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An overwhelming body of literature supports the concept that what each of us does on a daily basis 
significantly impacts both our short- and long-term health and quality of life. This influence may be 
either positive or negative. Hundreds, if not thousands, of studies provide evidence that maintenance 
of a healthy weight, regular physical activity, not smoking cigarettes, and following sound nutritional 
and other health-promoting practices all profoundly impact health. Nutrition, in particular, plays a 
prominent role in multiple aspects of positive lifestyle and good health.

Moving forward it is clear that the field of how daily habits and actions impact on health will be 
called “lifestyle medicine.” An academic professional organization has been established, the American 
College of Lifestyle Medicine. ACLM has doubled in membership over each of the last 2 years. The 
National Meeting of the ACLM this year had over 800 attendees. The Council of the American Heart 
Association (AHA) which was previously named the “Council on Nutrition, Physical Activity, and 
Metabolism” changed its name in 2013 to the “Council on Lifestyle and Cardiometabolic Health.” In 
addition, the AHA launched an ambitious series of essays published in Circulation entitled “Recent 
Advances in Preventive Cardiology and Lifestyle Medicine: A Themed Series.” In addition, the debate 
over the past few years over the Affordable Care Act has drawn widespread attention to the important 
role that lifestyle practices play in achieving both cost containment and positive health outcomes.

Researchers at my laboratory, Rippe Lifestyle Institute (RLI), have been particularly active in 
studying and publishing how habits and actions impact on health. In fact, the RLI team named this 
field “lifestyle medicine” with the publication of my first multiauthored academic textbook Lifestyle 
Medicine (Blackwell Science, 1999). The second edition of this major academic textbook was pub-
lished by CRC Press in 2013 and contains a variety of aspects of lifestyle medicine. I also edit the only 
peer-reviewed journal in this area, the American Journal of Lifestyle Medicine (SAGE Publishing), 
and a two- volume Encyclopedia of Lifestyle Medicine and Health (SAGE Publishing 2012).

Perhaps no single area is more important in health-promoting practices than nutrition. In fact, 
guidelines and consensus statements from virtually every major professional medical organization 
contain significant emphasis on nutrition principles and practices as key components of the prevention 
and treatment of disease.

Despite widespread emphasis and abundant knowledge concerning the interaction between life-
style practices and health, it has been frustratingly difficult to improve nutritional practices in the 
American population. Witness the following:

• Over two thirds of the adult population in the United States is either overweight or obese (a stag-
gering 40 % increase over the past 20 years).

• Less than one third of the adult population consumes adequate servings of fruits and vegetables 
and follows simple evidence-based nutritional principles for good health.

• The prevalence of diabetes in the United States has doubled in the past 20 years.
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• Over one third of the adult population in the United States has high blood pressure, yet less than 
20 % of individuals with high blood pressure follow the American Heart Association DASH Diet 
recommended as the proper nutrition framework for controlling blood pressure.

• Despite improvements over the past 20 years, cardiovascular disease (CVD) remains the leading 
killer of both men and women in the United States, resulting in 37 % of mortality each year. CVD 
has multiple nutritional factors as a component of overall lifestyle choices.

Finding practical strategies and ways of implementing these strategies to help people make proper 
nutritional choices in their lives is an urgent mandate in the United States and around the world. Yet, 
many individuals in the health-care community do not have adequate skills to provide nutritional 
counseling and do not incorporate this modality into the regular practice of medicine. Despite the fact 
that the Affordable Care Act provides some reimbursement for nutritional counseling, very few 
health-care practitioners or organizations are utilizing this provision.

For all of the above reasons, I felt the time had come to devote an entire academic textbook to how 
nutrition interacts with lifestyle. The goal of this book is to provide up-to-date, evidence-based infor-
mation concerning nutrition, not only in the prevention and treatment of disease but also as a key 
component of an overall healthy lifestyle. In addition to providing information, this book provides 
practical strategies on how to incorporate healthy nutritional practices into the daily lives of children 
and adults.

A particular emphasis of Nutrition in Lifestyle Medicine is on nutritional considerations related to 
obesity, diabetes, and cardiovascular disease. These three metabolically based diseases are so closely 
aligned that it has been suggested that this field should be called “cardiodiabesity.”

In addition to an emphasis on these three disease processes, Nutrition in Lifestyle Medicine also 
focuses on a variety of specialized areas such as nutrition for athletes and physically active individuals, 
hydration, and nutrition throughout the life cycle—spanning from children to individuals over the age of 
60. In addition, chapters also include controversies in nutrition such as the health consequences of added 
sugars in the diet and saturated fatty acids. Specialized chapters are also included in such areas as nutrition 
for a healthy pregnancy, nutrition for men, nutrition and behavior change, and strategies for helping adults 
manage what they eat. Separate chapters are also devoted to the emerging role of genetics in nutrition, the 
concept of nutritional status, how to evaluate nutrition research, and public policy issues including the 
important issue of food safety.

In the important area of children’s nutrition, an entire three-chapter section is included, containing 
important chapters on childhood obesity and managing cholesterol and other risk factors for heart 
disease in children. Since most children eat lunch at school, an evidence-based chapter on the nutri-
tional aspects of school lunches concludes this section.

Authors for Nutrition in Lifestyle Medicine were drawn from recognized experts in each of these 
areas. The emphasis throughout the book is on how health-care professionals can incorporate infor-
mation and advice into their practices to encourage individuals to adopt healthier nutritional habits in 
their daily lives and throughout the life cycle.

What has emerged is an academic book defining how nutrition plays a critically important role in 
our daily lives. We hope this book will be useful to all health-care professionals as they incorporate 
more nutritional counseling in the overall practice of health care. As the roles of daily habits and 
actions continue to emerge as key areas both in the prevention and treatment of disease, we hope that 
this book will serve as a useful tool for health-care professionals as they work on nutritional practices 
with their multiple patients and for the benefit of public health in general.

Boston, MA James M. Rippe, MD 

Preface
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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 science; (2) timely, in-depth reviews by the leading researchers and clinicians in their 
respective fields; (3) extensive, up-to-date fully annotated reference lists; (4) a detailed index; (5) 
relevant tables and figures; (6) identification of paradigm shifts and the consequences; (7) virtually no 
overlap of information between chapters, but targeted, interchapter referrals; (8) suggestions of areas 
for future research; and (9) balanced, data-driven answers to patient and health professional questions 
which are based upon the totality of evidence rather than the findings 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 matter and in the choice of chapter 
authors. The international perspective, especially with regard to public health initiatives, is empha-
sized where appropriate. The editors, whose trainings are both research and practice oriented, have the 
opportunity to develop a primary objective for their book, define the scope and focus, and then invite 
the leading authorities from around the world to be part of their initiative. The authors are encouraged 
to provide an overview of the field, discuss their own research, and relate the research findings to 
potential human health consequences. Because each book is developed de novo, the chapters are coor-
dinated so that the resulting volume imparts greater knowledge than the sum of the information con-
tained in the individual chapters.

Nutrition in Lifestyle Medicine edited by Dr. James M. Rippe, MD, is a very welcome addition to 
the Nutrition and Health Series and fully exemplifies the Series’ goals. This unique volume represents 
the first fully referenced text to provide an integrated review of the concept of nutritional status and 
how this status is related to overall health as well as disease risk with particular emphasis on cardio-
vascular disease, diabetes, and obesity. The volume includes balanced, data-driven discussions of the 
beneficial and potentially harmful effects of certain behaviors that affect both the quality and quantity 
of food that is consumed. The explosion of clinical research in the field of lifestyle medicine over the 
last two decades warrants this 23-chapter tome. The volume is designed as an important resource for 
nutritionists and dietitians, research and public health scientists, cardiologists, gastroenterologists and 
related physicians, and health-care professionals who interact with clients, patients, and/or family 
members. The volume provides objective, relevant information for professors and lecturers, advanced 
undergraduates and graduates, researchers, and clinical investigators who require extensive, up- to- 
date literature reviews, instructive tables and figures, and excellent references on the importance of 
nutrition as a keystone in the practice of lifestyle medicine.

The editor of this comprehensive volume is Dr. James Rippe, MD. He established and, for the past 
25 years, has led the largest research organization in the world, exploring how daily habits and actions 
impact short- and long-term health and quality of life. This organization, Rippe Lifestyle Institute, has 
documented, in peer-reviewed publications, the scientific basis for the fields of lifestyle medicine and 
high-performance health. Rippe Lifestyle Institute also conducts numerous studies every year on 
nutrition and healthy weight management. Dr. Rippe has also edited another timely volume for the 
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Nutrition and Health Series entitled Fructose, High Fructose Corn Syrup, Sucrose and Health that 
was published in 2014. Dr. Rippe is a graduate of Harvard College and Harvard Medical School with 
postgraduate training at Massachusetts General Hospital. Dr. Rippe is professor of biomedical sci-
ences at the University of Central Florida in Orlando, Florida; founder and director of Rippe Lifestyle 
Institute in Shrewsbury, Massachusetts, and Orlando, Florida; and founder and director of Rippe 
Health Evaluation in Orlando, Florida.

This comprehensive volume contains 23 chapters that are organized in seven parts: “Nutrition in 
Lifestyle Medicine: General Considerations,” “Nutrition in Prevention and Treatment of Metabolic 
Diseases,” “Nutrition in Childhood,” “Nutrition in Athletes and Physically Active Adults,” “Nutrition 
in Specialized Populations and Conditions,” “Controversies in Nutrition and Lifestyle Medicine,” and 
“Nutrition and Public Policy Issues.”

 Part I: Nutrition in Lifestyle Medicine: General Considerations

The first section in this volume contains six chapters, and the first chapter, written by the editor, 
describes in detail the goals of the Nutrition in Lifestyle Medicine volume. These include the provision 
of up-to-date, evidence-based information concerning nutrition and the prevention and treatment of 
disease in the context of an overall healthy lifestyle. In addition to providing information, this book is 
intended to provide practical strategies on how to incorporate healthy nutritional practices into the daily 
lives of children and adults. Emphasis of the volume is placed on nutritional considerations related to 
obesity, diabetes, and cardiovascular disease. These three metabolically based diseases are so closely 
related physiologically as well as pathologically that it has been suggested that these could be consid-
ered together in a global term called cardiodiabesity. In addition, the volume also focuses on a variety 
of specialized areas such as nutrition for athletes and physically active individuals, hydration, and 
nutrition throughout the life cycle spanning from children to individuals over the age of 60. Chapters 
are also included on controversies in nutrition such as sugars and health and saturated fats. Specialized 
chapters are included in such diverse areas as promoting nutrition in men’s health, nutrition for a 
healthy pregnancy, and nutritional considerations for Hispanics. Since considerations of nutrition and 
health do not take place in a vacuum, a whole section is devoted to public health and public policy 
issues such as promoting an environment to support healthy eating and issues relating to food safety. 
Some practical issues related to frozen foods as well as school lunch programs are included as well as 
issues related to current or future research needs including nutrigenomics and metabolomics.

The second chapter contains a historical perspective of the development of dietary intake standards 
for large population groups over the past century and provides an overview of tools for evaluating 
dietary intakes of individuals. The chapter describes the concepts of dietary status, nutritional status, 
and the methods for their measurement and includes 12 informative tables and figures. The standards 
for nutrient intakes in the United States and Canada are described, and their multiple uses are dis-
cussed. The Dietary Guidelines for Americans and recommendations to help guide Americans, sum-
marized in the pictogram entitled MyPlate (formerly MyPyramid and the Food Guide Pyramid), is 
described. The Healthy Eating Index, a simple scoring system for evaluating overall dietary, is also 
included. Healthy People 2020, a set of US national goals for promoting health and preventing disease 
that involve nutrition, and the new National Nutrition Research Roadmap for federal human nutrition 
research 2016–2021 are also discussed. The third chapter reflects upon the critical role of behavioral 
therapy to assist individuals in the process of improving their diet so that it includes more of the guide-
lines discussed in the second chapter. There is a detailed discussion of implementing SMART goals 
that stand for specific, measurable, action oriented, realistic, and time sensitive. The importance of 
aligning these goals with the person’s life goals helps to assure that the goals are ones that the patient 
is motivated to accomplish in the short and long term. The value of accountability is also stressed using 
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the COACH approach which is defined as the nutrition counseling process that is full of curiosity, 
openness, appreciation, compassion, and honesty. These methodologies are contrasted and compared 
with other behavioral change programs, and the chapter includes over 150 relevant references. Chapter 
4, coauthored by the volume’s editor, expands upon the complexities involved in the control of eating 
behaviors. There are comprehensive discussions of neurophysiological and genetic factors, hunger and 
satiety signaling systems in the brain and gut, the brain’s reward system, and the role of dopamine. Also 
included is a review of psychological factors that affect eating behavior and food choices such as emo-
tions and moods, disinhibition, and impulsivity. The chapter includes over 150 references and practical 
suggestions to help clients and patients develop more mindful and attentive eating habits.

The last two chapters in this introductory section provide unique perspectives concerning the method-
ologies used to study human nutrition as well as the important role of genetic predisposition in determining 
what we eat and how much we eat. Chapter 5 examines the major factors involved in clearly understanding 
the research that is published in the peer-reviewed literature. The chapter is designed to assist the readers of 
scientific literature in identifying some of the challenges in evaluating what exactly was studied, determin-
ing how exactly it was studied, and interpreting what can be concluded from principally human research 
studies. Key areas discussed include the challenges in defining exposures and outcomes; potential for 
oversimplification of complex concepts; differences in study designs; surrogate and hard endpoints; bias, 
confounding, objective data versus interpretation of data; logical fallacies; and differences between scien-
tific conclusions and evidence-based decisions. Numerous relevant case studies and informative tables are 
included for the reader. Nutritional genomics is the topic of the last chapter in this section, and we learn that 
this relatively new field has already found a number of instances where genetic mutations that affect nutri-
ent metabolism likewise affect specific risks of disease. Nutritional genomics is a broad term that recog-
nizes the effects of one’s genome on nutrient metabolism and how diet can alter an individual’s genes and 
health. Nutrigenomics includes functional interactions and synergies between dietary components and the 
genome. The chapter provides answers to questions such as: How do genetic polymorphisms affect nutri-
ent requirements? How does nutrition influence gene expression and metabolic pathways? How is regula-
tion altered or disturbed in diet-related diseases? There are discussions of polygenic diseases including 
obesity, diabetes, cardiovascular disease, cancer, and other complex conditions. Some common genes have 
been identified such as the genes for apolipoprotein E and methylenetetrahydrofolate reductase. The 
importance of educating dietitians and other health providers about the emerging science of nutrigenomics 
is stressed, and guidance is provided concerning sources of reliable information.

 Part II: Nutrition in Prevention and Treatment of Metabolic Diseases

Part II contains four chapters that concentrate on the prevention and treatment of the cardiodiabesity 
area of disease management with emphasis on nutritional aspects. Chapter 7, coauthored by the editor, 
examines the role of nutrition and lifestyle in both prevention and treatment of cardiovascular disease. 
The studies that have demonstrated that not smoking; engaging in at least 30 min of physical activity 
per day; consuming a diet containing more fish, whole grains, fruits, and vegetables; and maintaining 
a healthy weight have shown that these healthy lifestyles can reduce the risk of coronary heart disease 
by over 80 % in both men and women. The major guidelines and references are reviewed in detail. 
Diabetes (both types I and II) and prediabetes are discussed in the next chapter with emphasis on nutri-
tional intervention for prevention of the prediabetic patient becoming diabetic. Goals of nutrition ther-
apy for prediabetes emphasize the importance of lifestyle interventions in preventing or reversing the 
progression of prediabetes to diabetes by selection of food choices that facilitate moderate weight loss 
and by an increase in physical activity. Topics such as bariatric surgery, glycemic index, weight loss 
medications, types of fats, and targeted exercise programs are included along with seven relevant tables. 
Nutrition in weight management and obesity is the topic of the Chap. 9 that reviews the physiological 
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and environmental factors associated with the development of obesity and reminds us that at any time 
50–70 % of obese persons are dieting. There is an in-depth discussion of evidence-based dietary treat-
ment of obesity using medical nutrition therapy (MNT); the chapter includes over 125 references. The 
evidence that MNT improves weight, waist circumference, hip circumference, fasting blood glucose, 
LDL cholesterol, HDL cholesterol, and blood pressure is reviewed. Weight loss studies and evidence-
based programs as well as commercial programs and weight loss myths are examined.

The last chapter in Part II, Chap. 10, reviews the association between nutritional status and oral 
health. The authors remind us that diet and nutrition play a key role in tooth development, gingival and 
oral tissue integrity, bone strength, and prevention and management of diseases of the oral cavity. 
Caries in children and cariogenic foods are reviewed. There is also an in- depth review of the interre-
lationship between foods that adversely affect teeth and gums and their potential for diminishing the 
beneficial effects of consuming foods that can improve oral health. Poor oral health, including peri-
odontal disease, is associated with the cardiodiabesity examined in the prior three chapters as well as 
autoimmune disorders, human immunodeficiency virus infection, eating disorders, and oropharyngeal 
cancer. Oral health is adversely affected by most of the chemotherapies for cancers and results in 
decreased food consumption that is often linked to loss of saliva and teeth. Dietary components that 
are associated with benefits to oral health are included.

 Part III: Nutrition in Childhood

Part III includes three chapters that examine the increased risk of childhood obesity, cardiovascular 
disease, and lipid disorders and the role of the school lunch programs in child health. Chapter 11 pro-
vides a broad overview of the statistics on childhood obesity including measurement guidelines, dis-
cussion of comorbidities, and also examination of potential mechanisms to avoid the progression to 
adult obesity. Population-wide strategies, lifestyle interventions, and individual prevention strategies 
including drug therapy and weight loss surgery are reviewed. The following chapter examines the 
potential for development of cardiovascular disease in children, and as we learned in Chap. 11, obesity 
is a strong risk factor for increased blood pressure and other adverse cardiovascular effects. Studies 
have determined that genetics plays a minor role in the maintenance of ideal cardiovascular health. 
Less than 20 % is due to genetics, and 80 % or more is determined by lifestyle factors such as diet and 
physical activity. Interventions to lower cholesterol-linked risk in children are emphasized. The final 
chapter in this section, Chap. 13, reviews the role of school lunch programs and their impact on child-
hood health. Of importance was the implementation of the 2010 Healthy, Hunger-Free Kids Act that 
has resulted in measurable improvements in school meal intakes that have been documented by both 
plate-waste studies and self-reported intakes. We are reminded about the huge scope of these school 
meal programs. Schools in the United States serve over 14 million breakfasts and 30 million lunches 
every school day, as well as multiple snacks and supper meals in some locations. These meals are 
funded by federal legislation and regulated by the US Department of Agriculture nutrition standards, 
which are designed to follow the Dietary Guidelines for Americans that were outlined in Chap. 2.

 Part IV: Nutrition in Athletes and Physically  
Active Adults

The two complementary chapters in this section examine the importance of nutrient-dense foods and 
proper caloric intake for the active adult and adolescent and also the importance of water intake in the 
actively exercising person. Chapter 14 examines the many biological, physical, psychological, and 
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behavioral changes that occur during adolescence. The chapter reviews the most favorable dietary 
intakes and habits that minimize unhealthful weight gain, maximize performance, and promote the 
development of positive lifelong health behaviors. Each of the macro- and essential micronutrient 
requirements during the three stages of adolescent growth is discussed, and there is a review of bever-
age choices and dietary supplements. The next chapter outlines the importance of hydration, espe-
cially for athletes and exercisers. The chapter reviews the data that shows that moderate reductions in 
body water result in changes in cardiovascular system function as well as altering cognitive function 
and mood. A significant number of elite athletes, recreational exercisers, and those with active occu-
pations may have periods during the day when they are under-hydrated that may be worsened further 
by sweat losses during activity. Rehydration after the completion of physical activity is necessary. 
Undertaking physical activity in a lower than recommended hydrated state may increase an individu-
al’s perceived exertion which may negatively influence exercise performance and self-selected exer-
cise intensity and may decrease the likelihood of further participation in physical activity. Chronically, 
the lack of hydration and an imbalance in the body’s salt concentration can affect cardiovascular 
functions.

 Part V: Nutrition in Specialized Populations and Conditions

The four chapters in the fifth section examine the importance of nutrition for a healthy pregnancy, in 
men’s health, in Hispanics, and in older adults. Chapter 16 describes the modern woman who becomes 
pregnant. Many women enter pregnancy in an overweight or obese state that may also be linked to 
type II diabetes and hypertension. Women are becoming pregnant at older ages; older pregnant women 
have an increase in pregnancy-related risks. There are more women entering pregnancy with a history 
of chronic medical problems including type I diabetes, epilepsy, cancer, and multiple sclerosis or 
organ transplants such as the kidney or heart. Many women have undergone advanced fertility tech-
nologies and are at risk for pregnancy- related adverse effects. Nutrition has become key to a healthy 
pregnancy, and the prepregnancy window is especially important since the findings of the benefits of 
periconceptional multivitamins containing folic acid for the prevention of neural tube birth defects. 
The nutritional needs of the woman who is pregnant with multiple fetuses are reviewed as are numer-
ous specific foods and dietary ingredients including alcohol. In Chap. 17, we examine the data indicat-
ing that there is a widening gender disparity that has resulted in men currently dying on average 5–6 
years earlier than women. Men, compared to age-matched women, have higher mortality rates for the 
majority of leading causes of death within all age ranges, including those in which diet plays a signifi-
cant role such as cardiovascular disease, diabetes, obesity, and various forms of cancer. The chapter 
examines in depth the common masculine associations with foods such as beer and large portions of 
meat and the social aspects of eating in groups, food preparation, and the relative lack of nutritional 
knowledge compared to women. The chapter includes over 150 relevant references.

Hispanics are the fastest-growing population group in the United States and reflect many different 
countries of origin, food choices, and dietary habits that are reviewed in Chap. 18. The chapter pro-
vides an overview of the Hispanic populations in the United States, a detailed description of dietary 
behaviors and influencing factors observed in the population, and a discussion of dietary consider-
ations and interventions. This chapter is especially relevant as Hispanics in the United States have 
higher rates of obesity and diabetes, lower health literacy, and lower access to health care than age- 
matched non-Hispanics. Moreover, several health outcomes and disparities are diet-related. This com-
prehensive chapter contains six tables and figures including a tabulation of relevant clinical studies 
and over 100 important references.

Older adults represent a second population group at risk for nutritional inadequacies, and Chap. 19 
reviews the bases of optimal nutrition for this population. The chapter includes a review of the way 
the older body handles nutrients as there is a decline in the functioning of organ systems that impacts 
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the utilization of specific nutrients. Many of the affected organs are involved in the metabolism of 
food including the stomach and small intestine, liver, heart, kidneys, skin, immune system, and oral 
cavity. Older adults often experience a decline in gastric hydrochloric acid secretion that can result in 
a decline in the bioavailability of vitamin B12. Older adults may be at a compromised status for vita-
min D and, consequently, for calcium absorption. Changes in body composition (decreased lean mus-
cle mass and increased fat mass) result in decreased basal metabolic rates, energy needs, and capacity 
for physical activity. Increased use of prescription and non-prescription medications, chronic drug 
therapy, and decreased capacity of the liver to metabolize drugs can compromise nutrient unitization. 
The chapter’s relevant tables and figures help to describe the nutritional requirements of the older 
adult.

 Part VI: Controversies in Nutrition and  
Lifestyle Medicine

Two of the most controversial areas in nutrition today involve the questions of whether added sugars 
and saturated fats are all bad, especially added sugar on beverages for children and saturated fats 
(regardless of source) for those at risk for cardiovascular/cerebrovascular diseases. Thus, this unique 
and valuable section provides objective reviews for both areas. Chapter 20 is coauthored by the editor, 
who, as mentioned previously, has edited a volume for the Series on this topic. The chapter contains 
120 references and six figures/tables that provide a comprehensive review of the literature on metabo-
lism and health effects of added sugars, emphasizing the differences between epidemiologic studies, 
ecological studies, and randomized, control intervention studies. The focus is on the health effects of 
the major fructose-containing sugars in the human diet, namely, sucrose and high fructose corn syr-
ups, both of which contain roughly one half fructose and half glucose. Data provide inconsistent find-
ings related to adverse effects of added sugars. However, clinical research studies in which added 
sugars are substituted for other carbohydrates of the same caloric value do not find adverse metabolic 
effects of the sugars.

As with the previous chapter, Chap. 21 examines the inconsistent findings linking saturated fats to 
increased risk of cardiovascular disease. The chapter reviews survey studies as well as intervention 
studies and suggests that the source of the saturated fat, the quantity consumed, and duration of con-
sumption along with concurrent consumption of other foods are a few of the mitigating factors that 
continue to interfere with answering this question. Moreover, as with every aspect of nutrition 
research, the data are complex including the fact that saturated fat increases LDL cholesterol, which 
is positively associated with cardiovascular disease, while at the same time it increases HDL choles-
terol, which is associated with reducing the risk of cardiovascular disease.

 Part VII: Nutrition and Public Policy Issues

The final part of the volume contains two overviews of critically important public policy issues: 
guidelines for healthy eating as well as implementation strategies and a second chapter that reviews 
food safety issues. Chapter 22 discusses the current national healthy eating guidelines and then exam-
ines whether these are implemented at state and local levels; in schools, stores, and restaurants; in 
food labeling and advertising; and in other areas where nutrition knowledge could affect food choices. 
Chapter 23 reminds us that according to the Centers for Disease Control and Prevention, about 1 in 
every 6 US residents suffers a bout of foodborne illness every year. Of the estimated 48 million people 
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who have foodborne illness annually, 128,000 become so seriously ill they require hospitalization and 
3000 die. The data reviewed indicate that fresh foods, including produce, meats, fish, and eggs, are the 
greatest sources of foodborne illnesses and deaths. In addition to bacteria and parasites, toxins, 
viruses, fungi, and prions can cause foodborne harm. The home environment remains the place of 
most exposure to foodborne illnesses, and the chapter reviews practical safety measures to implement 
in the home. The six tables and figures contain documented data on sources of contamination and 
ways to avoid these types of adverse events that are of particular danger to older individuals.

 Conclusions

The above description of the volume’s 23 chapters attests to the depth of information provided by the 
45 well-recognized and respected chapter authors. Each chapter includes complete definitions of 
terms with the abbreviations fully defined and consistent use of terms between chapters. Key features 
of this comprehensive volume include over 80 detailed tables and informative figures; an extensive, 
detailed index; and more than 1800 up-to- date references that provide the reader with excellent 
sources of worthwhile information that will be of great value to the health provider as well as graduate 
and medical students.

In conclusion, Nutrition in Lifestyle Medicine edited by Dr. James M. Rippe, MD, provides health 
professionals in many areas of research and practice with the most up-to-date, well-referenced volume 
on the importance of nutrition as a key component of lifestyle medicine. The chapters review the role 
of food, nutrients, beverages, and other components of diet in maintaining the overall health of the 
healthy individuals as well as affecting the well- being of the patient with certain disease conditions, 
especially cardiovascular disease, diabetes, and obesity. The volume serves the reader as the bench-
mark in this complex area of interrelationships between nutrients, foods, social aspects, ethic factors, 
public policies, physical activity, pregnancy, men’s health, older adults, adolescents, children, school 
food programs, controversies within the nutrition research community that impact the public, and the 
critical area of food safety. Moreover, the physiological, genetic, and pathological interactions 
between blood levels of, for instance, saturated fats and the functioning of the endothelium in the 
gastrointestinal tract, vascular system, adipose tissue, and brain chemistry are clearly delineated so 
that students as well as practitioners can better understand the complexities of these interactions. The 
editor, Dr. James M. Rippe, MD, is applauded for his efforts to develop the most authoritative and 
unique resource on the importance of nutrition in the achievement of long-term health under the guid-
ance of lifestyle medicine, and this excellent text is a very welcome addition to the Nutrition and 
Health Series.

Adrianne Bendich PhD, FACN, FASN

Series Editor Page
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 Introduction

An overwhelming body of scientific literature supports the concept that what each of us does on a 
daily basis significantly impacts on both our short- and long-term health and quality of life. This influ-
ence may be either positive or negative. Hundreds if not thousands of studies provide evidence that 
maintenance of a healthy weight, following sound nutritional practices, engaging in regular physical 
activity, not smoking cigarettes and other health-promoting practices all profoundly impact on health 
and quality of life. Nutrition, in particular, plays a prominent role in multiple aspects of positive life-
style and good health.

Chapter 1
Nutrition in Lifestyle Medicine: Overview

James M. Rippe

J.M. Rippe, MD  
Rippe Lifestyle Institute,  
21 North Quinsigamond Avenue, Shrewsbury, MA 01545, USA 
e-mail: bgrady@rippelifestyle.com

Key Points

• Nutrition plays a significant role in seven out of the ten leading causes of death worldwide.
• Sound nutritional practices play a central role in the prevention and treatment of chronic diseases 

in multiple evidence-based guidelines from various scientific organizations.
• Nutritional practices are a central component along with other lifestyle habits and practices that 

comprise the field called “Lifestyle Medicine.”
• Influences on eating behaviors are complex including individual, family, community, and public 

policy factors.
• A key challenge remains to take the existing knowledge in sound nutrition and help individuals 

implement this knowledge in their daily lives.

mailto:bgrady@rippelifestyle.com
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In the past decade, many of these concepts have coalesced around the discipline of “lifestyle medi-
cine.” A major academic textbook of this title was published in 2013 (Lifestyle Medicine, CRC Press, 
2013) [1], as well as an academic journal in this area (American Journal of Lifestyle Medicine; Sage 
Publishing) [2] and a two-volume Encyclopedia of Lifestyle Medicine and Health (Sage Publishing, 
2012) [3] has also been generated. An academic professional organization has been established, the 
American College of Lifestyle Medicine (ACLM) [4]. This organization has doubled its membership 
annually for the past 4 years. A Council of the American Heart Association (AHA) that was previ-
ously named “The Council on Nutrition, Physical Activity and Metabolism,” changed its name in 
2013 to “The Council on Lifestyle and Cardiometabolic Health” [5]. The AHA has also launched an 
ambitious series of academic articles published in one of its official journals, Circulation, entitled, 
“Recent Advances in Preventive Cardiology and Lifestyle Medicine: A Themed Series [6].” In addi-
tion, a number of significant aspects of the Affordable Care Act focused on the important role that 
lifestyle practices play in achieving both cost containment and positive health outcomes. As evidence 
in this field continues to be developed it is clear that the field is going to be called “Lifestyle Medicine.”

Perhaps no single area is more important to health-promoting practices than nutrition. In fact, 
guidelines and consensus statements from virtually every major professional medical organization 
contain significant emphasis on nutrition principles and practices as key components of the prevention 
and treatment of disease. Thus, nutrition continues to play a central role in both individual and popula-
tion health considerations. This background provides the impetus for our belief that a textbook com-
bining evidence-based nutritional information and the role that it can play in lifestyle medicine is a 
concept whose time has come.

 The Challenge

While widespread emphasis and abundant knowledge exists concerning the interaction between sound 
nutrition and other lifestyle practices and health, it has been frustratingly difficult to improve nutri-
tional practices in the American population. Consider the following:

• Over 2/3 of the adult population in the United States is either overweight or obese [7]. (This repre-
sents a staggering 40 % increase over the past 20 years.)

• Less than 1/3 of the adult population in the United States consumes adequate servings of fruits and 
vegetables and follows simple evidence-based nutritional practices for good health [8].

• The prevalence of diabetes in the United States has doubled in the past 20 years [9].
• Over 1/3 of the adult population in the United States has high blood pressure [10, 11]. Yet less than 

20 % of individuals with high blood pressure follow the American Heart Association DASH diet 
recommended as an evidenced-based nutritional program for helping to lower blood pressure [12].

• Despite improvements over the past 20 years, cardiovascular disease (CVD) remains the leading 
killer of men and women in the United States, resulting in 37 % of mortality each year [13]. CVD 
has multiple nutritional practices as a component of overall lifestyle choices.

Finding practical strategies and ways of implementing these strategies to help individuals make 
proper nutritional choices in their lives is an urgent mandate in the United States and around the 
world. Yet many individuals in the healthcare community do not have adequate skills to provide nutri-
tional counseling and do not incorporate this into the regular practice of medicine. Despite the fact 
that the Affordable Care Act provides some reimbursement for nutritional counseling, very few 
healthcare practitioners or organizations are utilizing this provision.

The goal of Nutrition in Lifestyle Medicine is to provide up-to-date, evidence-based information 
concerning nutrition not only for the prevention and treatment of disease but also as a key component 
of an overall healthy lifestyle. In addition to providing information, this book is intended to provide 
practical strategies to incorporate healthy nutritional practices into the daily lives of children and adults.

J.M. Rippe
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A particular emphasis of Nutrition in Lifestyle Medicine will be nutritional considerations related 
to obesity, diabetes, and cardiovascular disease. These three metabolically based diseases are so 
closely aligned that it has been suggested that they could be lumped together in a condition some have 
called “cardiodiabesity.”

In addition to an emphasis on these three disease processes, Nutrition in Lifestyle Medicine will 
also focus on a variety of specialized areas such as nutrition for athletes and physically active indi-
viduals, hydration, and nutrition throughout the life cycle spanning from children to individuals over 
the age of 60. Chapters are also included on controversies in nutrition such as sugars and health and 
saturated fats. Specialized chapters will also be included in such diverse areas as promoting nutrition 
in men’s health, nutrition for a healthy pregnancy, and nutritional considerations for Hispanics.

Since considerations of nutrition and health do not take place in a vacuum, a whole section is 
devoted to public health and public policy issues such as promoting an environment to support healthy 
eating and issues relating to food safety. Some practical issues related to frozen foods as well as 
school lunch programs are included as well as issues related to current or future research needs and 
opportunities in nutrition such as nutrigenomics and how to evaluate nutrition research. The overarch-
ing goal in all of these chapters will be to provide evidence-based nutrition information.

 The Opportunity

Improved nutritional practices can play a very significant role in decreasing risk factors for leading 
causes of mortality. It is important to remember that seven of the ten leading risk factors for mortality 
in developed in countries are related to diet and physical activity practices [14], including the 
following:

• High blood pressure
• Overweight and obesity
• High blood glucose levels
• Physical inactivity
• High cholesterol levels
• Low fruit and vegetable intake
• Alcohol use

Moreover, individuals who follow a cluster of healthy lifestyle practices can substantially decrease 
their risk of major metabolic diseases. Consider the following:

• According to the Nurses’ Health study, 74 % of cardiovascular disease (CVD), 82 % of coronary 
heart disease (CHD), and 91 % of diabetes in women could be prevented by participation in five 
lifestyle behaviors: not smoking, engaging in regular physical activity, maintaining healthy weight, 
eating healthier food, and moderate alcohol intake [15, 16].

• According to the Health Professionals Follow-Up Study, which involved 50,000 men between the 
ages of 40 and 75 years, individuals who have 1,2,3,4, or 5 of the same healthy behaviors as noted 
in the Nurses’ Health Study had respectively a 54, 63, 71, 78, and 87 % lower risk of CVD, CHD, 
and diabetes, respectively, compared to men with no healthy behaviors [17].

• Unfortunately, in US women (35–54 years old) the coronary death rate has shifted from a decline 
of 5.4 % per year in the period of 1980 through 1989 to an increase of 1.5 % per year in 2000–2002 
[15, 16]. Declines in men in the same age rate had been 6.2 % per year 1980 through 1989 but only 
0.5 % in 2000–2002 [17].

• In 2010, the American Heart Association in their strategic plan for the year 2020 estimated that the 
prevalence of ideal cardiovascular health (a similar cluster of behaviors as listed as above) was 
present in only 5 % of US adults [18].

1 Nutrition in Lifestyle Medicine: Overview
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Thus, there is an enormous opportunity through behaviors such as improved nutrition to reduce 
major cardiometabolic diseases.

 Widespread Consensus

There is widespread consensus among numerous scientific organizations and their published guide-
lines about the important role of positive nutritional habits in either prevention or treatment of disease. 
The major authoritative guidelines incorporating an important role for sound nutritional practices 
include the following:

• Dietary Guidelines for Americans Advisory Committee Report 2015 [19]
• Dietary Guidelines for Americans 2010 [20]
• National Cholesterol Education Program [21]
• JNC VII [10] and VIII [11]
• Guidelines for Prevention and Management of Hypertension [12]
• Institute of Medicine Guidelines for the Management of Obesity [22]

In addition, virtually every scientific body that deals with metabolic disease has recommended 
sound nutrition as a cornerstone for prevention and treatment of various diseases. A listing of some of 
these guidelines is found in Table 1.1 [13, 18, 23–31]. Thus, the role of nutrition in positive lifestyle 
is built on a broad consensus of scientific statements and authoritative guidelines.

 Translating Guidelines Into Individual Behavior

While a wide consensus has emerged about the importance of sound nutritional habits in both prevent-
ing and treating disease, a major challenge remains in how to translate these guidelines into specific 
ways to help individual behavior. The guidelines for multiple organizations are generally consistent 
with each other.

Despite the consistency of the recommendations, which go back over 30 years, Americans have 
been slow to change their habits and practices. For example, in 2011 over 2/3 of American adults were 
overweight or obese [7]. In 2010, only 34.4 % of US adults aged 18 years or older engaged in self- 
reported leisure time physical activity [18]. Numerous studies report that only 25–30 % of US adults 
consume the recommended servings of fruits and vegetables [8]. Thus, moving from the knowledge 
base that is summarized in numerous guidelines and from multiple professional organizations, the 
challenge remains how to translate these guidelines particularly related to nutrition into helping peo-
ple implement healthier habits in their daily lives.

Table 1.1 Guidelines from various scientific organizations

AHA Guidelines for the Prevention and Management of Coronary Artery Disease
AHA Nutrition Implementation Guidelines
AHA 2020 Strategic Impact Goals
Guidelines from the American Diabetes Association for the Management of Diabetes
American Academy of Pediatrics Guidelines for Prevention and Treatment of Childhood Obesity
American Academy of Pediatrics for Heart Disease Risk Factor Reduction in Children
AHA and AAP Guidelines for Prevention and Treatment of Metabolic Syndrome
AHA and American Cancer Society Joint Statement on prevention of heart disease and cancer

J.M. Rippe
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Strategies to help individuals change habits to healthier ones must deal with the fact that lifestyle 
behaviors are complex and influenced by many factors. Scientific evidence has identified domains of 
influence related to both nutrition and physical activity, including the following:

• Individual
• Social/family and close peer environment
• Community environments/school, workplace, restaurants, neighborhood (e.g., access to healthful 

foods and built environment)
• Macro public environment/public policy, corporate policy and marketing transportation, popular 

media/communications, and economic factors

Strategies for influencing individual behavior must take this complexity into account. The com-
plexity of influences regarding how to effectively change individual behaviors was a central premise 
of an article by Giddings et al., entitled, “Implementing American Heart Association Pediatric and 
Adult Nutrition Guidelines” [24]. In this article, Giddings et al. provided considerable detail in each 
of the domains that interact and influence individual food choices.

• Individual Influences [24, 32–35]
Giddings et al. divided individual influences into seven interactive domains:

 – Convenience:
 Including available time, ease of preparation, cooking skills, and whether or not meals were 
consumed outside the home.

 – Eating patterns and social factors
 These include food patterns whether or not food was eaten with each other, whether or not meals 
are skipped, snacking, and whether or not weekend patterns differ from weekday patterns.

 – Psychological factors
Including mood and distraction.

 – Need:
This domain includes issues related to hunger and satiety as well as overall health awareness.

 – Taste:
 Children prefer sweet-tasting items and palatability and also tend to favor foods that are energy 
dense and salty; variety sustains interest.

 – Knowledge/ignorance of helpful recommendations:
 Further influences may include whether or not individuals are aware of what constitutes health-
ful eating. In this area, area barriers may include literacy, interest, messages from the media, and 
an unrealistic view of what constitutes a portion.

 – Cost and access:
 The final individual domain relates to the reality that many individuals face that energy-dense 
foods cost less per 1000 kcals than nutrient-dense foods. Thus, an individual’s economic status 
could significantly impact on their food choices. Furthermore, availability of nutrient-dense 
foods in local stores maybe a very significant factor as well as what is actually found in an indi-
vidual’s pantry or refrigerator.

• Family Food Influences [25, 36–42]
Interacting strongly with the factors that influence an individual with regard to food patterns is the 
effect that the family environment has on these matters. Giddings et al. divide the family environ-
ment into six major domains:

 – Economic factors:
 The impact that family income has on food choices is significant. Moreover, the socioeconomic 
status of the neighborhood can also influence food choices.

1 Nutrition in Lifestyle Medicine: Overview
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 – Parental modeling:
 The food choices made by parents have been demonstrated to strongly influence children. 
Mothers and children have similar patterns of food acceptance. The child is more likely to try a 
strange food if it is eaten by the mother or other parent.

 – Family eating patterns:
 It has been demonstrated by multiple research studies that a family eating meals together is 
associated with better food choices and improved nutrient adequacy. Snacking and weekend 
eating patterns may also impact on food choices as will meal skipping, frequency of eating 
away from the home, and cultural food patterns.

 – Family “Nutritional Gate Keeper”:
 The individual who typically buys and prepares food will have a great impact on food choices 
for the whole family. This individual’s knowledge, skill, attitudes, and so on will have a large 
impact on the foods available at the home.

 – Physical activity modeling:
 The level of exercise and physical activity demonstrated by the parents has been clearly associ-
ated with the activity levels of children.

 – Parental children feeding practices:
 The way food is consumed within the family including whether or not there is food restriction 
or control, impacts on food choices. Also the type of diet that parents model when improving 
their own diets will significantly impact on children.

• Community Food Influence [25, 43–45]
 The third domain of influencing individual food choices comes from the community. Giddings 
et al. list five domains within the community environment that impact on individual food choices:

 – Economic factors:
 The cost of obtaining food from local sources strongly impacts on individual food choices as 
does the neighborhood socioeconomic status, which plays a major role in whether or not ade-
quate grocery stores are available. Numerous studies have identified “food islands” where there 
are no large grocery stores available to provide fresh produce and other nutritious foods within 
certain lower socioeconomic neighborhoods.

 – Work Food environment:
 The food that is available at work or in surrounding neighborhood impacts on food choices an 
individual will make. For example, if a company an individual works at supports health pro-
grams and whether or not healthy food choices are available will often impact food choices.

 – School environment:
 Whether or not there are school breakfast and lunch programs available as well as menu items 
available within the school lunch program strongly interact with children’s eating habits as does 
the availability of energy-dense less-nutritious “competitive” foods in vending machines, 
nearby stores, and so on. This issue is so important that we have devoted a separate chapter to 
school lunch programs in this book.

 – Food availability:
 Accessibility of supermarkets versus convenience stores is important, so is the prevalence of fast 
food and quick service restaurants versus full-service restaurants. It should be noted that evidence 
that fast food or quick service restaurants have a negative impact on nutritional choices is mixed.

 – Peer modeling:
 The intake patterns of peers that one eats with regularly at school or work or in other settings 
impacts on food choices.

J.M. Rippe
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 – Built environment:
 Whether or not the environment encourages or discourages activities such as places to walk and 
whether or not supermarkets versus convenient stores are available, and so on, also represent 
significant influences on individual food choices.

• Macro Public Environment [25, 46–48]
Overarching individual family and community food choices in the overall public policy environ-
ment related to food are important. Giddings et al. divided this domain of influence into six catego-
ries including the following:

 – Public policy:
 This includes agricultural policies, trade policies such as quotas, tariffs, and so on. In addition, 
public policy documents such as the Dietary Guidelines for Americans, Physical Activity 
Guidelines for Americans, and various prevention and treatment guidelines by scientific bodies 
already outlined in this chapter impact food choices.

 – Economic factors:
 Housing patterns, local food costs, and economic status of the neighborhood all impact on food 
choices.

 – Food marketing:
 Enormous amounts of money are spent every year on marketing food including advertising, in- 
store displays, celebrity endorsements, and on-package offers and health claims, all of which 
can impact on nutritional choices.

 – Corporate policy and practice:
 The design and manufacturing as well as pricing of foods impact on food choices as do multiple 
aspects related to food retailers such as the location of supermarkets, convenience stores, and 
restaurants.

 – Cultural norms and values:
Cultural factors such as body image strongly impact food choices.

 – Transportation:
 The cost to transport and store food significantly impact both nationally and globally on access 
to healthful and affordable food.

 – Communication/Media:
 Nonmarketing food stories (e.g., Internet blogs) and presentations can also impact on individual 
food choices.

 Strategies Emphasizing Implementation

Given the complexity of influences on eating behaviors, it is incumbent upon healthcare professionals to 
develop effective strategies emphasizing how nutritional guidelines can be implemented. In our research 
group we call this moving from “what” to “how.” In this area there are some key concepts to keep in mind.

Considerable evidence suggests that addressing patterns of eating behavior, not just one element, 
is essential. A key concept of both the Dietary Guidelines 2010 [20] and 2015 [19, 49] is to emphasize 
patterns of eating and the importance of physical activity, in addition to recommending specific types 
of foods and nutrients. Moreover, the prevention and treatment guidelines for chronic diseases typi-
cally recommend a cluster of interrelated behaviors, including not only diet but also physical activity 
[50], weight management, and smoking cessation.
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Successful behavioral change models, whether they are in nutrition or other daily habits and 
actions, increasingly draw from behavioral medicine models and psychological theories and models 
that address variables and patterns of individual behavior. Such models can be used to identify and 
examine strategies to overcome barriers and choose appropriate interventions while accessing out-
comes. While a detailed description of behavioral medicine models is beyond the scope of this chap-
ter, it has been extensively viewed elsewhere [51–53]. The leading models that share many constructs 
or ideas with each other include the following:

• Health belief model
• Theory of reason action/planned behavior
• Social cognitive theory
• Trans-theatrical model and socioecological model

Throughout this book we have challenged authors to not only provide state-of-the-art evidence but 
also bridge that evidence to effective models for how to implement the desired nutritional changes. 
These models will typically address the four domains of influence on individual feeding behaviors 
outlined in this chapter, namely individual, family, community, and macro public policy.

 Summary/Conclusions

We are entering an era where the importance of nutrition and good health is increasingly being under-
stood by all segments of the healthcare community. Moving forward it will be essential to not only 
apply state-of-the-art evidence but also develop effective strategies for helping individuals implement 
nutritional guidelines in their daily lives. We hope that Nutrition in Lifestyle Medicine will play a role 
in helping all healthcare professionals improve the health of their clients by applying the principles 
outlined throughout this book.
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Key Points

• Nutritional status is assessed by a combination of dietary intake, biochemical and anthropometric 
indices, and clinical observations. Dietary status, including only intake, is less definitive.

• The Dietary Reference Intakes are dietary standards for the United States and Canada
• The Dietary Guidelines for Americans 2015–2020 provide food-based recommendations for 

dietary patterns. The Nutrient Facts and Supplement Facts labels describe the composition of foods 
and supplements, and various types of health claims for food further provide information useful to 
consumers.

