area of cultural/ideational systems and nutrition are often aimed at 
understanding how particular beliefs relate to food selection, including food 
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prescriptions and proscriptions as well as responses to food and nutrient-related 
illness. The ways in which culturally-structured food avoidances in pregnancy or in 
childhood illness affect health outcomes are among the topics investigated by nutri-
tional anthropologists who link their work to public health issues. The general for-
mat of the basic research question that characterizes studies on “ideational systems 
and nutrition” is: “What is the relationship of X (beliefs) to Y (food practice, nutri-
tional or health condition)?” 

 An investigation of vitamin A de fi ciency in two areas of Niger in West Africa by 
anthropologist Lauren Blum illustrates this type of research  [  28  ] . The  fi rst phase of 
her study involved in-depth interviews with mothers and traditional healers. In an 
arid northern region, where there was reason to expect people to be familiar with the 
signs of vitamin A de fi ciency, many people mentioned traditional cures for night 
blindness (a sign of vitamin A de fi ciency) that involved consuming liver (an ideal 
practice because it is rich in vitamin A). In-depth interviews led Blum to hypothe-
size that these home remedies were not the result of earlier nutrition education by 
outside public health activities, but were indigenous practices that had been passed 
down through the generations. In another part of the country, where higher rainfall 
supported more fruit and vegetable varieties, the people whom she interviewed did 
not describe these traditional remedies. 

 The second phase of her study was designed to assess how people respond to 
signs and symptoms of vitamin A de fi ciency and where they would turn for help in 
managing these problems. To obtain the data she used a “scenario method” in which 
a sample of mothers was presented with a several different scenarios illustrating dif-
ferent manifestations of vitamin A de fi ciency in children and pregnant women. As 
each “story” was presented, the respondent was asked a series of questions concern-
ing the causes of the signs and symptoms and recommended treatment strategies. In 
the arid northern region, the majority of the sample said that both the child and the 
pregnant woman with night blindness were suffering from a food-related malady and 
felt that home remedies that involved liver should be used to treat it. In the tropical 
region, some respondents felt that night blindness was due to a disease, while others 
thought it was the result of witchcraft. Depending on their views of the etiology, they 
recommended that the af fl icted person should be taken either to a medical doctor or 
to a traditional specialist who deals with witchcraft. From this example, we see that 
the interpretation of what is clearly a nutritional problem from an etic point of view 
is highly in fl uenced by local cultural knowledge and has several emic explanations.  

    25.7.4   Population Genetics and Nutrition 

 Another area of research in nutritional anthropology is the relationship between 
genetic variability in populations and food consumption patterns. Nutritional anthro-
pologists who are interested in the relationship of nutrition to biological experiences 
of populations often conduct research to elucidate how the nutritional history of a 
population has shaped or in fl uenced its physiological or genetic characteristics. 
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 Studies on population distributions of lactose tolerance in adults are illustrative of 
this type of research interest. Anthropologists have sought to understand the genetic 
distribution of the trait that makes it possible for adults in some populations to con-
sume milk when the common pattern is for humans to lose their capacity to digest 
lactose after childhood. The role of this genetic trait has been explored in relation to 
the development of dairy-based food economies in northern Europe and some regions 
in Africa  [  29,   30  ] . It is likely that there will be an expansion of this type of research 
with the development of new techniques and knowledge in nutritional genomics.  

    25.7.5   Applied Research for Nutrition Programs 

 In addition to conducting basic research, nutritional anthropologists also engage in 
applied research, which is undertaken in direct support of public health activities. 
Research in this category often involves community-level investigations, although 
applied nutritional anthropology may also be carried out for the purpose of inform-
ing national-level or international nutrition policy and planning. Community-level 
studies may focus on identifying the sociocultural factors that need to be taken into 
account in instituting intervention activities (i.e., “formative research”) or in process 
evaluations to see how these factors are affecting the utilization of programs. 

 Another type of applied research activity is the development of tools that can be 
used by nutrition and health programs to quickly and ef fi ciently collect and analyze 
data on local conditions in order to plan or reorganize intervention activities. The 
Rapid Assessment Procedures (RAP) Manual  [  31,   32  ]  and the guidelines for focused 
ethnographic studies of vitamin A  [  33  ]  are examples of such tools; they have been 
utilized across a wide range of countries and situations.   