• The Healthy Eating Index is a tool for roughly evaluating how well patterns fit with the Dietary 
Guidelines
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 Introduction

This chapter provides an overview of tools for evaluating dietary intakes of individuals and provides 
dietary recommendations. Such recommendations have been given by government and other groups 
for over 100 years (Fig. 2.1). The chapter describes the concepts of dietary status, nutritional status, 
and the available methods for measuring them. The Dietary Reference Intakes (DRI), the standards 
for nutrient intakes in the United States and Canada, are described and their multiple uses are dis-
cussed. Major federal guidance related to nutrition is outlined. The Dietary Guidelines for Americans, 
and recommendations to help guide Americans in altering their current intakes in more healthful 
directions are summarized. MyPlate (formerly MyPyramid and the Food Guide Pyramid), a guide that 
provides food-based recommendations based on the Dietary Guidelines for Americans and the DRI, 
is described. The Healthy Eating Index (HEI), a simple scoring system for of evaluating overall 
dietary quality including balance, variety, and adequacy of intakes based on the DRI and the Dietary 
Guidelines is also discussed. Healthy People 2020, a set of national goals for promoting health and 

Fig. 2.1 Poster with dietary recommendations world war I

DGAC Dietary Guidelines Advisory Committee
DV Daily value
DRI Dietary reference intakes
EAR Estimated average requirement
HHS US Department of Health and Human Services
NHANES National Health and Nutrition Examination survey
RDA Recommended dietary allowance
SD Standard deviation
USDA US Department of Agriculture
USRDA US recommended dietary allowance
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preventing disease that involve nutrition, is briefly mentioned. Finally, a new National Nutrition 
Research Roadmap for Federal human nutrition research 2016–2021 is briefly discussed.

 The Concept of Nutritional Status and Its Measurement

Nutritional status is a component of health status that represents the bodily state resulting from the 
intake, absorption, utilization, and metabolism of dietary intake. It has an impact on all nutrition- 
related facets of health including growth, development, immunity, and risk of diet-related disease. 
Nutritional status is assessed by a combination of anthropometric, biochemical, clinical, and dietary 
measures. Dietary intake is one essential component of nutritional status. Without knowledge of an 
individual’s intake, it is not possible to assess the causes of deficiency, imbalance, or excess, nor can 
appropriate interventions be crafted.

Adverse or suboptimal nutritional status is referred to as malnutrition. Malnutrition can be multi-
factorial, due to alterations in dietary intake, absorption, metabolism, or excretion (Table 2.1). 
Moreover, several types of malnutrition may exist at the same time in the same person. For example, 
a frail elderly person may suffer from protein calorie malnutrition and vitamin D deficiency simulta-
neously. Several measures of malnutrition are necessary to assess nutritional status. Nutritional status 
assessment usually includes anthropometric, biochemical, clinical, and dietary measures as well as 
functional measurements such as the activities of daily living. Because each method has its limita-
tions, using multiple measures in conjunction with one another can best characterize the type and 
severity of malnutrition. Nutritional status assessment also considers the individual’s metabolically 
relevant health characteristics, eating habits, cultural practices, and quality of life related to food.

Table 2.1 shows the various forms of malnutrition, which include deficiency disorders as well as 
problems with excesses and imbalances of nutrients. Table 2.2 summarizes why multiple indicators of 
nutritional status are needed. Nutritional assessment includes an assessment of dietary intake, and, if 
malnutrition is present, its form, stage of development, and severity of the problem.

There is a continuum of changes in the human body in response to malnutrition. The clinical signs 
of malnutrition, its effects on anthropometric measures such as weight and muscle mass, and on func-
tions such as the activities of daily living and quality of life, are the end result of a pathological pro-
cess that starts much earlier. This earlier preclinical phase of malnutrition can often be identified by 
the use of dietary measures, biochemical and hematological biomarkers in blood, urine, sweat, or 
other bodily secretions, hair, and nails, as well as by pathology in individual cells, tissues, and organ 
systems. If diet is the cause of the malnutrition, food intake alterations are usually apparent for days, 
weeks, or months before metabolism is altered and changes in biochemical measurements of nutri-
tional status are present. Therefore, to prevent malnutrition and to do it as early as possible, dietary 
assessment is worthwhile, since it may provide an early warning of problems to come.

 Dietary Status

This chapter focuses primarily on partially measuring nutritional status through dietary status. Dietary 
status involves the measurement of an individual’s usual intake of nutrients, or usual consumption of 
foods, beverages, and nutrient-containing supplements, food groups, or food patterns. Dietary status 
and nutritional status are dissimilar, because food consumption is not the only factor involved in deter-
mining if dietary intakes are sufficient to maintain nutritional status and health. Therefore, it is impor-
tant to remember that diet gives only a partial and incomplete but nevertheless useful glimpse at an 
individual’s nutritional status.
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Table 2.1 Forms of malnutrition and clinical terms used to describe them

Form and cause of 
malnutrition Clinical terms to describe it Comments

Dehydration: 
inadequate fluid 
intake to meet 
bodily needs

Dehydration Often occurs secondary to fever, 
exertion, very warm dry climate, or 
because of diets with high solute 
loads or drugs that have diuretic 
effects

Starvation: virtually 
totally inadequate 
intakes of all 
nutrients

Marasmus, emaciation, cachexia Occurs with prolonged fasting; 
withholding of fluids worsens its 
effects

Protein-calorie 
malnutrition

Kwashiorkor, protein calorie malnutrition Often occurs secondary to disease and 
infection, probably via cytokine 
mediated responses to acute 
infection or trauma; examples 
include HIV/AIDS and Sarcopenia 
due to inadequate intake of protein 
and/or cytokine-mediated responses 
to insults

Vitamin, mineral, or 
other specific 
nutrient deficiencies

Pellagra (niacin/tryptophan), scurvy (ascorbic 
acid deficiency), rickets and osteomalacia 
(vitamin D deficiency in children and adults, 
respectively), iron deficiency anemia (iron 
deficiency), nutritional anemia (iron, vitamin 
B-6, folic acid, or vitamin B-12 deficiency), 
essential fatty acid deficiency

These deficiencies often occur 
secondarily to inadequate food 
intake or inadequate dietary quality. 
May also occur as conditioned 
deficiencies secondary to disease

Imbalances: increased 
diet-related chronic 
disease risk factors 
due to imbalances 
of nutrients

Excess of saturated fat, cholesterol and other 
atherogenic and thrombogenic dietary lipids 
(hyperlipidemias and perhaps altered clotting 
factors), excess of salt and /or sodium (blood 
pressure risk factors)

Imbalances or excesses of energy- 
yielding nutrients or related 
substances may give rise to 
metabolic aberrations and increase 
risks of ill health, especially in those 
with certain genetic profiles

Obesity: excess food 
energy intake and/or 
insufficient energy 
output

Excess food energy regardless of source gives 
rise to obesity and overweight

Physical inactivity may increase the 
likelihood of excess energy intakes

Alcohol excess Alcoholism, problem drinking At very high levels of alcohol intake, all 
persons develop physical signs of 
chronic disease; at lower levels of 
intake some individuals are 
particularly susceptible

Excess of other specific 
nutrients (vitamins, 
minerals, others)

Specific toxicities vary: hypervitaminosis A 
(vitamin A), hypervitaminosis D (vitamin D), 
fluorosis (fluoride), etc.

Intakes that exceed the upper level of the 
dietary reference intakes generally 
increase risk of compromising one or 
more functions. The possible 
functions vary from nutrient to 
nutrient

Toxicity: excesses of 
other constituents in 
food, drink, or 
supplements

Names vary depending on substance; lead 
poisoning, lathyrism, etc.

Many substances other than nutrients in 
food and supplements may cause 
illness

Food-borne disease Food poisoning or food intoxication: 
salmonellosis, botulism, staphylococcal food 
poisoning, others. Parasites such as beef 
tapeworm may cause problems. Prions or 
viruses as in Bovine Spongiform 
Encephalopathy (BSE) may also cause illness.

Food is the carrier for a microorganism, 
virus, or parasite
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The rationale for measuring dietary intake and status is that food consumption is one factor affect-
ing nutritional status that can be altered. The most important aspects of dietary intake are the amount 
of food, the forms in which nutrients are present in the diet (e.g., foods, beverages, nutrient-containing 
dietary supplements, or medications that may affect absorption or contain nutrients), and the presence 
of other nonnutrient bioactive constituents in food that may have beneficial or harmful effects on 
health.

The usual goal of assessing diet is to obtain an estimate of usual, habitual intake, either by directly 
observing and measuring diet or indirectly by report. Because most health effects depend on usual, 
habitual intake, it is important that the dietary report include multiple measurements over a suffi-
ciently long period of time (e.g., many days or weeks) to be representative of usual intake. Usual 
intake is important since the effects of diet on nutritional status are most closely linked to it; minor 
variations from day to day or week to week are not sufficient to perturb it. For individuals, only rep-
resentative intakes over relatively long periods are meaningful for assessing the effects of diet on 
nutritional status or the associations between diet, health, and disease. The one exception is the type 
of very recent intake information that is usually collected when incidents of food-borne illness or 
other toxicities are being traced. Then, foods and beverages eaten in the hours or days before the poi-
soning accident, details on food preparation, and other factors that may have caused the contamination 
are investigated and may provide evidence of the causative agent. For large groups of people, such as 
the population of the United States, it is possible to obtain reasonable estimates of the groups’ usual 
intakes by sampling intakes of representative individuals on two or more non-successive days and 
then using the estimates of variability that emerge as an approximation of usual intakes.

 Methods Used to Assess Dietary Intakes

A comprehensive review of assessment methods for dietary intakes is provided elsewhere [1]; so only 
a brief summary is provided here. Diet can be assessed on a short- or long-term basis. In the short 
term, instruments capture data on recent dietary intakes (e.g., a few days) whereas long-term instru-
ments aim to capture dietary data over longer period of time. The time frame for longer-term dietary 
assessment typically ranges from 30 days to 1 year. Food records and 24 h dietary recalls are the most 
common short-term dietary assessment methods. A food record is a detailed list of all foods and bev-
erages consumed within a specified period of time. For food records, it is best if foods and beverages 
can be weighed or measured by the individual who eats them since it is easy to underestimate portions 

Table 2.2 Why multiple indicators of nutritional status are needed to diagnose malnutrition

Multiple forms of malnutrition exist
See Table 2.1 for some examples
The causes of malnutrition vary
Some are due to deficient quality or quantity of diet alone (primary malnutrition) but most are secondary to disease, 

social or psychological problems, and may occur even in the face of adequate and appropriate food in the 
environment. Many different pieces of information are necessary to arrive at an understanding of how these causes 
interact

No single indicator for all the forms of malnutrition exists
The most sensitive, least costly, and most specific indicators of malnutrition vary from nutrient to nutrient
Even for a specific form of malnutrition, indicators vary with respect to how sensitive, specific, valid, and reliable they 

are
Severity of malnutrition varies
Milder forms require different and more sensitive indicators (e.g., measures of tissue or blood stores) than the more 

severe (which may be evident with anthropometric or clinical measures alone)
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and amounts, and people tend to forget what was eaten. Multiple food records are needed to get an 
accurate picture of dietary intake (exposure); however, multiple days add to participant burden and 
can compromise the quality of the data obtained [2]. A 24 h recall assesses an individual’s intake over 
the previous 24 h. In contrast to the food record, the recall is usually performed by an interviewer. 
Web-based, self-completed 24 h recalls are emerging as well. Probing questions and multiple pass 
methods are often used to enhance the quality of the 24 h recall and to minimize underestimation and 
forgetting [3]. As with food records, recalls are subject to high day-to-day variability: this influences 
the micronutrient content of the intake reports more than for the macronutrients, because macronutrients 
are consumed more consistently and are therefore more stable than those for most micronutrients, 
which vary more from food to food [4]. Several factors are also known to influence intake reports, 
including the day of the week, mode of interview (telephone or in-person), the sequence of the 
recall (e.g., first, second, and so on), and whether nutrient-containing dietary supplements are queried 
or not.

The food frequency questionnaire (FFQ) is a longer-term recall instrument and is often used in 
large-cohort or case–control studies. FFQs assess intake over a specified period of time and query how 
frequently a person consumes multiple food items that are usually aggregated into food groups with 
similar nutrient profiles. FFQs can be quantitative, semi-quantitative (SQFF), or qualitative [5]. FFQs 
offer a more cost-effective alternative to the 24 h recall. The most common tools used today are the 
SQFF questionnaires, which are frequently used in large studies. However, the FFQ limits the scope 
of foods that can be queried. The FFQ may create participant burden, and it may be difficult or confus-
ing to complete, in part because the pattern of frequency of intakes (once or more times a day, week, 
month or less frequently) is an abstract concept and difficult to remember, and even people who have 
the same frequency of consumption of foods fill out the questionnaire differently. The reported intakes 
make little sense unless they are “calorie adjusted” based on usual energy intakes of individuals simi-
lar to that of the respondent. The FFQ requires literacy and physical ability to complete since it is 
usually self-administered. Most importantly, the accuracy of nutrient profiles determined by FFQs has 
been questioned. The SQFF questionnaire was designed originally to rank individuals’ intakes into 
quartiles or quintiles, but in recent years it has been incorrectly used to provide precise quantitative 
estimates of intakes of individuals, which they cannot do. The use of multiple 24 h recalls has been 
shown to be a less biased estimator of calories and protein from foods in adults than an SQFF-based 
instrument [6].

Dietary supplement use can be measured using the same techniques as dietary assessment of foods: 
a record or diary, 24 h recalls, or a frequency-based instrument. No validation studies exist to compare 
the different methods for assessment of supplement use. However, since dietary supplement use can 
be habitual (daily) or episodic (contextual), it may be helpful to also use a frequency-based question-
naire to obtain a longer time period to capture whether specific types of supplements are used or not. 
Ideally, both 24 h recall and a frequency questionnaire should be used together.

Dietary recommendations are intended to be met over time [7]. Daily intakes can vary and nutri-
ents can be stored for varying lengths of time in the body; therefore, it is unnecessary to achieve 
nutrient recommendations every day [7]. The human body does not require specific foods; dietary 
recommendations for foods are designed to assist individuals to achieve recommended levels of 
nutrients, not because the foods themselves are essential. Therefore, there are many patterns of food 
intake that are acceptable from the standpoint of achieving satisfactory dietary and nutritional 
status.

The concept of usual nutrient intake is salient in public health where the interest is most often in 
capturing long-run usual intakes as opposed to intake on a given day (i.e., a 24 h recall). Many proce-
dures have been described to adjust the dietary estimates from 24 h recalls to reduce within-person 
variation and to produce usual intakes [8–12]. To produce total usual intakes, it is recommended to 
first adjust the dietary estimates using one of these methods and then to add the daily estimates from 
dietary supplements to the usual dietary intakes [13].
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 Limitations of Dietary Assessment

Although the dietary intake methods all have their limitations, they do provide a picture of food and 
nutrient consumption that may be useful for purposes of assessing what has been eaten and planning 
intakes. The major shortcoming of most dietary assessment methods is that while they furnish a gen-
eral profile of nutrient intakes, they are less accurate in providing information on the calories, nutri-
ents, or nonnutrient bioactives that are consumed. Most dietary assessment methods depend heavily 
on the eater’s report of what was eaten, because it is very difficult for an outsider to collect duplicates 
or observe everything a person eats. But eaters’ reports may be inaccurate and biased. People may 
forget what they ate, have difficulty judging the amounts they have eaten, report inaccurately because 
they want to appear to conform to what the questioner wants to hear, or they may unconsciously 
change what they eat when they are asked to record it. Therefore, information on dietary intakes is 
never perfectly accurate. These errors are usually quite large, and perhaps highest among certain 
groups such as the very obese, or those with impaired memories, such as children, the very old, indi-
viduals with drug, alcohol, or mental health problems, and those with extremely erratic or disordered 
eating patterns. A common error is failure to mention dietary supplements, which, in countries such 
as the United States, often contribute substantially to dietary intakes [14]. Other items that the eater 
may judge to be socially inappropriate such as alcohol, high-fat foods, snack foods, sugar-sweetened 
beverages, candy or other desserts may also be omitted or underestimated. Forgetting what has been 
eaten is a particular problem when people are asked to remember what they have consumed over long 
periods, such as during the past year, especially if they are to provide estimates of the frequency and 
amounts they have eaten. Such estimates probably reflect more recent intake (e.g., a few weeks), and 
they are probably most accurate when individuals have fairly fixed intake patterns. When people are 
given lists of foods and asked to record their frequency of eating these foods, they often overestimate 
how much they ate, and results are usually adjusted to provide estimates that are more in line with 
plausible energy intakes. Also when people are asked to keep food records or diaries, often they 
unconsciously change what they eat to make the recording task simpler, or because they are surprised 
at how much they eat and decide to eat less to make their intakes appear more “balanced.” Finally, all 
dietary assessment is based on food composition databases of chemical analyses of nutrients and other 
dietary constituents of interest. The values for constituents vary in quality and completeness, and, 
until recently, were not available for some nutrients, such as vitamin D and iodine. These gaps have 
now been remedied, but for many other bioactive constituents of interest, such as the flavonoids, iso-
thiocyanates, and others, only limited analytical information is available.

 Why Dietary Assessment Is Useful

Dietary intake assessment is used as a proxy for nutritional status because it is less expensive and 
easier to obtain than a full-fledged nutritional status assessment, and can often provide enough useful 
information to remedy problems. For example, it can identify those who are very undernourished 
because they are eating too little, and others who are eating too much, or imbalanced amounts of foods 
and nutrients. Dietary assessment also helps to clarify and strengthen assumptions about the presumed 
causes of changes in nutritional status when it is synchronized with information derived from anthro-
pometric, valid biochemical, clinical, and other measures. Questioning can also reveal many environ-
mental factors that influence dietary intakes and nutritional status that may need to be taken into 
account, such as climate, living conditions, exposure to pathogens, and socioeconomic conditions.

Dietary status assessment only measures what an individual eats, and not what is actually metabo-
lized and reaches the body’s cells, tissues, and organs, and so it may miss and fail to account for other 
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causes of poor nutritional status, such as malabsorption or genetic polymorphisms that influence 
metabolism. Although dietary assessment theoretically is an extremely sensitive indicator of malnu-
trition, since it reflects a very early stage in the development of the pathology, in practice it is often 
not useful by itself. Dietary data are less precise and reliable than biochemical and anthropometric 
indices. Because dietary data are usually obtained by self-report from the patient or respondent or a 
proxy, they are usually more subject dependent, and vary more in validity and reliability from one 
person to the next. They often fail to reflect usual intakes and instead reflect only the prior few days. 
Intakes of nutrients from dietary supplements and oral nutritional supplements may be disregarded, 
causing more underestimation errors. Thus, it is difficult to determine whether suspected deficits in 
dietary intake are actually due to diet or to errors in reporting. Therefore, in order to fully assess nutri-
tional status, dietary information must be combined with the other types of data.

 Biomarkers

Because there are many problems involved in obtaining accurate information on food intakes, if pre-
cise estimates of intakes are necessary, as is the case in research studies, surrogate markers of dietary 
intake such as biomarkers are often preferable. Ideally, biomarkers are reliable and accurate bio-
chemical or other measurements that can be objectively measured and evaluated.

Biomarkers can be indicators of intake, normal biological processes, nutritional status, pathologi-
cal processes, pharmacological responses to an intervention, or health outcomes. In order to be useful, 
biomarkers must be analytically valid, useful, clearly show associations between the biomarker and 
disease, and reflect interventions with changes in both the biomarkers and clinical outcomes.

The most common sources of biomarkers are blood, urine, and other body fluids such as saliva. 
There are also functional biomarkers that measure processes such as immune function, cognitive 
function, or frailty, and more nonspecific biomarkers, such as grip strength that, together with other 
factors, may be used to estimate risk of disease or disability.

Some biomarkers reflect intake, others nutritional status, metabolism, risk, or health outcomes. The 
biochemical biomarkers in blood or urine that reflect nutrient intakes or nutritional status are used most 
commonly. They are useful because they are more objective than dietary intakes, which usually depend 
on individual reports and are subject to all the biases and errors that may entail. However, biomarkers 
also have their limitations. They reflect different things; some reflect dietary intake, others nutritional 
status, others metabolism, and still others risk or outcomes of disease. Measurements in urine and 
blood can be influenced by hydration status, diet, deficiencies in other nutrients, fasting, kidney func-
tion, and other factors, such as inflammation or diseases and conditions that are not diet- related. They 
also are dependent on correct collection, storage, and analysis using appropriate methods.

Some intake biomarkers are listed in (Table 2.3). Among the biomarkers reflecting intake are 
ascorbic acid and serum folate; they are specific but often only reflect intake over a short time (e.g., 
hours or days) rather than a longer time. Most of the biochemical or other biomarkers of intake are 
very specific and only reflect intakes of a single nutrient rather than the overall diet. For some nutri-
ents, such as zinc and magnesium, there are no acceptable biomarkers that reflect long-term intake. 
Other biomarkers such as doubly labeled water (D2 O18) to estimate energy intakes are available but 
very expensive, require special equipment or expertise, and are difficult to use except in research stud-
ies. Biomarkers of intake must reflect it. Some biomarkers reflect diet alone over the past few hours 
or day, such as changes in serum folic acid levels, whereas red blood cell folic acid reflects many days 
or weeks of intakes. But these biomarkers may also reflect more than diet alone. Free folic acid and 
serum folic acid as well as red blood cell folate measures may also reflect other influences such as 
gene polymorphisms and thus folic acid nutritional status. Clearly, both biochemical and other mea-
sures of dietary intake also have their limitations in clinical practice.
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Other biomarkers reflect nutritional status. One is 25 hydroxy vitamin D (25 OH D), which 
reflects both dietary intake and exposure to the sunlight’s ultraviolet rays that activate the provitamin 
D in the skin. Some of the other nutritional status biomarkers are too nonspecific to be useful. For 
example, serum albumin is a marker of dietary intake, but it reflects not only protein nutritional sta-
tus but inflammation and infection. Some status markers, such as serum thiamine, are specific, but 
they only reflect status over a short time (e.g., hours or days) rather than habitual intakes. Other 
status markers, such as red blood cell folate, reflect intake over a somewhat longer period of time 
(e.g., several weeks). 25 OH D reflects diet, but also exposure to sunlight, and thus is a good measure 
of nutritional status for vitamin D, but not of dietary intake alone. Another biomarker is 3-methyl-L-
histidine, which is an amino acid that is not used by the body to synthesize protein but is a catabolite 
of protein breakdown and therefore it is often used as an index of muscle breakdown and thus of 
protein nutritional status. However, its level in urine also depends on intake of muscle protein and 
therefore unless the subject is on a meat-free diet it is likely a poor indicator of muscle mass.

There are functional biomarkers or intermediary biomarkers that reflect metabolic processes 
thought to be along the way to an endpoint but which are not necessarily valid markers of the 
endpoint. For example, methylmalonic acid (MMA) and homocysteine (tHcy) are elevated when 
vitamin B12 status is low [15]. tHcy is sensitive but not specific to B12 deficiency because it can 
also be elevated due to reasons including a deficiency of folate, B2, and B6, as well as chronic 
alcohol abuse [16]. High MMA levels are almost exclusively due to a low vitamin B12 status in 

Table 2.3 Some biochemical biomarkers of intake (exposure) and/or nutritional status

Nutrient Biomarker Comments

Iron Hemoglobin Low specificity (many different causes of anemia decrease hemoglobin, 
not just iron. Cutoffs vary by age, sex, and ethnicity). This is a good 
indicator for monitoring improvement in iron status if the individual 
is iron-deficient

Serum plasma ferritin This is an acute phase protein, and it is nonspecific; it increases 
independently due to acute or chronic inflammation, infection, 
malignancy, hyperthyroidism, liver disease, heavy alcohol use

Serum transferrin receptor A specific indicator of iron-deficient erythropoiesis that is not affected 
by inflammation

TIBC (total iron binding 
capacity)

Nonspecific and varies over the day

ZnPP erythrocyte zinc 
protoporphyrin

A sensitive indicator for diagnosis of the deficiency. However, the 
specificity is limited since it is affected by lead poisoning, the 
anemia of chronic disease, chronic infection, inflammation, 
hemoglobinopathy, and hemolytic anemias

Zinc Serum plasma zinc Responds to zinc supplementation, but it is easily affected by 
contamination, and is also affected by inflammation, fasting, 
estrogen use, hemolysis, and chronic illness

B12 Serum/plasma total B12 Measures total biologically active B12. Poor correlation with dietary 
B12. Also cutoffs are uncertain and kits for the test vary

Serum/plasma methylmalonic 
acid MMA

Cutoffs are uncertain. Test is sensitive

Serum/plasma 
holotranscobalamin 
HoloTC

Folate Serum/plasma folate Varies with recent intake, and kits to test vary
Erythrocyte folate Kits vary. Samples are difficult to prepare and cannot be stored
Serum/plasma total 

homocysteine Hcys
Depends on B2 status, B12 status, B6 status, and MTHR polymorphism 

state
Vitamin A Serum retinol Sensitive to intake, but only if stores are low. It is not very sensitive 

because it is under homeostatic control
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folate-replete populations [17, 18] and accordingly it is a sensitive marker, but is related to renal 
function.

Fourth and finally, there are valid biomarkers that reflect outcomes, such as coronary artery disease 
or stroke. Often, instead of outcomes themselves that take so long to develop, valid surrogate end-
points are used such as serum cholesterol or blood pressure. These so-called surrogate endpoints are 
substitutes for a clinical endpoint that predicts a clinical benefit or a harm based on good evidence, 
and the biomarkers of them are called surrogate biomarkers of outcome. For example, high levels of 
low-density lipoprotein cholesterol (LDL-C) reflect risk of coronary heart disease, and hypertension 
is associated with risk of stroke. Biochemical indices such as LDL-C and high blood pressure are 
therefore considered good biomarkers of risk or outcome. Another surrogate biomarker with less 
predictive value is HDL cholesterol, which is not as good a predictor of risk of coronary heart disease 
as is LDL cholesterol.

In summary, biomarkers of intake, nutritional status, function, and risk/outcome all have their 
strengths and weaknesses. They are not substitutes for dietary intake measures, but they can provide 
useful additional or corroborating information in determining the cause of diet-related problems and 
in planning to alleviate them.

In the past few years, the BOND (Biomarkers of Nutrition in Development) project, an interna-
tional project led by the Eunice Shriver National Institute of Child Health and Development at the 
National Institutes of Health has developed extensive monographs on assessing nutritional status 
using biomarkers for several micronutrients of public health interest: vitamins A, B12, folate, and the 
minerals zinc and iron [19].

 Dietary Reference Intakes (DRI)

The Dietary Reference Intakes (DRI) are quantitative standards for nutrient reference intakes that are 
used for planning and assessing the diets of healthy people. They are based on the best evidence avail-
able for intake levels of nutrients that are compatible with good health. Prior to the development of the 
DRI, the 1989 Recommended Dietary Allowances (RDA) served as the standards for nutrient intakes. 
The DRI were developed conjointly by Health Canada and the Food and Nutrition Board, Institute of 
Medicine, US National Academy of Sciences in the 1990s. They are used as the basis for other materi-
als, such as the Dietary Guidelines for Americans, that provide food-based dietary guidance, and for 
food labels [20, 21].

 Overview of the DRI

The DRI consist of multiple reference recommendations that serve as dietary standards for various 
uses instead of the single RDA reference values used in the past [22–27]. They were developed 
because of the availability of new data on many nutrients and potential candidate nutrients. Also, new 
concepts on assessing dietary deficiency and excess were available by the 1990s. It was also felt that, 
if possible, dietary recommendations should be based on standards that would prevent obesity and 
reduce risks for chronic disease and excess. Finally, new-user needs, such as nutrient labeling, made 
a revision of existing recommendations imperative.

The DRI include the estimated average requirement (EAR), the recommended dietary allowance 
(RDA), or, if the RDA cannot be calculated, an adequate intake (AI). An upper reference level (UL) 
is also set. And acceptable macronutrient distribution ranges and energy needs are also provided 
based largely on epidemiological rather than experimental evidence [28]. The EAR, RDA, and AI are 
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defined with reference to specific criteria of nutrient adequacy. The UL, in contrast, is defined using 
specific indicators of excess. The reference weights and heights for the adults and children for whom 
the dietary recommendations are designed are based on recent population-based surveys of the US 
Recommendations are available for micronutrients (EAR and AI), protein, fat, carbohydrate, water 
(AI), and electrolytes (EAR).

 Criteria on Which Nutrient Recommendations Are Based

The criteria for adequacy upon which estimates of nutrient needs are based are critical. There are 
often several conceivable criteria that might be chosen, and so expert judgment is involved in 
choosing that which is the most relevant and best supported by the available evidence. The amount 
of evidence and the criteria vary from nutrient to nutrient. Each EAR, RDA, and AI is described in 
terms of a selected criterion or criteria of adequacy and the rationale is provided with extensive 
documentation of the evidence available. These criteria include the best level to determine the risk 
of an individual’s nutrient stores becoming deficient. For example, the criterion for folic acid among 
women in the childbearing years is based on a combination of three biochemical indicators: primar-
ily, red blood cell folate, and, secondarily, plasma homocysteine and serum folate levels. Other 
criteria relate to reducing the risk of disease if they are available, although often they are not. For 
example, a separate recommendation for folic acid is made for women capable of becoming preg-
nant on a criterion related to reducing the level of neural tube defects. Prevention of chronic disease 
is a focus of some other nutrient adequacy criteria such as the association between fluoride and risk 
of dental caries. The associations between nutrient intakes and risk of most chronic degenerative 
diseases have proven to be more difficult to establish and remain an area of controversy and 
research. For example, the criterion for the amount of calcium and vitamin D recommended was 
based on that sufficient to provide retention of calcium during growth and minimize bone loss dur-
ing adulthood. For dietary fiber, decreases in serum cholesterol were chosen. For potassium and 
sodium, adequate intakes were established but not on the basis of an association with chronic dis-
ease endpoints because data were judged insufficient to do so. The evidence base for a recom-
mended level of including protein, phosphorus, magnesium, the B-vitamins, and choline was judged 
insufficient to define a function such as preventing chronic disease, and so the estimation of the 
requirement depended on other criteria, such as mineral balance. Some measures upon which EAR 
are established, such as nitrogen balance, are judged by some scientists to be inadequate in that they 
lack a close enough association with function and health to be relevant. There is currently much 
research devoted to developing measures of protein nutritional status that are valid, reliable, and 
more reflective than nitrogen balance of protein functions in the body such as maintenance of 
muscle mass, immune function, and the like. As new and better functional indices are developed, 
and these come to be associated with risk of chronic disease, estimates of nutrient requirements 
may also change.

Much attention lately has also been devoted to urging that “candidate nutrients” such as the flavo-
noids, lutein, and omega 3 fatty acids, which are thought to be associated with reduced risk for certain 
chronic diseases, be included as essential nutrients using the DRI process. Many of them are being 
consumed in relatively high doses by consumers. At present, evidence that these bioactive constitu-
ents of foods are essential nutrients is inconclusive. There is little reason to assume for some of these 
bioactives (that are xenobiotics) that the DRI model of a normal (Gaussian) requirement distribution 
of essential nutrients applies to them. It is also not clear that the DRI “risk-risk” U-shaped model of 
dose response with increasing signs of deficiency with decreasing levels of intake or increasing signs 
of toxicity with increasingly large intakes applies to them. The shape of the dose–response curves for 
these bioactives may be quite different. More research is needed on their roles in bringing about 
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possibly beneficial effects on markers of chronic disease risk, and it is important to establish what are 
safe upper levels of intake for these constituents.

 RDA

The recommended dietary allowance (RDA) is the average daily dietary intake level that is sufficient 
to meet the nutrient requirements of nearly all (e.g., 97–98 %) of healthy persons of a specific gender 
at a particular stage of life or physiological condition, such as pregnancy or lactation. The only use of 
the RDA is to serve as a goal for individuals, and not for populations. All Dietary Reference Intake 
values are publicly available on the Internet [29].

To establish an RDA, agreement on the criterion to be used for the requirement is the first issue that 
must be resolved. This criterion is used as the metric to assess adequacy. An appropriate cutoff must 
then be established for each criterion that is used. The cutoff determines the difference between what 
is considered an adequate and an inadequate level of nutritional status. In order to set this cutoff, there 
must be sufficient data on individuals who are consuming levels of intake at which some reach the 
suggested cutoff for the criterion and at which others do not. This permits the establishment of a dose–
response relationship. It is also necessary to have an understanding of the distribution of requirements 
among individuals in the group from which the requirement is estimated. The requirement distribution 
(but not the intake distribution) is usually normal, conforming to a bell-shaped Gaussian curve. When 
nutrient requirements are skewed for a population, such as iron in women during the childbearing 
years, other approaches are used to find the 97–98th centile to set the RDA.

The RDA is the value that should be used for planning individual intakes. The RDA is not appro-
priate for assessing the diets of groups, or for planning diets for groups. An interactive tool for calcu-
lating the appropriate RDA/AIs and energy needs from an individual’s age, sex, physiological 
condition, weight, height, and physical activity level is available at the following web site:  http://fnic.
nal.usda.gov.

 EAR

The estimated average requirement (EAR) is the amount of a nutrient that is estimated to meet the 
requirement of half of the healthy individuals in a specific life-stage and gender group. The EAR is 
used to assess adequacy of intakes of population groups, and along with knowledge of the distribution 
of requirements, to develop Recommended Dietary Allowances. The requirement is the lowest level 
of a nutrient eaten chronically that will maintain a defined level of nutrition in a person. Before setting 
an EAR, a specific criterion of adequacy must be chosen. The selection is based on a careful review 
of the literature. Among the criteria that may be used, reduction of disease risk may be considered, 
along with other health parameters. It is assumed that the distribution of requirements is normal. 
Ideally, the standard deviation (SD) of the requirement, that is, an estimate of its variability of require-
ment, is also available. If the SD is not available from empirical data, then an estimated coefficient of 
variation (CV) is used, usually 10 %. Under these circumstances, the RDA is assumed to be 1.2 × 
EAR. Conversely, if the CV is 15 %, the RDA is 1.3 × EAR.

Recommendations for energy intake differ from those for vitamins, minerals, and protein because 
individuals of the same age, sex, reference weight, and physiological condition often differ markedly 
in their energy needs due to differences in body composition and in physical activity levels, among 
other factors, and such factors as actual weight, height, and physical activity level are also needed to 
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calculate it. Moreover, the standard to achieve is actually like the estimated average requirement to 
maintain weight and health, not an RDA. Two SD above the EAR for energy as a recommendation 
would cause many individuals to consume excess food energy, which would be stored as body fat, 
ultimately with adverse effects upon health.

 AI

The adequate intake (AI) is a recommended daily intake level based on observed or experimentally 
determined estimates of nutrient intake in a group of healthy people. The main use of the AI is as a 
goal for the nutrient intake of individuals. It is used when an RDA cannot be determined. The AI is 
usually based on observed levels of intake that appear to maintain an acceptable level of health or 
growth. The presence of an AI is an indication that experts believe that sufficient data on requirements 
are not yet present for the functional criterion that has been chosen, and that more research needs to 
be done. The AI is set at a level that is expected to cover the needs of at least 98 % of people, but it 
might cover far fewer, or far more, since the EAR cannot be estimated. Unfortunately, the degrees to 
which AIs exceed average requirements differ among nutrients and population groups. Therefore, it 
is meaningless to describe the proportion of the population below the AI; it is more useful to report 
the proportion of the population above the AI.

In the DRI reports, AIs rather than RDA are provided for all nutrients in infants up to a year of age, 
and for fluoride, potassium, pantothenic acid, biotin, and choline for persons of all ages [29]. Both the 
RDA and AI are appropriately used for setting goals for intakes of individuals. However, greater 
uncertainty surrounds the AI.

 UL

Nutrients are essential for basic functions of human life and well-being. However, at excessive levels 
of intake they have possible adverse effects. Adverse effects include any significant alterations in the 
structure or function or any impairment of a physiologically important function in an individual. Also, 
since intakes of one nutrient may alter the health benefits conferred by another, detrimental nutrient–
nutrient interactions are also considered to be adverse health effects. These values are also available 
at the Institute of Medicine web site (http://www.iom.edu/Activity/Nutrition/SummaryDRIs/DRI- 
Tables.aspx).

It is important to remember that at the levels of nutrient intakes from diets of foods, human experi-
ence is considerable. It is only in the past few decades that single concentrated sources of nutrients 
have become available in the form of dietary supplements and highly fortified foods; so now, the pos-
sibility of higher intakes is more likely. At present there is no evidence to suggest that nutrients con-
sumed at current RDA and AI levels in enriched or fortified foods pose a risk of adverse effects to 
most persons [30]. However, with very high amounts of fortified foods, dietary supplements, and 
over-the-counter medications that contain nutrients all consumed together, total intakes may reach or 
exceed the safe levels.

The tolerable (or safe) upper intake level (UL) is the highest level of chronic and usual daily nutri-
ent intake that is likely to pose no risks of adverse health effects to almost all individuals in the general 
population. The more the intake is above the UL, the greater is the risk of adverse effects. The intakes 
included in the UL for most nutrients are food, water, and nonfood sources such as nutrient supple-
ments and pharmacological preparations. The word “tolerable” is used because most individuals 
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should be able to tolerate this level of intake. However, it does not imply that this high a level of intake 
is desirable. The UL is not an intended level of a nutrient to be consumed. Moreover, the UL is not a 
level at which there is a beneficial effect. Rather, it describes the intake level at which there is a high 
probability that the dose of the nutrient can be tolerated biologically. When total intakes have been 
associated with toxicity, this fact is stated. In a few cases, it may be that toxicities are only associated 
with nutrients used in supplements or as drugs. For example, excessive beta carotene appears to be 
associated with adverse outcomes but only in supplements; and therefore, the UL for beta carotene is 
based only on supplements. Many individuals use large amounts of nutrients containing dietary sup-
plements for preventive or curative purposes. Excessive intakes are a particular concern for nutrients 
that are not easily metabolized or disposed of by the body, such as fat-soluble vitamins.

 Dietary Risk Assessment

Risk assessments describe the relationships between exposure to a nutrient and the likelihood that 
adverse health effects will occur in the exposed population. They systematically evaluate the probabil-
ity of adverse health events occurring in humans from excess exposure to an environmental agent such 
as a nutrient or food component. Risk–risk assessments involve both the risks of taking too much of 
the nutrient versus the risk of not taking enough of the nutrient or supplement [31]. Such assessments 
are becoming increasingly common. A constant set of scientific principles involving risk assessment 
is used to set the UL. The process involves identifying hazards, assessing dose-responses, intake 
assessment, characterization, and evaluation of risk. All evaluations and judgments are explicit and 
evidence is provided to document the conclusions that are reached. Both qualitative and quantitative 
types of evidence are considered. ULs are set by first reviewing the literature to determine levels at 
which no observed adverse effects (NOAEL) are noted, or at the lowest level of intake associated with 
observed adverse effects. Then an uncertainty factor is applied to reduce the intake level from the 
lowest adverse effect level to insure that even the most sensitive persons would not be affected by the 
UL dose chosen. At present, for many nutrients there is simply not enough evidence to develop a 
UL. The risk is expressed as the fraction of the exposed population, if any, that has nutrient intakes in 
excess of the estimated ULs [23].

ULs are not always certain, fixed, and unvarying values. For many nutrients, ULs are not available 
because data are so sparse. Often, although intakes are available, there are no data on the adverse 
effects of taking large amounts of nutrients, or the data are only anecdotal in nature. In such cases, the 
UL cannot be established. This does not mean that there is no risk of adverse effects from high intake 
of the nutrient; in fact, when data about adverse effects are very limited, extra caution may be war-
ranted. The data that exist are often scanty or drawn on studies to address other questions.

 AMDR

The acceptable macronutrient distribution range (AMDR) for the energy-yielding nutrients provides 
a range of intakes that appear to be compatible with good health for them. The DRI and AI for water 
and macronutrients, and AMDR ranges for fat, carbohydrate, and protein, as well as recommended 
ranges for dietary cholesterol, trans fatty acids, saturated fatty acids, and added sugars are publicly 
available [29]. Energy needs can also be calculated from tables given in the DRI report on macronu-
trients and energy.
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 Current Status of the DRI

The most recent report on DRIs was completed in 2010 on calcium and vitamin D because of the 
substantial amount of new information available on both nutrients [32]. Both were given new EARs 
and RDA on the basis of new data that were available, and the recommendations for each were raised 
slightly over the previous report issued in 1997 [24]. The values for other nutrients in the 1997 report 
(magnesium and phosphorus) were not revised and remain the same. The report on folic acid and 
other B vitamins was issued in 1998 [25]. The report on “antioxidant” nutrients (ascorbic acid, vita-
min E, and possibly others) was issued shortly thereafter [33], and then the macronutrients and 
energy [27], and a volume on electrolytes and water [26]. Volumes on the uses of the DRI for assess-
ment [34] and planning [34] were also developed by a panel on the uses of the DRI. A composite 
volume is available for practitioners [35]. DRI for all nutrients, energy, and water are also 
available.

Gaps in data for some members of the population Increasingly more individuals in the population 
are very old or very young. Yet reference standards for infants less than 32 weeks gestation or elders 
over 80 years are derived largely by extrapolation. These gaps need to be filled with additional 
research.

Disease and Illness Although the DRI are designed as recommendations for healthy individuals, 
more than half of all Americans have one or more chronic conditions, and their number is growing 
as the population ages. Many of the common chronic diseases such as cardiovascular disease, dia-
betes mellitus, some of the cancers, and dental caries may be caused in part by diet, while others 
such as arthritis, asthma, and chronic obstructive lung disease have nutritional implications for their 
treatment. Moreover, many members of the population in countries like the United States and 
Canada are medicated for one or more chronic diseases. When effects of these medications are 
known, dietary recommendations are altered accordingly. However, little is known about whether 
some common medications affect some nutrient requirements. Research is needed to clarify their 
effects, particularly in elders with many diseases and medications. For individuals who are ill, the 
best recommendations for nutrient intakes at present depend on the disease itself, its effects on the 
absorption, metabolism, storage, and/or excretion of specific nutrients. In such cases, recommenda-
tions are best set by medical specialists for the diseases involved. Most nutrient needs are not usu-
ally affected, however, and the DRI for healthy individuals can be used for them until better data 
are available.

 Prevention of Chronic Disease

Another major challenge is to how to assess the links of dietary constituents with chronic disease 
endpoints as outcomes. Since the major causes of morbidity and mortality in highly industrialized 
countries are chronic degenerative diseases, in order to have an impact on delaying morbidity and 
reducing premature mortality, it is essential to act upon them. Even small reductions in diet-related 
risks would have potent effects at the population level. However, it is difficult to develop the evidence 
that diet–chronic disease outcomes exist. Not everyone is at risk of every disease; the prevalence var-
ies, with evidence for caries strongest, then osteoporosis, followed by coronary heart disease, kidney 
stones, and, lastly, cancers. Dietary intake exposures occur long before the chronic disease occurs, and 
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experimental studies would take many years to give definitive answers. The use of observational stud-
ies to establish recommendations based on chronic disease outcomes has many problems and makes 
causal inference weak. Dietary exposures occur long before the chronic disease and diet is only one 
of many causative factors that vary in strength. There are also many problems with measures of out-
comes. Morbidity measures are often imprecise and mortality takes many years. Surrogate or interme-
diate markers rather than these outcomes are often lacking or unvalidated, and some intermediate 
markers may not even be on the causal pathway to the outcome.

In the existing DRI, only five nutrients were assigned reference values based on chronic disease 
endpoints. They were calcium and vitamin D with osteoporosis and fractures; fluoride and dental car-
ies; dietary fiber and coronary heart disease; and potassium and a combination of endpoints including 
salt sensitivity (a risk factor for hypertension), kidney stones, and blood pressure. Chronic disease 
endpoints do not fit well into the existing DRI paradigm since many dietary and nondietary factors 
contribute to chronic degenerative disease; they are multifactorial. Chronic disease risk shows only 
small responses to increased doses of the nutrient. By definition the EAR is the intake to achieve 
absolute risk reduction of 50 % (i.e., the probability of getting a disease over a certain time). But this 
depends on the relative risk factor, and absolute risk is not 100 % for everyone who has a given chronic 
disease. And 100 % of the population is not at risk of the disease if the nonnutrient dietary component 
is eliminated. Moreover, adding the dietary constituent does not prevent the disease in 100 % of the 
population. In fact, risk of the disease probably ranges from very high to very low, in a rough rank 
order of the association of a nutrient and risk ranging from high to low. Risk reduction is almost never 
50 %, as is the case when an EAR can be established. It is therefore likely that instead of focusing on 
single nutrients, patterns of nutrients or food intake patterns will be more useful in linking diet to 
chronic disease endpoints. The challenge is how best to do this.

 Excessive Intakes

Although concerns about excessive energy, fat, and alcohol intakes have been of concern for many 
years, since the promulgation of the upper safe level of intakes, excessive intakes of micronutrients 
are now receiving greater attention. In part, this stems not only from estimates of the UL but from the 
population’s widespread use of dietary supplements and fortification of the food supply, both of which 
are concentrated sources of nutrients. In response to these concerns, the National Health and Nutrition 
Examination Survey (NHANES), the nation’s national population-based survey, monitors total nutri-
ent intake from naturally occurring foods, enriched/fortified foods, and dietary supplements. It also 
monitors biochemical indices of nutrient status and excess, when appropriate and available.

 Recommendations for Individuals Versus Populations

The DRI Committee set recommendations that apply to suggested intakes of nutrients of individuals. 
The EAR is intended for assessing intakes of populations or groups, whereas the RDA is an intake 
target for individuals. It is possible to assess intakes of populations and to make some broad state-
ments about the adequacy of an individual’s dietary intake. In contrast, it is relatively straightforward 
to make recommendations about and plan adequate intakes for individuals but it is more difficult to 
do these tasks for populations. At present, population recommendations have not been set for the 
United States or Canada, but only for individuals. From the practical standpoint, population recom-
mendations for nutrient intakes are much more environmentally influenced and culture-bound than 
estimates of population requirements, and likely vary much more between countries. This is because 
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mean usual nutrient intakes differ greatly between populations of one country and another, as do 
nutrient intake distributions, which are very wide in some countries and very narrow in others. In 
setting population-level recommendations, both the issue of ensuring that everyone in the population 
gets enough (prevalence of inadequacy) while avoiding too much (prevalence of excess) must be 
addressed. This has proven to be possible to do for relatively homogeneous groups, such as recipi-
ents of some of the large USDA food programs, such as the Women, Infants, and Childrens’ 
Supplemental Food Program and the National School Lunch and Breakfast Program. However, the 
US population as a whole is much more heterogeneous in their requirements. Moreover, most indi-
viduals make their own food and dietary choices rather than being given and eating a large share of 
their total intakes with rations designed to cover evident shortfalls, and thus population recommen-
dations are much more difficult to develop. Recommended levels for population intakes must there-
fore take into account not only EARs but also the distributions of nutrient intakes within each of the 
major subgroups within the population with very different intakes or requirements. Strategies such 
as fortification, supplementation, dietary diversification, nutrition education, limitation of excessive 
intakes, and others that may be theoretically acceptable for bringing intake distributions with respect 
to requirement distributions into an optimal range in one country may not be so in another. For 
example, in the United States and Canada, fortification of wheat flour with folic acid was acceptable 
and appears to have achieved its goals of reducing the proportion of the population below the EAR 
while avoiding a large proportion of the population achieving intakes in excess of the UL. Vitamin 
D fortified milk has also largely eradicated rickets in young children. However, fortification with 
folic acid and vitamin D has not proven to be culturally acceptable in many European countries. 
Also, variations in resource and environmental constraints exist. The desired percent of the popula-
tion having access to, or actually achieving, intakes that meet whatever criteria are chosen for the 
DRI also vary from one country to another. Economic realities, usual intakes, and historical prece-
dents are best considered separately from biological requirements. Setting population recommenda-
tions for intakes therefore involves scientific judgment, but also political will, and cultural 
sensitivity.

With respect to the difficulty of establishing intakes for populations, consider, for example, the 
difficulties in implementing a goal of population intakes not to exceed 7 % of calories from saturated 
fat. In order to achieve this, the population intake distribution would have to have a mean much lower 
than this, since no individual could exceed 7 %. Such a goal may be impractical or difficult to achieve. 
In any event, knowledge of the distribution of population intakes as well as that of requirements is 
essential before such recommendations are promulgated.

 Uses Outside the United States: Are the DRI Exportable?

In the past two decades, the DRI have been used in whole or in part by many other countries. While 
the DRI are an excellent set of standards, North America is not the world repository of all nutrition 
scientific wisdom and truth, and, as time goes on, they will no doubt be refined by experts in other 
countries as well as in the United States. It may be useful to consider which of the DRI are likely to 
be useful and exportable to other countries, and which are not. Many factors influencing DRI values 
are based primarily on biological rather than environmental influences, and these are largely the same 
from one country to another. Determinations of the EAR and UL, which are influenced largely by 
human biology, should also be useful in other countries. The evidence-based reviews of the scientific 
literature on experimental studies of requirements for each nutrient focus on these biological factors. 
As new studies become available, other experts can review the evidence, add to it, and come to their 
own conclusions. Other factors are not as easily exportable from one country to another. For example, 
the functional criteria that could be used to set the US/Canadian requirements are many, and the most 
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appropriate ones for another country may vary with the environment, expert judgment, and health 
realities. Other countries may have circumstances that make different functional criteria and end-
points more appropriate.

Exportability of the AMDR is likely to be limited since they rely more on US and Canadian intake 
levels and not on direct experiment. Food patterns, nutrient intakes, and environmental factors vary 
from country to country. In other countries, population profiles, resource constraints, and expert judg-
ment may lead to the choice of different criteria for adequacy, with the result that AMDR, EAR, RDA, 
AI, and UL values chosen may differ from one country to the next.

Diversity in expert judgments often helps to drive science forward and seek firmer evidence. For 
other countries, the DRI recommendations, which are more evidence-based than ever before, deserve 
examination. The DRI are useful compendia to review for efforts in other countries. However, export-
ability/importability judgments of existing US/Canadian values must be considered on a case-by-case 
basis. Over the past decade there has been growing awareness that international efforts to establish 
nutrient requirements make sense, and projects such as the European Union’s EURECCA (European 
Micronutrient Recommendations Aligned) and the BOND (Biomarkers of Nutrition in Development) 
have developed approaches for such collaborative efforts.

 Revising the DRI

Science is constantly changing and growing; therefore, there is always a need for revision as new data 
become available. The DRI were conceived as the first attempt, and not as the last word, leaving room 
for them to change and diversify. Because all scientific conclusions are subject to revision as new 
evidence emerges, constant review is needed [23, 36]. Similar efforts are now in progress in the 
European Union, led by the European Food Standard Agency (EFSA) and elsewhere. Expert groups 
in other countries and regions will no doubt have useful suggestions and improvements that the US/
Canadian committees can learn from and incorporate into revisions. There is growing realization that 
systematic evidence-based reviews tailored to nutritional data are important in evaluating the evi-
dence, and that these must go hand in hand with expert judgment [37–41].

 Next Steps for the DRI

Dietary reference standards must be revised periodically when new science become available. There 
is currently interest in the nutrition community for developing DRI for omega-3 fatty acids, magne-
sium, protein, vitamin E, and several other nonnutrient bioactives, such as flavonoids, polyphenols, 
and isothiocyanates. Alcohol, while not an essential nutrient, also requires more detailed consider-
ation than it has yet received, because it appears to have both beneficial and detrimental health effects.

Eventually, it is likely that many of the processes of evidence review and other technical aspects of 
data collections will be conducted in one country and then used as the basis of recommendations in 
other countries. The World Cancer Research Foundation has adopted a systematic process for ongoing 
evidence reviews for dietary recommendations on cancers that may also be adaptable to reviews of 
nutrient requirements [42]. Complete information about the Canadian/US DRI and their applications 
is provided in detail elsewhere [43]. Some of the lessons learned and new challenges yet to be 
addressed have been summarized in a recent publication from the Institute of Medicine [36]. They 
include the conceptual framework for DRI development, criteria for scientific decision making on 
nutrient recommendations, improving guidance for users of the DRI, and what kind of process should 
be envisioned for DRI development in the future. Greater insights with respect to physiological, 
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environmental, and genetic factors are needed. Techniques for extrapolation and scaling are needed. 
There is also limited evidence that some bioactive nonnutrient constituents of foods such as the flavo-
noids, lutein, glucosinolates, and others may have effects on chronic disease, and there is a need to 
develop a scientific framework for intake recommendations of these substances. Preventing nutrient 
excess and chronic disease prevention are key public health concerns [44].

 Uses of the DRI

For assessing the adequacy of individual intakes, the best criterion is to compare intake to the EAR, 
although only a very rough estimate of adequacy can be made (for this reason other indices of nutri-
tional status are also necessary) [43]. The RDA is a useful target for planning individual intakes. The 
most appropriate ways to evaluate the intakes of groups are to use the EARs when they are available. 
The proportion of individuals below the 50th centile (e.g., the EAR) is estimated. These are the indi-
viduals who are at greatest risk of dietary inadequacy. Note that the percent of the population below 
the Recommended Dietary Allowances is not the population at risk of inadequacy; such a criterion 
will overestimate the proportion truly at risk because of the very definition of the RDA. The AI is 
probably close to the group mean intake in some but not all instances. If the mean intake of a group is 
at or above the AI for a nutrient, there is unlikely to be a problem. However, it is not possible to assess 
risk of inadequacy quantitatively with AIs, although qualitative statements can be made. The AI is a 
good target for planning group intakes.

 Dietary Guidelines for Americans

The Dietary Guidelines for Americans [45] are recommendations to help guide individuals to make 
healthy dietary choices. They are targeted to people over the age of 2 years; other recommendations 
are more appropriate for small infants and toddlers who are not yet consuming family fare. The guide-
lines emphasize healthy eating, which involves not only getting enough food but balance, variety, and 
moderation in consumption patterns to decrease diet-related risks of chronic degenerative diseases.

The original Dietary Guidelines, first issued in 1980 and presented here (Table 2.4), have stayed 
quite constant over the years [46]. However, the messages have evolved from proscriptive suggestions 
that centered on foods and dietary constituents to be minimized or avoided, to more prescriptive and 
quantitative recommendations about positive dietary behaviors and dietary patterns. Also, as scientific 
evidence supporting the guidelines has increased, the emphasis and content have changed somewhat 
based on new information.

Table 2.4 Original Dietary Guidelines for Americans in 1980

Eat a variety of foods
Maintain desirable weight
Avoid too much fat, saturated fat, and cholesterol
Eat foods with adequate starch and fiber
Avoid too much sugar
Avoid too much sodium
Drink alcohol in moderation, if you drink
aCalorie levels assume choices are low-fat, lean foods from the five 
major food groups, using foods from the fats, oils, and sweets group 
sparingly
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Another chapter elsewhere presents an excellent, detailed overview of the 2010 Dietary 
Guidelines [47]. Updates and details on the 2015 Scientific Advisory Committee Report [21] are 
also available at http://www.dietaryguidelines.gov. The 2010 Dietary Guidelines for Americans 
recommend that to stay healthy, one should eat a variety of foods, maintain or improve one’s weight 
by balancing food intake with physical activity, choose a diet that is plentiful in grain products, 
vegetables, and fruits; moderate in salt, sodium, and sugars; and low in fat, saturated fat, and cho-
lesterol. For those who consume alcoholic beverages, they need to do so in moderation. Note that 
the guidelines are qualitative for the most part, recommending patterns of foods and food groups, 
rather than very specific amounts of foods or nutrients. This qualitative emphasis reflects both sci-
entific uncertainty about exactly how much of each nutrient should be eaten, and the Dietary 
Guidelines’ educational purpose. Some of the guidelines are more quantitative. For example, the 
variety goal is defined more precisely in the text that accompanies the dietary guidelines. Also, 
specific goals are provided for dietary fatty acids, since the evidence base on intakes of these nutri-
ents is now very well developed.

The 2015 Dietary Guidelines Scientific Advisory Committee’s (DGAC) report was issued in mid- 
2015; the official Dietary Guidelines for Americans (DGA) 2015–2020 were issued by the US 
Department of Health and Human Services and the US Department of Agriculture early in 2016 [45]. 
It is available on the Internet at http://health.gov/dietaryguidelines/2015/guidelines/. Many of the ele-
ments of the prior DGA are conserved with updates on the nutrition science when it had changed. 
Using population-based data on food consumption, modeling was done to develop healthful intake 
patterns. Since modeling to construct food patterns was done using data largely that did not include 
intake of dietary supplements, it is likely that the prevalence of nutrient deficiencies is actually lower, 
and the prevalence of excess of some micronutrients is likely to be higher than results would indicate; 
the effects on macronutrients are probably less, and those on energy nil.

In the 2015 DGA report, the emphasis on overweight, obesity, and physical activity continues. The 
basic structure of the recommendations, emphasizing healthful overall dietary patterns by recom-
mending different kinds and amounts of food groups and subgroups rather than individual foods, also 
remains. The recommended pattern is high in vegetables, fruit, whole grains, low or nonfat dairy 
foods, seafoods, legumes, and nuts. A pattern lower in red and processed meat is suggested. Multiple 
dietary patterns including the USDA food pattern, the DASH (Dietary Approaches to Stop 
Hypertension) [48], a vegetarian pattern, and a “Mediterranean” pattern are all considered acceptable. 
More emphasis is given to sustainability than in prior reports; the DGAC stated in its report that a 
dietary pattern higher in plant-based foods and lower in animal-based foods is more health promoting 
and associated with lesser environmental impact than the average US diet, but another aspect of sus-
tainability, waste, was not extensively addressed. Regardless of one’s eating patterns, perhaps the best 
basic advice on the topic is that given to consumers by government nearly 100 years ago during World 
War I: Buy food with thought, cook it with care, save what will keep, eat what would spoil, home- 
grown is best, and do not waste food! (Fig. 2.1).

In the DGA 2015–2020, reductions are called for in sodium (less than 2300 mg per day), saturated 
fat (not more than 10 % of Calories), less added sugars, and more potassium. Specific guidance on 
cholesterol was not given since it was not considered to be a current public health concern any longer. 
Little emphasis unfortunately was paid to alcohol, although this is a major source of calories for many 
Americans. Food-based sources rich in nutrients were emphasized rather than a reliance on dietary 
supplements.

It goes without saying but goes better said that providing guidelines is one thing, incorporating 
them into one’s daily life is quite another and a much more difficult task for experts as well as layper-
sons. Recommendations for putting the Dietary Guidelines for Americans into action are available 
and downloadable in consumer-friendly format. They deserve careful reading by health professionals 
and consumers. Many other guidelines are also available, including many disease-specific guidelines, 
such as those issued by the American Heart Association, the American Cancer Society, and the 
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American Association of Cancer Research [49]. In most respects, these other guidelines are similar to 
that of the Dietary Guidelines for Americans. There is no evidence that they promote better health or 
decrease risk of chronic disease than the Dietary Guidelines, although they may be helpful and reas-
suring to those who know they are at risk for particular health problems.

 USDA Food Pattern

Another key piece of Federal food guidance is the USDA Food Pattern, which is designed to help 
people consume adequate and balanced diets that are in line with the Dietary Guidelines by provid-
ing recommendations for groups of foods that are similar [50]. Human beings do not require foods; 
they require nutrients. However, since people eat foods, recommendations that help the most are 
those that are food-based recommendations. Variants of the USDA Food Pattern are also the basis of 
other food- based recommendations such as the Dietary Approaches to Stop Hypertension (DASH) 
[48], the Harvard Alternative Healthy Eating Index [51, 52], and Harvard’s Alternate Healthy Eating 
Pyramid [53], as well as various Web-based tools to help consumers plan menus that meet the DRI 
[54]. The USDA Food Pattern identifies the amounts of foods consumers are recommended to con-
sume from five major food groups (fruits, vegetables, grains, protein foods, and dairy) and their 
subgroups (dark green vegetables, orange and red vegetables, starchy vegetables, other vegetables, 
beans and peas, whole grains, enriched/refined grains, meat/poultry/eggs, nuts, seeds, soy products, 
seafood). The patterns were designed to meet the Recommended Dietary Allowances (RDA) for 
nutrients so that nutritional adequacy would be achieved without exceeding recommended energy 
intakes. They were also designed to be below the 2010 Dietary Guidelines for Americans limits for 
sodium and saturated fat. Recommended amounts to consume from each food group differ depend-
ing on an individual’s energy and nutrient needs. Patterns are provided for 12 different calorie levels 
and assigned based on the person’s age, sex, and activity level. The patterns provide for only limited 
amounts of solid fats and added sugars for the calories left after the other goals have been met. This 
is because meeting nutrient needs within energy constraints, particularly if people are very seden-
tary, provides very litle room for components that provide mostly calories. The complete Food 
Pattern modeling report and details on how it is constructed are provided in the 2015 Dietary 
Guidelines Advisory Committee report. The USDA Pattern uses nutrient-dense foods because when 
amounts eaten of typical foods rather than the more nutrient-dense varieties of the same foods most 
people eat were used in modeling, the goals for moderation in intakes were not met. Energy, total fat, 
saturated fat, and sodium exceeded the upper limits in all of the patterns that were modeled, often by 
substantial margins. When modeling was done using typical food choices of consumers, calories 
were 15–30 % (i.e., 350–450 kcal) above the target calorie levels for each pattern, although adequacy 
goals for nutrient deficiency were not substantially affected [50, 55]. In comparison to recommended 
amounts in the USDA Food Patterns, the 2015 DGAC found that the majority of the US population 
had low intakes of key food groups that are important sources of the shortfall nutrients, including 
vegetables, fruits, whole grains, and dairy. Furthermore, US population intakes were judged to be too 
high for refined grains and added sugars. Americans also ate fewer vegetables than experts recom-
mend. When typical consumption patterns were examined, intakes of vegetables in general and 
starchy vegetables in particular differ from the recommended pattern in both the types and amounts 
that are eaten.

The USDA system for food modeling uses a number of subgroups and item clusters. Americans 
eating typical diets do not consume the most nutrient-dense forms of foods within each food group, and 
thus often nutrient intakes may fall short while energy intakes surpass requirements [56]. To remedy 
this, it has been suggested that rather than emphasizing achieving a certain number of servings from 
each food group more emphasis be placed on appropriate (e.g., higher nutrient density, lower in caloric 
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density) choices within food groups [57]. The Dietary Guidelines for Americans 2015–2020 describes 
the associations of food patterns with health outcomes, and several patterns are recommended.

 USDA’s MyPlate

The USDA Pattern is difficult for people to remember while they are eating foods each day. Therefore, 
over the years, there have been various efforts to develop graphics to accompany guides for healthy 
eating that will be easier to remember and follow. Fifty years ago the most popular guide was called 
the Basic Four Food Groups. It focused only on intakes of foods that were necessary to assure ade-
quate intakes of protein, vitamins, and minerals, and assumed that people would eat additional foods 
to meet their energy needs. Over time, the need for a graphic representation that included entire 
intakes including energy became evident. The US Department of Agriculture introduced the Food 
Guide Pyramid in 1992 in response to these requests. Figure 2.2 presents this “first” pyramid. It pro-
vided a simple graphic tool that assisted people in choosing healthy dietary patterns that were varied, 
balanced, and moderate. The pyramid also suggested the number of recommended servings per day 
from each food group that people were likely to need to eat to meet their nutrient needs from food 
alone. The reason for dividing foods into groups was that each of the food groups provided some, but 
not all, of the nutrients people need to eat every day. The pyramid design emphasized the importance 
of consuming a menu that was based on plenty of breads, cereals, rice and pasta, vegetables and fruits, 
two to three servings from the milk group, and two to three servings from the meat group, with an 
emphasis on minimizing foods high in fats, sugars, and alcohol, and avoiding excessive energy 
intakes.

Food Guide Pyramid
A Guide to Daily Food Choices

Fats, Oils, & Sugars
USE SPARINGLY

Milk, Yogurt,
& Cheese
Group
2–3 SERVINGS

Vegetable
Group
3–5 SERVINGS

Meat, Poultry, Fish
Dry Beans, Eggs,

& Nuts Group
2–3 SERVINGS

Fruit
Group

2–4 SERVINGS

Bread, Cereal,
Rice, & Pasta

Group
5–11

SERVINGS

KEY

Fat (naturally
occuring and added)

Sugars
(added)

These symbols show fats, oils, and
added sugars in foods.

Fig. 2.2 USDA food pyramid early 1990s
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The suggested serving sizes that were provided in the first pyramid were not necessarily those that 
people were accustomed to eating, and this led to confusion among consumers and health profession-
als. The amount people ate at a sitting would often be more than just one serving. For example, a usual 
dinner portion of spaghetti counted as two or three servings, and not a single serving of pasta. No 
serving sizes were given for fats, oils, and sweets, although it was noted that they should be limited if 
a person needed to lose weight. These calorie-dense foods, and alcohol, provide calories but relatively 
few vitamins or minerals.

The “second” pyramid, MYPYRAMID, was introduced in conjunction with the Dietary Guidelines 
of 2005 (Fig. 2.3). The illustration of MyPyramid shows that instead of an Egyptian style pyramid of 
bricks representing food groups, this pyramid appeared to many commentators to look more like a 
circus tent, with colored streamers representing each food group in tiers down the pyramid. The 
designers’ hope was that the graphic better portrayed the desirability of eating nutrient-dense foods 
that were less calorically dense first (e.g., the base or bottom of each food group), and only later the 
more calorie-dense foods if energy needs had not been met (foods at the narrow top of the pyramid). 
However, the concept was difficult to grasp and the graphic was not successful in depicting the con-
cept of “nutrient-dense foods first.” Several other attempts to convey this concept have been made but 
none has gained traction with professionals or consumers [58, 59]. Another Web-based innovation in 
2005 offered a calculator to tailor the pyramid to individual needs. It customized recommendations to 
the individual’s age, sex, and weight, and presented menus that were appropriate in calories and other 
nutrients. The MyPyramid Planner (now supplanted by MyPlate) is available on the World Wide Web 
and is useful for helping people tailor their intakes of specific foods. It is available at http://www.
MyPlate.gov. New tools are now being developed.

The third graphic, and the one that is now current, is the ChooseMyPlate icon, which consists of 
a plate (See Fig. 2.4), along with a new interactive tool designed to permit health professionals and 

MyPyramid
STEPS TO A HEALTHIER YOU

MyPyramid.gov

GRAINS VEGETABLES FRUITS MILK MEAT & BEANS

Fig. 2.3 Revised USDA food pyramid later version 2005
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consumers to develop their own personalized nutrition and physical activity plans, and to track 
intakes and outputs [60]. Other support on planning intakes and making healthier choices is also 
available there. Most of the information and educational materials that were developed for MyPyramid 
can also be used with ChooseMyPlate. Updates for the Dietary Guidelines 2015–2020 are now in 
progress.

There are many other graphics, pyramids, and other shapes produced by other organizations and 
designed to help consumers. Oldways, an organization dedicated to changing the ways people eat and 
to featuring traditional cuisines, has produced Vegetarian, Asian, Latino, and Mediterranean diet pyr-
amids. The pyramids are available on the World Wide Web at http://www.oldwayspt.org. Special 
Pyramids are also available for older Americans, children, and other groups. The extent to which these 
“other” pyramids meet the DRI may vary however, and their construction needs to be reviewed before 
they are adopted for use in counseling.

 Healthy Eating Index

The Healthy Eating Index (HEI) is a summary measure of people’s overall diet quality. Quality is defined 
as variety among food groups and also avoiding too much of certain dietary constituents. In a very rough 
sense, the score for the population as a whole provides a “report card” on how well Americans are eating 
[61, 62]. The HEI-2010 is a 100-point index that aims to capture the multidimensional nature of diet 
quality and allows assessment of total quality as well as individual nutrients and food groups of interest 
[63]. This updated diet quality index, developed by the US Department of Agriculture, reflects the recent 
Dietary Guidelines for Americans (2010) and is in the process of being updated to accommodate changes 
in the Dietary Guidelines for Americans 2015–2020. The HEI- 2010 has 12 components, nine of which 
assess adequacy (higher scores are achieved through a greater supply relative to energy or a more appro-
priate balance in the case of Fatty Acids) and three of which capture moderation (higher scores are 
achieved through a lower supply relative to energy). The adequacy components include Total Fruit, 
Whole Fruits, Total Vegetables, Greens and Beans, Whole Grains, Dairy, Total Protein Foods, Seafood 
and Plant Proteins, and Fatty Acids. The moderation components include Refined Grains, Sodium, and 
“Empty” Calories (i.e., calories and little else). The minimum score for all components is zero, whereas 
the maximum score varies between 5, 10, and 20. Additional details regarding the development and 
scoring of the HEI-2010 can be found elsewhere [64]. A high score on a component indicates that 

Fruits
Grains

Dairy

Vegetables
Protein

ChooseMyPlate.gov

Fig. 2.4 ChooseMyPlate Icon 2014
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intakes are close to the recommended ranges or amounts, as stated in the USDA Food Guide Pyramid/
ChooseMyPlate, the 2010 Dietary Guidelines for Americans, or some other similar authoritative food-
based dietary guidance. Low scores indicate less adherence with recommended ranges or amounts of 
nutrients. Thus, the maximum overall score for the components combined is 100.

Definitive, comprehensive reports on nutritional status were issued periodically by the Federal 
government for many years in a single document on national nutrition monitoring. Each report pro-
vided detailed discussions of dietary patterns and nutrient intakes, but the process of assembling them 
took many years. Today, reports on specific issues are published periodically but in a more timely 
manner by agencies in the relevant departments.

The more recent analyses indicate that most Americans fail to meet the guidelines set forth by 
federal nutrition policy [56]. In general, Americans consume more sodium, energy, and fat than rec-
ommended and less fruits, vegetables, whole grains, and low-fat dairy than recommended [47, 65]. 
Indeed, the average HEI score for Americans increased from 48/100 in the 1970s to 55/100 in more 
recent national survey data [66]. Miller et al. point out in a recent publication that the food supply 
available to US consumers is inadequate for all Americans to achieve higher HEI scores [66], and 
additional concerns have been raised about economic costs to achieve health diets that continue to be 
of concern [67].

 Nutrient Labeling

 Ingredient Labeling

Another consumer education and awareness tool is the food label. Packaged and processed food prod-
ucts have had ingredient labeling for many years, with ingredients listed in order by weight and now 
many perishable foods and commodities are labeled as well. These ingredient lists are helpful for 
people who want to include or avoid certain food ingredients in their diets for health or cultural rea-
sons. New information is also available on labels now make it even easier for consumers.

 Nutrition Facts Label

Nutrient labeling of processed foods was first made mandatory in 1993. The “Nutrition Facts” panel 
now provides information about the nutrient content of processed foods in standardized portion 
sizes. This label information can be used as a tool to help people select healthy diets. Today, the vast 
majority of processed foods and commodities, such as fresh fruits and vegetables, meats, poultry and 
fish, also have Nutrition Facts labels. The percentage of a standard population weighted value based 
on nutrient needs, called the USRDA, is used, which consists of the highest values for each adult age 
group by gender at the time when the label was promulgated. In addition to these labels, over-the- 
counter vitamin and mineral supplements have Supplement Facts that use a dietary standard known 
as the Daily Value (DV), which is also based on the Recommended Dietary Allowances, to provide 
a comparison of the content with this nutrient standard. Figure 2.5 presents the current Nutrition 
Facts label, and the recently proposed revision of the Nutrition Facts label that the Food and Drug 
Administration will finalize once comments are received and additional changes incorporated in 
2016 (Fig. 2.5). There are several changes to reflect new public health and scientific information. 
Serving size requirements listed on the label would be updated to reflect the amounts of food people 
are actually eating and drinking now as opposed to 20 years ago when the Nutrition Facts label was 
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first introduced. The format of the label is also proposed to be refreshed, with key parts of the label, 
especially calories, as well as serving sizes, and percent daily value so that they are more 
prominent.

FDA has also proposed changes to the Nutrient Facts listing as well. These include:

Revised Daily Values for certain nutrients that are either mandatory or voluntary on the 
label Examples include calcium, sodium, dietary fiber, and vitamin D. Some Daily Values are 
intended to guide consumers about maximum intake – saturated fat, for example – while others are 
intended to help consumer meet a nutrient requirement – iron, for example. Daily Values are used to 
calculate the percent daily value (%DV) on the label, which helps consumers to understand the nutri-
ent information on the product label in the context of the total diet. The revisions in Daily Values are 
based on recommendations published as the Dietary Reference Intakes by the Institute of Medicine 
and other reports such as the Dietary Guidelines for Americans. In addition to changing some Daily 
Values, FDA is also changing the units used to declare vitamins A, E, and D from “international 
units,” or “I.U.” to a metric measure – milligrams or micrograms. FDA is also proposing to include 
the absolute amounts in milligrams or micrograms of vitamins and minerals, in addition to the %DV, 
on the label.

Requiring the declaration of “Added Sugars” on the label “Sugars” include both “added sugars” and 
sugars that are naturally occurring in food. Americans on average eat 16 % of their total calories from 
added sugars, the major sources being soda, energy and sports drinks, grain-based desserts, sugar-
sweetened fruit drinks, dairy-based desserts, and candy. Currently, “Sugars” are required to be labeled 

Fig. 2.5 Previous and proposed revision of nutrition facts food label
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on packages, and if the proposal is finalized the declaration of “Added Sugars” will be indented and 
included under “Sugars” so that both would be listed. Although added sugars are not chemically dif-
ferent from naturally occurring sugars, many foods and beverages that are major sources of added 
sugars have lower micronutrient densities compared to foods and beverages that are major sources of 
naturally occurring sugars.

Removing the requirement for declaring “Calories from fat.” Current research shows that the total 
fat in the diet is less important for chronic degenerative diseases like coronary heart disease than the 
type of fat. In addition, FDA consumer research shows that removal of the declaration of “calories 
from fat” has no effect on consumers’ ability to judge the healthfulness of a product. FDA would 
continue to require “Total Fat,” “Saturated Fat,” and “Trans Fat” on the label.

Revising the nutrients of public health significance that must be declared on the label. These are nutri-
ents that the US population is consuming in inadequate amounts, which are associated with the risk 
of chronic disease. Data from the National Health and Nutrition Examination Survey (NHANES) 
suggested that calcium, vitamin D, potassium, and iron should be mandatory. Calcium and iron are 
already required; vitamin D and potassium would be newly required. Vitamin D is important for its 
role in bone development and general health, and intakes among some population groups are inade-
quate. Adequate potassium intake is beneficial in lowering blood pressure and intakes of this nutrient 
are also low among some population groups. Mandatory labeling would no longer be required for 
vitamin C or vitamin A because current data indicate that deficiencies are not common. However, 
these vitamins would still be allowed to be declared on labels voluntarily.

The changes will likely be finalized in 2016 and appear on labels shortly thereafter.

 Nutrient Content Claims

Nutrient content claims on food labels, such as “low in fat” or “good source of dietary fiber” are speci-
fied so that the same standard adjectives are used on all foods of the same type.

 Structure–Function Claims

Over the last two decades, in addition to nutrient content claims, and structure–function claims and 
health claims have also been permitted on foods. Structure–function claims describe the association 
between a nutrient or other bioactive in food and a bodily function, such as “calcium builds bones.”

 Health Claims

Health claims describe the relationship between a nutrient or food and a disease. These provide addi-
tional information for consumers. Until 2003, only claims for which there was “significant scientific 
agreement” (SSA) were allowed on food labels. After 2003, the claims that were allowed were broad-
ened to include claims for which there was less scientific agreement of the association. The highest 
level of evidence, the SSA claims, were designated as unqualified or “A” claims; they did not require 
disclaimers or qualifications. However, it was felt that for the claims lower down in the hierarchy, 
additional explanation, “qualifications” or disclaimers were needed to avoid misleading consumers. 
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The other claims, B, C, and D, are called qualified health claims and they indicate a connection that is 
less certain than the unqualified claims.

Thus, the language on the label for the different levels of claim varies:

 A. “There is significant scientific agreement for [the claim].”
 B. “Although there is some scientific evidence supporting [the claim], the evidence is not 

conclusive.”
 C. “Some scientific evidence suggests [the claim]. However, the F.D.A. has determined that this evi-

dence is limited and not conclusive.”
 D. “Very limited and preliminary scientific research suggests [the claim]. The F.D.A. concludes that 

there is little scientific evidence supporting this claim.”

Figure 2.6 presents a “report card” that graphically highlights the different types of claims 
(Fig. 2.6). Some of the permissible SSA health claims for food packages are presented in (Table 2.5). 
All health claims for foods that are currently allowed, are found at the FDA web site, and they are 
updated as new claims become available.

 Allergen Labeling

About 2 % of adults and about 5 % of infants and young children in the United States suffer from 
food allergies. Approximately 30,000 consumers require emergency room treatment and 150 
Americans die each year because of allergic reactions to food. The Food Allergen Labeling and 
Consumer Protection Act (FALCPA) of 2004 is an amendment to the Federal Food, Drug, and 
Cosmetic Act. It requires that the label of a food that contains an ingredient or contains protein from 

A

Health Claims
Report
Card
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4

B

C

D

High

Moderate

Low

Extremely Low

Significant scientific agreement

Evidence is not conclusive

Little scientific evidence
supporting this claim

Evidence is not limited and
not conclusive

Fig. 2.6 “Report Card” for health claims on foods
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Table 2.5 Permissible health claims for food packagesa

Health claim Example of some statements

Osteoporosis
Calcium, vitamin D, and osteoporosis

A calcium-rich diet is linked to a reduced risk of 
osteoporosis, a condition in which the bones become soft 
or brittle

Heart Disease
Dietary saturated fat and cholesterol and risk of 

coronary heart disease

A diet low in saturated fat and cholesterol can help reduce 
the risk of heart disease

Fiber-containing grain products, fruits, and vegetables, 
and cancer

A diet rich in high-fiber grain products, fruits, and 
vegetables can reduce the risk of some cancers

Soluble fiber from certain foods and risk of coronary 
heart disease

Soy protein and risk of coronary heart disease
Stanols/sterols and risk of coronary heart disease
Substitution of saturated fat with unsaturated fatty 

acids and risk of heart disease
Whole grain foods and risk of heart disease and certain 

cancers
Nuts and heart diseasea

Walnuts and heart diseasea

Omega 3 fatty acids and coronary heart diseasea

Unsaturated fatty acids from canola oil and coronary 
heart diseasea

Corn oil and heart diseasea

B vitamins and vascular diseasea

Monounsaturated fatty acids from olive oil and 
coronary heart diseasea

Unsaturated fatty acids from canola oil and coronary 
heart disease

Corn oil and heart disease
Dental caries
Fluoride and the risk of dental caries
Dietary non-cariogenic carbohydrate sweeteners and 

dental caries
High blood pressure
Sodium and hypertension
Potassium and the risk of high blood pressure and 

stroke
Calcium and hypertension, pregnancy-induced 

hypertension, and pre-eclampsiaa

Cancer
Dietary lipids (fat) and cancer

A diet low in total fat is linked to a reduced risk of some 
cancers

Fruits and vegetables and cancer A diet high in fruits and vegetables and foods that are low in 
fat and may contain dietary fiber, vitamin A, or vitamin 
C is linked to lower risk of some cancers.

Whole grain foods and risk of heart disease and certain 
cancers

Tomatoes and/or tomato sauce and prostate, ovarian, 
gastric, and pancreatic cancersa

Calcium and colon/rectal cancer and calcium and 
recurrent colon/rectal polypsa

Green tea and cancera

Selenium and cancera

Antioxidant vitamins and cancera

(continued)
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a “major food allergen” declare its presence. FALCPA identifies eight foods or food groups as the 
major food allergens that account for about 90 % of food allergies: milk, eggs, fish (e.g., bass, floun-
der, cod), Crustacean shellfish (e.g., crab, lobster, shrimp), tree nuts (e.g., almonds, walnuts, pecans), 
peanuts, wheat, and soybeans. People can be allergic to other foods. In fact, more than 160 foods 
have been identified to cause food allergies in sensitive individuals. However, those eight account for 
most of the food allergies and also are the ingredients most likely to result in severe or life-threaten-
ing reactions. In addition to allergies, some people suffer from other intolerances or sensitivities 
from one or more ingredients, such as lactose. Some of these can be identified on the ingredient list 
on the label.

 Front of Pack Labeling

FDA’s consumer research has found that people are less likely to check the Nutrition Facts label on 
the back or side panel of foods with front-of-pack labeling. Therefore, it is essential that both the 
criteria and symbols used in front of package and shelf-labeling systems help consumers make 
healthy food choices. Research results are still not clear on how consumers use and understand vari-
ous types of front of pack labeling and shelf-tag systems, including those that use one symbol to 
summarize nutritional attributes and systems that feature or rate foods as being low, medium, or high 
in specific nutrients, similar to the traffic light system in the United Kingdom. A system of voluntary 
front-of- pack labeling has been adopted by many of the large food manufacturers in the United 
States over the past few years. The public health benefit of such labeling, or whether the Food and 
Drug Administration will ultimately view it as a public health benefit remains to be determined. It 
avoids the “traffic light” approach, which some interpret as green (good to go), yellow (caution), and 
red (avoid or stop), That stigmatizes foods as “good” or “bad,” “healthy” or “unhealthy”; such terms 
mean little without consideration of how foods fit into the individual’s needs and the total dietary 
pattern.

 Menu Labeling in Restaurants and Vending Machines

The Food and Drug Administration has recently finalized two rules requiring that calorie information 
be listed on menus and menu boards in chain restaurants and similar retail food establishments and 
vending machines, and these are now beginning to appear. The hope is that such information will 
drive consumer choices toward lower calorie options.

Table 2.5 (continued)

Health claim Example of some statements

Other
Choline
100 % whey protein partially hydrolyzed infant formula 

and reduced risk of atopic dermatitisa

Chromium picolinate and diabetesa

Phosphatidylserine and cognitivea dysfunction and 
dementiaa

0.8 mg folic acid and neural tube birth defectsa

aClaims with an asterisk are qualified health claims subject to enforcement discretion. These refer to claims when there 
is emerging evidence for a relationship between a food, food component, or dietary supplement, and reduced risk of a 
disease or health-related condition, but the evidence is not established well enough to meet significant scientific agree-
ment standard, and so qualifying language is needed

Johanna T. Dwyer and Regan Lucas Bailey



43

 Other Labeling Terms

There are many other terms used on packaged and other foods in the United States. Some standards, 
such as the “certified organic” label supervised by the US Department of Agriculture, are legally 
enforceable. Others are not. Below is a brief summary of their current status, starting with those that 
have more well-defined regulatory standards.

 “Organic” Labels

Organic food products are not necessarily more healthful, sanitary, or nutritious than nonorganic 
products, but some consumers prefer them and are willing to pay more to obtain them. It should be 
noted before discussing organic foods that neither genetically engineered foods, and other foods or 
ingredients such as spices that are processed with ionizing radiation are unsafe. Moreover, there are 
regulations governing their use. The USDA regulates the use of the terms organic and certified organic 
on food labels. Raw or processed agricultural products in the “organic” category must be produced 
without excluded methods (genetic engineering), ionizing radiation, or sewage sludge, and produced 
in line with a national list of allowed and prohibited substances. The program is overseen by an autho-
rized certifying agent of the USDA’s National Organic Program, and all of the USDA organic regula-
tions must be followed. For products that are labeled “100 % organic,” all agricultural ingredients 
must be certified organic, except where specified on a national list of ingredients that is issued by 
USDA. Nonorganic ingredients allowed on the national list may be used, up to a combined total of 
5 % of nonorganic content (excluding salt and water). The product labels must state the name of the 
certifying agent on the information panel, the organic ingredients must be identified, and all ingredi-
ents must be certified organic, and processing aids must be organic. Products meeting these criteria 
may use the USDA organic seal and/or organic claim.

 “Non-GMO” Labels

Evidence is lacking that foods made with bioengineered or genetically modified ingredients are 
unsafe, unsanitary, less nutritious, or less healthful in other ways. These bioengineered foods or ingre-
dients are sometimes incorrectly called “genetically modified organisms” [GMO]. This is a misnomer 
since the ingredients are not microorganisms, with the only exception of, perhaps, genetically engi-
neered microorganisms in some yoghurts. The foods are not alive, nor are they living organisms. Laws 
in several states require that bioengineered (genetically modified) foods be labeled on a compulsory 
basis. In contrast, The Food and Drug Administration (FDA) asserts that while voluntary labeling is 
not prohibited, it is unnecessary to mandate that foods that contain genetically engineered ingredients 
be labeled. FDA supports voluntary labeling, and it is expected to issue guidance on that soon. The 
FDA position is that mandatory labeling is appropriate and required when there is a faulty claim or 
misbranding, but because a food contains genetically engineered ingredients does not constitute a 
material change in the product, and therefore labeling is not required. That is, GMO corn is similar to 
other varieties and species of corn in all major constituents. This interpretation has been supported by 
the courts. However, voluntary statements are permissible, such as:

• “We do not use ingredients that were produced using biotechnology”
• “This oil is made from soybeans that were not genetically engineered”
• “Our tomato growers do not plant seeds developed using biotechnology”

A statement that a food was not bioengineered or does not contain bioengineered ingredients may 
be misleading if it implies that the labeled food is superior to foods that are not. FDA has concluded 
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that the use or absence of use of bioengineering in the production of a food or ingredient does not, in 
and of itself, mean that there is a material difference in the food. Therefore, a label statement that 
expresses or implies that a food is superior (e.g., safer or of higher quality or superior or more nutri-
tious) because it is not bioengineered would be misleading.

 Gluten-Free Labeling

Hundreds of thousands and perhaps as many as three million Americans suffer from celiac disease, or 
gluten enteropathy, an autoimmune digestive condition that can be effectively managed only by eating 
a gluten-free diet, and millions more do not, but believe they have the disease. In 2013, the Food and 
Drug Administration issued regulations defining the meaning of “gluten-free” and specifying what 
food products could be labeled as gluten-free. In order to use the term “gluten-free” on its label, a food 
must contain less than 20 ppm of gluten. The rule also requires foods with the claims “no gluten,” 
“free of gluten,” and “without gluten” to meet the definition for “gluten-free.”

 Whole Grain Labeling

Many Amercians eat far less than half of their servings of grains from whole grains, and so many are 
looking to choose products high in them. The US government does not have an official standard for 
whole grain labeling, but it prohibits false and misleading advertising. The word “whole grain” in the 
name of a product should be used only if the product contains more whole grain than refined grain 
(i.e., 51 % or more of the grain is whole grain). A full serving of whole grain contains about 16 g 
whole grain. According to this logic, products containing 8 or more grams of whole grain can still be 
labeled whole grain. The Whole Grains Council is a private group that has created an official packag-
ing symbol called the Whole Grain Stamp that appears on labels to help consumers find whole grain 
products. With the stamp, three servings of whole grains consists of three foods with the 100 % Stamp 
or six food servings of food products with any Whole Grain Stamp. The 100 % Stamp assures the 
consumer that all the grain is whole grain, while the basic Whole Grain Stamp appears on products 
containing at least half a serving of whole grain per labeled serving. If there is no stamp, the label may 
list the grams of whole grain, or claim the product is 100 % whole grain. If the ingredient list on the 
package label lists whole grain first, this may also indicate a product high in whole grains. The goal 
is to increase whole grain intake, regardless of the source. It should be noted that whole grains are not 
fortified with folic acid, and so variety is important to obtain all the nutrients needed per day, and 
some fortified grain products should be eaten as well.

 “Natural” Labeling

From a food science perspective, it is difficult to define a food product that is “natural” because the 
food has probably been processed and is no longer the product of the earth. The FDA has not devel-
oped a definition for use of the term natural or its derivatives. However, the agency has not objected 
to the use of the term if the food does not contain added color, artificial flavors, or synthetic sub-
stances. Evidence is lacking that those substances are unsafe or harmful to health, although some 
consumers may wish to avoid such ingredients for aesthetic or other personal preferences.
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 Supermarket Icons and Scoring Systems

Many supermarkets and other food retailers have adopted various systems of their own for labeling 
foods they consider to be particularly healthful or desirable. The criteria for them vary. These are not 
endorsed or regulated by the Federal government either. Some are relatively straightforward and 
easy to discover, while others rely on proprietary formulas, some of which are of dubious validity, 
and other data that are not readily available to consumers to rate the products. At present, the most 
objective, reliable, and transparent sources of information are the Nutrition Facts label and ingredi-
ent lists.

 Healthy People

Healthy People 2020 is the health promotion and disease prevention plan issued every decade by the 
US Department of Health and Human Services. In the early1970s, the need for explicit, measurable, 
prevention objectives for government, private, and voluntary groups became increasingly necessary. 
The Office of the Assistant Secretary for Health in the then US Department of Health, Education, and 
Welfare (now the US Department of Health and Human Services) began the process of developing 
consensus on some national goals that could guide prevention efforts in the future. The first effort was 
a slim volume entitled Promoting Health, Preventing Disease: Objectives for the Nation [68]. It stated 
general goals and objectives in various areas of public health and preventive medicine and ways to 
measure progress in achieving them. In the late 1970s, US Surgeon General Julius Richmond, who 
was also Assistant Secretary for Health, commissioned a much larger effort, entitled Healthy People 
that set forth an ambitious prevention plan [69]. Using a management by objectives planning process, 
the US Public Health Service set out objectives focusing on improving health status, risk reduction, 
public and professional awareness of prevention, health services, and protective measures, surveil-
lance, and evaluation. The objectives were organized in 15 priority areas under the general headings 
of preventive services, health protection, and health promotion. Targets for achieving the objectives 
were set; usually with a 10-year time frame. It was recognized that in order to achieve the objectives, 
a health system reaching all Americans and integrating personal health care and public health mea-
sures focusing on the entire population (population-based measures) would be necessary. Moreover, 
it was clear that most prevention did not occur solely within the health system, but in community 
institutions as well, including schools, workplaces, families, and neighborhoods. Therefore, these 
environments as well as the traditional health care system were included as a focus for the preventive 
efforts.

Starting in 1980, and at the beginning of every decade thereafter, HHS has convened public, pri-
vate, and voluntary groups to update the plan and assess progress toward achieving it. The resulting 
document is called Healthy People. It is now customary to issue a “mid-course review” halfway 
through the decade to make midterm corrections and redirect resources if this should prove to be 
necessary.

The current prevention plan is entitled “Healthy People 2020.” The entire report is hundreds of 
pages long and accessible on the Internet at: http://www.healthypeople.gov/2020/tools-and-resources/
Federal-Prevention-Initiatives.

The overall goals of Healthy People are simple: Increase the span of healthy life, reduce health 
disparities among Americans, and achieve access to preventive services for all Americans. For each 
life stage, there are specific objectives stated in terms of reducing mortality and in the various areas. 
Goals are also set for each priority area. Nutrition is considered as one of these areas. They deal with 
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health status, risk reduction, and services-related issues and set measurable objectives in each area. 
The nutrition-related goals for Healthy People 2020 are discussed in detail elsewhere [70].

For some objectives, the 2010 nutrition targets have been met. But for other objectives, such as 
obesity, little progress has been made or progress has been in the wrong direction. The 2020 goals 
reflect these problems. These are the areas where the nation must concentrate its efforts in the future.

 Future Research

The Federal government has recently issued a Roadmap for National Nutrition Research from 2016 
to 2021 [71]. It tackles three critical questions that provide a rationale and guide to future efforts: how 
to better understand and define eating patterns to improve and sustain health; what can be done to help 
Americans choose healthy eating patterns; and how to accelerate discoveries in human nutrition. It 
lays out a clear rationale and useful research that will speed the process of converting basic and clini-
cal studies into science-based nutrition policy.

 Conclusions

Dietary intake is only one facet of nutritional status, but it is an important one. The Dietary Guidelines 
for Americans provide recommendations for altering current intakes in more healthful directions. The 
Dietary Reference Intakes, such as the RDA and UL provide useful guides for planning nutrient 
intakes for individuals and groups. Other tools, such as MyPyramid and its successor, ChooseMyPlate, 
are helpful food-based recommendations that, if followed, ensure that the DRI are met. Food labels 
aid in making wise choices in line with dietary recommendations. The Healthy Eating Index provides 
a simple tool for evaluating the balance, variety, and adequacy of intakes based on the USDA Food 
Guide and Dietary Guidelines for Americans. Health professionals can use these simple tools to plan 
and assess their own eating patterns and those of their clients. For many practical purposes, these tools 
will suffice. For more elaborate planning and assessment and for research, other tools may be neces-
sary. The Year 2020 nutritional goals for promoting health and preventing disease provide additional 
useful health targets to aim for as a nation.
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Key Points

• Nutrition counseling involves more than advising a patient on what to eat and what not to eat.
• The messages must be evidence-based, clear, and consistent.
• The most effective way for the messenger to deliver these healthy eating messages is to use col-

laboration and negotiation to co-create a nutrition plan with the patient.
• The “COACH” approach (Curiosity, Openness, Appreciation, Compassion, and Honesty) helps 

cultivate a therapeutic relationship and creates an environment that promotes healthy eating pat-
terns and empowers patients.

• Tapping into the patient’s motivation is a critical part of the nutrition counseling process.
• Motivational interviewing, self-determination theory, appreciative inquiry, and the transtheoretical 

model of change can help guide clinicians to elicit patient motivation and to facilitate change.
• Two often-overlooked nutrition strategies to propel patients forward toward healthy eating patterns 

are discovering the patient’s vision for himself or herself and determining the differential between 
where the patient is now, and where he or she wants to go.

• Creating a new program and crafting “SMART” goals to adopt or sustain healthy eating habits 
need to be completed with each patient.

• Nutrition counseling is a journey for both patient and provider that needs to be personalized to each 
patient at each visit.

mailto:Efrates1@partners.org
mailto:jonathanbonnet@gmail.com


52

Abbreviations

COACH Curiosity, openness, appreciation, compassion, honesty
EXPERT Examine, X-ray, plan, explain, repeat and review, tell and sell
GROW Goals, reality, options, way
MI Motivational interviewing
MINT Motivational interviewing network of trainers
MOSS Motivators, obstacles, strategies, strengths
OARS Open-ended, affirmations, reflections, summaries
SDT Self-Determination Theory
SMART Specific, measurable, action-oriented, realistic, time-sensitive
VIA-IS Values in action inventory of strengths

 Introduction

 The Behavior Change Journey

The process of changing eating patterns is one that can be challenging for health providers and patients 
alike. However, adopting healthy habits around food provides significant benefits for individuals, 
communities, and health care systems. The potential rewards of effectively counseling patients about 
nutrition include improved hemoglobin A1c, decreased blood pressure, improved weight manage-
ment, increased self-confidence, and increased personal satisfaction. Whenever healthy habits are the 
subject of a research project, diet is one of the main components of the investigation. For example, the 
Nurses’ Health Study [1] examined five healthy factors: (1) maintaining a healthy BMI, (2) exercising 
regularly, (3) eating a healthy diet, (4) not smoking, and (5) drinking alcohol only in moderation.