    25.8   Conclusions: Implications of the Nutritional 
Anthropological Perspective 

 Nutritional anthropology is a discipline that approaches the analysis of nutritional 
conditions within and across populations in a holistic fashion. The ecological model 
exempli fi es this holism and provides a general framework for understanding and 
modeling the human–food–environment interactions that in fl uence nutritional sta-
tus. The holistic, biocultural approach requires competency in several types of 
methodologies, as well as familiarity with both biological and cultural aspects of 
human nutrition. As a consequence, the studies that nutritional anthropologists con-
duct are usually multi-disciplinary and collaborative, bringing together investiga-
tors from several different  fi elds. The inclusion of cultural/ideational elements in 
their explanatory frameworks often requires researchers to step into the worldview 
of the people whom they are studying in order to obtain emic interpretations as well 
as testing etic theories. 
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 “Strategies for disease prevention” is the subject of this volume. In this chapter, 
we have focused on nutritional anthropology as a research strategy that is useful for 
generating a holistic understanding of nutritional behaviors. We used the example 
of pica on Pemba to show how this perspective can lead to new ways of conceptual-
izing the analysis of cultural food practices. Once regarded with derision, pica is 
beginning to make sense as an adaptive strategy when contextualized in terms of the 
social and physiological burdens pregnant Pemban women face. 

 Finally, in addition to illustrating the range and types of research questions that 
nutritional anthropologists address, we have also attempted to indicate the value of 
incorporating anthropological approaches into research that is undertaken to help 
solve public health problems and facilitate the translation of basic nutrition knowl-
edge into actions to improve people’s health.      
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  Key Points 

    Nutrition science in the twentieth century was mainly concerned with the • 
 individual substances found in food. Beyond correcting de fi ciency diseases, this 
strategy has not met expectations. Most obviously, the obesity and diabetes 
 epidemic has occurred despite population-wide nutrition effort.  
  It is established that dietary pattern relates to chronic disease.  Study of dietary • 
patterns provides a window for nutrition progress, from which information about 
individual foods and nutrients may be derived.  
  Government, industry, scientists, and food consumers all play key roles in • 
 nutrition.  There is no obvious alternative to delivering food by industry, guided 
by a pro fi t motive, yet the food industry has consistently spent enormous sums of 
money for a market niche, no matter what they are selling.  Just as society sup-
plies clean water, society should make good food available, rather than requiring 
every member of the public to be a nutrition expert.  
  The missing link seems to be information. Contrary to the balanced and effective • 
research program for development and delivery of medicines, no such infrastruc-
ture exists for food. Yet food is ubiquitous and far more complex than any drug. 
Each food is a nonrandom mixture of thousands of constituents, determined 
through evolution.  
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  We need a nutrition research program for the twenty- fi rst century focused  initially • 
on dietary patterns and foods and many times greater than what we currently 
have.  It have would provide the information needed. We think government, 
industry, and consumers would be responsive.     

    Alberta is a province in Canada where one of us lives (NT). Its rivers  fl ow into three 
different seas. One river  fl ows north into the Arctic Ocean, several rivers fl ow east 
into Hudson Bay and thence into the Atlantic, while one minor river in the south 
 fl ows into the Mississippi and then into the Gulf of Mexico. The world of nutrition 
is like these rivers: many streams can merge into major rivers of thought and action, 
but these rivers can  fl ow in opposite directions and interact in complex ways with 
the total landscape of nutritional health. 

 Nutrition in the twentieth century was mainly concerned with the individual 
substances found in food. Up until the 1960s the major focus was on vitamins, minerals, 
protein, carbohydrates, and fats. In the 1970s dietary  fi ber received much attention, 
followed later by  trans  fatty acids,  n -3 fatty acids, and phytochemicals. At the same 
time it became  fi rmly established that the disease pattern seen across the Western 
world is a direct result of lifestyle, and that diet plays a major role in this. This infor-
mation has been of tremendous value in showing how health may be enhanced and 
diet-related diseases prevented. Indeed, it is no exaggeration to say that these discov-
eries in nutrition science represent one of the most important advances in the  fi eld 
of public health during the past half century. 

 Many efforts have been made to turn this information into nutrition education 
for the general public. This has taken various forms, such as food guides and health 
promotion. The results of these efforts have been mixed. Some sections of the 
population have paid attention to the nutrition messages, have followed the advice, 
and gained bene fi t. But much more often the information has been ignored or inef-
fective. The worsening obesity epidemic is the clearest demonstration of this prob-
lem. Hundreds of books on diverse topics related to nutrition have been published 
in the recent decades, but a large proportion of them are worse than useless. 

 Over the last 2 decades several new streams have merged with the river. These 
are seen in the chapters of this book:

   Chapters  •  6    –  12     provide a detailed survey of our present knowledge on the 
relationship between diet and the prevention and therapy of diabetes, obesity, 
heart disease, hypertension, and cancer.  
  Chapter  •  14     by Jacobs and Temple explains how the concept of food synergy is 
the surest route to a better understanding of the relationship between diet and 
disease. The key aspect of this is a focus on foods and dietary patterns rather than 
single substances.  
  Many new teaching tools have been developed to facilitate educating the public • 
on how to eat more healthily. Chapter   17     by Cuskelly, Woodside, and Temple 
discusses recent innovations in food guides, food-based dietary guidelines, and 
improved systems of food labeling. This is followed by Chap.   18     by Temple and 
Nestle that critically evaluates the  fi eld of health promotion.  

http://dx.doi.org/10.1007/978-1-61779-894-8_6
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  Chapter  •  21     by Rippe provides an overview of thousands of new foods that are 
now available and which are claimed to be healthier, as a result of either addition 
or removal of various bioactive substances.  
  Chapter  •  23     by Temple explores the huge potential value of nutrition policy 
approaches for the prevention of disease. This covers such topics as lowering the 
salt content of food, improved food labels, and making healthy foods more 
affordable. The advantages of this strategy become clear when viewed in terms 
of cost-effectiveness.  
  Chapter  •  24     by Segal, Knight, and Beitz examines the highly controversial subject 
of how genetic engineering is changing the DNA of the foods we eat.    