Two of these factors are directly related to nutrition, and all are interrelated. Maintaining a healthy 
BMI requires an individual to eat healthy foods in proper proportions and incorporate movement into 
daily life. Exercising has been shown to decrease appetite in some individuals [2] and this can help 
control the intake of unhealthy foods. Drinking alcohol can lead to the intake of excess calories. 
Smoking is also associated with alcohol consumption. People smoke to relieve stress and to control 
their weight. Participating in one unhealthy habit can prompt a person to develop other harmful 
behaviors. It works the other way as well. Patients adopting one healthy habit are more likely to adopt 
another. Smokers who start exercising are more likely to quit or cut down [3]. Thus, the five healthy 
factors from the Nurse’s study are all part of a health-promoting lifestyle. In combination, they can 
work synergistically to enhance health and wellness.

The healthy diet factor can be one of the most confusing and yet one of the most powerful contribu-
tors to our overall health and well-being. Typical research protocols, such as the Food Frequency 
Questionnaire from the Women’s Health study [4], look at the number of healthy foods consumed in 
a week. Many clinicians use the simple question “How many vegetables do you consume in a day?” 
as a crude assessment tool to gauge the quality of someone’s diet. To begin a nutrition counseling ses-
sion, it is important to understand the patient’s current dietary intake and patterns. From there, sharing 
nutrition information, appropriate to that particular patient, can be useful and productive.

When counseling a patient on diet changes, using collaboration and negotiation is the key to 
unlocking sustainable behavior change. Perspective is essential as well. Patients spend a short amount 
of time in a health provider’s office. The majority of patients’ decisions, influences, and challenges 
occur outside of the walls of a clinic and are largely influenced by their family, friends, work, and 
community. Understanding this will enable the health care provider to go beyond simply advising 
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patients and move toward cultivating an environment that brings out each patient’s intrinsic motiva-
tors for incorporating healthy nutrition choices into the fabric of their lives. Allowing the patient to 
have the time and space to envision a healthy eating pattern, appreciate the difference between their 
current situation and the one they are striving to reach, voice reasons for changing, and strategize 
around their obstacles to change are all important parts of a nutrition counseling session.

Crafting goals that are relevant to that particular patient’s life and are in line with their values, their 
vision of themselves, their sense of purpose in life, and their current priorities will set the patient up 
for long-term success. SMART goals that are specific, measurable, action-oriented, realistic, time- 
sensitive, and are aligned with the person’s life goals will be the goals that the patient will be moti-
vated to accomplish in the short and long term. SMART goals set the patient up for success, and 
success breeds success. Finally, putting an aspect of accountability into place with the patient is 
essential. This accountability will ensure that the goals, which are co-created during the consultation, 
will be taken seriously and that the patient will take responsibility for accomplishing them. 
Accountability is a vital component in the behavior change process. When the nutrition counseling 
process is full of Curiosity, Openness, Appreciation, Compassion, and Honesty (the COACH 
Approach), the journey to sustainable change can be a joyful one for both provider and patient [5, 6].

Both the message and the messenger are important in counseling on nutrition in lifestyle medicine. 
If the behavior change process is represented as an arch, then the message and the messenger are the 
cornerstones, the foundational pieces, without which the whole arch will collapse. Thus, the message 
needs to be evidence-based, clear, understandable, easy to follow, and consistent. The messenger 
needs to supply this message in a supportive, collaborative COACH approach style in order for the 
patient to accept, digest, embrace, and embody the nutrition messages. Specific counseling skills and 
tools have been studied and tested in randomized controlled trials such as motivational interviewing 
and health coaching [6, 7]. Thus, practicing evidence-based skills and using proven tools will help the 
messenger promote the message.

In addition to the foundational parts of the message and the messenger, the patient’s motivation is 
the indispensable keystone to the arch of behavior change (Fig. 3.1). Tapping into patients’ internal 
motivators and making sure their needs for autonomy, competence, and connection are satisfied will 
be the difference between a patient knowing what to do and a patient actually doing what he knows is 
healthy for his body and mind. The self-determination theory posed by two psychologists, Richard 
Ryan, PhD and Edward Deci, PhD, helps to guide this important aspect of nutrition counseling. This 
theory demonstrates the significance of the three components for volitional motivation; autonomy, 
competence, and connection [8]. Researchers have studied the intention behavior gap, meaning why 
people intend to do certain behaviors, but they do not end up actually doing them [9]. Clearly, it is not 
just a matter of telling a patient what to do. It is not just about the message. The process of behavior 
change is more complex and intricate than that. Like creating the perfect arch that invites people to 
enter a beautiful cathedral or building, creating the environment that invites people to take a step 
toward improved diet, health, and inner peace, requires two cornerstones (the message and the 
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messenger) and a keystone (the patient motivation). In this chapter, we will dive deeply into this 
behavior change archway.

Many researchers have acknowledged the complexity and multifactorial nature of behavior change. 
Psychologist BJ Fogg, promotes the idea of Tiny Steps. These steps are built on the acknowledgment 
of three distinct areas, and he advocates for work in these areas with patients desiring and or needing 
change [10]. The areas include: (1) the capacity or ability to perform the behavior, (2) the opportunity 
to perform the behavior, and (3) the motivation to perform the behavior. According to Dr. Fogg, all 
three of these conditions need to be satisfied in order for a person to complete a certain behavior such 
as eating a healthy lunch at work. This takes into account the individual’s competence (ability), moti-
vation, and environment around the patient (enabling or obstructing) with respect to the desired 
behavior. The idea of opportunity to perform a particular is behavior derived from the social ecologi-
cal model of change [10]. In this model, the individual is at the center of a series of circles, each of 
which grows larger as it gets further from the center. The first circle, surrounding the individual is a 
circle including family, friends, and relationships. Another circle encompassing that one and repre-
senting a larger circle is one for community including, neighborhood, work, and school environments. 
The next level of influence on the individual, represented in an even larger circle is state rules, national 
laws, and public policy. Accepted norms in all of these different spheres impact the individual in the 
middle of it all [11].

Each person is influenced by his or her environment, and each person also influences his or her 
environment. Nicholas Christakis and James Fowler expand on this concept in their book, Connect: 
The Amazing Power of Social Networks and How They Shape Our Lives [12]. They describe how one 
individual’s weight loss affects more than just that person’s immediate circle. Healthier lifestyle habits 
can spread throughout social networks. A concerted effort to take into consideration more than just the 
individual working on adopting healthy habits is critical to create an environment where the opportu-
nity to eat a healthy lunch at work is the norm, not the exception. This helps satisfy the opportunity 
piece in BJ Fogg’s behavior change methodology [13]. The capacity or ability to eat that healthy lunch 
requires knowing the ingredients of a health lunch, shopping for the ingredients, planning, perhaps 
preparing the meal the night before and packing it, obtaining an appropriate container for travel, and 
being able to store it in the office. Finding the motivation to accumulate the knowledge and skills 
required to make a healthy lunch and also to ensure that there is an opportunity to consume that lunch 
at the workplace is another pivotal feature of a successful behavior change process and plan. Patient 
motivation is often forgotten in the routine clinic visit, which is generally full of sharing knowledge and 
advising, sometimes without even checking that the patient is hearing the information or accepting it.

Crafting a powerful message and identifying skills, techniques, and tools that enable the messen-
gers to effectively communicate the message about healthy eating patterns are equally important. 
With nutrition, the message is often murky due to competing voices and statements on diets, food 
groups, and individual substances like sugar and salt. The messenger can influence the message in 
many ways. The way a provider communicates can either build roadblocks or build bridges. Thus, the 
provider needs to not only acquire nutrition knowledge but also acquire interviewing skills, assess-
ment strategies, motivational tools, and a collaborative attitude.

When treated as a journey, the behavior change process becomes less scary and risky to patients. 
The destination, where the patient wants to go, is usually clear. How to get there is usually unclear. 
The process of getting from where they are to where they want to be needs to be accompanied by a 
plan for sustainability that includes setting up social support and a healthful environment. A best-case 
scenario is that the patient arrives at his or her desired destination and then decides to continue on the 
behavior change journey. Perhaps, feeling confident about adopting nutrition practices that allow for 
weight management, blood pressure control, glucose control, and satiety throughout the day, the 
patient will be empowered to tackle other healthy factors from the Nurses’ study like increasing 
physical activity. The nutrition behavior change journey can be joyful. Focusing more on the process, 
the actions, and behaviors that lead to the destination is vital for patients to be able to experience the 
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joy of the journey. The reward of reaching the destination of adopting a healthy eating pattern is ful-
filling for the patient. The why of starting the journey or the why of moving from here to there needs 
to be elicited from the patient. As Friedrich Nietzsche said, “He who has a why to live can bear almost 
any how.” Feeling inspired to take the first steps on the journey and feeling motivated to continue the 
behavior change process all the way into maintenance takes internal drive, social support, and often 
environmental restructuring. The journey is not always an enjoyable one, and there are hardships, as 
well as mistakes along the way. However, with the COACH approach, the missteps are not viewed as 
tracks to be covered up but footprints on the journey that are to be examined for learning purposes. 
This approach makes the journey more pleasant and less scary.

By examining the nutrition messages, exploring the methodology the messengers use to convey the 
messages, recognizing the power of the patient’s motivation, determining how to make a plan for 
behavior change with SMART goals, and finding ways to empower patients to maintain their newly 
adopted healthy eating patterns, this chapter will provide a framework for behavior change counseling 
in nutrition.

 The Message

The messages about nutrition have changed over the years as scientific evidence has led to a more 
comprehensive understanding of how nutrients are handled by the human body, how food groups are 
combined in healthy proportions, and ultimately how eating patterns are the most important aspects 
of the diet. The US Dietary Guidelines for 2015 focus heavily on this aspect of the diet: healthy eating 
patterns [14]. The research on the Mediterranean Diet helped to bring this concept of eating patterns 
to the forefront of nutrition science [15–19]. Dan Buettner’s work on the Blue Zones [20] highlighted 
the importance of eating patterns and lifestyles that were correlated with living to 100 years old. The 
eating patterns of centenarians parallel those of the Mediterranean Diet. This textbook provides the 
reader with the latest in nutrition science, and this source will enable the reader to counsel and provide 
messages that are scientifically sound. A sound message is one of the main goals for nutrition counsel-
ing. In fact, without a solid, evidence-based message, the process of behavior change counseling in 
nutrition cannot go forward.

The message needs to be clear and scientifically proven, but it also needs to speak to the inner 
emotional life of the patient and touch them personally in their hearts and minds. Two psychologists, 
Chip and Dan Heath, describe the process of change in detail in their book Switch: How to Change 
Things When Change is Hard [21]. After years of research and clinical practice, the Heath brothers 
have distilled their findings into three main components: (1) crafting a moving message that speaks to 
the emotional part of the patient, (2) making a cogent and scientifically sound argument that speaks to 
the rational side of the patient, (3) working to “shape the path” so that the person has the opportunity 
and ability to perform the new healthy habit.

This third piece, “shaping the path,” is often missed in the clinical visit. “Shaping the path” trans-
lates to making sure the environment, the person’s social connections, and their day-to-day influences 
are sending messages that support healthy habits. If they are not, the path needs to be reshaped so that 
they are. In some cases, this might involve conversations with the patient to determine if there are bike 
paths near work, if there is a farmer’s market in their neighborhood, if there is a refrigerator at work, 
or if they need to purchase a thermal bag to store their lunch in the morning while at work. Are there 
other people or friends that are also adopting healthy eating patterns? Messages from the environ-
ment, community, family, friends, and workplace can be powerful. The messages sent from the health 
care provider to the patient are often targeted to the patient directly, but they also need to take into 
account a patient’s different spheres of influence, social support, surroundings, and environment, as is 
emphasized in the social ecological model of change.
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Nutrition counseling has special challenges due to the changing landscape of nutrition science and 
its interpretation. This is largely influenced by the latest dietary recommendations from the media, 
nutrition specialists, and those who are not specialists but have strong opinions and a platform to share 
those opinions. This leads to mixed messages such as “Butter is back,” but “Cholesterol is bad.” 
“Bread is bad,” but “Eating fiber is healthy.” These messages are plastered over the front pages of 
popular magazines and are often reported in the news. Even experts disagree on specifics of a healthy 
diet such as how much fat should be part of a meal, whether dietary cholesterol is an important factor 
for health, and whether red meat causes medical problems. With each provocative new nutrition mes-
sage, the wisdom of solid statements backed by scientific facts is pushed to the background.

The experts do agree on the big picture of nutrition. Michael Pollan’s common sense advice of “Eat 
whole foods, mostly plants, not too much” [22] and the Harvard School of Public Health’s Healthy 
Eating Plate that emphasizes having half the plate full of vegetables and fruit, one quarter of the plate 
as complex carbohydrates and the other quarter as healthy protein [23] are messages that are worth 
spreading. Both of these dietary approaches focus on vegetables, fruits, whole grains, seeds, nuts, and 
healthy proteins. These are the components of the diets of centenarians that Dan Buettner and his 
National Geographic crew discovered when they studied five “Blue Zones” around the world, includ-
ing Loma Linda, CA, Nicoya Peninsula, Costa Rica, Icaria, Greece, Okinawa, Japan, and Santorini, 
Italy [20]. The diets in these areas are full of whole foods, mostly plants. For example, in Sardinia, 
Italy, a lunch might consist of minestrone full of fava beans, chick peas, onions, garlic, tomatoes, 
potatoes, couscous, olive oil, and fresh herbs and spices [20]. These are also the components of the 
Mediterranean diet.

One of the other confusing issues in nutrition is that there are several different popular diets, such 
as the Atkins diet, Paleo diet, low-carb diet, low-fat diet, high-protein diet, South Beach Diet, and a 
gluten-free diet, with seemingly conflicting messages. A systematic review of different popular diets 
revealed that most of these diets actually shared the similar theme of eating whole foods, not too 
much, and mostly plants [24]. There are many medically oriented diets such as the DASH diet [25, 
26], the AHA (American Heart Association) diet [27], the ACS (American Cancer Society) diet [28], 
the ADA (American Diabetic Association) diet [29], the Mayo Clinic diet [30], the Detox diet [31], 
and Dean Ornish’s Spectrum diet [32]. All of these diets have their positive value and healthful effects 
in specific populations. They also all share similar qualities and characteristics [24, 33]. The lesson is 
that each person is individual and a specific diet might work well for one person, but not for another. 
Focusing on the basics of healthy eating patterns and consuming whole, unprocessed foods in proper 
portions, rather than getting lost in the arguments about calories, nutrients, and food groups is the 
critical step to consistent messaging about eating for health and longevity. In fact, something as easy 
as a text message reminder that said “Eat 5 fruits today” was successful at increasing fruit consump-
tion in one study [34]. A simple and concise message is key for finding a clear path forward.

Portion control is a real issue in the United States. Portion distortion has affected the size of plates, 
amount of food served in restaurants, abundance and variety of dishes at buffets, and expectations of 
consumers of restaurants. There is an understood code that more food is better, and restaurants that 
serve more food are better because they give the patrons more for their money. However, is more 
really better? Perhaps, if we are discussing vegetable consumption, more is better. Otherwise, portion 
control is more important than getting the most for your money. Buffets and all-you-can-eat cafeterias 
at school and at work are setups for weight gain. Research demonstrates that if people use smaller 
plates, they consume less food [35]. Reviewing portion sizes for a variety of foods is recommended 
when counseling patients on nutrition and healthy eating patterns.

There are several serving size charts available to use with patients that can help guide patients on 
portion control [36–39]. MedlinePlus provides a reference handout for patients, if they are interested 
[40]. Using a hand as a gauge to estimate portion sizes is convenient because a hand is always avail-
able to the patient. With this technique, the palm represents 3 oz. The fist represents a cup, and half of 
the fist is half a cup. The fingertip represents a teaspoon, and the thumb tip is a tablespoon. These are 
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rough estimations, but they can be used as general guidelines. Another method of internalizing por-
tion sizes is to connect them to common household items. For example, a portion of fish is the size of 
a checkbook. A portion of meat is the size of a deck of cards. A portion of raw vegetables is a cup 
which is the size of a fist. A portion of cooked vegetables is ½ a cup or ½ a fist. An apple is a serving 
of fruit, about the size of a baseball. For complex carbohydrates like cooked whole wheat pasta or 
cooked cereal like oatmeal, one serving is ½ cup or ½ of a fist. For beans, ½ cup of cooked beans is a 
serving and ¼ cup of uncooked beans is a serving. The serving size for nuts varies depending on the 
nut, but in general an ounce is considered the equivalent of one serving for nuts. For almonds, one 
ounce is about 23 almonds, a handful, or ¼ cup. Providing messages about the serving sizes of foods 
is helpful for patients. Connecting the serving size to a specific part of the hand or another familiar 
object can help patients to be mindful of the quantity of food they consume no matter where they are. 
Knowing serving sizes helps patients to appropriately gauge portions and to appreciate how oversized 
most American restaurant portions are.

Consuming water as a beverage of choice for most meals is also part of the message in a healthy 
eating pattern. The body is 60 % water [41]. The Institute of Medicine guidelines suggest a fluid intake 
of 3.7 L for men and 2.7 L for women per day [42]. However, the widespread notion of drinking eight 
8 oz. glasses of water is largely unsubstantiated [43]. Drinking normally with meals and when thirsty 
is largely sufficient for most Americans. Much of the water we consume comes from the foods that 
we eat, which is a fact many people forget, or have not been taught. Water from food must also be 
factored into the daily consumption equation. Some people eat to fill a need, which may actually arise 
from being thirsty as opposed to being hungry. So, an important message is to stay hydrated.

Messages about what foods to eat and how much to eat are the first ones to convey when counsel-
ing on nutrition. A clear consistent message that leads to optimal health and wellness is “wholesome 
foods in sensible combinations” [33].

 The Messenger

 Relaying the Message: The 5 A’s

The 5 A’s represent a methodology of counseling on behavior change, especially weight management, 
that has been in use for decades [44–46]. It has been updated and altered over the years. The 5 A’s 
include assessing, advising, agreeing, assisting, and arranging.

To assess, the health care provider starts by asking questions, determining BMI, measuring blood 
pressure, checking lab values, especially fasting glucose levels, and then examining the patient for 
signs and symptoms of disease. Specifically for nutrition counseling, asking about dietary intake 
(breakfast, lunch, dinner, and snacks) is important. Asking patients how many vegetables they con-
sume in a day is a useful question to gauge the quality of their diets. Also, asking how many times 
patients eat out versus prepare food at home is another helpful question, as most restaurants serve 
extra-large portions and use extra salt in their meals. In an open and nonjudgmental way, asking about 
nighttime eating and stress eating can be enlightening. The assessing part of the interview is the open-
ing section and sets the stage for the rest of the session.

After assessing the patient, the provider has an idea as to what the patient needs and can then advise 
the patient with specific recommendations that are directed to that particular patient’s situation. For 
example, if the patient is obese and has an elevated fasting glucose, the recommendations will be 
focused on prediabetes and weight loss. If it appears that the patient may be experiencing a significant 
amount of stress and using food as a way to cope, then further discussions and recommendations for 
stress management are an important part of the counseling session.
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After advising, the next step is agreeing. This is the step that is often forgotten or purposely passed 
over to save time. Ignoring this step usually results in a failure of translating the advice into action. In 
the agree phase of counseling, the provider gets the patient’s perspective and allows the patient to 
choose to agree to the proposed plan or to discuss altering it. This is the step that was added most 
recently to the 5 A’s of counseling on behavior change. Without this step, behavior change counseling 
is mostly advising. After assessing and asking questions to gather information, it can become a one- 
way street where the provider does all the talking and the patient just listens. With the added agree 
step, the one-way street is widened into a two-way street for information exchange, and the patient has 
a voice. This transforms the counseling from just telling a patient what to do and expressing the ideas 
of the provider, to communicating with the patient and listening to the ideas, concerns, and feelings 
of the patient. With the agree step, the provider gives the patient the autonomy he or she needs for 
volitional motivation, as described in the self-determination theory [8].

Next, the provider works to assist the patient in achieving his or her goals by either helping to 
identify books, cookbooks, healthy recipes better options at a local grocery store, or resources, such 
as the healthy plate, to give to the patient. This step might also involve recommending an appointment 
with a nutritionist. It could also include finding local opportunities to take cooking classes. The pro-
vider and the other team members in the office can help assist the patient to connect with local orga-
nizations, events, or other opportunities to learn about or try healthy eating strategies and to follow 
through with the agreed upon plan.

Finally, the consultation closes with the last A, arranging. The provider arranges follow-up with the 
patient, orders any additional lab tests, and sets up the appointment with a nutritionist or another pro-
vider that is part of the team. Scheduling the next appointment creates a timeline for when the patient 
and provider will meet again to discuss any progress made on the patient’s goals. The follow-up might 
also be scheduled with another member of the team such as a medical assistant, nurse, or a nurse 
practitioner. The patient needs to understand that there is a coordination of care with the patient and 
that other members of the team will be communicating any progress to the physician. This is an 
example of how the 5 A’s work in a nutrition counseling session [46–48].

That middle step, the agree step of the 5 A’s is the critical step. The magic to lasting change in 
dietary patterns is the collaborative attitude and COACH approach to counseling. This relies on the 
patient not only agreeing to but also helping to co-create the proposed plan. The COACH approach, 
with an emphasis on connection and two-way communication, allows for the provider and patient to 
be equals and teammates in the food “games” that people play in order to change these “games” into 
healthy habits and a joyful journey. The game is often to try the latest diet for 30 days and then go off 
the diet due to frustration and disappointment. This leads to the vicious cycle of gaining weight, losing 
weight, and gaining weight again. Weight cycling or “yo-yo” dieting [49] has been proven to be haz-
ardous to both health and happiness [50, 51]. To change the game and to become part of a healthy 
journey, the health care provider can look to the patient as an expert in his or her own life. No one 
knows the patient’s life experiences, motivators, obstacles, stresses, successes, strengths, weaknesses, 
fears, failures, and mindsets better than the patients themselves. The provider is the expert in nutrition, 
dietary guidelines, health, and disease. Thus, the provider and patient create a team of two that have 
the knowledge and skills to tackle unhealthy habits and embrace new healthful habits.

COACH approach EXPERT approach

C = Curiosity E = Examine

O = Openness X = X-ray

A = Appreciation P = Plan

C = Compassion E = Explain

H = Honesty R = Repeat and review

T = Tell and sell
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With the COACH approach, the focus is on the patient and the patient’s agenda. The opposite of 
this approach is the EXPERT approach. In the expert approach, the health care provider adheres 
tightly to his or her own agenda. The provider performs the intervention(s) he or she feels is best 
suited for the patient and bestows the knowledge that he or she feels is necessary for the patient. The 
provider needs to examine the patient, obtain labs, understand circumstances, occasionally order 
X-rays or other tests to narrow down the differential diagnosis and be able to craft a plan for treatment. 
After this planning, the provider explains the situation to the patient and often needs to repeat and 
review the treatment plan for clarity. Usually, providers feel compelled to use the “tell and sell” 
approach to convince the patient of the plan. This approach only uses the assess and advise steps of 
the 5 A’s. In an acute care setting, such as in the Emergency Room when a patient arrives with chest 
pain, or in the Intensive Care Unit when a patient is seriously ill, this expert approach can save a 
patient’s life. Chronic conditions are different. In the area of behavior change related to chronic condi-
tions, the process is a long-lasting one, not an acute problem. There is not a single medication or 
intervention that can solve the problems created by a poor diet or a sedentary lifestyle. The lifestyle 
medicine prescription is complex. Nutrition counseling is more than prescribing a pill. Thus, a differ-
ent approach is warranted.

In the COACH approach, the provider uses the power of connection as an intervention in itself. By 
connecting with the patient, the provider opens up the opportunity for developing a trusting relation-
ship in which the patient will feel comfortable sharing his or her true feelings, actual behaviors 
(healthy and unhealthy), thought patterns, mindsets, fears, failures, expectations, and hopes. This 
trusting, healing relationship will help drive the process of change forward. To embark on the journey 
of behavior change with a patient is to develop a mutually respectful relationship, a therapeutic rela-
tionship in which each person brings wisdom and insight into the discovery and development of 
healthy behaviors that pave the path to optimal health and wellness.

The evidence base behind this approach is rooted in the medical and psychological literature. 
Coaching has demonstrated improved efficacy and outcomes in managing a variety of chronic con-
ditions including asthma, cancer pain, cardiovascular disease, diabetes, osteoporosis, obesity, 
chronic pain, and physical inactivity [52–64]. Specifically, randomized controlled trials using a 
coach approach have been conducted in patients with asthma looking at rehospitalization rates, 
chronic obstructive pulmonary disease (COPD) and rehospitalizations, cancer pain, cardiovascular 
disease, diabetes, and Emotional Intelligence. Pediatric patients with asthma who received the 
coaching intervention, along with their parents, had decreased rehospitalization rates compared to 
controls [52]. Patients with COPD who underwent a comprehensive coaching intervention experi-
enced a marked absolute risk reduction in rehospitalization that was statistically significant [53]. 
Cancer pain was reduced in 2 weeks through one time coaching intervention [54]. Coaching was 
shown to have significant effects on lowering cholesterol levels of patients with hyperlipidemia by 
21 mg/dL, compared to a 7 mg/dL reduction in controls over a 6-week period [56]. In patients with 
diabetes, hemoglobin A1c levels decreased, dietary self-management improved, and higher satis-
faction with their care were found in patients receiving coaching as compared to controls [57–59]. 
A study in Japan examined mothers of young children, only including mothers with median 
Emotional Intelligence scores or lower in the research protocol. They were randomized into a 
coaching intervention or no intervention. After the 3-month coaching intervention, saliva cortisol 
levels were lower and Emotional Intelligence scores of the mothers were higher compared to those 
of mothers in the control group [65]. Health and wellness coaching have been studied in a number 
of diseases and conditions.

These randomized controlled trials are seedling studies with a small number of patients and short 
follow-up periods. More work needs to be done to conduct high-quality coaching studies [66], but 
there is evidence that this approach is better than usual care. Review articles have confirmed the value 
of health and wellness coaching and demonstrate that health coaching results in significantly better 
weight management, increased physical activity, and improved physical and mental health status in 
patients with chronic disease [67]. Although there is no formal definition of coaching, the common 
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themes throughout the literature suggest a collaboration, self-discovery, goal setting, and account-
ability as key features of a health and wellness coaching [68].

 Curiosity

Curiosity is defined as “the desire to learn or know more about something or someone” [69]. Starting 
each visit with genuine curiosity about the patient with what Dr. Jon Kabat-Zinn, the physician who 
developed mindfulness-based stress reduction, calls “a beginner’s mind” allows full focus on the cur-
rent issues plaguing the patient [70]. It often takes a moment of silence or deep breathing to gather 
one’s self prior to beginning a new visit or consultation. This preparation to be mindful, fully present, 
and genuinely curious at the start of each clinic visit is a gift to both the patient and the provider. 
Asking questions about the patient’s motivators, obstacles, strategies, and strengths will invite the 
patient to think deeply about his or her current situation and will likely help guide the clinic visit. As 
an old proverb credited to Publilius Syrus states: “A rolling stone gathers no moss.” In this case, the 
moss can be viewed as disease growing on the stone similar to disease growing in a patient. The idea 
is to keep moving to keep disease-free. Thus, this mnemonic of M.O.S.S. can help providers remem-
ber to ask questions about (M)-motivators, (O)-obstacles, (S)-strategies, and (S)-strengths. Questions 
in these four areas can spark a patient to get moving on healthy habits.

In a piece in the Annals of Internal Medicine “On Being a Doctor” over a decade ago, Dr. Faith 
Fitzgerald, who was awarded the title “Master Physician” by the American College of Physicians in 
1991, summarized the importance of curiosity [71]. This excerpt from the article provides great 
insight into the power of curiosity.

“I believe that it is curiosity that converts strangers (the objects of analysis) into people we can 
empathize with. To participate in the feelings and ideas of one’s patients—to empathize—one must be 
curious enough to know the patients: their characters, cultures, spiritual and physical responses, 
hopes, past, and social surrounds. Truly curious people go beyond science into art, history, literature, 
and language as part of the practice of medicine. Both the science and the art of medicine are advanced 
by curiosity” [71].

Being in the moment and genuinely curious about the patient’s experience, story, and struggles, 
strengthens the bond between provider and patient because the patient appreciates the fact that they 
are the center of attention for that visit, for that moment in time. Curiosity may also improve the pro-
vider’s mental health and happiness [72, 73]. In the book Curious?: Discover the Missing Ingredient 
to a Fulfilling Life by psychologist Todd Kashdan, there is support for curiosity’s role in improving 
health, intelligence, social relationships, happiness, and meaning in life [74, 75]. Furthermore, being 
a better listener creates opportunities to discover something interesting and thought provoking, which 
will lead to the next inquiry [73]. Questions such as “And then what happened?” or “Why did you 
think that?” may lead to other revelations and provide a deeper level of understanding [73]. Some 
have even argued that when we are not curious, we do not listen [76]. Fostering our “curiosity skills” 
requires effort and practice. Being present, choosing how to listen, and asking curious open-ended 
questions are the salient components that enable active listening and prepare providers to learn about 
others. This is what ultimately leads to understanding others [76].

Practical Tip A method to open yourself up to curiosity at every visit.
Placing a hand on the door frame before entering the room of the next patient is a simple way of 

grounding one’s self prior to beginning a new consultation. This centering process helps providers 
dismiss their own worries, doubts, daily concerns, and focus fully on entering into a partnership with 
that patient. Other possible grounding techniques include taking five deep breaths prior to entering the 
room or stopping right before the door, closing your eyes, and taking a moment to feel the floor 
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beneath your feet. With a beginner’s mind, the provider can open the door to the examining room and 
let curiosity lead the way.

 Openness

Openness means acceptance, tolerance, open-heartedness, and being nonjudgmental. It implies a col-
laborative and cooperative approach [77]. In a study examining what makes a physician an exemplary 
communicator with patients, it was demonstrated that empathy, self-reflection, and nonjudgment were 
notable capacities that led to exemplary communication [78]. Thus, it is no surprise that a study exam-
ining what influenced patients’ ratings of physicians found that patients reported being more satisfied 
with providers who are rated as relatively high on openness compared to other physicians [79]. When 
managing difficult clinical encounters, it is advised that providers use empathy and a nonjudgmental 
attitude to better manage challenging situations [80].

As specified in a medical journal article over 15 years ago, “The clinician should be careful not to 
be judgmental or scolding because this may rapidly close down communication” [81]. Openness to 
whatever presents itself in the visit requires the provider to embrace a nonjudgmental attitude, or what 
has been described as “unconditional positive regard” toward the patient [82]. Nonjudgmental accep-
tance has been shown to be a significant predictor of alcohol use coping motives [83], and changing 
drinking patterns is one of the most difficult habits to break. A nonjudgmental stance resists the 
“good” or “bad” titles; everything simply is as it is [84]. An overweight patient, who has now moved 
into the obese category, needs a provider who can speak to him or her in a nonjudgmental tone, with 
a curious mind. And, if a patient does not reach his or her goals, or if he or she abandons the plan, the 
provider needs to approach the problems with both curiosity and openness. Being open invites effec-
tive brainstorming around obstacles without the fear of harsh judgment for an idea that is untraditional 
or unexpected. It fosters an environment consistent with a growth mindset where mistakes are oppor-
tunities to learn and grow [85]. It also opens up possibilities for the future that instill hope and energy 
into the clinical encounter. When clinicians hold an open stance, patients are more likely to divulge 
the truth no matter how surprising or awful it might be. Openness builds trust.

Practical Tip and Patient Example The Patient behaves in a manner contradictory to his goals.
The patient decides that he will no longer frequent fast food restaurants and then finds himself eat-

ing dinner at a fast food restaurant for four nights in a row. Instead of the provider starting the dialogue 
about this situation by telling the patient how he must feel or how the provider feels about the situa-
tion, which would be judgmental, the provider can probe and be open to explore what the patient is 
thinking. Rather than use phrases like “That is pretty disappointing” or “That shows a lack of will-
power and a distinct lack of planning,” the provider could start by saying, “Tell me about how you 
were feeling when you approached the drive thru.” Then, “How did you feel after you ate the food?” 
“How would you have felt if you were able to go home and eat a healthy meal?” Eliciting this type of 
information from the patient invites the patient to investigate thoughts and feelings as well as triggers 
and rewards in a nonjudgmental environment.

 Appreciation

Appreciation is defined as the ability to understand the worth, quality, or importance of something 
[86]. This is the third component of the COACH approach. It is an important way of building a 
patient’s self-efficacy. Self-efficacy is defined as a person’s belief that they can do a particular task, 
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such as dance or ride a bicycle [87]. The goal is to appreciate the positive events, behaviors, and atti-
tudes as well as the strengths that the provider witnesses and perceives in that patient. “What we 
appreciate, appreciates.” In this way, the patient starts to view his own gifts and talents as assets to be 
utilized in the behavior change process. Appreciation of character strengths has been demonstrated to 
increase self-efficacy and self-esteem in challenging populations such as adolescents with psychiatric 
illness [88].

When people have suffered setbacks in life, work, or health, they rely on resiliency to get back on 
track. Many people who receive counseling on healthy eating have either heart disease, cancer, stroke, 
overweight/obesity, or diabetes. Being able to identify talents, personal gifts, and character strengths 
unique to that individual helps them build resiliency and grow stronger from the adversity or health 
setback so that they can thrive after the event. Some diabetes educators are using a resiliency model 
of training in addition to their standard education in order to help patients improve their diabetes- 
related stress, their self-management, eat healthier and exercise more [89, 90]. With the challenging 
adolescent population, a focus on “promotive factors,” such as assets like self-esteem and self- efficacy, 
helps troubled youth to find the strength and the ability to change their lives for the better [91].

Martin Seligman, considered the “father” of Positive Psychology, developed an online question-
naire that is free, requires little time (10–15 min), and is easily available that can help patients identify 
their own strengths called the Values in Action Inventory of Strengths (VIA-IS) [92]. Research on this 
questionnaire has shown that it can be used in the workplace to enhance positive work outcomes [93]. 
Using a strengths-based approach has been reported in the medical literature in the area of teaching 
nursing students. It emphasizes the use of affirming and enhancing the capabilities, interests, goals, 
and knowledge of the nursing students to help empower them [94]. With the COACH approach, 
patients are viewed as students and researchers of their own health, and empowering them to embrace 
self-management skills is the ultimate goal of the counseling session. Thus, appreciating the strengths 
of the patient, focusing on what is going well, and identifying the positive in the patient’s story is of 
paramount importance.

Many times the patient is surprised that the provider is focusing on the positive event and not hon-
ing in on the negative or the problems. This surprise works to the benefit of the provider and the 
patient. Reflecting upon and reliving the experience of eating the salad that one ate for lunch, will 
allow for visualization of the experience. This can reinforce the behavior in the brain. Using visualiza-
tion of the healthy behavior in reviewing a week’s events, or when planning the week ahead, can be 
an effective strategy for priming the brain to perform that healthy behavior again, or for the first time. 
There is evidence that inviting patients to visualize themselves going to the grocery story, selecting 
the fruits, putting them in their carts, and then eating the fruits, will lead to increased fruit consump-
tions [95].

Practical Tip and Patient Example A patient meets some but not all of her healthy eating goals.
A patient reports that she ate salads for lunch one out of the 3 days that she had committed to eating 

salads, and then harps on the 2 days that did not work out as planned. The provider can ask an open- 
ended question or make a request that draws out the positive such as “Tell me about the day when you 
did eat the salad. What happened that day? How did you feel? How did you prepare? What did you 
feel after you ate the salad? Tell me about how you think choosing and eating the salad affected the 
rest of the day. What can you do to increase the odds that you will eat a salad for lunch in the future? 
What happened on the days that you did not eat a salad for lunch? What did you learn from that 
situation?”

Practical Tip and Patient Example A patient is gaining weight after losing weight.
The patient who had lost 20 lb, has now gained weight and has fallen off his healthy eating plan. 

He feels lousy. Appreciating the positive would involve mentioning the patient’s strengths that allowed 
him to lose weight in the first place. This points out that he has been able to follow a plan that works 
for him in the past. The provider could discuss how his strengths could be used now to get him back 
on track. He might be a creative artist, which means that he could use his creativity to problem solve 
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around barriers to healthy eating. Another possibility is that he is a workaholic businessman dedicated 
to his clients. He could consider transferring some of that dedication and perseverance to his own self- 
care. It will likely take connecting his self-care to his productivity at work and his ability to help cli-
ents for many years to come, for him to take care of his own health. Asking him what he thinks of the 
quote by Ralph Waldo Emerson, “The first wealth is health,” could provide some stimulating conver-
sation around self-care. With a curious, open, and appreciative mind, the provider can discover infor-
mation about the patient that can be used to help inspire the patient on his behavior change journey.

 Compassion

The second C in the COACH approach model stands for compassion. Compassion is defined as the 
ability to understand a person’s suffering and to feel compelled to alleviate it [96]. It is one of the 
cornerstone pieces of the first principle in the American Medical Association’s list of Principles of 
Medical Ethics: “A physician shall be dedicated to providing competent medical care, with compas-
sion and respect for human dignity and rights” [97]. Compassion is a cardinal feature of the COACH 
approach, and is in itself considered an intervention. Similar to self-care, self-compassion is also 
important for health care providers and it relates to patient care. Research suggests that trainees who 
are more skilled at mindfulness and self-compassion demonstrate positive associations in providing 
calm, compassionate care [98].

Empathy can be considered a precursor to compassion. Empathy is the feeling that ignites people 
to compassionate actions. Empathy is the ability to walk in someone’s shoes, really understand their 
situation, and feel their feelings. There is research on empathy that demonstrates the correlation 
between provider empathy levels and patient levels of hemoglobin A1c and LDL cholesterol [99]. 
Providers with higher levels of empathy, as scored on the Jefferson Scale of Empathy, had patient 
panels with lower hemoglobin A1c and LDL cholesterol levels compared to providers with lower 
empathy levels [99]. Empathy is a factor for patient satisfaction as well. A study in hand surgeons 
found that patient satisfaction was primarily linked to surgeon empathy, not visit duration or previsit 
expectation of visit length [100]. Importantly, empathy can be fostered. A study of medical students 
yielded improved empathy in standardized patient interactions after providing empathy-specific feed-
back in a virtual interaction [101].

The ability to “walk in someone else’s shoes” is important when a provider is counseling patients on 
behavior change, especially diet. A compassionate approach is fostered by the first three elements of 
the coach approach (curiosity, openness, and appreciation). With a mindful style of interviewing, the 
provider is ripe for fully understanding the patient’s situation, thoughts, feelings, needs, and desires.

Feeling empathy and expressing empathy are two different things. It is possible to feel empathy, 
but not express it. This is like giving a gift to someone but not allowing them to unwrap it. It is there, 
but it has little impact. For the full impact of the gift to be realized, the gift needs to be unwrapped. 
For the empathy to be felt by the patient, the provider needs to express it. How does one express 
empathy?

Expression is 8 % verbal, 15 % tone of voice, and 77 % body language [102]. Thus, being mindful 
of one’s demeanor, facial expressions, posture, hand movements, volume and velocity of speech are 
all important during the clinical encounter. In order to express empathy, the provider needs to look the 
patient in the eye. In fact, the way an office space is set up can affect how a provider expresses empa-
thy and delivers compassionate care.

Practical Tip Setting your office space for optimal expression of empathy.
Eye contact can be encouraged by ensuring that the provider and the patient are at the same level, 

sitting and facing one another. Having a computer between the provider and patient can be distracting 
and can serve as a physical barrier to creating a high-quality connection during the visit. It can be 
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helpful to allow for some silence and thoughtful reflection after profound statements are expressed by 
the patient. This allows the patient time to reflect on his or her thoughts and also gives the provider an 
opportunity to ponder the implications of the patient’s words. Responding in a soft tone of voice when 
addressing serious material is one way to demonstrate empathy. Speaking more slowly during these 
conversations also reveals to the patient that you grasp the severity of the situation. In this way, the 
provider follows the lead of the patient. Leaning into the conversation by physically leaning forward 
is also a sign to the speaker that the listener is interested and invested in the conversation. Maintaining 
eye contact shows that the provider is focused on the patient. Checking one’s phone, using the com-
puter, flipping through papers, examining lab results, sitting with arms crossed leaning away from the 
patient, or staring off into the corner of the room gives the impression that the listener is distracted and 
disinterested. Suggesting a disengaged attitude to the patient can significantly hinder the expression 
of empathy and the delivery of compassionate care.

 Honesty

Honesty is defined as the quality of being fair and truthful, and being honest is marked by free, forth-
right, and sincere expression [103, 104]. For a connection to develop and to grow, it must be built on 
trust. Honesty is one of the most important building blocks of trust. For the provider, this means that 
all information shared with a patient is accurate and reliable. If a patient has a BMI in the obese cat-
egory, but the provider feels uncomfortable talking about weight for fear that he or she might offend 
the patient, then that provider cannot be honest with the patient. Some providers put the BMI on the 
lab results that are sent to the patient and add a sentence stating that the patient is obese by BMI and 
needs to lose weight. If this happens, the patient will wonder why the provider did not bring up the 
BMI during the consultation when the patient could ask questions and discuss these issues. Being 
upfront and honest during the consultation will increase the patient’s trust and belief in the provider. 
A provider must learn to be comfortable with the truth, even if the truth is uncomfortable. As an 
example, the most important themes expressed by patients with interstitial lung disease regarding 
disease education, was the importance of knowing what the future might bring and the need for hon-
esty from clinicians [105]. If the provider is at ease discussing difficult topics, then these topics 
become less challenging and scary to the patient.

Being honest also means being apologetic to patients when a medical error occurs. Honesty and 
apologies go a long way, and actually lead to less litigation against physicians [106–109]. Patients 
who are treated with respect and honesty are more likely to treat themselves the same way.

Practical Tip and Patient Example Confronting a patient that might be binge eating.
Part of honesty is sharing your discomfort and your fears with the patient. This means that if you 

are genuinely worried and scared about a patient’s binge eating patterns, it is helpful to express these 
thoughts and concerns, in a compassionate, open-minded manner. A simple statement such as “It 
sounds to me like you might be consuming many more calories than you are planning to consume in 
a sitting, and then you are feeling out of control when you are eating this way. Am I understanding 
this correctly?” By adding the last question, the provider allows the patient the opportunity to explore 
the topic further, correct the statement, and clarify his or her own feelings about the subject being 
discussed. Avoiding any potential conflict or discomfort does not foster an environment of honesty 
and compassion. In fact, doing this can inhibit a patient from addressing the real issues during the 
consultation. If it sounds like depression is driving the initial overeating, and the patient seems to be 
expressing sadness without stating it directly, then asking about feeling sad could be helpful. By 
naming the emotion that seems to be surfacing during an interview, like sadness or fear, a provider 
is being honest and normalizing the negative feelings which is also useful. If negative emotions sur-
face, it is better to acknowledge them. Reflect what you hear. “You sound sad” or “You sound really 
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emotional.” This builds trust. It allows the patient to experience the emotion and share it with another 
person. With honest expression from the patient and provider, the patient will be able to get the help 
he or she needs, whether it is from a lifestyle medicine practitioner, psychiatrist, or nutrition special-
ist. In order to truly help a patient, a positive therapeutic relationship [110] and solid connection need 
to be created that allows both patient and provider to be honest with one another, even when it is 
uncomfortable.

 Motivation

Motivational Interviewing (MI) is a powerful skill set for counseling patients in nutrition and other 
areas of behavior change. Motivational Interviewing was developed by William Miller, PhD and 
Stephen Rollnick, PhD and was built on their many years of working with patients with substance use 
disorders, which are behaviors known to be resistant to change [7]. Through their research, they devel-
oped counseling techniques to deal with ambivalence to change and resistance to change. MI has been 
studied in several randomized controlled trials. In a meta-analysis, Motivational Interviewing has 
demonstrated positive intervention effects on total cholesterol, systolic blood pressure, and weight 
loss [111–113].

In their book, Motivational Interviewing: Helping People Change, Miller and Rollnick define moti-
vational interviewing as a “collaborative conversation style for strengthening a person’s own motiva-
tion and commitment to change” [114]. They expand on this definition and write that MI is a 
“collaborative, goal-oriented style of communication with particular attention to the language of 
change. It is designed to strengthen personal motivation for and commitment to a specific goal by 
eliciting and exploring the person’s own reasons for change within an atmosphere of acceptance and 
compassion” [114].

The spirit of MI matches closely with the COACH approach. The spirit of MI involves four main 
components: collaboration, acceptance, evocation, and compassion. There is a continuum of com-
munication styles with MI, ranging from directing to guiding to following. Primarily with MI, the 
provider is guiding the patient along through directed questions and carefully selected reflections.

Four of the main skills in MI are reflected in the mnemonic “OARS.” The ‘O’ stands for open- 
ended questions, the ‘A’ for affirmations, the ‘R’ for reflections, and the ‘S’ for summaries.

These skills work synergistically with the COACH approach. Open-ended questions enhance the 
health care providers ability to be curious and open. Open-ended questions by definition cannot be 
answered with a one-word response such as yes or no. They invite the patient to discuss and expand 
on a point of interest. These questions are meant to make the patient think deeply about his or her 
current situation.

Affirmations are represented by the “A” in the Motivational Interviewing OARS framework. In the 
COACH approach, positive affirmations fit in the appreciation part of the framework. By using affir-
mations such as “It is wonderful that on Monday you were able to follow through with your plan of 
eating a salad for lunch,” the provider guides the patient to appreciate the positive in the week, and 
thus the patient can experience a positive emotion in that moment of the conversation. This positivity 
opens the door for creativity [115], which is a critical skill to use during the behavior change journey. 
Affirming what is going well builds self-efficacy. These affirmations aid in developing the necessary 
patient–counselor relationship described by Carl Rogers, PhD [116]. Rogers work brought attention 
to the importance of the human potential and actualization, self-esteem, and ensuring that the coun-
selor really understood the patient’s unique perspectives and views of the world [116].

The “R” in the Motivational Interviewing framework stands for reflections. Reflections on what 
went well can also increase self-efficacy and serve an important role in the appreciation aspect of the 
COACH approach. By using reflections, the provider can point out the good things that happened and 
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uncover them to allow for their acknowledgment and celebration. Reflections can be simple but pow-
erful [7]. A reflection of what you heard a patient say is a clear way of demonstrating you were listen-
ing to the patient’s words. By repeating the words back directly, as a simple reflection, or in a 
paraphrased manner, it shows that you are actively listening to what the patient is saying. Simply 
stating, “I understand how you feel,” might not be as effective as repeating back what you heard in an 
open, curious, considerate way, “I heard you say that you are so busy with work and family that you 
feel like you have no time for yourself and your eating patterns reflect this rushing around and lack of 
mindfulness.” With this statement, a provider is letting the patient know that he or she not only heard 
the words of the patient but also he or she understands the meaning behind those words. As a follow-
 up to this, a provider can ask an open-ended question such as “How could we work together today to 
help you feel a greater sense of control over your life and perhaps find a way to include some mindful-
ness exercises into your day? Do you think that might be useful?” When making these statements and 
asking the open-ended follow-up questions, the provider looks directly at the patient, speaks in a 
concerned, kindhearted tone, and leans toward the patient. This delivers the full effect of compassion, 
embracing the MI spirit and following the COACH approach.

Summaries are longer reflections that are usually created toward the end of a clinical encounter, as 
they serve to pull together the main points of the session into a coherent paragraph of a few sentences. 
They can also be used at transition points in the session when closing one topic and moving to another. 
Reflections can be used several times throughout the interview, but summaries are used more judi-
ciously, and only once or twice. The provider needs to be paying careful attention throughout the 
entire session to carefully craft an effective and powerful summary. Practicing summaries is a worth-
while endeavor.

The evocation part of the MI spirit involves evoking change talk from the patient. Instead of the 
expert explaining why the patient should change, the provider practicing MI encourages and guides 
the patient to do his or her own change talk. Asking open-ended questions such as “How would your 
life be different if you ate healthy meals each day?” allows the patient the opportunity to describe the 
benefits of a healthy eating pattern to the provider. When a provider asks patients how confident they 
are in achieving their goals on a scale of 1–10 and patients respond with a number below seven such 
as a five, the provider can ask why they selected a five instead of a three. In this way, the patients 
provide all the reasons that they are confident and can convince themselves of their own reasons to be 
confident. The same is true of an importance scale. If they report a low number of importance for a 
goal, then the practitioner asks why they did not select a lower number, which again allows the patient 
to describe why the goal is actually important.

Using a double-sided reflection can also bring out change talk. If a patient mentions at one point 
that he wants to stop going to fast foods restaurants because they make him sick, but then later he says, 
he cannot stop going because his colleagues always go to fast food for lunch. Then, the practitioner 
has the opportunity to point out this discrepancy and say, “I heard you say that you feel sick whenever 
you go to fast food restaurants, but it sounds like you can’t stop going because your colleagues dine 
at fast food restaurants.” This gives the patient the opportunity to weigh whether feeling sick is more 
painful than perhaps suggesting another restaurant to colleagues or bringing in food from home for 
lunch. These techniques bring out the change talk, and change talk is the way patients convince them-
selves of the need to change.

Along with evoking change talk, MI invites providers to teach and educate. MI utilizes the elicit- 
provide- elicit model. In this model, the provider asks if the patient wants to learn more about simple 
carbohydrates and blood glucose levels or if they are interested in hearing about how to use the gly-
cemic index. Depending on how the patient responds, the provider can provide the information that 
the patient desires. The first step is to elicit a topic of interest to the patient that is related to their health 
and wellness. The second step is to provide the information that they request. Last is the elicit step, 
which then evokes from the patient the new information that they learned. A question that will gener-
ate this information is “What did you take away from my discussion on the glycemic index? I am just 
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trying to make sure I explained it in a way that is understandable.” This is another powerful MI tool: 
elicit-provide-elicit.

These are just a few of the main skills and tools of MI. The process of motivational interviewing is 
one that takes time to learn and many hours of training to become proficient in it. There are courses 
available through the Motivational Interviewing Network of Trainers (MINT) online and in person. 
Knowing some of the basics and practicing them is helpful for behavior change counseling in 
nutrition.

Using the lessons in the self-determination theory helps a provider to uncover the patient’s 
intrinsic motivation. Richard Ryan, PhD and Edward Deci, PhD are the psychologists who have 
created, researched, and written about the self-determination theory (SDT) [8]. In this meta-theory, 
Dr. Ryan and Dr. Deci describe the ingredients for motivation: autonomy, relatedness, and compe-
tence. According to Dr. Ryan and Dr. Deci, in order to achieve the most volitional and high-quality 
motivation that will lead to increased creativity, performance, and perseverance, patients must 
experience a sense of autonomy, relatedness, and competence [8]. Recent research demonstrated 
that using the SDT framework can be beneficial when counseling patients on healthy eating patterns 
[117]. This research proposes that fulfillment of the need for autonomy, competence, and related-
ness, or the obstruction of that need, might help explain the etiology of body image concerns and 
disordered eating as well as to understand how to regulate eating behavior going forward. Working 
with the SDT principles and fostering an environment where the patients make choices, have some 
control, have the opportunity for competence, and can experience social support may play a signifi-
cant role in creating the motivational processes behind eating regulation and be a target for behavior 
change interventions [117]. MI and SDT are closely related. It has been suggested that SDT may 
serve as the theoretical backing supporting MI and that MI may provide SDT with specific direction 
and clinical techniques to use in practice [118]. One additional dimension to consider is the qualita-
tive aspect of motivation (e.g., perceived level of autonomy), as autonomous regulation has been 
shown to be one of the key predictors of successful weight control outcomes in overweight/obese 
patients [119].

The COACH approach fosters an environment that supports all three of the ingredients necessary 
for motivation. For example, the collaborative style of the process allows for patients to decide what 
goals they will pursue, what solutions they will choose to get around barriers, and how they will be 
held accountable to those goals. The relatedness piece is built into the relationship with the provider, 
but can also include family, close friends, and other supporters. As for competence, this involves set-
ting SMART goals that are challenging enough, yet achievable, which will be discussed in detail later 
in the chapter. Keeping this theory in mind while counseling patients on healthy eating patterns will 
allow patients to experience powerful motivation for change.

Intrinsic motivation to change a behavior is the most powerful type of motivation. This type of 
motivation is internally driven. For example, eating apples helps a person’s digestion. The fact that 
their bowels are regular when they eat apples is a reinforcing outcome. Thus, they will be more 
motivated to eat apples. When some people eat more green leafy vegetables and less sweets or pro-
cessed foods, they may notice that their skin clears or glows. If this is viewed as a beneficial effect, 
they might continue to eat the healthy foods to which they attribute this effect. Other people might 
notice that they feel full for a longer period of time when they eat a complex carbohydrate versus a 
simple carbohydrate. This reward of feeling full might drive people to consume complex carbohy-
drates more often.

Extrinsic motivators are those received from the outside world, like a prize from mom for eating 
all the vegetables on the plate at dinner. Other examples might include signing up for a weight loss 
competition to win a prize, such as a trip to Florida or a cruise. These are all external motivators. They 
can work, and they may help people get started on the development of a healthy habit. Often, people 
start to feel the internal rewards and notice how the behaviors enhance their lives from the inside out. 
In this way, an external motivator can lead to an internal motivator.
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Appreciative Inquiry (AI) is another methodology to spark motivation and engage the patient in the 
change process. Appreciative Inquiry is an interviewing process developed by David Cooperrider, 
PhD [120, 121]. It has been used for decades in the business world and is utilized in many health and 
wellness coach training programs. There is a 5D cycle in this model, which has five steps: (1) Define, 
(2) Discover, (3) Dream, (4) Design, (5) Destiny.

In appreciative inquiry, the first step is to define the focus. Ask the question, “What do we want 
more of?” Then, discovering the best of the current situation and circumstance. With this discovery 
step, a guiding question is, “What is working well?” After that comes dreaming about possibilities for 
the future. A helpful question for envisioning the future, for this dream step, is, “What might be pos-
sible?” After that comes the design step, which works on cocreating what could be and is realistically 
possible in the present. Finally, the destiny step involves learning how to empower, grow, and expand 
from the plan as it unfolds. Then, the process starts again with the five steps: define, discover, dream, 
design, and destiny. AI is compatible with a strengths-based approach and positive psychology 
interventions.

The AI model, is readily adaptable to the patient encounter with definition of the problem, discov-
ery of what works well for the patient, dreaming about what could be possible in the patient’s life with 
healthy habits, designing a plan for action to adopt a new healthy habit, and then destiny, learning 
from what happens on the behavior change journey as it happens. By appreciating what is going well 
and building on the positive core in each individual, the provider is setting the stage for the patient to 
sustain behavior change. There is usually at least one positive aspect of an experience that can be 
highlighted and discussed. If not, then there is a strength or positive characteristic inside the patient 
that can be drawn out during the clinical encounter. This makes the encounter more pleasant for the 
patient and the provider. Recent studies have explored using Appreciative Inquiry with dementia 
patients and found positive results [122]. Other researchers have conducted a methodological review 
of all the studies on the use of appreciative inquiry in the health care setting and found promising 
results with dementia patients, elderly patients at the time of discharge from a hospital, and in medical 
practice teams [123]. They utilized a 4D cycle, leaving out the initial define step. They noted that the 
steps were more like guidelines, rather than strict blueprints, that could be adapted to the participants 
and the specific settings. The authors of the review concluded that, “Appreciative inquiry provides a 
positive way forward shifting from problems to solutions offering a new way of practicing in health 
care and health research.”

 The Messenger Tailors the Message to the Individual

The Transtheoretical Model of Change helps the provider meet the patient’s needs as a learner and as 
a person with unhealthy habits [124, 125]. Each person has a unique story. Giving the patient the 
opportunity to express his or her story is therapeutic in itself. It also allows the provider the chance to 
assess the patient’s stage of change. There are five stages of change: precontemplation, contempla-
tion, preparation, action, and maintenance. James Prochaska, PhD, John Norcross, PhD, and Carlo 
Diclemente, PhD wrote a book titled Changing for Good [126, 127], which delineates the different 
stages of change, as well as stage-specific processes that are effective. After having worked with 
patients struggling with addiction for over 20 years, these psychologists know a great deal about 
changing when change is hard. Their experience creating this “stages of change” model has been use-
ful not only in patients with addiction but also in patients striving to change their exercise and nutri-
tion habits. The Stages by Principles and Processes of Change (Fig. 3.2) [128] provide recommendations 
as to how to meet the patient where they are and supply them with what they need to move forward.

The first stage is precontemplation. Precontemplators are not even considering change. Often, they 
are in a state of denial or are simply unaware of the problem. They say that they “can’t” and “won’t” 
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change. With these patients, sending the message loud and clear with a megaphone will not likely 
have the effect of fostering change. This is because these patients are not ready or willing to hear a 
message, no matter how loud or how valid the message is. For patients in precontemplation, building 
a connection is the top priority. The connection will create fertile soil for the seeds of change to be 
planted. The provider’s compassion and use of reflections with these patients can be the most power-
ful interventions. At the same time, it is important to provide the facts and state that being obese has 
health risks associated with it, such as diabetes and high blood pressure, which could lead to heart 
attacks and strokes. Making statements that show your support as well as reveal your concern is the 
goal. For example, a provider might say, “I understand that you are not ready to tackle your weight 
right now due to your busy family and work life, but being obese comes with serious health risks. So, 
when you are ready, I would really like to help you work on adopting healthy habits that will help you 
to minimize these risks. I am here for you.” This type of communication will keep the door open and 
allow a connection to be built.

Some of the processes that are recommended for the precontemplative stage include: conscious-
ness raising, environmental reevaluation, dramatic relief, and social liberation. For consciousness 
raising, the provider can provide the facts and statistics related to the diseases and behaviors relevant 

Stages by Principles and Processes of Change

Preparation Action MaintenanceContemplationPrecontemplation

Consciousness Raising

Environmental Reevaluation

Dramatic Relief

Social Liberation

Self-Reevaluation

Self-Liberation

Helping Relationships

Counter Conditioning

Reinforcement Management

Stimulus Control

Pros of Changing Increasing

Cons of Changing Decreasing

Self-Efficacy Increasing

Fig. 3.2 Stages by principles and processes of change [128] (© 2010–2016 Pro-Change Behavior Systems, Inc. 
Reproduced from www.prochange.com with permission from Pro-Change Behavior Systems, Inc)
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to that particular patient at that time. How food with a high percentage of sugar and a high glycemic 
index spikes blood glucose, which increases insulin, which promotes fat storage, would be useful to 
mention to a person with prediabetes or diabetes. Or how high blood sugars damage endothelial cells, 
which can lead to plaque buildup in the arteries, clots, heart attacks, and strokes would be a powerful 
message to send to a person with diabetes who has a family history of heart attacks. Environmental 
reevaluation invites the patient to consider the effect of his or her behavior on the health and well- 
being of others around him or her, such as considering the effects of second-hand smoke on children 
or grandchildren. Dramatic relief purposefully brings emotion into the encounter by reporting on fear- 
arousing lab results that produce significant threats and challenges to the body. Also, a provider can 
conjure up emotions by telling success stories of patients who struggled initially, but then ended up 
making changes that brought them health and happiness. Lastly, social liberation brings the environ-
ment into the equation by asking the patient to note laws or guidelines in the workplace or common 
places such as the FDA ban on trans fats. Towns that provide community share gardening opportuni-
ties are sending a message of healthy eating and making eating fruits and vegetables part of the norm, 
rather than the exception. Doctor’s offices can offer water as a beverage through a bubbler, which 
sends the message that water is a healthy option and hydration is important. Clinicians can literally 
“walk the walk” with the patient by scheduling walking consultation meetings [129].

After precontemplation comes contemplation. Contemplators are stuck in ambivalence, part of 
them wanting to change and another part of them wanting to stay the same. Some people stay in this 
stage for months or even years, called chronic contemplation. People in this stage of change often say 
“I may” or “I might” change. I am “thinking about changing.” This contemplation stage is an impor-
tant one with regard to counseling patients about nutrition. Many people are in a pattern of eating out 
or eating at drive throughs on the way home or while traveling at lunch. Altering this easy, comfort-
able, and cheap option might seem daunting and might not appear or feel worth the effort. Change 
comes with pros and cons. There are pros to the new healthy behavior, and there are also pros to the 
current behavior patterns. Just as there are cons to the new healthy behavior and cons to the current 
behavior patterns. Delineating these pros and cons and weighing them can be helpful with these 
patients. For example, with the situation of eating at fast food chains and drive throughs on the road, 
the pros might be cost-efficient, time-efficient, and taste, while the cons might be eating too many 
calories without feeling satiated, craving that specific food later, ordering more food because it is 
inexpensive, eating quickly while driving, and becoming used to processed, hyper-palatable food. The 
pros to changing this dining habit would be increasing the consumption of fresh, whole foods such as 
vegetables and fruits that have water, fiber, phytonutrients, vitamins, and minerals that can be health 
promoting. Another pro is being able to sit mindfully and enjoy a meal for the full 20 min that it takes 
to feel satiated. By planning meals and eating at home, a person is able to control portions and share 
the meal with family and friends, which adds the joy of connection to the joy of eating. The cons of 
changing this dining habit are that it may take time to learn new recipes, take time to prepare the 
meals, and there is a risk of overcooking the meal or the meal being less than delicious when com-
pleted. By listing this out in a chart, the patient can objectively evaluate the current nutrition pattern. 
The provider could help the patient to create a written chart of these pros and cons or could talk 
through the pros and cons (mostly listening). Helping the patient to identify powerful internal motiva-
tors may sway the balance of pros and cons toward the pros. Motivators that come from the patient 
and are connected to his or her strengths, priorities, and overall purpose are the most potent motivators 
for driving the process of change. Asking open-ended questions about the patient’s gifts, talents, and 
unique characteristics as well as asking about what is most important to them in their life right at that 
moment will help to clarify the current state of mind of the patient and help provide a road map for a 
way forward that is consistent with that particular patient’s needs and desires.

The processes for contemplation are similar to precontemplation. One additional process that 
enters the model at this point is self-reevaluation. With this process, patients are encouraged to think 
of themselves as having adopted the healthy habit already and image what that would be like. The 
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provider could guide the patient by stating, “Imagine that you are eating healthy meals for breakfast, 
lunch and dinner for a week. What would that be like?”

When patients are finished contemplating the change, they enter the stage of preparation. Patients 
in preparation are getting ready for change and are planning to take action in the next 30 days. They 
have usually weighed the pros and cons and are convinced that the pros of changing outweigh the 
cons. In preparation, patients are often looking for a solid plan A, as well as a plan B. Many people 
are afraid of failure, so actually plunging into a plan is scary. Considering obstacles and brainstorming 
solutions around those obstacles enables patients to build self-efficacy. Increasing self-efficacy means 
bolstering their belief that they can complete the change and perform the behavior that they are seek-
ing to adopt.

Patients often enjoy brainstorming sessions at this point. A brainstorming session involves working 
synergistically with the patient. The patient and provider identify an obstacle and then one of them 
(usually the patient) provides a potential solution. After this, the other one (usually the provider) pro-
vides a different potential solution. This can go in rounds where each person could identify possibili-
ties. At the end, with six to eight possibilities available, the patient determines which one is best suited 
to the situation.

The processes that accompany the preparation stage of change include self-liberation, helping 
relationships, and counterconditioning. With self-liberation, the patient is liberating himself or herself 
by making a commitment. Patients might tell a friend, post their commitment on a social media plat-
form, make a verbal contract with someone, or even craft a written contract. This type of declaration 
of their intention to change gives them more power to fulfill their goals and brings them closer to 
adopting the healthy habit. By telling loved ones or colleagues, the patient can start to use helping 
relationships to empower his or her change process. The helping relationship is only helping if it is 
with someone who is caring, trusting, supportive, open, and accepting. If someone is using the 
COACH approach they can be part of this helping relationship. This type of social support can help 
people move from preparation to action.

Counterconditioning is another way of saying finding substitutes for old, unhealthy habits. For 
example, instead of having a candy bar from the vending machine at 3 pm, can the client pack a gra-
nola bar that is whole grain with very little sugar? Could the patient eat an apple with almond butter 
for dessert instead of apple pie? Could the patient eat a salad before the main course instead of 
nachos? These are all examples of counterconditioning also known as finding substitutions.

The next stage after preparation is action. Patients in action are already doing the healthy activity. 
They might be actively engaged in the targeted behavior for up to 6 months. Inquiring about how the 
patient feels and what aspects of the activity he or she is enjoying is a good place to start. Noting any 
changes on biometrics that might be related to the dietary intake such as blood glucose, blood pres-
sure, weight, or BMI could act as reinforcers for the behavior change. Concentrating on how the new 
eating pattern is affecting life in a positive way will be beneficial. Asking open-ended questions and 
listening to the patient describe his or her new routine and how it feels to the patient will allow the 
patient to share the story and increase awareness about how the new behavior is affecting his or her 
life. At this stage, reassessing goals and committing to new goals will help with focus and motivation. 
Involving family and friends to act as support systems for the patient to help sustain the new routine 
will be beneficial to the process of change at this stage.

Self-liberation, helping relationships, and counterconditioning can all be used in the action stage. 
The processes that enter the behavior change journey at the action stage are reinforcement manage-
ment and stimulus control. With reinforcement management, the patient receives rewards from the 
simple statements to self, “Great job. You achieved that goal,” to the acknowledgment of a spouse of 
close friend saying, “You ate dinner at home six times this week which means you met your goal. 
Congratulations!” Planning rewards such as watching a favorite movie with a friend if the patient 
packs a lunch 5 days 1 week, is another way to manage the reinforcements. Food rewards should 
generally be avoided. For example, a patient might want to justify splurging on dessert as a reward for 

3 Behavior Change and Nutrition Counseling



72

eating healthy options all week. In theory, this seems okay; however, this can create a reward/punish-
ment mindset and foster an unhealthy relationship surrounding food for the patient. A better reward 
would be getting to purchase a new gym outfit or song to be played during workouts. These are all 
external rewards that will hopefully lead to acknowledging, experiencing, and enjoying intrinsic 
rewards like more energy, a sense of calm, a feeling of satiety, and perhaps regular bowel movements, 
if extra fiber from vegetables was added.

Stimulus control brings in the environment. There are cues and triggers throughout the home, car, 
and workplace that can act as detractors or promoters of the healthy goal behaviors. For example, 
throwing out all the candy in the house would be one example of stimulus control. Filling the refrig-
erator with fresh vegetables and fruits would be another. Buying portion control containers and a new 
thermal lunch bag would also serve as stimulus control techniques that would nudge the patient in the 
direction of bringing lunch to work and making sure it was appropriate serving sizes.

After action comes maintenance. Patients in the maintenance stage have been following the healthy 
pattern for over 6 months. This routine is becoming more like a habit now. Yet, the patient still needs 
stage-appropriate counseling. Ignoring the patient at this point and assuming that the healthy habit 
will stick for a lifetime is unrealistic and detrimental to the patient. Reviewing potential obstacles in 
the future such as a holiday celebration or a vacation that will take the patient outside his or her usual 
circumstances will be important to discuss during a nutrition counseling session. Brainstorming ways 
around the upcoming challenging situation will be useful to the patient at this stage of change. Tapping 
into the patient’s original motivation to embark on this behavior change journey will allow the patient 
to reconnect with his or her initial goals and intent. The current motivation might be different than the 
previous one. In maintenance, many patients are ready to act as mentors and help people that are just 
beginning their journey of behavior change which can be a new motivator. Exploring how the patient 
is feeling and asking the patient to identify some new long-term goals as well as short-term goals will 
keep him or her focused and can enhance motivation.

Effective processes for maintenance include the same ones for action: helping relationships, coun-
terconditioning, stimulus control, and reinforcement management. It is important to continue to 
reward the patient for the healthy behaviors by noting the change in body weight, hemoglobin A1C, 
or blood pressure when appropriate. In addition, continuing to create triggers for healthy eating pat-
terns is essential. Making sure the old cues for unhealthy eating are removed and stay out of the way 
of the patient will ensure continued adherence to the new plan. When people are in maintenance, they 
still need attention, brainstorming, and reinforcements.

It is important to remember that the Transtheoretical Model of Change is not a smooth process that 
follows step-by-step. It is more of a spiral staircase in which patients can fall from action into contem-
plation within a few days. These slips tend to happen around stressful events and big life changes such 
as marriage, divorce, moving residences, getting a new job, a change to the family structure with the 
birth of a baby, an aging parent moving in, or children moving away to college [130]. Asking ques-
tions and determining the patient’s stage of change at each visit is essential to providing the nutrition 
counseling the patient needs at that particular visit.

 Moving Toward A Plan

Knowing where the patients are on their journeys to optimal health and wellness as well as under-
standing where they want to go will enable the provider to act as a coach, as in stagecoach, helping 
the patient find their way from point A (their current location) to point B (their goal destination). 
Asking the patient to imagine how he or she will look, walk, talk, act, move, and feel will allow the 
patient to create a vision of his or her best self. The more detailed and the more the patient can incor-
porate and elaborate on the different senses in the vision the better. This allows the patient to use the 
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left and right sides of their brains to express themselves. They will be using the left side of their brain 
as they describe it to the provider and the right side as they visualize themselves in the future.

This discovery process of identifying where the patient is now, where he or she wants to go, what 
options there are to move forward and which one of those options will make the most sense at a par-
ticular time, are basic parts of the coaching process. The GROW model (G-Goals, R-Reality, 
O-Options, W-Way forward) was originally described in the 1980s by Sir John Whitmore, Alexander 
Graham, and colleagues and serves as a framework toward goal setting and problem solving. Sir John 
Whitmore’s book, Coaching for Performance [131], explains the model in depth and is used by 
coaches today [132]. With GROW, the patient states the goals, determines where they are currently, 
identifies options that will get him or her closer to the goal, and then commits to a way forward.

Once the vision is set, the next step is to craft behavioral steps to get there. In 1960s, Edwin Locke 
and Gary Latham wrote about goal setting theory for businesses [133]. He discussed how goals need 
five basic elements: (1) Clarity, (2) Challenge, (3) Complexity, (4) Commitment, (5) Feedback. Goals 
that are specific and clear are the most effective. In addition, it is important to select a goal that is dif-
ficult enough to keep the patient engaged and not frustrated or anxious. Yet, the goal cannot be too 
easy that the patient becomes bored and disengaged. Mihaly Csikszentmihalyi, PhD describes the 
optimal level of stress (challenge and complexity) for an activity called eustress [134]. He coined the 
term “flow” meaning that a person is experiencing so much joy during the activity that he or she loses 
track of time. In this case, the patient’s skills meet the challenge level, and there is no anxiety or bore-
dom. The task is just right for fulfillment and flow. The provider and patient co-create a goal that 
enables a person to reach this state of flow.

Practical Tip Crafting a goal that provides the right amount of challenge and complexity.
One way to ensure that a goal is at the right level is to ask the patient, “How confident are you that 

you can achieve this goal on a scale of 1–10. One is not at all confident and ten is very confident.” If 
the patient says that they are at a five on the confidence scale, then the provider can help the patient to 
readjust the goal so that the patient feels more confident. “What would it take to move the goal up on 
that scale?” Or “How you can adjust it to feel more confident that you can complete it?” This helps 
the patient to set a goal and achieve it, which increases self-efficacy.

Another factor in goal setting is commitment. How committed is the patient to the goal? If the goal 
is relevant and connected to the patient’s priorities, then the patient is more likely to be motivated to 
work toward the goal. This comes from the Adult Learning theory described by Malcolm Knowles, 
PhD, which states that adult learners are autonomous, self-directed, practical, goal-oriented, and 
relevancy- oriented [135].

When someone commits to a goal by writing it down or committing to it verbally, they are raising 
the level of importance of that goal. The provider can ask a question to check on the level of impor-
tance of the goal, “How important is the goal to you using a scale of 1–10. One is not important and 
ten is very important.” If the goal is rated at a five, then the provider can ask the patient how to adjust 
the goal to increase the level of importance.

Directly linking a goal to something relevant in the patient’s life will help to demonstrate the 
importance. For example, if the patient is trying to change her diet to work on weight management, 
explore why this might be important to her. Perhaps the weight loss will help fulfill her vision of play-
ing with her grandchildren at the park or enable her to go on an active vacation with her family. One 
can point out the fact that fruits and vegetables have a significant amount of water, which helps to 
create the feeling of satiety [136]. Eating fruits and vegetables will also nourish the body with vita-
mins, minerals, complex carbohydrates, phytonutrients, and antioxidants with relatively few calories 
(i.e., nutrient-dense foods), this will allow the body to function at its highest capacity. This link 
between the behavior (eating nutrient-dense foods) and the outcome (improved functionality, weight 
loss, etc.) is critical to highlight, as this is what encourages patients to buy into the process. Research 
in patients with heart failure demonstrates that these patients are more likely to complete their health 
goals if they are connected to their life goals [137].
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After setting an appropriate goal and committing to it, the patient needs to be held accountable for 
that goal in order to keep the patient engaged in the process of change and to stay focused. If goals are 
set, and no one follows up, then the patient is likely to lose interest in the goals. Identifying a family 
member or friend to help check in with the patient can be an effective source of accountability. Having 
the office send a postcard, email, or text message checking in on the goal could be a useful technique. 
It could be as simple as, “Hello from Dr. Smith’s office. We are just checking in on your goals.” Some 
offices have Population Health Coordinators who are helping to remind patients of their visits and 
check in on home monitoring of blood pressures and glucose levels. If there is someone available to 
make calls to check in on dietary goals, this could enhance the level of accountability [138]. Medical 
assistants trained in health coaching have also been shown to significantly improve the quality of care 
in patients with poorly controlled chronic diseases [139, 140]. From research on reminding adolescent 
patients about immunizations, it has been demonstrated that a postcard, an email, or a text could all 
serve to remind the patients of appointments with the postcard being the favored form of reminder, but 
text messages and emails being the most effective [141]. More research on accountability reminders 
for dietary goals needs to be completed to determine the best options in the nutrition setting.

When counseling patients on nutrition, there is a mnemonic to guide the process of goal setting. 
SMART goals are goals that are specific, measureable, action-oriented, realistic, and time-sensitive. 
Depending on the patient’s stage of change, the action part of the goal might be physically oriented or 
it could be cognitively oriented. For example, if the patient is in a contemplative stage of change, then 
searching for recipes on line that include whole food ingredients with half the plate fruits and vegeta-
bles, a quarter of the meal complex carbohydrates, and a quarter of the plate a healthy protein might 
be an appropriate SMART goal for that week. It is specific in that it states a particular task, research-
ing recipes online. It is measurable because the patient can report back that they did it or not. If the 
goal included printing out the recipes that the patient thinks looked the most delicious and then the 
patient brought the recipes to the next visit, it would be measurable. It is action-oriented because there 
is something concrete that the patient is going to do. Action-oriented does not mean that the person 
needs to start eating a particular diet right away. The act of searching for recipes is action-oriented. It 
is more mental than physical action. The goal is realistic if the patient states that they are comfortable 
and confident that they can achieve the goal. The only way to determine this is to ask the patient. 
Using a confidence scale from 1 to 10 is a good method of checking this. Lastly, the goal needs to be 
time-sensitive, meaning that there is an endpoint and an expectation that the goal will be completed 
within a certain time frame, usually 1 week. In this case, specifically stating the day that the recipe 
search will take place is a critical part of making the goal time-sensitive. For example, the goal might 
be to research recipes on Wednesday after work, and if that does not work out, a backup plan of 
another day such as Saturday morning is helpful.

SMART goals SMART goals checklist

S = Specific Is this a goal that is detailed and explicitly stated?

M = Measurable How will I measure the outcome of the goal?

A = Action-oriented Will I be doing something in particular to reach this goal?

R = Realistic How likely is it that I can attain this goal in the stated time frame?

T = Time-sensitive What is the deadline for meeting this goal?

 Long-Term and Short-Term Goals

Patients can create a vision of themselves 10 years in the future or even 20 or 30 years, depending on 
their age. Crafting 1-year goals can help a patient to reach these long-term visions. The 1-year goal is 
created using the SMART mnemonic. However, in this case the time frame is 1 year. Behavioral goals 
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are the ones to focus on instead of number goals such as losing 20 lb. For example, if a patient was 
eating dinner at home 1 day out of the week and eating out at fast food restaurants for dinner 6 days out 
of the week, a long-term goal might be eating dinner at home 6 out of 7 days a week by the end of 1 
year. A 6-month goal to go along with this 1-year goal might be to eat dinner at home 3 days out of the 
week, and a 3-month goal might be to eat dinner at home 2 days out of the week on a consistent basis. 
An appropriate 1-month goal would be to eat dinner at home 1 day out of the week for 2 weeks straight. 
An initial 1-week goal for working toward these longer-term goals might be to go shopping for healthy 
food at the grocery store 1 day during the current week and specifying a day, such as Friday.

Short-term goals that might accompany the long-term goal of eating dinner at home 6 days out of 
the week include:

 1. Identify recipes for healthy dinners
 2. Make a list of food to buy at the grocery store to stock up on healthy options
 3. Go shopping once a week (on specified days) to make sure to have healthy options at home
 4. Consider batch cooking on Sundays or another free day so that leftovers can serve as dinner on 

days when there is less time to prepare a meal
 5. Plan menus on Sundays or another day that is flexible and free
 6. Try to go to the grocery store one day and prepare a meal with the ingredients right away
 7. If cooking the meal is too time-consuming, then identify prepared meals that are healthy choices, 

and ideally made daily at a local supermarket
 8. When eating out, identify meals that suit the healthy plate and include at least half the plate of 

fruits and vegetables, one quarter complex carbohydrates, and one quarter healthy protein
 9. Consider taking cooking classes at a local recreation center or partner with a friend that enjoys 

cooking to learn from him or her
 10. Purchase freezer-safe portion-controlled containers to store food after batch cooking
 11. Find healthy frozen options with low salt and preservatives that can be used when there are no 

easy options

Depending on the stage of change of the patient and the desires of the patient, the short-term goals 
will vary. Checking that they are SMART goals is important. Collaborating with the patient and mak-
ing sure to fully understand the patient’s needs and aspirations are the most critical steps in the process 
of cocreating goals with patients using the COACH approach.

 Tools and Tips for Nutrition Counseling

Nutrition counseling requires the provider to be knowledgeable about healthy foods, food patterns, 
national guidelines, and specific diets. Also, the provider needs to focus on creating a connection with 
collaboration and the COACH approach. In addition to a clear, consistent message and striving to be 
a messenger that uses the COACH approach, the provider can use specific tools that enhance the nutri-
tion counseling session. Figures such as the myplate.gov [142] provide examples of a healthy plate 
and demonstrate appropriate proportions of vegetables/fruits, complex carbohydrates, and protein. 
For portion control of specific foods, there are plastic replicas to demonstrate to patients. There are 
also charts and guidelines for portions of specific foods available on the web that are patient-friendly 
[40]. Using a hand as a portion tool can be effective and memorable. The patient will always have the 
portion tool handy. There are portion charts that can be created or downloaded and then hung on the 
walls of the examining rooms. For patients who are working to closely monitor their intake and calo-
ries, there are a number of apps and web sites to help (e.g., Im2Calories, LoseIt, MyFitnessPal, 
SparkPeople). These web sites and technology devices help count calories and percent of fat, protein, 
and carbohydrates consumed in a meal. Some apps only need a photo to make calculations and pro-
vide feedback. This can be useful for certain patients.
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Logs, diaries, and books are tools that work for many patients. A nutrition diary created with paper 
and pencil, on the computer, or through a web site is easy to use. The 1-day dietary recall is a simple 
test to determine all the foods that a patient ate in 1 day including meals (breakfast, lunch, and dinner) 
as well as snacks and beverages. The daily dietary log involves being aware and conscious of eating 
patterns as they are happening. The recall requires patients to think about the choices they made the 
previous day. However, if the patient knows they will be using a dietary recall or a food diary, then 
they are often more careful with the choices they make the day they plan to log their intake. Using a 
log as a tracking device for specific foods is another way to focus on the positive goal behaviors, such 
as consuming more vegetables and fruit each day. Asking patients to note which vegetables they con-
sumed, what color the vegetables were, how they tasted, how much they enjoyed them, and when they 
ate them is useful information and a good way to keep the focus on including whole foods at every 
meal. The act of reporting on their food choices invites patients to be more mindful of their choices 
and when combined with other self-monitoring like step count, water consumption, and weight can 
lead to sustained weight loss [143, 144].

Cookbooks and other health books including The Mayo Clinic Diet [30], The Spectrum Diet [32], 
The DASH Diet [25, 26], The Full Plate Diet [145], and the New American Heart Association 
Cookbook [146] are useful tools for patients interested in reading and who are searching for new, 
healthy recipes.

For patients trying to lose weight, tracking calories consumed and calories burned can be helpful 
for some numbers-oriented people. There are wearable devices like the Nike Fuelband and the FitBit 
that can be used for this function. Measuring weekly weights, taken at the same time of the day and 
on the same scale, is a method of tracking that can serve to keep people on target with their weight 
management goals. Noting BMI at the start of a dietary intervention and then 4 weeks later is another 
way to track progress. Beyond the scale, there are many other modalities to check progress. Waist 
circumference and waist-to-hip ratio are measurements that provide more information about the 
location of fat in the body. Abdominal adiposity is associated with a greater risk of disease [147]. 
With the jeans test, the patient uses a favorite pair of jeans or pants to track his or her progress with 
the weight loss regimen. If the jeans fit well or loose, then they know they are making progress. The 
belt buckle serves a similar function by monitoring which belt buckle hole a patient uses. As a patient 
loses weight or changes their body composition, they will use a hole that is further from the end of 
the belt. Many people notice that their skin clears and they experience fewer cavities when they are 
eating a diet high in whole foods and low in processed foods. Tracking breakouts associated with 
certain food consumption or number of cavities since adhering to a healthy diet are options for 
people who are not seeking to lose weight but are seeking a more healthy eating pattern. Everyone 
who is planning to eat a healthier diet has his or her own rationale for the change, and it is not always 
weight-related. It is best to ask an open-ended question after patients are following a healthy eating 
pattern for 3–6 months and inquire about what types of health benefits they have noticed. The mes-
sage of “Whole foods, mostly plants, not too much,” as Michael Pollan recommends has multiple 
benefits [22, 24].

Healthy habits are interconnected. A person’s level of physical activity, sleep, stress, alcohol con-
sumption, and other daily habits influence dietary habits. Thus, a good tip is to ask about other life-
style habits while counseling on nutrition. Sometimes a patient might be in the stage of preparation 
for increasing physical activity and contemplation for starting a new pattern of healthy eating. In this 
case, focusing on physical activity first would be recommended. If the patient is struggling with sleep, 
then this might be an area to tackle, as sleep deprivation is linked to lower levels of leptin [148]. It is 
possible to work on different habits at one time [126]. The important part of nutrition counseling is to 
meet the needs of the patient. The provider might identify areas of concern in dietary patterns and can 
ask open-ended questions to further explore the behavior patterns around food. Through motivational 
interviewing, the provider can direct the patient with questions that evoke change talk. In this way, a 
provider can create an environment conducive to progressing through the stages of change.
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Another tip is to take the environment into account and “Shaping the Path,” as the Heath brothers 
call it. This concept was mentioned in the introduction of the chapter. Specifically crafting the envi-
ronment for sustained behavior change is an important piece of nutritional counseling, and it is often 
overlooked. The social ecological model of change emphasizes the importance of a person’s social 
network and surroundings [11]. Patients are individuals connected to other people and influenced by 
their cultural norms. Thus, exploring the patient’s environment at home and at work is a necessary 
step in successful nutrition counseling aimed at sustainable change. A useful tip is to ask a patient how 
close the nearest supermarket is to his or her house. Recent research reveals that the closer a patient 
lives to a supermarket, the more fruit and vegetable consumption increases, and the greater the 
improvements in weight management in obesity interventions [149]. Although patients might not be 
able to move closer to a supermarket, they might be able to identify one close to work or on their way 
to work or near a location that they frequent daily.

“Shaping the Path” in the home and work environment helps. If the provider starts asking open- 
ended questions about what is stored in the cabinets and refrigerator, then the patient receives a strong 
message that what is available is what is eaten. Keeping healthy options in view and easily accessible 
will increase the likelihood that those options will be consumed. Clearing out processed foods and 
“junk” foods will also help. Patients can always go to a convenience store and purchase cookies, cakes, 
chips, and other nutrient-poor, calorie-rich options. However, making a trip to the store is a deterrent, 
an obstacle to consuming these unhealthy options. In addition to examining the food in the house, ask-
ing about family and friends that live in the house will help too. Some people are supporters, and they 
empower the patient on their way to behavior change toward health and wellness [150]. On the other 
hand, other people act as saboteurs and create barriers to change, such as bringing into the home the 
foods that the person is actively trying to avoid, encouraging the patient to go out to eat at restaurants, 
serving extra-large portions, or indulging in rich desserts. Beyond the home, the patient might have a 
job and a work environment that is unhealthy. In this case, discussing the possibility of bringing lunch 
into work as well as some snacks will be a practical approach to strategize around the obstacle of a 
junk-food-laden cafeteria. Another tip is to teach patients about the social ecological model of change. 
In fact, hanging up a model of the social ecological model of change is a tool that can remind the pro-
vider and the patient about the importance of surroundings and “shaping the patient’s path.”

One influential connection for each patient is the provider. A health care provider often serves as 
an expert opinion in health but also can serve as a role model for patients. Studies show that patients 
view physicians who disclose some of their own personal efforts at maintaining healthy habits as more 
believable and more motivating [151] than those that just advise patients on healthy habits. In a study 
by Erika Frank, MD, MPH, the researchers created a counseling video of a physician that utilized 
nonverbal, healthy cues that included placing an apple on the physician’s desk and having the physi-
cian display a bike helmet along with verbal cues including having the physician making a couple of 
simple statements indicating that he was fitting healthy habits into the daily routine by having an apple 
for a snack and biking to work [151]. In addition, research from over a decade ago demonstrated that 
physicians preach what they practice. If physicians do aerobic exercise, they counsel on it, and if they 
do strength training, they counsel on it. If a physician does not do strength training or aerobic exercise, 
they will not counsel on it [152]. Furthermore, medical students who have healthy personal practices 
are more likely to report counseling patients on preventive interventions [153]. Research on the num-
ber of physicians who exercise and the number of physicians who eat fruits and vegetables show that 
58 % of physicians exercise 3 or more days per week and 60 % eat at least five servings of fruits and 
vegetables during 4 or more days per week [154]. Hippocrates said, “Physician heal thyself.” The goal 
is “progress not perfection.” Health care workers who are working on their own health and wellness 
are motivating to their patients. When patients see physicians, nurses, and nutritionists working on 
their own healthy eating patterns, they realize that diet must be important because all of these busy, 
knowledgeable people are striving to eat healthy options and prioritize their health. As Gandhi said, 
“Be the change you wish to see in the world.”
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 Conclusion

This chapter on nutritional counseling provides the blueprint for creating a behavior change arch for 
each patient, which leads them to a journey of self-management, exploration, and healthy eating pat-
terns. Both conveying powerful and personally relevant nutrition messages to the patient and using 
effective messenger techniques that empower patients and draw out the patient’s intrinsic motivation 
for adopting healthy eating patterns are vital for effective counseling in nutrition. The message and the 
messenger need to work synergistically in order to create the foundation of the behavior change arch 
(message and messenger = cornerstones of the arch in Fig. 3.1). Eliciting and evoking the patient’s 
own internal motivators for change is key (motivation = keystone of arch in Fig. 3.1). The arch serves 
as the entry way into the behavior change journey and facilitates lasting and sustainable patient 
transformation.

Adopting healthy eating patterns has the potential to prevent, treat, and reverse disease. Most 
people know they should eat fruits and vegetables. They have heard this basic message before. 
However, they might not know the reasons why or understand how fruits and vegetables work to 
reduce their blood pressure, control their weight, and maintain a stable blood sugar level. Personalizing 
the message and making it relevant to the patient, as well as giving it some emotional charge by relat-
ing healthy eating to their personal goals and priorities, will help convey the message in a way that 
impacts their behavior. Carefully conveying the message with curiosity, openness, appreciation, com-
passion, and honesty with the COACH approach enables the provider to connect with the patient and 
build a therapeutic relationship. Using self-determination theory basics of allowing autonomy, 
increasing confidence, and fostering relatedness works to draw out the patient’s intrinsic motivation. 
Motivational interviewing, appreciative inquiry, and the transtheoretical model of change all help to 
propel the patient forward on the behavior change journey.

Jim Loehr and Tony Schwartz argue that life is about managing energy, in their book The Power of 
Full Engagement. It requires mindfulness and self-awareness to manage one’s own energy level. This 
energy is necessary in order to stay up-to-date with the literature (the message), to serve as the char-
ismatic adult from whom patients and others gather strength [155, 156] (the messenger), and to ulti-
mately empower patients to discover their own intrinsic motivation. Providers can increase their own 
positive energy by increasing their use of the COACH approach for behavior change in nutrition 
counseling. According to Loehr and Schwartz, the key muscles fueling positive emotional energy are 
self-confidence, self-control, interpersonal effectiveness, and empathy [157]. The COACH approach 
allows providers to practice interpersonal effectiveness and empathy that will fuel both the provider 
and the patient. A provider gains self-confidence by reading textbooks like this one, increasing knowl-
edge, developing new skills, practicing them, and discovering new tools, like the ones presented in 
this chapter. In this way, this chapter and this textbook can serve not only as a source of behavior 
change and nutrition information but also as a source of fuel and energy for the practice of lifestyle 
medicine.
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Key Points

• Controlling energy intake to achieve energy balance, control weight, reduce risk of chronic dis-
ease, and promote health is of concern for American adults. In this population, over two-thirds are 
overweight or obese. In addition, approximately two-thirds of American homes house only adults.

• Individual eating behavior is governed by an interrelated complex of neurophysiological factors, 
psychological and cognitive factors, psychosocial factors, and external and environmental cues and 
influences.

• The human body has a number of biological mechanisms, such as the brain–gut neuroendocrine 
regulators, which ideally function to regulate hunger and satiety and keep the body in a state of 
energy balance, or homeostasis. Many other factors and behaviors, however, may modify these 
mechanisms and lead to eating in the absence of hunger.

• Genetic factors such as sensory perceptions may influence eating behavior and these factors are 
malleable not fixed.

• Eating palatable food triggers the brain’s reward system, prompting eating in the absence of energy 
need. Food cues in the environment can increase endocrine signaling and the desire to eat palatable 
foods in the absence of hunger. This effect tends to increase with continued behavior.

• Psychological factors such as stress, mood, and emotional status may prompt greater intake of 
palatable, energy dense foods in some individuals but not all. Negative emotions may have a greater 
impact on overeating than positive emotions.

• Ineffective self-control, as exhibited in disinhibition and impulsivity, may lead to greater energy 
intake.

• Eating is also a social activity. Food habits and social norms, including the desire for acceptance, 
have an impact on food choices and food intakes.

• Food cues, such as visual appearance, smell, and taste play a major role in food choices. The vari-
ety of food available and its proximity to those eating also play a role in food intakes. The avail-
ability of larger portion sizes tends to result in greater consumption.

• Food marketing messages, which constitute external food cues, influence individual food 
purchases.
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 Introduction

To live, the human body must consume nutrients and energy. As a consequence, the brain has a dedi-
cated system to signal appetite and hunger to let the body know it is time to eat and to signal satiety 
to indicate adequate consumption has occurred. But other systems and many interrelated factors influ-
ence this basic function and overall eating behaviors. These include:

• Neurophysiological factors
• Psychological and cognitive factors
• Psychosocial factors
• External and environmental cues and influences

This multitude of underlying factors, therefore, plays a complex, interconnected role in individual 
eating behaviors. Strategies that enable an individual to eat a diet that has the right balance of nutrients 
and energy must take into account these complex influences on seemingly simple individual food 
choices and behaviors.

This chapter focuses on eating behaviors in adults for several reasons. A vast amount of research 
focuses on influences on eating behaviors in children and interventions to improve dietary eating 
behaviors and food intakes in this population. This focus is no doubt justified because eating patterns 
and food preferences tend to develop during childhood. In the United States today, however, approxi-
mately 69 % of adults over age 18 are overweight or obese, a circumstance that increases their health 
risks [1]. Interestingly, in 2012, the US census indicated that just over two-thirds of US households 
(67.8 %) contained only one or two adults, but no children under age 18 [2]. Although the overlap of 
these populations is unknown, clearly a large proportion of the American adult population faces 

• Strategies for positively managing food choices and energy intake must take into account the com-
plex factors that influence individual behavior. Strategies must be individualized. One approach 
does not work for all.

• Creating a home food environment that supports healthful eating may result in more nutrient-dense 
and fewer energy-dense food choices. Home food inventories and screening tools can help indi-
viduals create such home food environments. Counseling and/or support by nutrition professionals 
in this process may result in better outcomes.

• Education about portion size and using portion control strategies can promote better food choices 
and balanced energy intake. Using nutritious, controlled-portion convenience foods as part of an 
overall eating plan has been shown to improve nutrient quality, help manage weight, and meet the 
need of many individuals and families for time-saving convenience.

• There is evidence that increasing cooking skills helps many individuals make better food choices 
for themselves and for their families.

• Mindful and attentive eating strategies address cognitive and self-awareness processes to help indi-
viduals exert control over how much and what foods they eat.

• Nutritional interventions based on Cognitive Behavioral Theory appear most effective in fostering 
changes in eating behavior by fostering individual self-regulation and self-efficacy.

• Learning to use resources in the external environment such as food and menu labels and cost- 
effective promotions of fruits and vegetables can promote better food choices and energy intakes.
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challenges in making changes to eating behaviors and food choices that will help them achieve a diet 
that is balanced in energy and rich in nutrients.

This chapter first examines the complex of factors that influence eating behaviors and then dis-
cusses a number of dietary interventions that research has shown are effective for adults.

 Understanding the Multiple Factors that Influence Eating Behaviors

Many factors influence food decision-making and eating behaviors. Extensive research informs the 
generally accepted view that human biology provides mechanisms to maintain energy balance 
(“homeostasis”) [3, 4]. These mechanisms are based on gene expression and neural and endocrine 
regulators but are also modified by other factors and stimuli. Some of the modifying factors are inter-
nal to the individual and some are external (environmental) [3–9].

Early research on eating biology and behavior focused on mechanisms that control eating in the 
presence of metabolic need. More recent research, however, has begun to examine the mechanisms and 
factors that contribute to eating in the absence of metabolic need and, thus, lead to overeating, weight 
gain, and obesity. Such continuing and emerging research is creating greater understanding of the mul-
tiple interactive factors that contribute to eating behaviors that take place in the absence of hunger and 
contribute to weight gain. Eating in the absence of metabolic need is also termed hedonic eating.

 Neurophysiological Factors

A number of biological mechanisms in the human brain and body interact to influence metabolism 
and eating behavior.