 Where are we now? When we take a broad overview of where nutrition science 
and nutrition practice stands in the early years of the twenty- fi rst century, we see 
overwhelming evidence that the application of our present knowledge can deliver 
major advances in public health. What this means is that nutrition in this century can 
now move to a new higher level. We call this strategic nutrition. 

 So what is blocking progress? Alas, some major rivers are  fl owing in the wrong 
direction, as detailed in several chapters. The food industry spends enormous sums 
of money advertising unhealthy foods to get that market niche, no matter what they 
are selling. At the same time that industry regularly opposes any regulatory change 
by governments whenever they suspect that this might threaten their pro fi ts (Chap. 
  22     by Nestle and Wilson), even if this means that opportunities to improve popula-
tion health are lost. For example, sections of the food industry have been energetic 
in their opposition to such proposals as lowering the salt content of food, modifying 
food guides so that they are based solely on the best scienti fi c evidence, and stating 
calorie values on meals in restaurants. Adding to these problems, the dietary supplement 
industry also shows little hesitation in displaying disreputable behavior when this 
serves its interest, as described by Temple in Chap.   20    . 

 Can we change the course of these rivers? The simple answer is yes. 
 When we look at the constellation of actors and forces involved in the provision 

of food, one can point the  fi nger at industry, at government (inadequate guidance 
and regulation), and at the consumer (no brains, only wallet and taste buds). Perhaps 
it does not make sense to put the food supply of the populace in the hands of industry 
when food is so critical for keeping people healthy. Actually, however, in a highly 
developed society there is no way around delivering food except by way of the pro fi t 
motive. This is just the way it works. Moreover, governments have tried regulating, 
but the policy initiatives have not always been substantively correct. Working with 
individual consumers is hugely frustrating; a well-organized society would not pres-
ent bad food alternatives in the  fi rst place and we personally would prefer to ensure 
healthy food centrally, while still supplying people with the information to help 
make sensible choices in food selection. We do not demand of consumers that they 
be responsible for the healthy aspects of their water supply; we should follow this 
model with food, although the situation with food is, of course, much more com-
plex. The missing link seems to be information. Our society does a reasonably good 
job with drugs, with a superlative research program that allows a balance between 

http://dx.doi.org/10.1007/978-1-61779-894-8_21
http://dx.doi.org/10.1007/978-1-61779-894-8_23
http://dx.doi.org/10.1007/978-1-61779-894-8_24
http://dx.doi.org/10.1007/978-1-61779-894-8_22
http://dx.doi.org/10.1007/978-1-61779-894-8_20
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probable bene fi t and course correction when more is learned about the drug’s good 
or bad effects. Food is ubiquitous and far, far more complex than any drug. Each 
food is a mixture of many constituents, at least thousands considering all variations 
in the molecules contained. These mixtures are not random: they evolved for the 
lives of the organisms eaten, and perhaps in co-evolution for the lives of the organ-
isms doing the eating. We think that nutrition science is still in its early stages; there 
is much, much more to learn. We recommend a strong focus on dietary patterns that 
have been repeatedly shown to be associated with health bene fi ts in observational 
epidemiologic studies, followed by decomposition of these patterns into their food 
and nutrient parts. Our society is responsive to information and also would be to 
information about diet. The central problem is that the funds allocated to nutritional 
research are tiny when compared to the need. A nutrition research program that is 
many times greater than what we currently have would provide the information 
needed. We think government, industry, and consumers would be responsive. This 
is a tall order, but not impossible. Therefore, we need increased and much improved 
educational efforts, including health promotion campaigns. Closely related to this 
we need better designs for food guides and food labels. And, of especial importance, 
we need governments to implement policies geared more towards population health 
rather than the commercial demands of the food industry. 

 This third edition of Nutritional Health provides the reader with a synopsis of where 
the different directions of nutritional thought are going and how they interact. The 
authors have indicated the impediments that restrict the downward  fl ow of this infor-
mation to the consumer. This book demonstrates some solutions to improving  fl ow. We 
have laid down the groundwork that is needed for implementing nutritional policies 
that are strategic and all encompassing. Changes in nutrition are coming and this book 
will help the reader understand these changes and the need for implementing them.      
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