• Genetic Factors. Certain eating behaviors may start with gene expressions, gene variants, or 
genetic predispositions. For example, genetic factors may influence such individual sensory per-
ceptions as taste, smell, or visual impact, resulting in experiences of pleasure or dislike that influ-
ence food preferences [5, 10]. Although individual genetics may predispose certain eating 
behaviors, they are not fixed, but are malleable and may be modified by internal and external 
stimuli [4, 5, 11].

• Hunger and Satiety Signaling System. Sensations of hunger and satiety depend on a brain–gut con-
nection that communicates largely through the neuroendocrine system and vagal neurons (vagus 
nerve). This system, often called the homeostatic system, monitors energy levels in blood and fat. 
Theoretically, when a body is in state of perfect energy balance, or homeostasis, the system signals 
hunger only in the presence of metabolic need and signals satiety when that metabolic need is satis-
fied. The hormones playing an interactive role in this signaling include ghrelin, which signals 
appetite or hunger, and leptin, insulin, and peptides, such as CCK and peptide YY, which signal 
satiety [5, 6, 12]. The fullness of the stomach (gastric stretching) also sends satiety signals via the 
vagus nerve [5, 6, 13].

In actuality, however, many factors and behaviors can modify the system and lead to overeating 
[4]. The brain’s reward system, in particular, has a major impact.

• The Brain’s Reward System. Eating palatable food triggers the brain’s reward system, reinforcing 
the desire to eat such food and prompting eating in the absence of energy need [4, 8, 14–18]. The 
major neurochemical transmitter that controls this system is dopamine [14] and ghrelin may also 
play a role [11, 18]. Research indicates that the food reward system exerts a more powerful effect 
over eating behavior and food regulation than the homeostatic system. This system also adapts to 
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changing behavior. The more an individual eats palatable or pleasurable foods, the more the brain 
moves from simply experiencing a reward response when such foods are eaten to anticipating such 
rewards. Thus, food cues in the environment can stimulate increased dopamine and increased 
desire to eat before the food is consumed. This may result in increased intake of the food, particu-
larly when eating is not immediate, but delayed for a time [16]. Over time, the food reward system 
adapts toward greater tolerance – the more one eats, the less sensitive the dopamine response and 
the more food required to trigger the reward. It is important to note, however, that individual eating 
response to reward signals varies widely.

It is also worth noting that many different aspects of life, not just food, stimulate the brain’s 
reward system. These can range from hearing enjoyable music or seeing art to the body’s response 
to drugs.

 Psychological and Cognitive Factors

Psychological factors, such as stress, mood, and emotional status, and cognitive factors, such as inhi-
bition, impulsivity, decision-making, memory, and distraction, also play a role in eating behavior.

• Impact of Stress

The general public and science have long observed that stress affects individual eating behavior 
[19, 20]. The stress may be emotional, such as that produced by interpersonal conflict or personal loss, 
or physical, such as that caused by illness or substance withdrawal (e.g., trying to quit smoking) [19]. 
Stress may also be either acute or long-term. Changes in eating behavior have been observed for all 
types of stress. Typically, the response that comes to mind is overeating highly palatable or pleasur-
able food, such as higher fat or higher sugar “comfort” foods. In fact, studies have observed that while 
many stressed individuals may select calorie-dense foods and snacks, the actual calorie intake varies. 
In response to stress, about 40 % of individuals eat more calories, about 40 % consume fewer calories, 
and about 20 % have no change in caloric consumption [19]. Overeating in response to stress appears 
to occur more frequently in overweight or obese individuals than in those of normal weight [19].

• Emotional and Mood Status

In general, research suggests that negative emotions and moods such as anxiety, anger, or depres-
sion may have stronger links to increased energy intake than positive emotions or moods [20]. Eating 
pleasurable food or “emotional eating” may be an attempt to trigger more positive feelings and mood. 
Individual long-term responses to chronic stress have been shown to alter brain chemistry over time 
to support continued overeating in many individuals [20].

• Ineffective Self-control over Eating Choices – Role of Disinhibition and Impulsivity

Other factors or “domains,” often related to the impact that emotional eating can have on food 
choice decisions, also undermine intention. Informally, this behavior may be termed “lack of control,” 
but several factors play a role. Disinhibition may be a primary motivation [21]. Bellisle defines disin-
hibition as “a tendency to lose control over one’s eating behavior and ingest excessively large quanti-
ties of food substances in response to a variety or cues and circumstances” [22, 23]. These cues may 
be interior or exterior to the individual. Impulsivity, for instance, may be a related interior influence 
[24–26]. Although multifaceted, impulsivity may be defined as having sudden, unplanned reactions to 
internal or external events without thinking about the consequences [27]. Emotional status or mood, 
such as low self-esteem, stress, and depression [21], may be additional interior factors, while distrac-
tion or inattention may be caused by exterior or interior circumstances. Distraction may be attributed 
to cognitive conditions such as attention-deficit hyperactivity disorder (ADHD) or exterior stimuli 
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such as eating and socializing with peers, being unaware of food cues, or doing other activities that 
distract from eating (watching TV, using electronic devices, and the like).

Some research suggests that chronic overeating and disinhibition actually “rewire” the neural 
reward circuits of the brain to heighten the response to food cues and erode control [28, 29]. Such 
neural changes, therefore, may contribute to the observed effect that obese individuals, particular 
restrained (dieting) individuals, tend to exhibit greater difficulty with controlling palatable food 
intakes than normal weight individuals [25, 30].

 Psychosocial Factors

Eating is a behavior that individuals perform daily often in the same places with the same people. In 
this context, psychosocial factors such as habit and social norms play a role in food choices and eating 
behaviors. They also affect the possibility of an individual changing food choice behavior by intention 
or decision.

• Habit

Habit may be defined as “learned sequences of acts that, as a result of frequent performances in 
similar situations, are triggered automatically by specific environmental cues” [31]. Research indi-
cates that food habits typically override intention. When certain eating patterns or choices are habit-
ual, individuals seek little information to make considered choices. The stronger the habit, the less 
likely an individual is to consider information that might prompt choices of other options particularly 
in the presence of situational or environmental cues [31]. For instance, if an individual usually break-
fasts on a sausage biscuit, he or she is unlikely to seek information about other, potentially more 
varied choices, particularly when the environment gives reinforcing cues, such as smell of sausage 
cooking. (See also the section on Environmental Cues.)

• Social Norms and Social Modeling

What other people eat has a significant impact on individual food intakes and food choices, accord-
ing to a robust body of research [32–36]. Typically, individuals follow the eating norms of groups to 
which they belong, including family, peers, friendship groups, and nationality or culture [32]. Social 
norms may be defined as “implicit codes of conduct that provide a guide to appropriate conduct” [32]. 
Research indicates that individuals tend to adhere to norms exhibited by perceived “in groups” rather 
than “out groups” [35]. However, just knowing what others eat (informative norms) also appears to 
influence consumption when individuals are alone or not with the model group [34].

Various factors contribute to the impact of social norms on eating behavior and food choices. These 
include a desire for social acceptance, a goal of social facilitation (helping everyone get along), and 
creating or managing a desired impression [33, 37].

Social modeling correlates with increased or decreased food intake whether individuals know oth-
ers in the group or are strangers to each other. Some research indicates that a stronger effect may occur 
when individuals are eating with a group of strangers and/or may be uncertain of appropriate eating 
behaviors for the specific situation or group [34].

Taken as a whole, the research shows that social norms and modeling have a significant effect on 
all eaters, regardless of weight status, dieting status, or gender; however, there are limitations. 
Reviewers note that although studies represent a wide diversity of populations, the largest group of 
studies, particularly trials, tends to be in women and/or young adults (i.e., college and university stu-
dents). Convenient access to these populations may be part of these phenomena. Another noted limita-
tion in trials is that food intake has been tested most often with high-energy snack foods such as small 
cookies rather than nutrient-dense foods such as fruits and vegetables. Therefore, additional research 
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is needed to confirm or modify the implications of these findings for different subgroups of the gen-
eral population and a wider range of food groups with better nutrient profiles [34].

 Environmental Food Cues and Influences

Reactions to food cues and environment represent primary influences on food choices and intakes. 
Some cues are sensory (such as visual images and odors/smells), and others are contextual and envi-
ronmental (such as ambience, portion size, dietary variety, advertising and marketing messages, and 
food availability) [38–40]. Individual reactivity to food cues is complex because the cues are influ-
enced by interactions of food perception, previous food experiences, motivation to eat, state of hunger 
or satiety, and individual neurophysiological, genetic, and psychological characteristics [41, 42].

• Sensory Food Cues

Visual appearance, smell (odor), and taste are probably the primary sensory food cues that influ-
ence food choices and intakes [38]. Like other factors in eating behaviors, these sensory cues are also 
interrelated.

Seeing food is often the first sensory contact before an eating occasion. Visual cues include the 
color of the food, its visibility, presentation (arrangement), volume, and variety [38]. These cues 
can raise expectations about taste, flavor, and palatability and, if positive, trigger the desire to eat. 
Such cues and others can activate the brain’s reward system [42, 43]. Sight together with smell also 
stimulates the anticipatory release of saliva and other digestive substances and the increase of blood 
insulin [38].

Research has shown that greater variety of foods available at an eating occasion leads to increased 
consumption [38, 44–47]. In one review of short-term trials, variety increased consumption by 
22–25 % [45]. The attractive color and appearance of the food in its variety also appear to be contrib-
uting factors [38].

Proximity of the food to those eating a meal or snack may also play a role in how much is con-
sumed. In trials where the food was positioned nearer the subjects and was more visible, participants 
consumed more than controls [38, 48, 49].

The odor of foods and how individuals perceive those odors play a major role in individual percep-
tion of a food’s flavor or taste [50]. Preferences for particular odors, however, are not innate but are 
flexible, learned behaviors [50]. Smelling an odor that an individual associates with food and identi-
fies as pleasant can trigger salivation and production of gastric acids and insulin. This reaction is simi-
lar to that evoked by visual cues. Research also suggests that olfactory sensitivity changes or adapts 
in different conditions. Some but not all research suggests that individuals may be less sensitive to the 
odor of a food they like when they are satiated rather than when they are hungry [51]. Research has 
also suggested that individuals with eating disorders have impaired sensitivity to odors [52]. Dieting 
individuals may also respond differently to odors than those not dieting [52, 53].

• Portion Sizes

Substantial research indicates that larger portion sizes often result in individuals eating more food 
and consuming more energy [38, 54, 55]. Larger portions may have more visual appeal [38, 56]. 
Served with larger portions, people may also tend to eat larger bites and to eat more quickly [37, 38, 
57, 58]. Bigger bites and rapid consumption may result in greater energy consumption before satiety 
kicks in [58].

What is served as a portion (in various settings) may also set an expectation that the portion is 
appropriately sized [54]. Similarly, the portion size selected by others in a group may set the percep-
tion of appropriate portion size for an individual within the group [54]. Packaging can also set up 
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expectation of appropriate portion size. This may occur with larger packages, which may encourage 
larger portions, or with single-serve packaging, such as 100-cal packs of snack foods, intended to 
encourage portion control [55].

• Marketing Messages About Foods

Marketing communicates messages about foods through many media, including:

• Advertising (television, radio, print, Internet, social media, movie placement)
• Promotions (coupons, in store, games, contests)
• Branding (including sponsorship of sports and community events)
• Packaging (design, claims, including health claims)
• Placement (in store displays, shelf position)
• Pricing

Research, particularly in the field of marketing, has established that all these aspects of marketing 
communication influence what foods people buy [59, 60]. Thus, food marketing communications 
constitute external food cues that may influence eating behaviors [60].

 Strategies for Managing How Much You Eat

The primary goal of any strategy for managing food choice and energy intake is to achieve a sustained 
positive impact on an individual’s food choice behavior and to improve his or her knowledge of how 
to make those positive choices and of how to recognize and reject potentially negative influences.

The potential strategies for managing how much one eats are as complex and interrelated as the 
factors that influence food choice and intake behaviors. The multiple goals for managing how much 
and what one eats also range from promoting general healthful nutrition to support well-being and 
prevent chronic disease to achieving specific nutritional goals to support management of specific 
chronic diseases (i.e., heart disease, type 2 diabetes, hypertension, or cancers) and to manage weight. 
Reviewing research on such strategies suggests that the most effective interventions address the spe-
cific circumstances of an individual or family [61]. One approach does not fit all! The research sum-
marized in the following sections provides insights and tools useful to registered dietitian nutritionists 
and other healthcare professionals as they work with clients.

 Create a Supportive Eating Environment

Given the complexity of influences on food choices, which may often overcome intention, research 
suggests some modifications that individuals may make to their home environments to support prepar-
ing and eating more nutrient-rich foods in healthful amounts.

 Stock the Pantry, Refrigerator, and Freezer with Nutrient-Dense Foods

• Determining what foods an individual or family usually has on hand is a good first step to 
change [62]. A Home Food Inventory (HFI) checklist that a client can complete provides a 
snapshot of what types of foods a client typically keeps on hand and enables discussion of 
which foods are nutrient-rich and which are not and how the client might gradually make 
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changes to improve dietary quality. The HFI may also be used at intervals to informally check 
progress. The HFI also provides a good focal point for other practical nutrition education such 
as using labels to judge nutrient content and portion size. Home Food Inventories have been 
effectively used in a number of research interventions [63–65]. A validated, self-administered 
Home Food Inventory [66], created by Jayne A. Fulkerson and team and frequently used in 
studies, may be downloaded at http://appliedresearch.cancer.gov/mfe/instruments/fulkerson_
home_food_inventory.pdf;

Various screeners may help health professionals evaluate what a client likes and what he/she 
eats, particularly when used in conjunction with a Home Food Inventory. A variety of screeners 
are available through the following web site, which is maintained by the Network for a Healthy 
California, California Department of Public Health: https://food-hub.org/files/resources/
Network-Compendium.pdf

• Having adequate food preparation supplies may also contribute to more frequent and convenient 
preparation of home meals that are usually more nutritious [67]. However, only very limited 
research focuses primarily on this aspect of the home food environment [67].

• Shopping with a grocery list has been shown to help individuals select nutrient-dense foods, limit 
impulse purchases of energy-dense foods, and contribute to staying on budget and meal planning 
[68, 69]. Other studies suggest that if shoppers are reminded about their goals of weight manage-
ment during shopping, their choices of higher-nutrient and lower-fat foods increase significantly 
[70, 71]. This research suggests that putting such a reminder on one’s shopping list might be 
helpful.

• Stocking up on sales of nutritious foods may help save money but may also present pitfalls [72]. Some 
studies show that having larger quantities of food on hand may lead to greater consumption. Discussing 
with clients how to handle these temptations may be a useful part of nutrition education efforts.

 Include Nutritious Convenience Foods that Feature Controlled Portions

Many studies have shown that individuals who use nutrient-dense, portion-controlled meal replace-
ments (including frozen meals or entrees and liquid meal replacements) and portion-controlled snacks 
have greater success over time in managing weight and maintaining weight loss [55, 73–76]. Using 
portion-controlled meal replacements has also been shown to improve dietary quality [77–80]. This 
strategy of using portion-controlled meal and snack replacements may be particularly convenient for 
single working adults or working adult couples.

 Improve Cooking Skills as Needed

Lack of cooking skills or knowledge of how to cook certain nutritious foods has been identified as a 
barrier to eating more nutritious foods. As a result, cooking classes have grown in popularity as an 
intervention to help individuals prepare more nutritious meals at home and eat out less frequently, 
particularly at quick-serve restaurants [81]. Although a recent review found that many studies of such 
interventions are not very rigorous [81], there is evidence that for many individuals taking one or more 
cooking classes to learn new cooking techniques or to explore cooking unfamiliar foods may be help-
ful [81–83].
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 Practice Portion Control Strategies

Controlling portion sizes is a major challenge for individuals in controlling how much they eat. Yet 
estimation of appropriate portion sizes appears to vary from individual to individual [55, 82, 85–87]. 
Most individuals, however, tend to underestimate how much they are eating [88]. As a result, counsel-
ors may wish to draw from a variety of portion control strategies to find a combination that works for 
an individual client or family.

• Educating about portion size and “portion distortion.” A number of portion-size measurement aids 
(PSMAs) have been available for many years [89, 90]. Many popular PSMAs use photographs, 
such as the interactive Portion Distortion Quizzes from the National Heart Lung and Blood Institute 
(NHLBI). http://www.nhlbi.nih.gov/health/educational/wecan/eat-right/portion-distortion.htm 
Such aids may be a useful place to start but questions remain about their accuracy and what lasting 
impact they may have on behavior [89, 91, 92]. As of early 2016, the most recent review assessing 
the validity of PSMAs specifically was published in 1997 [89].

Learning about appropriate portion sizes has been an observed result in studies that used 
replacement meals either to teach portion size [93] or to assist in improvement of nutrient intakes 
and weight management [77, 84].

• Making nutrient-rich, low-energy-density foods the main focus of meals. A number of studies 
suggest reducing energy intake without reducing the actual weight or volume of food eaten by 
shifting the proportion of foods eaten at meals toward larger servings of vegetables and fruits 
and smaller servings of energy-dense foods (such as higher fat foods, foods made with refined 
grains, and foods with added sugars) [55]. Several strategies appear effective in multiple 
studies.

 – Serving a nutrient-rich, low energy density salad or soup before the main entrée [55, 94]
 – Increasing the amount of fruits and vegetables in a meal, lowering the amount of fat, or increas-

ing the amount of water [55, 95, 96]

• Using portion-controlled meal replacements and snack packs. A growing body of research indi-
cates that regularly using portion-controlled prepared entrees and snacks can be a useful strategy 
to help control energy intake [55].

• Using smaller dishware or divided dishware. This strategy for eating smaller portions is frequently 
recommended. Recent reviews of the research literature, however, have found that the impact is 
more mixed than the results of many individual studies might suggest [97, 98]. The effect was 
found to be greatest for bowls rather than plates and when subjects were eating in distracted condi-
tions. Before dismissing the potential usefulness of smaller dishware, it is important to note several 
obvious limitations of the studies reviewed. First, in a majority of the studies, subjects served 
themselves and were able to return for additional servings (“ad libitum”). This practice could influ-
ence results [97]. Reviewers also suggest that in a laboratory setting participants may pay more 
attention to food selection than when eating in “real life” settings [48, 98, 99]. Informal observa-
tion notes that many recommendations to use smaller plates and bowls also advise serving meals 
away from the table and storing leftovers before eating. This latter strategy addresses the problem 
of proximity (in this case readily available extra servings) [48] which may counter the potential 
small plate or bowl effect.

In at least three studies, using divided plates designed to help control portions resulted in 
decreased energy intake and better nutrient intakes [100–102].

4 Effective Strategies to Help Adults Manage How Much They Eat

http://www.nhlbi.nih.gov/health/educational/wecan/eat-right/portion-distortion.htm


94

 Adopt Mindful Eating and Attentive Eating Techniques

Strategies such as mindful eating and attentive eating address cognitive processes to help individu-
als exert control over how much and what foods they eat. Overall, the research literature suggests 
that techniques used by each of these methods may help individuals (particularly overweight/obese, 
emotional, and binge eaters) control their dietary intakes [103–107]. Many successful interventions 
also included Cognitive Behavioral Therapy or other counseling therapies discussed in the next 
section [103].

Mindful eating appears to have the broadest focus and its targets and techniques overlap attentive 
eating strategies. Intuitive eating strategies also appear to be similar to mindful eating [108]. Mindful 
eating may be defined as nonjudgmentally paying attention to the food one is eating, to how the body 
is experiencing the food and eating process, and to physical and emotional sensations associated with 
the eating experience [103, 109]. Attentive eating focuses on avoiding distractions while eating and 
responding to internal cues such as satiety and emotions (e.g., boredom, anxiety) and to external food 
cues (particularly inappropriate food cues) [110, 111]. Attentive eating also focuses on enhancing 
food memories of earlier eating occasions during the day [110, 111].

Sample techniques for mindful and attentive eating include:

• Eating without distractions, such as watching TV, reading email or a book, or using a computer
• Taking time to savor food and to eat slowly
• Triggering positive food choices by asking mental questions about reasons for eating (hungry or 

some other reason) and external foods cues to which one may be reacting
• Using mindfulness meditation to reduce stress eating [112, 113]

The following validated questionnaires used in conjunction with counseling may help clients 
explore factors related to mindless/distracted eating or emotional eating.

• Mindful Eating Questionnaire [109]
• Emotional Eater Questionnaire [23]
• Perceived Stress Scale [114]

 Use Counseling and Education Strategies to Support Actions to Achieve 
Nutrition Goals

Theory-based counseling and education have long been major tools for nutrition professionals [115]. 
Extensive and diverse research shows that a variety of strategies and models based on Cognitive 
Behavioral Theory (strategies collectively termed Cognitive Behavioral Therapy [CBT]) have been 
the most successful in helping individuals make positive changes in eating behaviors, particularly in 
the short term [116–119]. Research into ways to extend the positive effects of interventions long-term 
has led to the expansion of Cognitive Behavioral Theory to include interventions that incorporate 
acceptance and commitment therapy (ACT) [119, 120]. ACT strategies focus on helping individuals 
use core values and acceptance skills to cope with today’s tempting, pleasure-pushing (hedonistic) 
food environment [119, 120].

Nutrition interventions based on CBT appear most effective in fostering changes in eating behav-
iors because they are problem-focused and goal-directed with the end objective of fostering individual 
self-regulation and self-efficacy [117, 118, 121–123]. Change models and techniques typically use 
variants of five typical CBT strategies [116]:

• Goal-setting and self-monitoring. Evaluation and goal-setting typically take place in face-to-face 
counseling sessions (individual or group) but there are increasing experiments with online or 
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mobile app intervention programs [124, 125]. Goal-setting using acceptance theory identifies core 
values that anchor the individual’s commitment to action goals [119, 120]. Motivational interview-
ing is one technique that has been shown to be effective in working with clients on goal-setting and 
self-help [118].

The effectiveness of self-monitoring food and activity behavior is well-supported [116–118, 126–
128]. Monitoring techniques include daily diaries or trackers [paper, digital, mobile device, online] 
for behavior such as food intake, physical activity, and regularly weighing. Monitoring could also 
include techniques for mindfulness or stress management.

• Stimulus control. These strategies help individuals identify and modify external cues associated 
with overeating or with nutritionally unbalanced food intake [116, 117]. Coping techniques range 
from avoidance (not having tempting food in the house) and distraction (thinking about something 
else or substituting another activity) to, more recently, techniques to promote learning how to 
accept food temptations or cravings and move through them [119, 120].

• Cognitive restructuring and acceptance. Thoughts and beliefs about food and about oneself in 
relationship to food may be among the greatest challenges in adopting healthful eating behaviors. 
Various techniques can help individuals become more aware of their beliefs about food,  overeating, 
weight management, and body image. Fostering realistic expectations, positive self-talk, and 
acceptance of the challenges of making changes are goals for techniques in this domain [116, 119].

• Stress management. Stress is an acknowledged predictor of relapse for individuals who are trying 
to change eating behaviors or lose weight/maintain weight loss [116, 117]. Stress management 
techniques such as relaxation exercises and mindfulness exercises such as brief timeouts or mind-
fulness meditation may help many individuals succeed in reaching or maintaining nutrition and 
weight management goals [113].

• Social support. Recent research suggests that an important component to long-term success to 
improve nutrition and weight management may be in continued support from nutrition profes-
sionals and healthcare professions [63–65, 129–131]. Various studies suggest that such support 
might come from follow-up phone contact, online support programs, and the like. Support from 
family, friends, and counselors is a long-recognized requirement for success in active interven-
tions [116, 117]

 Make Use of Resources in the External Environment that Encourage 
Healthful Food Choices

How the food environment affects consumers’ food choices and eating behaviors is a very complex 
issue [132, 133]. Research to date may offer some insights into how individuals may take advantage 
of opportunities for healthy food choices that may be currently available in local stores and restau-
rants. They may also take advantage of any interventional programs to make healthy foods more 
available.

• Use food labels. Food labels provide consumers with information needed to choose packaged 
foods and prepared foods that are higher in nutrients and lower in saturated fats, added sugars, and 
refined grains. National survey data indicate that label users tend to report better nutrient intakes 
than nonlabel users [134]. Discussion and research continues about ways to improve the usefulness 
of both the Nutrition Facts Panel and front-of-package labels [135, 136].

• Take advantage of store promotions of fruits, vegetables, and other nutrient-dense foods. Although 
a large body of literature describes the potential impact of poor food environments (food deserts) 
on residents’ food intakes, the results of interventions to improve healthy food choices in local 
food environments has been mixed. Successful programs to increase healthy food access in small 
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stores around the country required buy-in from both store management and employees and con-
sumers [137–141]. Point-of-purchase promotions alone were not as effective as promotions with 
more elements. These findings are consistent with studies of consumers that indicate that food 
shoppers, even those in neighborhoods with limited food outlets, chose stores based on more than 
proximity to home or work. Consumers often made the effort to go to more distant stores that pro-
vided better availability and quality of fruits, vegetables and meats, cleaner and more helpful store 
environments, and lower prices [132, 142, 143].

Such findings, though not conclusive, suggest that there are opportunities to help consumers 
look for promotions of healthful foods that can support nutrition goals and to assess the value or 
actual affordability of healthful foods such as fruits and vegetables [144, 145].

• Use menu labels for restaurant or prepared meals. Several research studies conclude that calorie 
counts for foods on the menus of fast-casual and full-serve restaurants appear to have had little 
effect on consumer food choices [146–148]. However, some consumers also report that calorie 
counts do enable them to make less energy-dense food choices [149, 150]. Because such calorie 
counts are required by law, they represent a potential tool that individuals may use to help improve 
food choices [151].

 Conclusion

A multitude of factors play a complex, interconnected role in individual eating behaviors. These 
include genetic and neurophysiological factors, psychological and cognitive factors, psychosocial 
factors and external, environmental factors. Possibly as a result of this complexity, multicomponent 
interventions have been among the most successful in helping individuals improve the nutrient intakes 
and energy balance of their daily diet. These helpful components include helping individuals create a 
supportive eating environment in their homes, improve portion control, adopt mindful eating and 
stress relief techniques, learn and use cognitive behavioral techniques and skills, and learn how to 
make healthful food choices working within the external environments they encounter.
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Key Points

• Nutrition is a broad field, touching many disciplines and fields of practice that may or may not 
communicate with similar terminology.

• Numerous study designs can be employed to study acute and chronic exposures to nutrition, requir-
ing precision in describing exactly what and how it was studied.

• The personal nature of nutrition in daily life can make reading, interpreting, and communicating 
nutrition science onerous, making it important to make things as simple as possible but no simpler, 
avoiding logical fallacies, and focusing on the science rather than extrascientific factors.
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 Introduction

Despite the increasing focus placed on the importance of nutrition for optimal health, nutrition as a 
science is often criticized in lay media and casual conversation as constantly conflicting with itself, 
and experts are ridiculed for seeming to change their minds. This unease is most pithily stated as, 
“if you don’t like what nutrition science says about good nutrition today, just wait until tomorrow; 
it’ll change.” This has played out with supporting “super” foods or demonizing “toxic” foods; 
changes in the perceived healthfulness of food categories like meats, fruits, and dairy; and even 
macronutrients in general, such as carbohydrates or fat. Although there is much that is uncertain 
about the effects of foods on health, some of these seeming contradictions can come from misun-
derstanding several things about nutrition science. First, there are people who share amazing anec-
dotes as though they are the generalizable truth. These people have interesting stories to share, but 
it is not science. Second, our understanding of the natural world, by the very nature of the scientific 
method, is expected to change. Therefore, at least in some cases, our collective understanding 
of nutrition and health does change from one day to the next. This is the purpose of scientific 
pursuits.

However, there are still issues with the conduct and communication of science itself that may con-
tribute to the confusion. This chapter is designed to be a primer for readers of scientific literature to 
identify some of the challenges in evaluating what was studied, determining how it was studied, and 
interpreting what we can conclude from studies. Throughout we will use case studies to show poten-
tial sources of confusion and illustrate that problems do occur in practice. However, we stress that 
these are cases and anecdotes to help readers identify what to look for and should not be interpreted 
as declarations of representativeness or frequencies of occurrence.

 What Exactly Was Studied?

How does one look for what we know about nutrition? Today, one can type into any search engine the 
topic of interest. However, what the search yields can be a list of varying results from a variety of 
studies. For example, when one searches for nutritive value of a particular food, the results can contain 
studies that investigate the calories of that food or micronutrient content of the food. Confusion over 
findings that appear erroneous or conflicting can arise from the definition of the language used.

 Using the Same Language for Different Topics

The impact nutrition has on human health is a topic area that interests scientists, policy makers, and 
the public, each using different subsets of language. Words can have multiple definitions (Table 5.1) 
or be inherently vague (e.g., high protein, low carbohydrate, breakfast, snacking). Clearly defining 
the exposure and the outcome is the first step in knowing what was studied in nutrition research. On 
the surface, defining the outcome and the exposure appears easy. However, several factors compli-
cate defining exposures and outcomes. Is the appropriate definition the one a researcher-contrived for 
a specific study, the definition a politician used to set policy, or a connotation generally accepted by 
society at a particular time? Is it broadly defined or highly specified? Is it defined chemically or 
abstractly? Using the same words but referring to different topics studied in nutrition research can 
influence the conclusions and application of the results from nutrition studies. Below are several case 
studies.
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 Case Study: Reducing Cholesterol

Reduction of cholesterol has at least two denotations. The more commonly used meaning in nutrition 
research studying cholesterol is to decrease blood concentrations of cholesterol. However, another use 
of reduction of cholesterol in nutrition research is the chemical reduction of cholesterol to coprostanol, 
which occurs, for instance, from metabolism by gut microbes. Reduce here has two meanings: the first 
case is “to decrease” and the second case is a chemical reaction (the gaining of electrons). The differ-
ence is often clear by context, particularly for cholesterol, but if there is uncertainty the questions can 
be rephrased, such as “how do we decrease cholesterol concentrations in humans” or “how do we 
reduce cholesterol to coprostanol.” Defining exactly what was done by clear and detailed language use 
is crucial in the understanding, interpreting, and meta-analyzing of results from nutrition research.

 Case Study Snacks, Breakfast, and Meals as Exposures

Breakfast definitions across lay and scientific publications range from specifying foods and times 
(e.g., oatmeal no later than 9 a.m.) to an assortment of 32 separate definitions of eating breakfast and 
skipping breakfast depending on types of foods and number of days consumed [1]. In the case of 
breakfast, the researcher must create an operational definition of what in their study constitutes break-
fast, which may or may not match the definition of the next researcher, clinician, or member of the 
public. Breakfast itself has several components that one must think about: time of day, number of 
times per week, amount eaten, and composition of the meal. The wide array of possible definitions of 
breakfast make the current research more difficult to synthesize and apply when either the denotation 
is not clear or is not specified [2].

Similarly, snacking versus meals have disparate denotations depending on the group defining them 
[3]. Snacking versus meals has been defined by researchers either using the time of day the food was 
eaten with meals given prespecified times (e.g., 8–10 a.m. is breakfast) or using a food taxonomy and 
amount of calories eaten [4]. Others have noted that a number of different contexts guide what an 
individual thinks is a snack versus a meal: respondents associated snacking with paper napkins, stand-
ing, and “unhealthy” foods, while associating meals with cloth napkins, sitting, and healthy, prepared 
foods [5]. Meals and snacking are, therefore, complex topics that can be oversimplified. We address 
this oversimplification in section “Oversimplification of Complex Topics”.

 Case Study: Obesity as an Outcome

Just as with poorly defined exposures, a poorly defined outcome does not lend well to understanding 
nutrition research. One such outcome that is broadly defined is obesity. Many nutritional interventions 
have been investigated in an effort to decrease obesity, but what a given researcher defines as an 

Table 5.1 Examples of words frequently used to describe foods and nutrients with different 
interpretations

Word Interpretation 1 Interpretation 2

Nutritive Containing micronutrients Containing calories
Significant Important p < 0.05
Reduce Decrease Gaining electrons
Toxicity Acutely hazardous Capacity to cause harm
Uncertainty Anything is possible Constraining the known
Diet Restrictions on eating behaviors Eating behaviors
Bias Mathematical deviation from true results Human distortion
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obesity-related outcome can vary widely. Obesity is defined by professional societies in a number of 
ways, including descriptions of “excess body fat” (which, of course, raises additional questions of 
how “excess” is characterized) or metabolic dysfunction. However, researchers operationalize obesity 
by measuring body weight, body mass index, fat mass, fat mass index, body fat percentage, adiposity, 
waist circumference, waist-to-hip ratio, skinfold thickness, and categorized overweight/obesity 
defined by any of these methods, among others. When investigating whether or not a particular food 
or nutrient will have an impact on obesity, a more precise description other than simply the word 
“obesity” must be employed.

 Oversimplification of Complex Topics

When communicating results from nutrition research, simplistic statements are common in an effort 
to present the results in a manner that the audience understands. Making simplistic conclusions from 
complex research may superficially seem to be the best way to convey the research to the intended 
audience. At other times, oversimplification is unintended, such as in the cases described in trying to 
define breakfast, meals, or snacks. The meaning of the research can be lost or misleading when overly 
simplified. One such statement is “eat more fruits and vegetables,” exemplified by the “more matters” 
campaign [6], when in actuality the goal is often “eat more fruits and vegetables in place of energy 
dense foods.” Einstein’s Razor, stated as “make things as simple as possible, but not simpler,” can 
aptly be applied to nutrition research. By distilling a statement about a topic to an oversimplified snip-
pet, the meaning and value have changed.

 Case Study: Empty Calories, Nutritive Value, and Junk Food

The United States Department of Agriculture (USDA) defines empty calories as calories contained in 
a food that do not have vitamins or minerals associated with them [7]. This is a distillation of the idea 
that when creating a diet, the diet should contain nutrient dense foods (here, specifically referring to 
micronutrients). The concept of empty calories was born to account for the calories in foods that are 
associated with extra calories coming from added sugars and fats. The concept of minimizing the 
amount of calories ingested that are not associated with other nutritive components is not a new con-
cept. In the old USDA Food Guide Pyramid, these types of energy-containing items were located at 
the top with oils, sugars, and sweets being items one should consume sparingly. In Table 5.2, some 
commonly eaten foods are listed with the total calories, total empty calories, and percent empty calo-
ries each food contains. Empty calories do not just arise from the individual adding items such as 
sugar or fats to a food but also portion size. Furthermore, there are recommendations on how many 
empty calories a man or a woman should consume in a day.

Thus far, the concept of nutrient density and limiting calories—specifically empty calories—may 
seem straight forward and consistent with years of recommendations. However, when one looks at the 
numbers in Table 5.2, a woman between the ages of 31 and 50 who has a glass of wine (consistent 
with interpretations of the Mediterranean Diet or moderate intake of alcohol in US dietary recom-
mendations) cannot consume anything else in the table on the same day, with the exception of white 
bread, because she is limited to a total of 160 empty calories.

Adding to the confusion is the use of nonquantitative or poorly defined terms, such as “excess” 
(e.g., excess sugar and fat) or “nutritive value.” Currently, foods that are high in calories but low in 
micronutrients are often considered to have little nutritional value. However, in 1905, the USDA 
stated that “[t]he common fruits, because of their low nutritive value, are not, as a rule, estimated at 
their real worth as food” [8]. Fruits today are typically considered “good” and nutrient dense, 
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containing 0 empty calories, but using this older connotation of nutritive value would have seemingly 
classified them as were junk food.

But then what makes a food junk? Two common definitions are a food that contains little nutritive 
value or a food with added calories from sugar and fat. Thus, empty calories might often be used as a 
euphemism for junk food. However, the Physicians Committee for Responsible Medicine repeatedly 
refers to cheese, meat, dairy, and other nutrient-dense foods as “junk foods.” Such a classification 
starkly contrasts with the USDA recommendations for selecting meats and cheeses to meet the nutri-
ent requirements that come from the protein and dairy groups while decreasing the number of empty 
calories. Terms such as “empty calories,” “nutritive value,” and “junk food,” therefore, are conceptu-
ally appealing to discriminate “good” from “bad” foods, but without a comprehensible and consistent 
definition that fits within practical limits, their value in research and practice remains questionable and 
ripe for abuse by organizations pushing agendas against certain foods.

 Case Study: Whole Versus Processed Foods

A hot topic in nutrition is decreasing the amount of processed food in the diet, but food processing is 
a complex issue. What constitutes a processed versus whole food occurs along a spectrum, rather than 
a discrete dichotomization. There is no definition supplied by the USDA on the MyPlate recommen-
dations, and a previous spokesperson for the Academy of Nutrition and Dietetics cautions that, “We 
get really caught up in the word processed without realizing what it truly means” [9]. Processing 
includes actions such as cutting, washing, removing nuts from shells, and deboning of fish. Some 
processing of foods such as washing and irradiation are done to minimize food-borne illnesses.

Such nebulous definitions of processing are also important in research. A study titled “Postprandial 
energy expenditure in whole-food and processed-food meals: implications for daily energy expendi-
ture” [10] may be more aptly titled, “Tale of Two Cheese Sandwiches.” Although the title implies that 
the study investigated the effect of whole versus processed foods, a more accurate description is that 
it studied thermogenic differences between two kinds of cheese sandwiches. In all fairness, compar-
ing whole versus processed foods is conceptually difficult. First, as already mentioned, what defines 
a food as whole or processed? Second, once one finds foods fitting the definition, how can one make 
comparable treatments in energy and nutrient content given that the only difference of interest is pro-
cessing? Third, the scope of inference may be limited to the whole and processed foods used in the 
study and not extrapolated to all whole versus all processed foods. This study highlighted the chal-
lenges of each of these three limitations of studying complex topics. First, the “whole food” sandwich 
was made with whole grain bread, the “processed” with white bread; the former using sliced cheddar 
cheese and the latter using American singles. Do whole versus white breads and cheese versus cheese 
product adequately represent whole versus processed foods? Second, besides the nominal 

Table 5.2 Examples of total calories, empty calories, and percent empty calories for a sample of foods [7]

Food Total calories Empty calories Percent empty

5 oz table wine 121 121 100
2 slices, white bread 138 0 0
2 × 1 oz patties of pork sausage 204 96 47
3 oz roasted chicken thigh w/skin 209 47 22
1 c frozen yogurt 224 119 53
3 oz regular, 80 % lean ground beef 229 64 28
1 medium, 2 oz croissant 231 111 48
1 c fruit flavored, low-fat yogurt 250 152 61
1 small, 2 oz blueberry muffin 259 69 27
3 × 1 oz slices of beef bologna 261 150 57
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classification of processing, the sandwiches differed in several other important ways. The authors 
reported some differences in nutrients, such as a 5 % difference in protein content, a 10 % difference 
in carbohydrate content, and a 6 % difference in lipid content, which will influence the thermic effect 
of the foods. Also, the sandwiches differed in overall weight. Third, this is a study of a whole-grain 
bread, cheddar cheese sandwich versus a white bread, American-singles sandwich. Although the 
study seemed fairly well conducted and controlled, the conclusion that the results reflect whole versus 
processed meals may generalize too far.

 How Exactly Was It Studied?

 Causal Inference and a Hierarchy of Evidence

Much of the biomedical literature is interested in determining causation so that policy or clinical rec-
ommendations can change an exposure to improve an outcome. There are many great primers and 
in-depth discussions of causation [11] that go far beyond the constraints of this chapter. Here, we will 
simply say that causal inference is the scientific exercise of determining whether one thing (an out-
come) occurs as a result of another thing (an exposure) happening or being changed. Questions fitting 
this form include: Does increasing exercise intensity decrease obesity? Does eating omega-3 fatty 
acids decrease cardiovascular events? Does providing free school breakfast improve school perfor-
mance? These all take the logical form of “an exposure causes an outcome,” “A causes B,” or simply 
abbreviated as A → B.

One of the more thoughtful and oft-invoked discussions of causation in biomedicine comes from Sir 
Austin Bradford Hill’s nine viewpoints [12]. Here are some of the most commonly discussed view-
points: strength—the size of the association or effect of the exposure on the outcome is large enough 
that alternative explanations are unlikely; consistency—the association or the effect is seen repeatedly 
with different studies and study types; temporality—the purported cause (exposure) must come before 
the effect (outcome); and biological gradient (i.e., dose–response)—the benefit or detriment of the 
exposure changes with amount of exposure. Each viewpoint needs to be considered in the context of 
the question at hand. For instance, many things in biology, and particularly with nutrition, are U-shaped; 
a low amount of a vitamin may represent a deficiency, while a high amount may cause toxicity. Thus, 
the biological gradient may be nonlinear for nutrients, but monotonic for toxins. Furthermore, these 
viewpoints often need to be considered in toto, rather than independently. Hill himself indicated that 
none of the viewpoints are necessary or sufficient to conclude causation; indeed, when they are consid-
ered in isolation, they can quickly become fodder for logical fallacies (see section “Logical Fallacies”).

Of particular importance in these viewpoints is Hill’s identification that with experimentation 
“the strongest support for the causation hypothesis may be revealed,” which is reflected in hierar-
chies of evidence. Hierarchies of evidence are often depicted as triangles or pyramids, with random-
ized controlled trials (RCTs) at the top. Sometimes, systematic reviews and meta-analyses of RCTs 
will be placed at the top, which is a means of recognizing the need to consider a body of evidence 
when making conclusions. Other versions of the hierarchy also include animal studies or cell culture 
studies, placed at different levels of importance, but always below RCTs and controlled longitudinal 
studies in humans. An example would be the following (from bottom to top): in vitro studies; animal 
studies; case reports; case–control studies; noncontrolled longitudinal studies; controlled longitudi-
nal studies; and randomized-controlled studies. The idea is that, from bottom to top of the pyramid, 
there is an increase in causal inference in humans. The oft-unstated assumption, however, is that the 
studies are really comparing apples to apples: all study types are looking at scientifically sound 
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measurements of exposures, meaningful outcomes, and human-relevant models (ideally in living 
humans). When these three characteristics are not met, it is not immediately clear which study 
design would necessarily give the most causal inference for human outcomes. For example, which 
provides the best evidence for the causal effects of a nutrient on cardiovascular disease in humans: a 
randomized experiment with exposure to reasonable levels of a nutrient and measured cardiovascu-
lar outcomes in a well-characterized animal model or the association between the self-reported con-
sumption of the nutrient and an intermediate cardiovascular endpoint (blood pressure) in humans? It 
is unclear a priori which will prove to point toward the ultimate truth: the study with well-defined 
exposures and meaningful outcomes, but in animals; or the one in humans, but with mediocre mea-
sures of exposure and surrogate endpoints.

Given that an RCT is testing a well-characterized exposure, measuring meaningful endpoints, and 
in humans, the RCTs or systematic meta-analyses thereof provide the best evidence for causation in 
humans. RCTs decrease bias in at least two ways. First, the assignment of a treatment to individuals 
removes many of the concerns about the directionality of a relationship discussed with observational 
studies. For instance, in observational studies there is always the possibility that although A is associ-
ated with B, A may not cause B. Second, randomization minimizes the influence of confounding 
factors on outcomes across RCTs. The use of stratification in RCTs can help ensure that such a bal-
ance is reached (e.g., by making sure that there are an equal number of men and women enrolled, or 
that subjects have a representative distribution of incomes between groups).

It is important to stress that this hierarchy of evidence is for determining causation between A and 
B, which is a reductionist principle. Some in epidemiology or systems science might argue that cre-
ating the constraint of A → B is too simplistic, owing to the fact that often A may also cause changes 
in other outcomes, that in turn might alter the final change in B. This criticism is indeed a concern 
for lifestyle medicine: telling an individual to eat a low fat diet will undoubtedly change many other 
characteristics of the diet beyond just fat; telling an individual to exercise may result in decreases in 
spontaneous physical activity. We discuss this more in section “Conclusions Versus Decisions”. 
However, the criticism of A → B causal models must also consider that much individualized or pub-
lic health advice is communicated in such a reductionist paradigm: “eat more fruits and vegetables 
to prevent obesity” takes the form of “fruits and vegetables → lower obesity”; “schools need to 
include physical education to improve scholastic performance” takes the form of “physical educa-
tion → better grades.” We will discuss challenges in communicating lifestyle sciences in section 
“Communicating Science”.

 Can the Evidence Inform What Is Sought?

As the hierarchy of evidence demonstrates, not all studies are created equal and certainly quality may 
vary within a study type.

 Surrogates: Is the Study Measuring What It Means To?

Actually measuring the exposures and outcomes that researchers want can often be insurmount-
ably difficult, whether because of time, money, or ethics, especially in human research. In many 
cases, intermediate endpoints, biomarkers, or surrogate exposures are used (Table 5.3). These 
limitations do not necessarily invalidate a study’s findings, but are important to consider when 
communicating the results of a study. In some cases, though, the limitations can be invalidating, 
as described below.
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Case Study: Self-Reported Energy Intake The use of self-reported energy intake (SREI) has 
been used for years to make conclusions about actual energy consumption, but some methodolo-
gists of late (including the authors here) have made an attempt to explain why SREI is invalid 
as an estimate of actual energy intake (AEI) and is no longer fit for scientific conclusions [13]. 
SREI involves a researcher asking participants through food frequency questionnaires, 24-h 
dietary recalls, food diaries, or other methods, to report what he or she has consumed. The 
researcher then assigns energy values to each reported food and drink, such as by extracting 
energy information from a standardized food database. At least as early as 1953, researchers 
demonstrated that different people report their energy differently. In one particular study, over-
weight women reported eating fewer calories than their normal weight counterparts when com-
pared to an external observer [14]. Although an external observer still employs some degree of 
subjectivity, this observation was confirmed when an objective measurement of energy balance 
(the doubly labeled water technique) was applied to humans [15]. Indeed, different people mis-
reported their consumptions, with larger individuals underreporting more. Misreporting of 
energy intake has also been associated with age, sex, and obesity. Clearly, SREI does not mea-
sure AEI.

 Bias: Is Our Study as Rigorous as We Think?

RCTs are often placed atop the hierarchy of studies because of their ability to decrease bias. 
However, this is predicated on RCTs actually being designed and executed in a way that decreases 
bias. This can be difficult in nutrition experiments, where blinding or masking the participants is 
often not possible, particularly in studies using foods: participants and researchers alike know when 
participants are getting sandwiches versus salads. There are ways to decrease biases, though, like 
concealing allocation until after randomization, blinding those taking outcome measurements, and 
masking the treatments from those performing statistical analyses. When controls are not in place, 
there is an increased risk of bias, which in this context refers to humans influencing the results, 
intentionally or unintentionally.

Case Study: Lanarkshire Milk Experiment In an attempt to see whether milk helped children 
grow, a massive RCT was conducted involving 20,000 children at 67 schools in which students were 
randomized to receive milk (pasteurized or raw) or not [16]. Unfortunately, those administering the 
treatments reconfigured the randomization such that they “must have unconsciously made too large a 
substitution of the ill-nourished among the ‘feeders’ and too few among the ‘controls,’” which in turn 
resulted in a large baseline imbalance between the two groups. Thus, the randomization scheme was 
undermined and so too was the causal inference to be drawn from the study.

Table 5.3 Examples of exposures or outcomes of interest versus what was actually studied or administered

Exposure or outcome of interest Exposure or outcome measured/administered

Obesity Energy intake at a single subsequent meal
Fruit and vegetable consumption Self-reported intake of fruits and vegetables
Poverty Feeling of relatively lower buying power in a controlled, acute 

experiment
Cardiovascular disease Low-density lipoprotein cholesterol
Diabetes Fasting blood glucose
Chronic breakfast skipping Skipping during a single morning intervention
Habitual exercise Controlled exercise intervention with a research trainer/observer
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 Confounding: Is the Study Actually Comparing Apples to Giraffes?

Frequently, the comparisons of interest are binary in nature. In some cases, it is implicit: “does eat-
ing apples improve pulse wave velocity?” requires the additional question of “compared to what?” 
Eating any apples versus no apples? Increasing the number of apples someone consumes? 
Substituting apples for some other fruit? In each case, however, the assumption is that the study 
being conducted is testing the desired question, but sometimes additional factors can unwittingly be 
introduced into a study. Take, for instance, the concept of an attention-placebo. In studies involving 
lifestyle interventions, in which the researchers have hours of contact time with the participants, it 
is necessary to be sure that the control subjects are also receiving a similar amount of attention, 
ostensibly in a way that is not expected to affect the outcome of interest. The attention-placebo is 
part of a greater concept of making sure the treatment group is as similar as possible to the control 
group except for the factor of interest. In the present example, if the control group received no atten-
tion, then it would be unclear whether having hours of health-related attention would be sufficient 
to bring about any differences between the treatment and control groups or whether there is some-
thing unique about this particular lifestyle intervention. The existence of a factor that is difficult to 
isolate from another is sometimes referred to as “confounding,” though it is important to note that 
there is also a related statistical concept (when a third factor is correlated with the two factors of 
interest).

Case Study: Plant-Based Diets Versus Restriction of Dietary Options An RCT was conducted 
to determine if the degree of plant-based content of the diet influenced weight [17]. The researchers 
chose five diets: omnivorous, semivegetarian, pesco-vegetarian, vegetarian, or vegan. The research-
ers concluded that “[v]egan diets may result in greater weight loss than more modest recommenda-
tions.” However, the researchers neglected to consider another, completely reasonable alternative 
explanation: the extent to which dietary options are restricted may result in greater weight loss. 
When looking again at the five diets, as they increase in plant-based content they also decrease in the 
dietary options available to the participants; stated another way, the dietary option restriction 
increases concurrent with plant-based content. The two are confounded, and therefore conclusions 
about the plant-based content cannot be made without also making conclusions about the restriction 
of dietary options.

 Communicating Science

 Conclusions Versus Decisions

The concepts of “evidence-based medicine” and “evidence-based policy” revolve around using the 
best available evidence to inform what decisions should be made with respect to medical care, medi-
cal coverage, and policies of all sorts. The narrative often involves discussing the importance of evalu-
ating evidence and letting the science decide what action should be pursued. Although such a narrative 
represents a lofty and idyllic standard, scientific evidence is designed to make conclusions, not neces-
sarily decisions. Conclusions can often be empirically tested and confirmed, whereas decisions 
involve value structures and concerns beyond the scientific conclusions [18, 19]. Such differences in 
value structures have played out, for instance, in nutrition assistance programs in the United States, 
namely the Special Supplemental Nutrition Program for Women, Infants, and Children program 
(WIC) and the Supplemental Nutrition Assistance Program (SNAP). In one (WIC), the nutritional 
support is highly prescriptive, with specific foods being allocated, sometimes including size, type, and 
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other characteristics. In the other (SNAP), there is more flexibility, and efforts to restrict foods some 
people consider unhealthy or nonessential have been met with discussions of the importance of auton-
omy and freedom of choice. The evidence of the health effects may or may not be different between 
the two populations of beneficiaries, but the policy decisions of what to do with that evidence is quite 
different.

Additionally, many of the questions asked by science are in the form of A → B. That is, will lower-
ing food insecurity lead to decreased crime? But, A may also lead to C or to not-B [19]. For example, 
alerting patients of their weight status (A) was intended to lead to greater awareness of the problem of 
weight (B) but actually lead to stigmatization of the patients, depression and consumption of more 
food and avoidance of future doctor’s appointments (C) [20]. In another study, the message of eat 
more fruits and vegetables was placed on “unhealthy” foods (A) in an effort to decrease consumption 
of the “unhealthy” food in favor of a “healthy” food (B) and as a result of the study, participants con-
sumed more of a test “unhealthy” food (not-B) [21].

It is therefore important to separate the “science” and the “should”: just because science says that 
a particular targeted outcome may improve with a certain set of policies or behaviors does not mean 
those necessarily should be implemented if they violate other ethical principles or have other undesir-
able consequences; the converse is also true.

 Letting the Data Speak

Many-a-headline, press release, or study conclusion describe in no uncertain terms the sensational 
value of the latest research.

 Averages Versus Anecdotes

Anecdotes are often buried low on the hierarchy of evidence, but they have a very important place in 
determining what an individual should do in daily life. For instance, it does not matter what the health 
benefits of nuts may be if an individual has an allergy: nuts are unhealthy for that person. Such state-
ments may seem obvious, but are often overlooked when making policy or recommendations. 
Scientific research in most cases provides an estimate of what would be expected to happen within a 
certain population on average, not for each person. This distinction has become increasingly popular 
with the advent of “precision” or “personalized” medicine. Thus, conclusions need to be stated with 
appropriate caveats, including characteristics of the population studied.

 Association or Causation

Remember the limitations in how a study was conducted. If a study statistically regresses self-
reported intake of a particular food with self-reported weight, then the study only showed an associa-
tion: people who self-reported eating more of that food also self-reported having a higher weight. 
This does not show that getting people to eat more of that food will result in them having lower 
weights for at least two reasons. First, as the maxim says, “correlation does not equal causation.” 
This has been described above and is further addressed below with “Logical Fallacies” (section 
“Logical Fallacies”). Second, self-report does not necessarily adequately reflect truth; thus the most 
proximal causal conclusion would be that getting people to self-report eating more of that food will 
result in them self-reporting a lower weight. Going further would require extrapolating beyond both 
the self-reported exposure and outcome.
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 Extrapolation

Some forms of extrapolation were already discussed (e.g., section “Surrogates: Is the Study Measuring 
What It Means To?”), where biomarkers or related endpoints (e.g., blood cholesterol or short term 
energy intake) were assumed to represent a reliable substitute for ultimate endpoints (e.g., cardiovas-
cular events or obesity). In some cases, the error can only be demonstrated through additional experi-
mentation. An acute change in energy intake from a particular stimulus may or may not continue with 
a chronic stimulus. One study looking at a low-calorie version of a food showed that energy intake 
decreased acutely; when they looked more chronically, energy intake was not different (meaning total 
mass of intake increased). Stopping at the acute study would not have revealed this.

Another type of extrapolation has been termed the “monotonic mind” [22]. Monotonic is a term 
used to describe a trend that continues in one direct; a line would always increase or stay flat. This 
comes in to play when thinking of foods deemed “good” and “bad.” Salt is frequently considered 
“bad,” and in large quantities that is often true; but, just because a lot of salt is bad does not mean that 
a little salt is bad. Salts are essential minerals, but using the monotonicity argument, if a lot is bad, 
then a little is bad. Similarly, if a little of a food is good, then a lot of it is better. This played out tragi-
cally with the death of a contestant in a water drinking contest from hyponatremia. Despite tragic 
cases demonstrating the follies of monotonic thinking, studies implicating benefits from drinking 
water are still paired with headlines like “More you drink water, more dietary benefit you get.”

Other types of extrapolation can lead conclusions astray, as well. One particular linear extrapola-
tion is known as the 3500 kcal rule, which assumes that increasing or decreasing one’s current energy 
balance by 3500 kcal will result in 1 lb of weight change. Such thinking ignores the adaptive nature 
of biological organisms. The errors in this particular extrapolation are much more apparent than some 
other types because simple arithmetic can demonstrate the absurdity: if a man walked enough daily to 
burn an additional 100 kcal/d, he would lose a pound in 35 days; in a year, over 10 lb; and, in 10 years, 
100 lb. In 20 years, he would likely be a negative weight. Several models have been developed to 
estimate expected final weight with a sustained change in energy intake (e.g., decreasing consumption 
of energy from current levels daily) [23, 24]; they each show that weight asymptotes in response to 
changes in energy demands from the final body mass and composition.

Generalizability can be considered as another form of extrapolation, which involves taking results 
from one population, model, or setting, and assuming that it will work in others. Assuming animal 
models will perfectly recapitulate humans, for instance, is unlikely. However, subtler examples also 
exist. Differences in metabolism among ages, between sexes, and across races make translating results 
between populations difficult. The use of data in other populations is an important place to start when 
investigating new populations, but assuming direct translatability is often premature.

 Logical Fallacies

Logical fallacies represent flaws in argumentation. When arguments are built on such fallacies, the 
arguments themselves no longer adequately support the concept being argued for. There are numerous 
fallacies, with a few addressed below.

Some fallacies come from the study design itself. For example, cross-sectional studies may suf-
fer from a fallacy known as cum hoc, ergo propter hoc (with this, therefore because of this; some-
times abbreviated cum hoc fallacy), in which two things that occur together are assumed to represent 
a causal relationship. Indeed, if a cross-sectional study shows that A and B are correlated (that is, 
we see that one factor increases as another factor increases), it is unclear if A → B, B → A, or if A 
and B are caused by something else entirely. Does eating breakfast result in lower obesity, does 
obesity cause a disinterest in eating breakfast, or do people with obesity not eat breakfast because 
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of other factors (genes, income, time, culture, etc.)? Without knowing which occurs first, it is 
impossible to tell.

Though as Sir Austin Bradford Hill pointed out, temporal order is necessary to establish causation, 
it is insufficient. Similar to the cum hoc fallacy, post hoc, ergo propter hoc (after this, therefore 
because of this; sometimes abbreviated post hoc fallacy) says that an earlier observation is the cause 
of a later one. Such argumentation is common in thinking about health, particularly about obesity. For 
instance, many arguments about the causes of obesity have used temporal fallacies of this sort to sup-
port the argument, whether it be the introduction of a particular food, agricultural practice, or technol-
ogy around the time the obesity epidemic began to rise in the United States. If this line of reasoning 
were valid on its own, then all other temporally related factors would be just as plausible, including 
the invention of Hacky Sacks, food processors, and automated teller machines.

Other fallacies are also evident. For example, a paper studying the amount of sugar in ultra- 
processed foods uses circular logic when the addition of sugar itself contributes to the definition of a 
food as ultra-processed. Raw food, whole food, paleo diets, and other terms draw on the naturalistic 
fallacy, or an appeal to nature, in which things that are considered “natural” are also considered 
“good.” When a communication concludes that attempting a particular lifestyle change is imperative 
to combat the sad state of childhood obesity, it is often appealing to emotion and a sense of duty, rather 
than relying on the strength of the evidence.

False analogies occur when an argument generalizes from similarities. This is similar to the dis-
cussion of oversimplification above. For example, lay media reported on a high fat/low carbohydrate 
diet on weight and glucose tolerance and insulin sensitivity in polygenic obese mice [25]. A press 
release of the study simplified the topic to one of the experts warning against the paleo diet and lay 
media reporting paleo diets could lead to weight gain. Although the gross macronutrient content of 
the diet may reflect some “paleo diets,” the content of the diet itself (canola oil, cocoa butter and ghee 
as sources of fat, sugar as the source of carbohydrate, and casein as the source of protein) does not 
match what is commonly considered a paleo diet.

The use of false analogies in other settings is used to evoke references to Nazism and Hitler to the 
point that a philosopher coined the term reductio ad Hitlerum or reducing an argument to a distasteful 
comparison to Hitler [26]. Here, we propose a similar phenomenon in health of comparing foods to 
tobacco and suggest the fallacy be called reductio ad tabacum. Indeed, recent examples have shown 
comparisons of bacon, sitting, and sugar to tobacco. Frequently, the comparison is used to evoke the 
same certainty of causation and magnitude of effect of tobacco on lung cancer to a situation involving 
much less certainty and a much smaller effect size.

Ad hominem (focusing on the originator of an argument) or genetic fallacies (deciding whether to 
accept an argument because of from whom or where it comes) are also frequently used. This typically 
comes in the form of giving a pass to academic researchers or government funded research, while 
attacking industry funded research. The common accusation is that individuals affiliated or funded by 
a for-profit industry are under undue pressure to obtain results favorable to the organization. 
Unfortunately, such logic fails to note the pressures within academia to “publish or perish,” or to sup-
port a professional viewpoint, such as those supported by professional or public health associations. 
Furthermore, the pressures of the individual or the funding of the study do not address any faults with 
the data, methods, or conclusions, and are therefore extra-scientific considerations. Indeed, Kesselheim 
et al. demonstrated that such disclosures are actually bias inducing, with physicians rating identical 
studies as less rigorous or reliable when the study was affiliated with an industry [27]. The converse 
can also occur, in which some studies from particular individuals or prestigious institutions may be 
presumed to be of high quality. Reductio ad tabacum may also be able to be applied here, but instead 
of comparing the foods and the outcomes, the comparisons are of the industries funding research 
being comparable to the unethical practices of the tobacco industry in promoting smoking. Though 
trust in an institution or an individual can be a useful heuristic to evaluate science at a personal level 
in day-to-day life, it becomes fallacious when used to make conclusions.
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The ultimate challenge in evaluating arguments that use fallacies, however, is the “fallacy fallacy” or 
“argument from fallacy,” which is dismissing an argument as false because it contains a fallacy. Instead, 
the conclusion is much more nuanced: “the argument does not support the contention being argued.” 
This is akin to concluding that a nonsignificant two-group t-test provides insufficient evidence of is a 
difference, rather than concluding that the groups are the same; or a person on trial being found not 
guilty rather than innocent. Identifying logical fallacies in communicating or conducting research leaves 
open the door for alternative hypotheses but does not immediately falsify the conclusions of the research. 
For example, take the case study of SREI in section “Surrogates: Is the Study Measuring What It Means 
To?”. If someone concluded based on SREI that tall people consumed more energy than short people, 
we can only conclude that those data are unreliable and are not able to support the conclusion. This is 
not equivalent to saying their conclusions is false: by the laws of thermodynamics (to which biology is 
beholden), taller people (who tend to have greater mass) likely do consume more to maintain mass than 
do shorter people. The SREI data simply are unreliable to confirm the contention.

 Moving Forward: Avoiding Lemons in Nutrition Science

The scientific literature has been likened to a “market of lemons” [28]: “the scientific literature is 
mixed, with the reader unable always to distinguish the good articles from the bad” [29]. Putting aside 
the purported health benefits of lemons and other citrus, “lemon,” in this case, refers to the American 
idiom of a used car passed off as being of much higher quality than it is, with problems arising after 
purchase and with seemingly no recourse for the buyer. A scientific lemon market would be character-
ized by an asymmetry of information, in which the reader cannot accurately assess the value of 
research while the researcher has an incentive to pass of a low-quality study as a higher quality one. 
It is exacerbated when researchers have no means to disclose credibility, and readers are sufficiently 
pessimistic about study quality. Furthermore, there are insufficient public quality assurances.

To avoid a nutrition science lemon market requires efforts on the part of all relevant stakeholders, 
from the researchers, to the knowledge consumers, to those that apply the science. For researchers, 
complete methodological reporting, stating conclusions within a realistic scope of inference, and 
limiting simplification can help readers understand exactly what can be gained from a given study. 
Furthermore, scientists have a vested interest in ensuring that quality information is produced and 
shared. If the consumers of scientific knowledge (other scientists, the public, policymakers, and oth-
ers) no longer see a value in it, then the market will collapse. Scientists therefore also have a vested 
interest in conducting and communicating science in a way that will help assure the long term stability 
of the knowledge market, which can only occur when credible information is being generated. 
Knowledge consumers, on the other hand, must first become educated consumers, and we hope the 
current chapter helps readers expect an appropriate amount of information from a given study and the 
scientific process in general. After all, researchers can only disclose the credibility of their science if 
readers know what to look for and how to interpret it. Those who use and apply scientific results, such 
as clinicians and policymakers, need to accurately communicate decisions versus conclusions. Too 
often, a reasonable decision is conflated with generalizable science, which not only undermines cur-
rent and future science that may be contrary to the decision, but also may confuse those who could 
most benefit from the decisions required for idiosyncratic cases.

On a daily basis, people make decisions, clinicians make judgments, and policymakers make poli-
cies from imperfect or incomplete information. But the decision to eat a food, perform a particular 
exercise, or support a given policy, even on the basis of the best-yet-limited scientific evidence should 
be seen as a decision and must not be mistaken for a scientific conclusion. Perhaps the most valuable 
thing an individual can do to better understand nutrition is to more critically evaluate nutrition 
research, especially research that concurs with one’s own proclivities.
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 Introduction

Nutritional genetics and genomics are of interest to health practitioners, physicians, nutrition scien-
tists, dietitians, and nutritionists. Connected to lifestyle medicine, these emerging disciplines are part 
of a pioneering effort to integrate diverse fields and strengthen the evidence to lower disease risk and 
promote health for children and adults. Sparked by the mapping of the Human Genome in 2003, the 
potential of genetics and genomics to personalize and predict nutritional needs and dietary require-
ments is promising, yet progress is still in its formative stages. The public at large is interested in 
uncovering definitive predictions of health and disease risk based on genetic profiles. Knowing more 
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Key Points

• Sequencing the human genome created a need to know more about genetics and genomics as it 
applied to nutritional health and disease.

• Dietitians and nutritionists already practice nutritional genomics for inborn errors of metabolism 
and other metabolic disorders.

• The increase in genetic information since 2003 is beginning to guide food and nutrition informa-
tion and offers promise for tailoring diets to individuals in the future.

• Ethical, legal, and social issues (ELSI) of genetics and genomics need to be considered in research 
and practice.

• Family pedigrees, teamwork, and genetic testing together with clinical evaluation will provide the 
evidence to alter practice until nutritional genomics research advances our knowledge base.

• Dietetics training needs to strengthen nutritional genomics content throughout all levels of accred-
ited dietetics education and credentialing exams.
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about genes, genotypes, and phenotypes may help individuals target their own health and disease 
trajectories. Moreover, increased information and excitement about disease susceptibility by consum-
ers may help them pursue healthier lifestyles.

In this chapter we present some of the history and background of genetics as it relates to nutritional 
genomics, provide the reader with insight into areas of practice that incorporate nutrigenomics, and 
highlight the needs for more integration of genetics and genomics into dietetic education at all levels. 
We do not provide a comprehensive review of the subject but have endeavored to clarify issues and 
direct the reader to other resources for more in-depth information. Nutritional genomics is an exciting 
and rapidly developing field that will be the future of nutrition and dietetic practice; exactly when and 
how this will occur is still to play out!

 Background

Watson and Crick discovered DNA in the 1950s and caused a stir about finding the secrets to genetic 
information [1]. Fifty years later, the completion of the Human Genome Project (HGP) was applauded 
as the answer to the details of every life process [2].

The human genome is made up of nucleotides (base pairs) within the DNA structure that is orga-
nized into 23 chromosome pairs within the cell nucleus. Within the DNA, the bases of adenine, thy-
mine, guanine, and cytosine (abbreviated A, T, G, C) form pairs that become sequences of functional 
units or genes. A single gene can be a few hundred bases or more than two million bases, and humans 
have about 25,000 genes establishing the blueprint for the formation of specific proteins. A and T pair 
up and C and G pair up and the pattern of these pairs of nucleotides is very important in forming the 
genetic code. Structurally, there are approximately 6 ft of human DNA with close to 3.2 billion base 
pairs. Genes are expressed and information passed on through a process of transcription and transla-
tion to make proteins. Genes only make up part of overall DNA. With the sequencing of the human 
genome, a realization of the importance of junk DNA has opened new horizons for the understanding 
of diseases. The various twists and permutations of DNA allow evolution to take place: short term as 
a life span change and long term by passing from one generation to the next [3].

Genetic variation links us to health and disease. About 99.9 % of all base pairs are identical in 
humans. Single nucleotide polymorphisms (SNPs) are the most common type of genetic variation. 
Polymorphisms are natural variations in a gene, DNA sequence, or chromosome. An SNP is a varia-
tion in a single base pair within a gene. For example, a SNP may replace the nucleotide C with a 
nucleotide T at a certain position on DNA. SNPs occur at about every 300 base pairs, thus there are 
almost ten million SNPs, most frequently found in the junk DNA. SNPs act as biological markers, 
some normal variations, such as eye color, are expressed as phenotypes and some cause disease. SNPs 
may indicate to scientists the location of genes associated with disease [4]. Single-gene diseases or 
Mendelian diseases have been studied since the early 1900s, namely as inborn errors of metabolism. 
Several single-gene defects involve nutritional management. In this century, common chronic dis-
eases are the focus of genetic research, presenting a much more complex genetic picture.

 Human Genome Project

Using powerful computer modeling, the first draft of the human genome was published in Science and 
Nature in 2001 with a detailed visual of the genetic code [5, 6]. Touted as “decoding the book of life,” 
it heralded a new era for detecting and understanding human disease. The question remained—How 
soon and how much will be learned about “the book of life?” [7].
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Great promise was anticipated for this international collaborative effort to decipher the human 
genome, launched by the National Institute of Health (NIH) and the US Department of Energy in 
1990 and involving numerous other groups from around the world. The results of this unique project 
gave rise to the human genome blueprint being made available via the Internet. Anyone with an 
Internet connection could view the entire human genome sequence. Prior to the HGP completion 
scientists thought that there were about 100,000 genes and that “junk DNA” was unimportant in the 
inheritance of genetic traits and diseases. Finding how genes were expressed was relatively easy but 
time has shown how much there was to learn. Only about 25,000 genes make up the human genome; 
repeats in junk DNA are meaningful and help to reveal our genetic potential, especially in relation to 
health and disease [8]. According to scientists at the time, the benefits of the HGP were likely to be 
many providing information on human development, insight on genetic conditions, and development 
of new treatments and diagnostic tools plus the creation of new jobs, services, and medical technol-
ogy. The sequencing project not only led to new knowledge but also created many more questions 
than answers and bolstered medical and health research.

 Ethical, Legal, and Social Issues

A unique feature of the HGP was the allocation of 3–5 % of the US$3 billion investment set aside for 
addressing the ethical, legal, and social issues (ELSI) of mapping the genome [9]. This funding also 
supported education of health professionals and helped augment the services of genetic counselors in 
the United States. The ethical, social, and psychological concerns generated a tension on the misuse 
of genetic information to discriminate or stigmatize individuals. Legal concerns arose surrounding job 
discrimination, privacy and ownership of genetic data, and genetic determinism. Gene patents seemed 
to advance too quickly for public and political discourse and consensus and impeded research efforts. 
Gene therapy held promise for the treatment of disease to find cures for conditions such as Alzheimer’s, 
Parkinson’s, and Huntington’s Diseases. Early gene therapy was not successful due to side effects 
from treatments and poor outcomes and was discontinued for a brief period. Biologists worried about 
reduced funding for future programs and the overcommercialization of research to accelerate genetic 
discoveries [10]. Today gene therapy is being studied in clinical trials and applied to treatment of 
some rare diseases.

The National Human Genome Research Institute and concerned patients and families dealing with 
genetic conditions fought hard to pass a bill in Congress to enact the Genetic Information Non- 
discrimination Act (GINA). Finally passed in 2008 the bill prohibited discrimination by insurers and 
employers on the basis of genetic data and protected confidentiality and privacy of genetic informa-
tion [11]. The question prevailed: Should genetic information be treated differently in health records? 
Genetic exceptionalism sought to protect and keep private information that identified family relation-
ships, predicted future health events and could be recovered in biological specimens for future 
research.

 Terminology and Definitions

Once the HGP was sequenced, a period of elation and exploration followed and research expanded 
with the quick discovery of 1800 disease genes in the next few years. Genomics is the study of func-
tions and interactions of all the genes in the genome of a given species [9]. Several new genomic fields 
emerged—genomic medicine, pharmacogenomics, nutrigenomics, public health genomics, and nutri-
tional epigenomics.
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Genomic medicine was meant to predict, prevent, and personalize care and create a better under-
standing of the relationship between genetic and environmental factors in health and disease. Its use 
emphasized health maintenance and a willingness to decipher the consequences of a patient’s life, 
health, and longevity by knowing the positive and negative aspects of genetic susceptibility to disease. 
Genomic medicine also allowed for genetic engineering to advance and establish new diagnostics and 
therapies for patients.

Pharmacogenomics arose quickly from genomic medicine allowing the production of medications 
to target specific genotypes. Medications could be formulated for specific genotypes to maximize 
effectiveness and minimize side effects. Presymptomatic medical therapies could be designed before 
a disease developed (i.e., antihypertensive agents before hypertension develops). Some obstacles 
existed for pharmacogenomics—adequate timing for new clinical trials and approvals for patient use, 
finding mutations that alter drug effectiveness and may limit their use, cost and safety issues for 
patients, and precise interpretation of gene-drug test data.

Nutritional genomics is a broad term that helps us to recognize the effects of one’s genome in nutri-
ent metabolism and how diet alters an individual’s genes and health. Nutritional genomics (often 
shortened to nutrigenomics) was originally defined as the scientific study of the way certain genes 
interacted with bioactive food components [11]. Knowing more about genes and food may realize 
“personalized nutrition” that targets treatment interventions for disease, ameliorates and prevents cer-
tain conditions and diseases.

Nutritional genomics refers to both nutritional genetics and nutritional genomics with the goal 
of using diet to prevent or treat disease. Nutritional genetics or nutrigenetics is defined as genetic 
variations that affect response to nutrients and other dietary components on the health status and 
risk for disease. Other definitions vary slightly but all include alterations in normal metabolism. 
Nutrigenomics includes interactions and synergies between dietary components and the genome, 
and thus, the functional interaction of diet and its components with the genome and its proteomic 
and metabolomic changes. How do genetic polymorphisms affect nutrient requirements? How does 
nutrition influence gene expression and metabolic pathways? How is regulation altered or disturbed 
in diet-related diseases? [10]

According to Stover, nutritional genomics focuses on applying genomic techniques with high- 
throughput technology and holds more promise for measuring interactions and synergies between 
dietary components and the human genome [12]. Nutrigenomics has expanded our knowledge through 
research on polygenic diseases, including obesity, diabetes, cardiovascular disease, cancer, and other 
complex conditions. As the scientific community learns more, they are also realizing how much more 
needs to be learned. Nutritional genomics is concerned with using diet to prevent, mitigate, or treat 
disease [12]. Some common genes have been identified (BRCA1 and BRCA2), the genes for apolipo-
protein E (APOE), methylenetetrahydrofolate reductase (MTHFR), and diabetes are examples of 
nutrigenomic tests. As the discipline advances, researchers and nutrition scientists have called for a 
uniform nomenclature to clarify nutrigenomic definitions and concepts [13].

Epigenetics, first discovered in the 1970s, has grown in importance for comprehending the science 
of heredity. Epigenetics is the study of heritable changes in gene activity that do not involve the 
genetic code but are passed to at least one successive generation. The effects of environmental stress-
ors on genes can leave an imprint on genetic material in the developing fetus. Epigenetic marks like 
diet, stress, and prenatal nutrition can imprint and pass from one generation to the next predisposing 
children to certain diseases and early mortality [14].

Nutritional epigenomics focuses on changes in gene expression without changing the DNA 
sequence. It is defined as identifying and understanding the reversible, heritable chemical modifica-
tions on chromosomes (DNA methylation and histone acetylation) that alter gene expression and lead 
to phenotypic variation in health outcomes. Thus, nutritional epigenomics is the influence of diet on 
changes in gene expression without altering the underlying DNA sequence [15].
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After completion of the Human Genome Project, DNA was analyzed with advanced technological 
methods to scrutinize all the genes, proteins, and metabolites in a genome. Omics means “complete” 
or “all.” Proteomics is the study of a complete collection of proteins in a cell at one time, including 
both protein-encoding and nonprotein-encoding RNAs. Metabolomics or metabolite profiling is the 
investigation of metabolic pathways using noninvasive biomarkers and determines how genetic differ-
ences influence metaprofiling, metabolic functions, and metabolic response to nutrients [13]. 
Transcriptomics profiles gene expression and patterns of thousands of genes or an entire genome in a 
single experiment using microarray analysis. The omics translates genetic information into phenotype 
within a given environment [16].

Personalized nutrition also emerged as a concept for reaching the public with information that 
connects diet and genetic makeup to an individual’s predisposition for selected monogenic and 
polygenic diseases. The public wants personalized nutrition along with designer foods and gene-
altering diets. However, it has become clear that modulation of diet and nutrients/food constituents 
based on genetics is difficult and some of the original claims for “personalization” have been 
tempered [17].

 Health Professionals and the Genomic Revolution

 Path of the Nutrition and Dietetics Profession

Nutritionists and dietitians began to approach genetics in a new way with the hope of identifying 
genetic profiles of patients and customizing nutrition therapy. DNA testing held the potential of 
taking the guesswork out of medical nutrition therapy (MNT). Entrepreneurial practitioners prom-
ised many answers in 5–10 years but academic researchers warned that it was premature to give 
science-based nutritional genomics advice without sufficient research verification and agreement 
by the scientific community. In-depth family histories could elucidate more about disease risk than 
a battery of genetic tests. Genetic tests provided a percentage risk of developing certain diseases 
and conditions, but more analysis and interpretation were necessary to help consumers/clients fol-
low prevention regimens and make lifestyle changes. DNA kits collected and analyzed only a 
small number of individual genetic variants, often not enough to be meaningful to permit individu-
alized treatment.

The study of genetics and diet had traditionally focused on single genetic variations or SNPs 
(single nucleotide polymorphisms). SNPs were embedded in our understanding of single-gene disor-
ders also known as inherited metabolic diseases or inborn errors of metabolism. Mutations in single 
genes that caused disease were based on Mendel’s law of inheritance and included thousands of dis-
eases. A good reference is the online website of Mendelian Inheritance in Man (www.ncbi.nlm.nih.
gov/omim).

Newer concepts began to affect the study of nutrigenomics—finding the function and interactions 
of all genes in the human genome, the number of SNPs in chronic disease, and genomic technologies 
applied to nutrition and diet. Nutritional genomics broadened our perspective related to common 
chronic diseases such as breast cancer, colorectal cancer, diabetes, obesity, cardiovascular disease, 
and hypertension [18–20]. Gene sequencing revealed that not one or two but a number of genes were 
related to diseases and that lifestyle factors could alter gene regulation and expression.

Sequencing the genome in humans is beginning to impact nutrition therapy for chronic conditions. 
With the plethora of new technology and genetic understanding, it is imperative for dietitians to keep 
abreast of new research that impacts nutritional genomics in their specialty practice area.
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 Organization of Health Professionals

Approximately 3300 genetic counselors were available and trained to receive referrals and assist 
patients with genetic testing and to help interpret probability of disease. Genetic counselors had long 
understood the vital role of family pedigree in interpreting health and disease predisposition. But, with 
the growing awareness that new genetic technology was developing very quickly, more trained profes-
sionals were needed to guide patients on the diagnosis, treatment, and psychosocial implications [21] 
of genetic tests. Training programs through the ELSI grants were used to prepare health professionals 
who were not trained in genetics. With the exception of those involved in caring for patients with inher-
ited metabolic diseases, most health providers did not practice with genetics and genomics at the fore-
front of care and the relevance to their practices and the provision of quality care was not understood.

In 1996, a group started to organize and fill the gap in health provider preparedness for genetics. 
The organization, partially funded by the National Human Genome Research Institute (NHGRI) of 
NIH, responded to issues confronting health professionals. Although health professionals were free to 
provide some genetic services to their clients, they had limited formal education in genetics and were 
not confident in their ability to continue the provision of genetic services within a rapidly changing 
research environment [9]. Most of the genetic information was coming from the media and not being 
taught or monitored within any professional disciplines.

To deal with education and communication issues, the national coalition moved beyond physicians 
and nurses and attracted over 100 member organizations. Fully structured with bylaws and membership 
categories, the National Coalition for Health Professional Education in Genetics (NCHPEG) sought to 
integrate genetics into the knowledge and training of practicing professionals and students and devel-
oped a website (www.nchpeg.org) that highlighted tools and resources. The organization expanded and 
interested individuals, and profit and nonprofit groups, committed to genetics education, joined the 
coordinated effort and held annual meetings with national and international representatives.

By 2001, core competencies were proposed and vetted by voting members of NCHPEG to increase 
genetic literacy across the professions. Another major concern was the proliferation of misinforma-
tion on the web, and thus, a detailed review process was designed for approving reliable genetic 
resources and sound curricula. NCHPEG constructed a comprehensive online genetics information 
center; genetics resources on the web (www.grow.org) formulated a core curricula template for adop-
tion by each health discipline and integrated genetics content in education programs and licensure and 
certification examinations. At a minimum, NCHPEG’s goals were to have professionals appreciate 
their own extent or limits of genetics expertise, comprehend the social and psychological implications 
of genetic services, and know when and how to refer to a genetics professional when necessary [22].

The nutrition and dietetics profession became a member of the NCHPEG. Around the same time 
the Academy of Nutrition and Dietetics (formerly the American Dietetic Association) members 
encouraged an assertive campaign to advance genetics into dietetics practice. Members with genetics 
expertise or active with NCHPEG conducted workshops at the national or regional meetings and 
appealed to the leadership to pave the way for dietetics professionals to become the credible, leading 
professional relying upon the translation of genetics, health, and nutrition research and technology 
into clinical practice [11]. Some dietetic practice group members promoted using genotyping to guide 
nutrition interventions and identifying food components that increase or decrease gene expression.

 Nutrition and Dietetics Education

As early as 2002, the accrediting body for dietetics education added a knowledge statement for under-
graduate education, “an understanding of human genetics” based on [23] the competency that gradu-
ates will have knowledge of genetics. Many educators began to scrutinize their course content and 
determine how to address the integration of genetics into the dietetics curriculum.

J.A. Gilbride and B.L. Wardley

http://www.nchpeg.org/
http://www.grow.org/


123

Dietetic students routinely study nutrition and food science, physiology, and chemistry. In the new 
model for establishing an in-depth background in nutrigenomics, they would need training in genetics 
and molecular biology, informatics, and computational biology. Broadening nutrition and dietetics 
education should also encompass the effect on nutrient requirements by genetic polymorphisms, the 
influence of food and nutrition on genetic expression and metabolic pathways, and determining 
whether gene regulation is disturbed in diet-related diseases. Nutrigenomics could be embedded 
across the curriculum and help students learn to target nutritional advice not only based on food pref-
erences, lifestyle, diet, and readiness to change but also based on the patient’s genetic information 
[24]. Table 6.1 outlines the suggested content of different levels of dietetic education.

The Human Genome Education Model (HuGEM) Project developed a needs assessment survey, 
Emerging Issues Confronting Health Professionals. The Academy of Nutrition and Dietetics par-
ticipated in this multidisciplinary survey of six health professions to determine the genetics educa-
tion needs and priorities of dietitians, occupational therapists, physical therapists, psychologists, 
speech–language–hearing specialists, and social workers. After the assessment survey, two addi-
tional phases followed: education and training of 60 professionals in a 1-week core course for add-
ing genetics into teaching and practice and regional workshops within each of the six professions. 
An evaluation of education effectiveness on practicing professionals was the final phase of the 
3-year funded project.

Findings from the HuGEM survey of 1958 professionals indicated that some genetics content 
(14 %) was included in their academic preparation. However, over a third (35 %) had no formal educa-
tion and only 14 % had a full course in genetics. Close to 70 % reported discussing the genetic com-
ponent of health and disease, 30 % did some counseling in genetic concerns, 19 % made referrals for 
genetic counseling, and 16 % made referrals for genetic testing. For the 600 nutrition and dietetic 
respondents, the numbers were similar but lower than the entire group of 1958 on genetic services. 
Dietitians differed from the other professionals on referrals. They were only 6 % who referred for 
genetic counseling and testing compared to 19 % for the total group. The services for genetic and 
environment factors by dietitians were 8 % higher than the entire group (43 % vs. 35 %). Overall, the 
major findings of the HuGEM survey found low confidence and low involvement in the provision of 
genetic services to individuals and families, inadequate knowledge of genetics, and a gap in practice 
and genetics education [25].

Replication of some of the items on the HuGEM survey would be interesting 15 years later, pos-
sibly by the Academy dietetic practice groups who work closely with individuals with genetic condi-
tions and their families. An examination could provide direction for the proposed 2017 revised 
standards for dietetic education from the Accreditation Council for Education in Nutrition and 
Dietetics (ACEND), which states, graduates are able to describe basic concepts of nutrigenomics [26].

Vickery and Cotugna conducted a survey of the use of the NCHPEG competencies by practitioners 
in 2005 [23]. They found that respondents were least likely “to refer patients for genetic counseling 
to specialists.” The lack of referrals may reflect the work environment where nutritionists and dieti-
tians do not counsel on genetics but physicians and genetic specialists do. A questionnaire about 
nutrigenomics and continuing education needs of dietitians revealed the belief that applying nutrige-
nomic principles would strengthen practice [27]. They perceived that nutritional genomics advice 
would affect practice by giving greater individualization of diet prescriptions (84 %), realizing a stron-
ger foundation for nutrition recommendations (76 %), and allowing diet prescriptions that could help 
manage and prevent certain diseases (75 %).

Whelan et al. conducted a survey in the UK on the involvement, confidence level, and knowledge 
of dietitians regarding genetics and diet–gene interactions. Using the HuGEM survey for some of the 
involvement and confidence measures, a national survey was sent to a sample of 600 UK dietitians 
with a 65 % response rate. Most of the 390 respondents indicated no involvements in genetic activities 
and a lack of confidence in undertaking the genetic activities. Knowledge was 41 % indicating a low 
level of knowledge in genetics and diet–gene interactions. The authors concluded a need to improve 
the parameters measured in this survey [28].
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In 2007, the Academy of Nutrition and Dietetics was awarded a NCHPEG grant to work 
toward a web-based genetics curriculum. Funding for the project was limited, so various nutrition 
professionals from the United States and the UK donated their time to draft, review, rewrite, and 
critique is four case scenarios, working with a genetics counselor from the NCHPEG staff. The 
objectives of the scenarios were to assist dietetic students/interns and practicing dietitians in 
applying nutritional genetics and nutritional genomics in practice. Each case had a unique focus 
for learning. The cases included an example of a fatty acid oxidation disorder, medium chain 
acyl-CoA dehydrogenase deficiency (MCADD), where the scenario stressed interpretation of 
family histories, newborn screening, and inheritance patterns. A celiac disease case focused on 
genes the environment, genetic variants, susceptibility, and genetic testing. The cystic fibrosis 
scenario showed the effect of genetic mutations on body systems and growth and the impact of 
early nutrition therapy.

A variation in the DNA due to an SNP causing less efficient functioning of the enzyme of methy-
lenetetrahydrofolate reductase (MTHFR) is the final case. This example demonstrated the role of 
MTHFR in common disorders and has been reiterated in many articles and workshops. MTFHR has 
a role in folate metabolism and regulates usage of one-carbon units between methylation reactions 
and nucleic acid synthesis [29]. In this case, aspects of personalized nutrition therapy based on genetic 
diagnosis, family history, and clinical/nutritional evaluation are highlighted. The nutrition case sce-
narios can be found on the NCHPEG website www.nchpeg.org/nutrition. However, the coalition of 
health professionals for genetics education was discontinued in 2005 and the website is now main-
tained by Jackson Labs.

 Implications for Nutrition and Dietetic Practice

Consensus of those involved in the early days of genetics education envisioned an opportunity to 
infuse genetics and genomics into the training of dietetic students and interns. However, a need 
existed to update current practicing nutrition and dietetics professionals to understand basic 

Table 6.1 Nutrition and dietetics education in the postgenome era

Undergraduate/graduate education
  Basic genetics and nutritional genomics concepts
  Human genetics and molecular biology
  Genetics in physiology and biochemistry
  Diet gene interactions in chronic disease progression
  Nutrition care process and nutritional genomics
  Bioengineering and functional foods in food science
Dietetic internship
  Nutrition care process in patient care with genetic conditions
  Nutritional genomics and medical nutrition therapy
  Disease risk assessment and counseling based on family histories, genetic testing and clinical evaluation
  Practical aspects of ethical, legal and social issues in nutritional genomics
Advanced practice or doctoral degrees
  Interdisciplinary approaches in genetics and genomics
  Nutrigenomics in advanced clinical nutrition practice
  Nutritional genomics research methods
  Clinical nutrition cases using informatics
  Genetic counseling and testing referrals
  Genetic testing and management of patient outcomes
  Policy and public health implications
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genetics as a foundation for practice. Also important in the ever-changing world of genetic discov-
eries was a renewed focus on several chronic diseases and conditions. Metabolic dietitians were 
skilled in managing inborn errors of metabolism in children and could assist in this effort. Critical 
topics for nutrition practice included genetic testing and counseling, how genetic differences among 
individuals can alter risk and health outcomes, working with genetics professionals, and the ethical, 
legal, and social issues. Knowledge of how food and nutrition combine with genes in multifactorial 
diseases and genotyping to guide food and nutrition selection has become progressively important 
(see Table 6.2).

Diet is a key environmental component of health and has the potential for achieving better health 
outcomes with increased genetic data at the population and individual levels. Health care costs may 
be reduced if nutritional genomics is a low-cost prevention strategy and can show large effects and 
statistical significance. Its greatest impact could be for high-risk diseases and within population 
subgroups at greatest risk. Dietary factors may become the most important environmental factor 
modulating gene expression throughout the lifespan. Genetic testing may become a lifetime invest-
ment for each person (done more than once), although a cohesive regulatory strategy is an issue for 
further research in clinical applicability. GINA, since its passage in 2008, is helping to control fair-
ness in the use of genetic information by insurers, employers, adoption agencies, schools, courts, and 
in other settings who have access to personal genetic information and how it will be used protecting 
privacy and confidentiality. Public surveys from the International Food Information Council (IFIC) 
have shown that consumers want both personalization from genetic testing and privacy of data, but 
the public debate continues with concerns and confusion about ownership of genetic information for 
health care and research [30, 31].

A recent study examined consumer perceptions of personalized nutrition (PN) and information 
provided by genetic tests. A randomized clinical trial of 138 men and women (ages 20–35) was 
provided with either a DNA-based dietary report or a general report of dietary advice for caffeine, 
vitamin C, added sugar, and salt. Both groups were surveyed three times at baseline, at 3 months, 
and at 12 months. The researchers found that perceptions of personalized nutrition changed over the 
course of the study. Patients preferred to receive PN results from a university research laboratory or 
a health care professional. Dietitians/nutritionists were considered the best providers of personal-
ized nutrition advice (56 %) compared to physicians (27 %) and nurses (8 %). More studies are 
needed to clarify the value and method of disclosing genetic-based information along with dietary 
advice to consumers [32].

Table 6.2 What you should know for practice in nutritional genomics

Basic understanding of genetics (terminology and principles including individual and population inheritance 
patterns)

Knowledge of normal metabolism and potential disruptions in metabolism due to genetic disorders of enzymes, 
transporters, etc.

Nutritional needs and diet modifications of selected traditional genetic conditions such as inborn errors of metabolism 
and chromosomal defects

Application of family histories/family pedigrees (at least three generations) to interpret genetic predisposition to 
disease

Understanding of the impact of nutrient-gene interactions on normal and aberrant phenotypes and chronic disease 
progression

Ability to know where to find up-to-date, sound evidence-based information on nutritional genomics and genetic 
testing

Appreciation of the ethical, legal, and social issues surrounding genetic testing, privacy protection issues and those 
affecting one’s practice

Integration of dietitian’s role/expertise in nutritional genomics with other disciplines and making appropriate 
referrals for genetic counseling
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 Genetic Testing as Part of Disease Management

 Newborn Screening

Newborn screening (NBS) is a public health initiative that should be considered an early form of 
genetic testing. Although not developed to look specifically at an individual’s genetic sequence, NBS 
does identify genetic disorders at a very early stage in the newborn infant, mostly through detection 
of metabolites in the blood. In some instances the initial metabolite screen is supported by genetic 
mutation analysis. Cystic fibrosis (CF) is an example of this [33, 34].

NBS originated in the 1960s, beginning with the work of Dr. Robert Guthrie, who developed a test 
to detect phenylketonuria (PKU). He was commissioned to devise a test shortly after the discovery 
that PKU as a genetic condition, if untreated, causes mental retardation and developmental delays. 
PKU could be treated by diet, which if initiated early in life prevented these consequences. The early 
dietary experiment establishing the success of the diet is documented in a historic video record [35]. 
The history of PKU and the development of newborn screening are reported in the literature 
[36–38].

Newborn screening gradually expanded into every state. The simple blood collection method 
developed by Dr. Guthrie is still in use today. Blood is collected from the infant using a minimally 
invasive heel stick, dropped onto a filter paper, and then mailed to the state’s screening laboratory for 
testing. Guthrie’s method involved bacterial inhibition testing, allowing only one disease to be tested 
per individual blood spot and thus limited the number of diseases that could be tested. Newer methods 
for testing and more conditions were later developed. With the advent of tandem mass spectrometry 
(MS/MS) where multiple metabolites can be examined on one single blood spot, NBS was capable of 
screening for many conditions.

By 2005, the American College of Medical Genetics (ACMG) released a report calling for all 
states to adopt a core screening panel of 29 primary disorders and 25 additional secondary disorders 
that would be detected incidentally when screening for the core disorders. In 2008, the Newborn 
Screening Saves Lives Act was enacted and brought expansion and standardization of NBS as well as 
requiring education and coordination of follow-up care. Today, all states have a NBS laboratory and 
screen for a minimum 29 core conditions. Many of the conditions are single-gene defects requiring 
dietary management as a significant or sole therapy. If a screening test is positive, the infant is referred 
to a genetic center where confirmatory testing will take place. When a diagnosis is confirmed and diet 
is required it will be initiated immediately. Not all positive newborn screens result in a diagnosis. The 
history of NBS and discussion on future possibilities are described in a publication from the 
Association of Public Health Laboratories [39] (see Table 6.3). Conditions screened on a NBS panel 
that require nutritional therapy include PKU, maple syrup urine disease (MSUD), homocystinuria, 
some urea cycle disorders, fatty acid oxidation disorders, galactosemia, and cystic fibrosis.

 Genetic Metabolic Dietitians

The dietitian’s involvement in the care of nutritionally managed single-gene defects can provide all 
practitioners with insight into some aspects of nutrigenomics practice. Dietitians working in the field 
of genetic metabolic dietetics (inborn errors of metabolism) have been using genetic information to 
direct nutritional care for many years. The genetic disorders, where most of the experience has accrued 
are single-gene defects (Mendelian disorders), many inherited through an autosomal recessive pattern 
of inheritance. Single-gene defects refers to conditions involving mutations in the DNA sequence of 
genes, resulting in an alteration or deficiency of a protein such as an enzyme involved in the 

J.A. Gilbride and B.L. Wardley



127

Table 6.3 Resources

Resource and web addresses Comments

Online Mendelian Inheritance in Man
www.ncbi.nlm.nih.gov/omim

Catalogue of human genes and genetic disorders and 
traits. Most current and updated information on 
known human genetic variation and expression

National Human Genome Research Institute
www.genome.gov

Offers many thorough resources on human genetics for 
students, health professionals, patients, and 
educators as well as information on research, 
issues, and news in the field

GeneTests
www.genetests.org

Useful resource for information on genetic testing. 
Search by specific disorder, gene, test or laboratory 
and find clinics

Centers for Disease Control and Prevention (CDC) Office of 
Public Health Genomics: Training Programs and courses

http://www.cdc.gov/genomics/training/

Listings of useful courses and training programs, CDC 
supported and others

US National Library of Medicine, Genetics Home 
Reference.

http://ghr.nlm.nih.gov/

An excellent resource which includes a handbook of 
basic information about genetics with links to 
online resources. Also includes sections on: 
definitions of genetic terms; descriptions of genetic 
conditions grouped alphabetically and also by 
category (such as food, nutrition, and metabolism) 
providing an overview of the condition and links to 
further references and resources; information about 
newborn screening; what’s new and in the spotlight 
in genetics

The New York—Mid-Atlantic Consortium for Genetic and 
Newborn Screening Services. Understanding genetics: 
The New York—Mid-Atlantic guide for patients and 
health care professionals. 2009.

http://www.ncbi.nlm.nih.gov/books/NBK115563/

Printed booklet (can be downloaded as a pdf free of 
charge). Includes information on diagnosis of 
genetic disorders and genetic testing, taking a 
family pedigree, newborn screening, genetic 
counseling, indications for genetic referrals, ethical, 
legal, and social issues. In addition includes some 
patient stories as examples

NCHPEG
http://www.nchpeg.org/nutrition/

Site written specifically for dietitians. Includes 
overview of genetic terminology and definitions. 
Several case study examples to illustrate genetics 
practice relating to nutrition, includes aspects of 
taking a family history and using genetics with 
clinical information and family history to direct 
nutritional management

Genetic Metabolic Dietitians International (GMDI)
http://www.gmdi.org/

Provide standards of excellence and leadership in 
nutrition therapy for genetic metabolic disorders 
through clinical practice, education, advocacy, and 
research. Excellent resources for clinicians on 
nutritional management of inborn errors of 
metabolism, contacts to other dietitians working in 
this area of practice, offers networking and peer 
support. Also organizes regular educational 
conferences

State Newborn Screening Laboratory Each state has at least one designated newborn 
screening laboratory. Their website provides 
valuable resources for clinicians and families. 
Contacts for referral clinics in the state with 
experienced health care practitioners can be found 
at these sites. Good local resource and starting 
point for clinical information and local contacts

(continued)
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metabolism of amino acids, carbohydrates, fats, vitamins or minerals or disrupting a transporter func-
tion at the gastrointestinal or cellular level or impairing another functioning protein. Cystic fibrosis, 
for example, is a disruption of transmembrane conductance regulator (CTFR) that is responsible for 
movement of chloride ions in and out of cells [33, 34].

Dietitians also work closely with patients with chromosomal disorders. For example, Prader–Willi 
syndrome (PWS) is a chromosomal disorder affecting genes on chromosome 15. Knowledge of the 
genetic diagnosis directs the dietitian to nutritional interventions specific for PWS. Nutrition interven-
tions support the underweight, hypotonia, and feeding difficulties in infancy and later dietary regi-
mens are adjusted in anticipation of later childhood hyperphagia and obesity.

Genetic metabolic dietitians are advanced practitioners, whose responsibilities include developing 
and implementing dietary treatments for a range of genetic conditions with variable phenotypes. The 
dietitian develops and implements dietary treatments based on the genetic diagnosis to prevent or 
minimize adverse health outcomes such as severe cognitive impairment or developmental delays and 
other significant medical problems. In many instances diet is the primary treatment option, in others 
it is an adjunct to pharmacological therapy and in others it is an intervention to optimize nutrition 
where there is a physical inability to eat, for example, tube feeding. For most patients diet therapy is 
required for life and the dietitian plays a critical role in giving care along with other members of the 
pediatric genetics team, including physicians, genetic counselors, social workers, and biochemists. 
Working on the team, the dietitian uses knowledge of the genetic defect, with an understanding of the 
metabolic pathway affected, and the impact on nutrition to develop individual medical nutrition ther-
apy (MNT) for the affected patient. In addition, consideration of the overall nutritional requirements 
for that individual is necessary based on age, growth, and daily activity. The nutrition care plan is then 
developed taking into account food availability, food preferences, cultural or religious beliefs as well 
as family socioeconomic circumstances [40, 41].

 PKU, a Single-Gene Condition

The management principles of inborn errors of metabolism are outlined below using PKU as an 
example. Phenylketonuria (PKU) is an autosomal inherited disorder of metabolism of the amino acid 
phenylalanine. Its incidence is approximately 1:10,000 live births, however, this varies by population. 

Table 6.3 (continued)

Resource and web addresses Comments

American College of Medical Genetics (ACMG) ACT sheets 
and algorithms

http://www.ncbi.nlm.nih.gov/books/NBK55832/

These algorithms and information sheets describe 
actions required to communicate positive NBS tests 
with families and the steps in follow up required to 
confirm diagnosis. Links to further information and 
resources are also included. The site is maintained 
and updated as new information becomes available

Academy of Nutrition and Dietetics
http://www.eatright.org/

Available position paper and resources on 
nutrigenomics. A series of articles published in the 
Academy journal between 2005 and 2009

Position statement: Position of the Academy of 
Nutrition and Dietetics: Nutritional Genomics. J 
Acad Nutr Diet. 2014;114:299–312

Journal of Nutrigenetics and Nutrigenomics
http://www.karger.com/Journal/Home/232009

International journal focusing on research and 
education in nutrigenetics and nutrigenomics since 
2007. Endorsed by the “International Society of 
Nutrigenetics/Nutrigenomics” (ISNN)
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PKU is a condition on the NBS in all states in the United States and in many countries around the 
world. Upon indication of a positive screen the baby is referred to a genetic center where further blood 
amino acid analysis confirms the high level of phenylalanine. Genetic mutation analysis is undertaken 
to confirm diagnosis and sometimes also for research purposes to further understand the genetics of 
this condition. The family sees all members of the genetic team. A genetic counselor will take a 
detailed generational family history, although no other relatives may be identified as affected due to 
the autosomal nature of inheritance in PKU.

The main principles of managing inborn errors of amino acid metabolism are (1) to reduce blood 
levels of toxic metabolites by reducing intake of nutrients that promote their production due to the 
inherited enzyme defect and (2) to provide deficient products (nutrients) created by the block in this 
metabolic pathway through supplementation. In some, particularly where there is residual enzyme 
activity, provision of a nutritional “cofactor” such as a vitamin is also important. In all cases individu-
alization is necessary due to the variability in metabolic tolerance between individuals with the same 
condition [40]. For an overview and review of other inborn errors of protein, fat, or carbohydrate 
metabolism refer to nutrition management of patients with inherited metabolic disorders [41]. Upon 
diagnosis the dietitian will take a full detailed nutrition assessment, including a feeding history, assess 
the usual family eating pattern and foods, and then develop an initial feeding plan. The goals for PKU 
are to provide a diet limited in phenylalanine to lower blood levels, replacing tyrosine (the deficient 
product of metabolism and now a conditionally essential nutrient) thus maintaining blood phenylala-
nine levels within a treatment range (slightly above normal physiologic levels to ensure no defi-
ciency), while ensuring overall nutrient needs are met for growth and development [42, 43].

In the PKU infant, the diet is composed of a special formula free from phenylalanine, high in tyro-
sine, and containing a balance of other essential and nonessential amino acids to meet protein needs. 
The formula also contains fat, carbohydrates, vitamins, and minerals. Phenylalanine is an essential 
amino acid and therefore a small amount must be provided to meet essential needs; in the infant this 
is provided as breast milk or infant formula.

In older children and adults, the diet is similar with utilization of a phenylalanine-free supplemen-
tal amino acid based formula, specialized foods free from protein and small amounts of measured 
low protein foods to provide essential phenylalanine. Diet treatment is lifelong and adjustments are 
made based on knowledge of diagnosis, clinical evaluation including levels of amino acids in the 
blood, dietary intake, and needs for growth. Dietary advice will change as a child gets older, types of 
foods and formulas may be adjusted and nutrient needs will vary. Particular attention is required before 
and during pregnancy when the fetus is at risk of damage if phenylalanine levels are high [42, 43]. 
A toolkit for practical application was developed by Genetic Metabolic Dietitians International 
(GMDI) in 2016 (refer to www.gmdi.org).

 Direct to Consumer Genetic Testing

The era of genetic testing started in 2003 with one company reporting thousands of multigenetic tests 
available directly to consumers (DTC). DTC testing without interpretation from a qualified medical 
geneticist or genetic counselor was questioned. Most DTC DNA tests analyzed only 4–19 genes and 
included some enquiries on sex, age, weight, and lifestyle. A comprehensive family history was not 
required and US Food and Drug Administration (FDA) stopped DTC tests for further review.

Besides a lack of FDA review, concerns expressed in overseeing DTC testing were clinical validity 
and utility, and lack of privacy and research protection for consumers. State protections were thought 
to be inadequate and federal regulations often did not apply. Moreover, the GINA advocates wondered 
whether there was sufficient knowledge about genetic risks and whether correct interpretations could 
be made among both consumers and health care providers.
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There is an increase in the amount of genetic data available to consumers today and it will probably 
double with actions taken by the FDA to allow limited DTC tests that became effective in 2015. 
Regulators have determined that “one-size-fits-all” rules are not appropriate for genetic tests, raising 
issues for nutrigenomic testing [44, 45]. Genetic tests from state and federal newborn screening are 
not part of DTC testing and remain a separate issue.

Genetic tests will proliferate due to new FDA guidelines. Although the first tests had covered up to 
250 health issues, a recent release was narrowed to 36 hereditary diseases in order to obtain FDA 
approval. Also included in the genetic profile were some personal traits, ancestry, and “general well-
ness information” like sensitivity to caffeine, sugar, and salt. When making decisions about genetic 
tests, one should consider the potential outcome. Is the purpose to compare or validate a family his-
tory for a specific disease, help with decisions on cancer treatment, or begin a health and disease 
record for a family member? Information on risk is provided to consumers but often is not explained 
fully because a health professional is not involved or there may not be a treatment available for some 
conditions. Often a consumer learns more from a comprehensive family history that reveals environ-
mental or behavioral risk factors than a genetic test for predicting disease risk.

DTC tests are considered safe for genealogical or paternity testing but implications for health and 
disease should be examined carefully and used cautiously. On the positive side, if consumers know 
more about their disease susceptibility, they may seek health care and screen for at-risk conditions 
more regularly. They could even alter their lifestyle habits including diet and use data to make repro-
ductive decisions.

The federal government has established guidelines on the marketing and advertising of DTC 
genetic tests by prohibiting some types of marketing and permitting the sale of low risk tests and 
certain advertising claims. The FDA is enforcing truth-in-advertising and encouraging education and 
accountability by the industry. State laws may further restrict DTC requiring approval by a physician 
or medical practitioner, especially for predictive genetic test.

A variety of different types of tests exist on the market. The American Society of Human Genetics 
(ASHG) has taken the stand that a one-size-fits-all approach does not work for DTC tests. ASHG is con-
cerned that predicted risk may occur in the future, risks may be passed to progeny, and consumers need 
help in therapy selection similar to what is done in pharmacogenomics. Often it is more difficult to guide 
“lifestyle” choices such as diet because accurate measurement of food intake is often not possible [45].

 Academy of Nutrition and Dietetics Position

The Academy of Nutrition and Dietetics raised a number of issues on commercialization of DTC test-
ing in a 2014 position paper, especially related to quality control and clinical utility that could under-
mine public confidence [44]. What if consumers question the quality of the test or insurers ponder the 
validity of certain measures? Personalized nutrition and preventative medicine could be in jeopardy. 
The collection of biological samples also triggered privacy and discrimination issues although GINA, 
the nondiscrimination act, helps protect the unauthorized use of personal genetic information.

Cautions for DTC tests were the analytic validity and clinical utility with certain dilemmas. A 
number of questions arose. What are the genetic marker(s) and are there multiple tests of different 
markers? Are they patients? Are risks increased? Will the test affect a different outcome for the 
patient? Three criteria are applied for effective testing: analytical validity, clinical validity, and clini-
cal utility. Analytical validity accurately measures a specific genetic variation. Clinical validity accu-
rately predicts the presence or absence of a disease or particular phenotype. Clinical utility is the 
highest measure—Will the test improve patient outcomes?

A position paper of the Academy offers exploration of analytical and clinical validity and utility 
and provides examples based on CDC evidence-based recommendations for genomic tests. The posi-
tion statement of the Academy states: “It is the position of the Academy of Nutrition and Dietetics that 
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nutritional genomics provides insight onto how diet and genotype interactions affect phenotype. The 
practical application of nutritional genomics for complex chronic disease is an emerging science and 
the use of genetic testing to provide dietary advice is not ready for routine dietetics practice. Registered 
dietitian nutritionists need basic competency in genetics as a foundation for understanding nutritional 
genomics; proficiency requires advanced knowledge and skills.” [44, p. 299]

Other major points in the position paper encourage funding access and guidance to geneticists and 
genetic counselors. The authors caution that genetic mutations are only part of predicting disease risk. 
We must use other tools or pave a new road: find empowerment with family histories/pedigrees, bio-
chemical markers, known and suspected risk factors, and other tests and careful monitoring of patients 
similar to what happens in the management of inborn errors of metabolism [44].

According to the position paper, reinforcing education is a priority for practicing and future dieti-
tians that a basic competency in genetics builds a structure for understanding nutrigenomics. To be 
proficient, advanced knowledge and skills are recommended to strengthen the application of a diet 
prescription based on a person’s genotype. New studies are still appearing and practitioners should 
monitor effective approaches to nutrigenomics and patient outcomes. Ethical guidelines for genetic 
testing and research and evidence-based decision-making will produce an era for helping patients and 
consumers [45].

Training and time are required of professionals who counsel inpatients and outpatients about gene 
diet associations. Health care professionals trained in the diagnosis and treatment model may not be 
prepared to address personal genome data or nutritional genomics and lifestyle modifications to 
decrease risk and enhance health. Some companies are hiring dietetic professionals or genetic coun-
selors to guide communication and education but companies should also help with the following: the 
interpretation of the test; fully disclose what the genetic test reveals to the consumer; clearly state the 
extent of scientific evidence for the test; use an accredited laboratory; and adopt measures to protect 
consumer privacy.

 Nutritional Genomics Research

Nutritional genomics research is important for understanding the health status and risk of developing 
chronic disease and to advance the art and science of dietetics [45]. Education of current and future 
practitioners can help promote nutritional health and well-being of the population through incorpora-
tion of nutritional genomics into nutrition and dietetic practice. Dietetic practitioners must keep up- 
to- date on research studies that could apply to their patients and clients and counsel responsibly and 
ethically [44]. To help consumers, they should monitor the potential benefits and safety of nutritional 
genomic tests for analytical validity and clinical validity and utility [13].

Advances in genomic and epigenetic research will have an impact on how dietary interventions are 
implemented, especially modification of gene expression to optimize health and reduce disease risk. 
Dietitians should be involved in conducting and interpreting basic and translational research and 
become knowledgeable about emerging research on food/nutrient–gene interactions and diet-gene 
and lifestyle modifications that will promote health and decrease risk of disease (see Table 6.3).

The future of personalized nutrition will derive from nutritional genomics research. It is compli-
cated by the intricacies of diet and the intricacies of genes and the conflicting reports in the literature 
[47]. Early approaches have been thwarted using a reductionist approach deciphering the interactions 
between individual genotypes and disease biomarkers and how they are altered by particular foods or 
isolated components of the diet [47]. Often, there is not enough dietary information to isolate the 
potentially hundreds of “at-risk” gene variants in a very complex diet.

For advances in tailoring diets for individuals, new dietary strategies may need to be applied 
including a predetermination of genotype before studies begin. Retrospective analyses have been the 
norm in the rapidly changing environment that combine genotyping with large data sets from dietary 
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studies including the Framingham Heart Study, the Nurses’ Health Study, the Health Professionals 
Follow-up Study, and the European Prospective Investigation into Cancer (EPIC) and Nutrition Study 
[13]. For nutritional genomics to become useful in public health, bioinformatics and mathematical 
tools will need to be applied to models that combine the influence of multiple gene variations on 
health outcomes [47].

The influence on phenotype by genetic makeup is affected by various environmental factors, 
including diet as one of the central factors impacting health status [46]. A great deal of research in 
nutritional genomics over the past 20 years has focused on cardiovascular disease and the APOE 
genotype with inconsistent results. Although some mechanisms in the cause of cardiovascular disease 
have been identified, early detection and likelihood of disease risk are not sufficient to tailor diet rec-
ommendations to individuals and subgroups in the population with confidence [47]. Segregation anal-
ysis, linkage studies in families candidate gene approaches have been applied to see the contribution 
of multigenic diseases and to find effective preventive strategies and therapies [15]. Genome wide 
association studies (GWAS) have been used for analyzing disease susceptibility with success. Many 
gene loci have confirmed genes for chronic disease especially obesity, diabetes, and certain types of 
cancer but more needs to be done [47].

Applications for counseling, development of new software, expanded food composition tables with 
bioactive food components, and food marketed for specific genotypes are all predicted to be available 
to consumers and professionals in the next decade. Eventually dietitians will be in a position to help 
clients sort out appropriate food and diet choices based on sound genomic science. Today nutrition 
and dietetic practitioners must rely on their proficiency in assessing and quantifying dietary intakes 
and combining generational family histories into clinical practice [48]. As the science accumulates, 
several initiatives should be put in place: a framework for training undergraduate and graduate stu-
dents, examination of competencies in nutritional genomics, participation in policy debates on genetic 
testing, and capitalizing on nutritional genomics opportunities.

 Conclusion

The knowledge base in nutritional genomics is growing exponentially fueled by research advances in 
the public and private sectors. Practitioners will need to keep abreast of rapidly changing information 
and be prepared to interpret conflicting study results. Practice guidelines and solid evidence may not 
yet be available or agreed upon by professional societies and some uncertainty and practice dilemmas 
may occur. Thus, continuing education will need to be constant. Shared clinical practice networks, 
interdisciplinary teams, and collaborations will become crucial as new research is disseminated and 
deliberated. Long-standing approaches in nutrition and dietetic practice will evolve and allow the 
vision of nutritional genomics expertise to become the reality.
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Key Points

• Cardiovascular disease (CVD) is the largest source of mortality in the United States and other 
developed countries and results in 37 % of all mortality annually in the United States.

• Positive lifestyle measures, in general, and positive nutritional practices, in particular, play a piv-
otal role in lowering the risk for cardiovascular disease.

• Multiple guidelines from the American Heart Association (AHA), Dietary Guidelines for 
Americans (DGA 2010 and 2015), and others have consistently recommended a diet with increased 
fruits, vegetables, nonfat dairy seafood, legumes, and nuts as consistent with a heart healthy diet.

• Nutritional practices must be placed in the context of an overall positive approach to lifestyle mea-
sures including maintaining a proper weight, not smoking cigarettes, and engaging in regular phys-
ical activity.

• Despite many years of the guidelines, Americans still fall very short. A key for action moving 
forward will be implementation of the knowledge that already exists in heart healthy diets.
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 Introduction

There is no longer any serious doubt that daily lifestyle practices and habits exert profound effects 
on the likelihood of developing cardiovascular disease (CVD) [1]. While many different lifestyle 
practices have been demonstrated to yield positive benefits, both for the prevention and treatment of 
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cardiovascular disease, nutrition clearly plays a pivotal role [2–5]. Epidemiologic studies have dem-
onstrated that a diet containing more fish, whole grains, fruits, and vegetables and also the caloric 
balance to maintain a healthy weight as well as other positive lifestyle decisions such as not smoking 
and engaging in at least 30 min of physical activity per day can reduce the incidence of coronary 
heart disease (CHD) by over 80 % and diabetes by over 90 % in both men and women [6, 7].

Between 1980 and 2000, mortality rates due to CHD fell by 40 % [8]. Approximately half of the 
reduction in CVD mortality was attributed to the impact of major lifestyle-related risk factors such as 
increased physical activity, smoking cessation, and better control of cholesterol and blood pressure 
(BP). Unfortunately, increases in obesity and diabetes have moved in the opposite direction and 
threaten to wipe out all the gains achieved by other lifestyle-related risk factors unless these negative 
trends can be reversed. Clearly, nutritional factors play a role in many of the components of either 
positive or negative lifestyle decisions and practices.

While the major focus of this chapter will be on nutrition, we will place nutrition in a larger life-
style context with particular emphasis on physical activity as well as energy balance and weight 
maintenance.

This broader approach is consistent with the nutritional guidelines offered by the American Heart 
Association (AHA) and also many other evidence-based documents, including the 2013 AHA/
American College of Cardiology (ACC) Guidelines on Lifestyle Management to Reduce Cardiovascular 
Risk [9] the AHA 2020 Strategic Plan for Improving Cardiovascular Health and Lowering 
Cardiovascular Risk [3], as well as the Dietary Guidelines Advisory Committee 2015 (DGAC 2015) 
Report [10]. We will also place emphasis on frameworks and practical strategies for implementing 
nutritional guidelines to improve cardiovascular health.

 Background

• Consensus Statements
A variety of consensus statements have been issued over the past 10 years regarding nutritional 

strategies for improving cardiovascular health. These statements have been very similar in terms of 
recommendations and often have drawn upon the same database and referred to each other. These 
statements have formed the basis of recommendations made in this chapter. The statements are 
given below:

• Diet and Lifestyle recommendations Revision 2006: A Scientific Statement form the American 
Heart Association Nutrition Committee [2]

• Defining and Setting National Goals for Cardiovascular Health Promotion and Disease Reduction: 
The American Heart Association’s Strategic Impact Goal through 2020 and Beyond [3]

• 2013 AHA/ACC Guideline on Lifestyle Management to Reduce Cardiovascular Risk: A Report 
from the American College of Cardiology/AHA Task Force on Practice Guidelines

• The Dietary Guidelines 2015 Advisory Committee Report [10]
• The Dietary Guidelines for Americans 2015 [5]

These guidelines are all consistent in recommending a dietary pattern that is higher in vegetables, 
fruits, whole grains, nonfat dairy, seafood, legumes, and nuts and for those who consume alcohol 
(among adults) to do so in moderate amounts if at all. In addition, the guidelines have consistently 
recommended diets that are lower in red and processed meat, lower in sugar sweetened foods and 
drinks and refined grains, and all have emphasized the importance of not overconsuming calories as 
a strategy for managing weight and thereby reducing cardiovascular risk. The guidelines have also 
uniformly recommended including increased physical activity as a key component of an overall 
positive lifestyle.
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 Broader Context

The national recommendations for nutrition and cardiovascular health have also moved to a broader 
context placing nutrition as a key component of overall strategies to reduce cardiovascular risk. The 
American Heart Association Strategic Goals for 2020 and Beyond is particularly instructive in this 
regard [3]. This important document introduced the concept “primordial” prevention (preventing risk 
factors from occurring in the first place rather than lowering them once they exist and also introducing 
the construct of “ideal” cardiovascular health).

Primordial prevention in the AHA Strategic Plan is distinguished from primary prevention by 
incorporating strategies to avoid adverse levels of cardiovascular risk factors in the first place rather 
than preventing the first occurrence of a clinical event or disease among individuals who are already 
at risk. The concept of “ideal” cardiovascular health was defined as a series of seven health behaviors 
and health factors, including not smoking, maintaining a healthy body mass index (BMI), achieving 
an appropriate level of physical activity, achieving a healthy diet score, maintaining a total cholesterol 
of less than 200 mg/dL, maintaining a blood pressure of less than 120/80 mmHg, and a fasting glucose 
of less than 100 mg/dL. (The cholesterol, blood pressure and glucose parameters were all defined as 
“untreated” values.)

Within the domain of nutrition, while recognizing that recommending an optimal pattern for car-
diovascular risk reduction is a complicated task, the 2020 Strategic Plan defined dietary goals as “in 
the context diet that is appropriate in energy balance, pursuing an overall dietary plan that is consistent 
to DASH” (Dietary Approaches to Stop Hypertension) [11]. An eating plan including but not limited 
to the following was recommended:

• Fruits and vegetables ≥4.5 cups a day
• Fish ≥ two 3 ½ servings per week (preferably oily fish)
• Fiber rich/whole grains (≥1.1 g of fiber per 10 g of carbohydrates): three 1 ounce equivalent serv-

ings per day
• Sodium ≤1500 mg per day
• Sugar-sweetened beverages ≤450 kcal (36 ounces) per week

These recommendations seem reasonable and have been expanded upon in other guidelines and 
recent reviews.

 Dietary Patterns

Over the last 20 years the emphasis in dietary guidance has moved from nutrients to individual foods 
and then ultimately to dietary patterns. Thus, the dietary patterns outlined above have been recom-
mended in numerous guidelines. In addition, there is emerging evidence related to potential cardio-
vascular benefits from the Mediterranean Diet [12] which will be discussed in more detail later in this 
chapter.

 Implementation

Emphasis has also shifted to the important aspect of implementing dietary guidelines. While recog-
nizing that nutrition plays a key role in many aspects of preventing risk factors for CVD, it has also 
been recognized that despite decades of largely consistent recommendations in guidelines only a 
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distinct minority of Americans are fully following these guidelines. For example, it has been esti-
mated that less than 30 % of adults in the United States consume the recommended number of serv-
ings of fruits and vegetables [13]. With regard to nutrition and hypertension, less than 20 % of 
individuals are following the DASH diet [11]. Thus, the problem of how to encourage people to 
implement heart healthy guidelines in their daily lives remains an enormous challenge. This impor-
tant topic has been the subject of recent reviews which will be discussed toward the end of this 
chapter [14].

The area of how to incorporate proven behavioral medicine techniques into nutrition and other 
aspects of positive lifestyle is another area of considerable ongoing research [15, 16].

 American Heart Association Diet and Lifestyle Clinical Recommendations 
and Goals

In 2006, the AHA summarized diet and lifestyle recommendations in a scientific statement from the 
AHA Nutrition Committee [2]. While subsequent studies and research have refined these goals, the 
basic framework has stood the test of time and will be utilized in this chapter as a point of departure.

The AHA started from the premise that improving diet and lifestyle represented a critical compo-
nent of an overall strategy to prevent CVD, which remains the leading cause of morbidity and mortal-
ity in Americans. The 2006 guidelines differ from previous guidelines in recommending a broader 
approach to not just diet, but overall lifestyle with a particular emphasis on physical activity. This 
framework also took into account that these recommendations have “public health and clinical appli-
cations.” With this as background the following goals were set.

 Consume an Overall Healthy Diet

This recommendation was based on the concept that we need to move from individual nutrients and 
foods to an overall dietary pattern. This concept has been further amplified in multiple guidelines and 
research projects since 2006. It was recognized that randomized control trials (RCTs) on the whole 
diet are difficult and expensive to conduct, nonetheless, abundant cohort studies and epidemiologic 
studies support the concept that the dietary pattern that comprises a variety of fruits and vegetables, 
whole grains, fat free and low fat dairy products, legumes, poultry, lean meats, and fish (preferably 
oily fish consumed at least twice a week) has been associated with lower risk of CVD [3, 17–20]. 
Specific components of this overall healthy diet will be discussed later in this chapter.

 Aim for a Healthy Body Weight

The AHA document incorporates the framework from the Institute of Medicine establishing a healthy 
body weight defined as a body mass index (BMI) of 18.5–24.9 kg/m2 while overweight is defined as 
a BMI between 25 and 29.9 kg/m2 and obesity is defined as a BMI of greater or equal to 30 kg/m2. 
This goal recognizes that obesity is an independent risk factor for CVD in addition to being related to 
other multiple risk factors such as dyslipidemias, high blood pressure, and diabetes [21, 22]. While 
both low levels of physical activity and over consumption of calories contribute to overweight and 
obesity, the Dietary Guidelines 2010 and the DGA 2015 both recognize overconsumption of calories 
as the leading nutritional problem in the United States.
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The problem of overweight and obesity in the United States has truly reached epidemic propor-
tions. Over two-thirds of the population in the United States are overweight or obese [23]. Current 
estimates reveal that 33.8 % of adults, over 66 million Americans are obese (30 million men and 36 
million women) while an additional 74 million (42 million men and 32 million women) are over-
weight. The prevalence of obesity has grown a shocking 40 % over the last 30 years [24]. This prob-
lem is not exclusively found in the United States. The World Health Organization estimates that there 
are currently over a billion individuals worldwide who are obese and this will grow to 1.5 billion 
individuals by the year 2030 if current trends continue [25].

 Aim for a Desirable Lipid Profile

Elevations in total cholesterol, as well as low-density lipoproteins (LDL) cholesterol, are established 
risk factors for CVD [26]. As levels of LDL cholesterol increase, so does the risk of developing 
CVD. The following levels of LDL have been defined: optimal, less than 100 mg/dL; near or above 
optimal, 100–129 mg/dL; borderline high, 130–159 mg/dL; high, 160–189 mg/dL; very high, 
≥190 mg/dL.

In 2013, the American College of Cardiology (ACC) and AHA issued updated guidelines for the 
treatment of blood cholesterol to reduce atherosclerotic cardiovascular disease in adults [27]. These 
guidelines recommended increased use of statin medicines to reduce atherosclerotic cardiovascular 
disease (ASCVD) events in primary and secondary prevention and also recommended discontinued 
use of specific LDL and high-density lipoprotein (HDL) treatment targets. This report identified four 
major groups that could benefit from statin medications:

 1. Individuals with existing clinical ASCVD
 2. Primary elevations of LDL-cholesterol (LDL-C) > 190 mg/dL
 3. Diabetics aged 40–75 years, with LDL-C 70–189 mg/dL and without clinical ASCVD
 4. Diabetics with LDL-C 70–189 mg/dL who had a 10-year ASCVD risk of >7.5 %

These guidelines were immediately criticized for recommending excessive use of statins particu-
larly in individuals with ASCVD risk of greater than 7.5 %. This has remained controversial. It must 
be emphasized, however, that dietary changes such as following the overall AHA healthy diet plan 
with a particular emphasis on decreasing saturated fat and trans-fat, are recommended for all 
individuals.

Triglycerides and HDL cholesterol, which are related to CVD risk, can also be affected by diet and 
body weight [28, 29]. Major diet-related determinates of low HDL cholesterol are hyperglycemia, 
diabetes, hypertriglyceridemia, and very low fat diet (less than 15 % energy as fat), as well as excess 
body weight. Triglyceride levels greater than 150 mg/dL are considered one of the criteria for classi-
fication of the metabolic syndrome [26]. Since there is an inverse relationship between triglyceride 
and HDL concentrations, dietary recommendations for elevated triglycerides are virtually the same as 
those for low HDL cholesterol.

 Aim for a Normal Blood Pressure

Elevated blood pressure represents a significant risk factor for both CVD and stroke. Issues related to 
optimum levels of blood pressure control, however, have become somewhat controversial. 
Recommendations from the Joint National Commission VII (JNC VII) defined a normal blood pres-
sure as less than 120/80 mmHg and defined 80–89 mmHg diastolic and 120–139 mmHg systolic as 
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prehypertension and greater than 140 mmHg as “hypertension” [30]. These were also the recommen-
dations made by the AHA 2020 Strategic Plan [3].

These guidelines became controversial when the commission established to formulate JNC VIII 
guidelines made somewhat different recommendations [31]. JNC VIII guidelines made the following 
statement: “There is strong evidence to support treating hypertensive persons age 60 or older to a BP 
goal of less than 150/90 mmHg and hypertensive persons 30 through 59 years of age to a diastolic 
goal of less than 90 mmHg, however, there is insufficient evidence in hypertensive persons younger 
than 60 years for a systolic goal or in those younger than 30 years for a diastolic goal, so the panel 
recommends a BP of less than 140/90 mmHg for those groups based on expert opinion.” These guide-
lines emphasized that while these targets were articulated, clinical judgment should still prevail in 
hypertensive therapy.

The recently completed, National Institutes of Health (NIH) funded Systolic Blood Pressure 
Intervention Trial (SPRINT Study) [32] demonstrated that individuals at increased risk for heart dis-
ease and kidney failure whose systolic blood pressure was controlled to ≤120 mmHg versus 
140 mmHg achieved a 33 % decrease in myocardial infarction or kidney failure and an overall 25 % 
decrease in mortality from CVD. It should be noted, however, that to achieve these levels of blood 
pressure control, individuals, on average, needed three medications. This has raised issues about 
whether or not outside of a research setting, individuals would be willing to comply with the drug 
regimens required to meet these more stringent guidelines [33].

While some controversy persists regarding which recommendations to follow, it is important to 
emphasize that all of these guidelines emphasize nutritional interventions as a key component of the 
overall prevention and treatment of high blood pressure. In particular, a nutritional pattern that is 
consistent with the DASH diet has been clearly demonstrated to help control blood pressure [11, 34, 
35]. Unfortunately, less than 20 % of individuals who have high blood pressure actually follow the 
DASH diet [11]. Other dietary modifications demonstrated to lower blood pressure include reducing 
salt intake, caloric deficit to induce weight loss if necessary, moderate alcohol consumption (among 
those who drink alcohol), and increased potassium intake [25, 34].

 Be Physically Active

Increased levels of moderate or vigorous intensity physical activity have been repeatedly shown 
to lower the risk of cardiovascular disease [1, 10, 36]. Guidelines such as the DGA 2015 now 
routinely place proper nutrition in the overall context of positive lifestyle decisions. Data related 
to physical activity and reduced risk of heart disease and other chronic diseases summarized in 
the 2008 US Department of Health and Human Services “Physical Activity Guidelines for 
Americans” [36]. This document was designed to complement the Dietary Guidelines for 
Americans. Physical activity is important for maintaining physical and cardiovascular fitness [9, 
36], helping to control weight [37, 38] and helping to sustain weight loss once achieved. 
Unfortunately, current estimates suggest that over 60 % of US adults do not engage in any regular 
physical activity [39].

The Physical Activity Guidelines for Americans are based on the fundamental concept that some 
physical activity is better than none and more is better than some. The specific recommendation is for 
adults to obtain at least 150 min per week of moderate intensity physical activity or 75 min per week 
of vigorous aerobic physical activity or some combination of the two to achieve substantial health 
benefits. Regular physical activity is also associated with improvement in other cardiovascular risk 
factors including blood pressure, lipid profiles, and blood sugar [9].
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 Avoid Use and Exposure to Tobacco Products

Overwhelming evidence exists from multiple sources that cigarette smoking significantly increases 
the risk of both heart disease and stroke [40]. This evidence has been ably summarized elsewhere and 
is incorporated as a recommendation in the AHA 2020 Strategic Plan as well as the AHA Diet and 
Lifestyle clinical recommendations and goals [3, 9]. Unfortunately, nearly 23 % of US adults smoke 
cigarettes and the rate of decline of cigarette smoking has significantly slowed over the past 20 years 
[41]. Currently, risks of cigarette smoking for women are equivalent for men. Conversely substantial 
benefits from reduction of risk of CVD are seen in individuals who stop smoking cigarettes. These 
benefits can be seen over a very brief period of time [42].

 AHA-Specific Nutrition and Lifestyle Recommendations

In this section we will discuss the specific AHA diet and lifestyle recommendations intended to 
reduce CVD risk. While these were the recommendations that were made in the AHA Scientific 
Statement from the Nutrition Committee in 2006 [2], a number of studies that have been carried out 
since that time have helped to further clarify and fine-tune these recommendations. The framework, 
however, remains very applicable to current knowledge about nutritional recommendations to lower 
the risk of CVD.

It should be emphasized, again, that while the guidance from these individual recommendations 
represents a consensus about current evidence related to nutritional practices to lower the risk of 
CVD, an overall healthy diet and physically activity lifestyle remain paramount for lowering CVD 
risk factors. It should also be noted that even if individual risk factors for CVD are not lowered by 
following the specific recommendations outlined in this section, adherence to a healthy diet and life-
style will still lower CVD risk even if individual risk factors are not decreased.

 Balance Calorie Intake and Physical Activity to Achieve or Maintain Healthy 
Body Weight

Achieving a healthy body weight is of paramount importance to lower the risk of CVD [2, 9, 43, 44]. 
Key drivers of achieving and maintaining a healthy body weight include proper portion size and regular 
physical activity. It is important to follow the general principles of a heart healthy diet as articulated by 
numerous professional organizations such as the AHA [2], DGA 2010 [45], and DGA 2015 [5].

If weight loss is desired, reduced caloric consumption is critically important. It has been estimated 
that the average American adult in 2010 consumed an average of over 450 calories more than in 1970 
[46]. Even the reduction of 100 kcal/day would make a meaningful impact on lowering weight [47]. 
Numerous studies have shown that the macronutrient content of weight reducing diets does not matter 
[48]. It is more important to emphasize adherence to whatever reduced calorie diet the individual is 
following. Physical activity is also important for the maintenance of weight loss. Regular daily physi-
cal activity has been shown to be an important part of maintaining weight loss once achieved [43, 44]. 
A combination of moderate and vigorous activity may also be highly appropriate. In the area of 
weight loss, 60 min of physical activity on most days is recommended for adults attempting to lose 
weight or maintain weight loss [36]. The same recommendations have been made for children [36].
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It is important to note that these levels of physical activity can be accumulated over the course of 
the day and do not need to be conducted in one session.

 Consume a Diet Rich in Vegetables

Multiple RCTs that have emphasized increased consumption of fruits and vegetables improve mul-
tiple risk factors for CVD including blood pressure, lipid levels, insulin resistance, endothelial 
function, and weight control [4, 17–19]. In addition, diets that are high in fruits and vegetables meet 
both micronutrient and macronutrient and fiber requirements and help control overall energy con-
sumption. It appears that the benefits of fruits and vegetables come from synergistic interactions of 
multiple phytochemicals. These benefits do not appear to be reproducible with equivalent amounts 
of supplements. In observational studies, greater fruit and vegetable consumption are each associ-
ated with lower incidence of CHD while higher fruit consumption is associated with lower inci-
dence of stroke [49, 50]. While a variety of fruits and vegetables are recommended, those that are 
deeply colored throughout, such as peaches, carrots, spinach, and berries, should be emphasized 
because of their high micronutrient content. Preparation also matters, which is important for pre-
serving nutrient and fiber content without adding unnecessary calories such as fats, sugar, and salt. 
Thus, fresh, frozen, or canned vegetables without high calorie sauces, or added salt or sugars, are 
highly recommended.

 Chose Whole Grain, High Fiber Foods

Whole grains generally comprise bran, germ, and endosperm from natural cereals [4, 51]. Bran typi-
cally contains both soluble and insoluble fiber and multiple vitamins, minerals, and flavonoids, while 
the germ contains fatty acids, antioxidants, and other phytochemicals. Dietary patterns that are high 
in whole grain products and fiber have been associated with improved dietary quality and decreased 
risk of CVD [51]. Soluble fibers such as those found in oat products may assist in modestly reducing 
LDL cholesterol levels beyond those achieved through other dietary factors. It is important to note that 
simply because a product is whole grain, it does necessarily follow that it is high in fiber [52, 53]. It 
is important to carefully read the label.

The AHA Nutrition Guidelines recommends that at least half of grain intake should be from whole 
grains [2] while the AHA Strategic Plan for 2020 recommends fiber-rich whole grains (≥1.1 g of fiber 
for 10 g of carbohydrates) and >3 one ounce servings of fiber-rich whole grains per day [3].

 Consume More Fish and Other Seafood

Fish and other seafood contain multiple helpful nutrients including long chain omega 3 polyunsatu-
rated fats (PUFAs) as well as eicosatpentaenoic acid (EPA) and docosahexenoic acids (DHA) [4]. 
Multiple studies have shown that fish oil has direct antiarrhythmic effects [54, 55]. Oily fish, in par-
ticular, are recommended including wild salmon, trout, anchovies, and herring. Consuming an aver-
age of two fish meals per week has been associated in multiple studies with lower incidence of CHD, 
ischemic stroke, and risk of sudden cardiac death [54, 55]. The reproduction of the benefits of con-
suming fish by substituting fish oil supplements has not been established.
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Contamination of certain fish with mercury and other organic compounds may potentially be of 
concern particularly for children and pregnant women who have been advised to avoid eating fish with 
the highest level of such contamination (such as shark and swordfish) [56, 57]. Information on poten-
tial contamination of fish may be obtained from local and state authorities and the Food and Drug 
Administration (FDA) website. In general, the benefits of consuming fish (particularly oily fish) far 
outweigh the risk for most segments of the population.

Preparation methods for fish should minimize the addition of saturated and trans-fats which often 
increase through the use of hydrogenated fat during frying or found in cream sauces.

 Limit Intake of Saturated and Trans Fat and Cholesterol

Dietary patterns low in saturated and trans-fatty acids and cholesterol have been shown in multiple 
studies to lower the risk of CVD largely through their effects on LDL cholesterol levels [2]. The major 
sources of saturated fatty acids in the US diet are animal fats (meat and dairy) while the primary 
sources of trans-fat are partially hydrogenated fats used in commercially fried or baked products 
[58–60].

Recent studies have suggested that the food metric that saturated fats are found in can greatly 
impact on whether or not these fatty acids increase the risk of heart disease [61, 62]. In dairy products, 
in particular, in some studies fatty acids found in dairy products have not been found to increase the 
risk of heart disease in contrast to saturated fatty acids found in meat [61, 62].

The American Heart Association recommends a goal of less than 7 % of energy as saturated fat and 
less than 1 % of energy as trans-fat and less than 300 mg of cholesterol per day [2]. Strategies to 
achieve these levels can be achieved by replacing whole fat versions of foods (e.g., replacing full fat 
dairy products with nonfat or lower fat versions, choosing lean cuts of meat, or replacing meat with 
vegetable alternatives (e.g., beans or fish). Efforts to reduce trans fatty acids, typically rely on the 
substitution of partially hydrogenated fats with those made with liquid vegetable oils except tropical 
vegetable oils. As of January 1, 2006, mandatory trans-fat labeling was required, which allows for 
easier identification to help individuals limit trans fatty acids [60]. Multiple scientific bodies have 
urged reduction of consumption of trans fatty acids to the lowest level possible (64). These organiza-
tions have consistently recommended a diet containing less than 1 % trans fatty acids.

Polyunsaturated and monounsaturated fats may be good replacements for saturated fat to lower the 
risk of CHD. A range of 25–35 % of total fat can fit within a healthy dietary pattern as long as the 
amount of saturated fat is limited to less than 7 % of energy.

 Moderate Your Intake of Beverages and Food with Added Sugars

The AHA has recommended that the average adult male consume no more than 150 kcal per day in 
added sugars and the average female consume no more than 100 kcal per day in added sugars [36]. 
Between 1977–1978 and 1999–2002, the percentage of energy consumed from added sugars rose 
from 13.1 % to 16.6 % [63, 64]. However, the consumption of added sugars has been in significant 
decline since the year 2002 [65]. These declines have amounted to approximately a 15–20 % reduc-
tion in added sugars. Some epidemiologic studies have suggested that added sugars may increase the 
risk of heart disease, diabetes, and obesity [66–68]. However, other studies have not confirmed these 
findings [69, 70]. An entire chapter in the book is devoted to this controversial area (Chapter 20: 
Added Sugars and Health: What do we Really Know?).
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 Chose and Prepare Foods with Little or No Salt

There is a well-known association between salt (sodium chloride) intake and blood pressure [71, 72]. 
A reduced salt intake in the presence of elevated blood pressure can facilitate hypertension control and 
may prevent hypertension in nonhypertensive individuals.

The recommended upper limit of sodium consumption in the diet has been disputed. The AHA has 
recommended an upper limit of no more than 2300 mg per day and in certain population groups, no 
more than 1500 mg per day as mechanisms for population-wide lowering of blood pressure [73].

A recent multination study employing modeling estimated that 1.65 million deaths from cardiovas-
cular disease, which occurred in 2010 could be attributed to sodium consumption above the reference 
level of 2.0 g/day [74]. However, another study of over 100,000 persons in 17 countries using esti-
mates of 24-h sodium and potassium excretion (used as a surrogate for intake) found that an estimated 
sodium intake of between 3 and 6 g/day was associated with the lower risk of death and cardiovascular 
events than with either a higher or lower estimated level of intake [75]. The average individual in the 
United States currently consumes 3.4 g of sodium per day, which would fall within this optimum 
range. Thus, the optimum level of sodium consumption current remains in dispute.

It should be mentioned, however, that diets rich in potassium lower blood pressure and also blunt 
blood pressure raising effects of increased sodium intake.

 If You Consume Alcohol, Do So in Moderation

The AHA recommends that if alcoholic beverages are consumed, they should be consumed in mod-
eration [2]. This means that no more than two alcoholic drinks per day for men and one drink for 
women. In general, a 4 ounce glass of wine, a 12 ounce bottle of beer, or a 1.5 ounce shot of 80 % 
spirits all contain the same amount of alcohol (one half ounce). Thus, each of these should be consid-
ered equivalent of one drink.

The rationale for this recommendation is that modest alcohol consumption has been shown in a 
number of studies to raise high density lipoprotein cholesterol (HDL), reduce systemic inflammation, 
and improve insulin resistance [76, 77]. Individuals who consume moderate alcohol experience a 
lower incidence of CHD and diabetes mellitus (DM). Most studies support that it is the alcohol con-
tent of these beverages that conveys these benefits. However, some nonalcoholic components such as 
resveratrol in wine may also have some potential benefits.

Alcohol levels above this have been shown to carry multiple adverse effects such as increase in 
cardiomyopathy and cardiac failure as well as high risk of atrial fibrillation [21]. Higher alcohol con-
sumption has also been associated with motor vehicle accidents, homicides, and suicide and thus, 
alcohol use has an overall net adverse effect on population mortality and is not recommended as a 
population-based strategy to reduce CVD risk. It is also important, with regard to alcohol consump-
tion, to avoid weight gain since the average serving of alcohol contributes between 120 and 200 kcal 
and because of the liquid nature may be less satiating then those from solid foods.

 When Eating Foods Prepared Outside the Home Follow the AHA Guidelines

Americans often consume food prepared outside the home. Sources of “away” food include food 
prepared at restaurants and grocery stores, schools, day care centers, and other nonhome locations. It 
has been estimated that over one-third of calories consumed by Americans come from these sources 
[78]. Often “away” food comes in large portion sizes and contains high energy density. These foods 
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may also be high in saturated fat, trans-fat, sodium, and added sugars. For all of these reasons, it is 
important that individuals be counseled that when eating food away from the home, the same princi-
ples of the healthy AHA diet should be applied.

 Implementing Heart Healthy Nutrition Plans

Given the pivotal importance of sound nutrition to reduce multiple risk factors for CVD, it is impor-
tant that strategies be developed to help individuals consume a more heart healthy diet. This was the 
emphasis of an AHA Scientific Statement published in 2009 entitled “Implementing American Heart 
Association Pediatric and Adult Nutrition Guidelines [79].” This statement emphasized the complex-
ity of factors impacting on nutritional choices and offered a multilevel framework for those factors. 
This framework started with individual factors and then was placed more broadly in family environ-
ment factors, the microenvironmental and finally macroenvironmental factors. Each of these interact-
ing domains contain multiple influences, which are discussed in more detail in Chapter 1.

In order to positively impact on these multiple factors, it becomes incumbent to employ proven 
models from behavioral medicine which have demonstrated effectiveness in helping individuals adopt 
more positive behaviors in general and in the area of nutrition, in particular. These models of behavior 
change are beyond the scope of this chapter but have been extensively reviewed elsewhere [15, 16, 80].

 Conclusions/Summary

There is no longer any serious doubt that nutritional practices strongly interact with the likelihood of 
developing CVD. These factors should be placed in the overall context of positive lifestyle habits and 
practices. This domain, which has been termed “lifestyle medicine,” offers a promising framework for 
impacting on both nutritional factors and other lifestyle-related factors and their impact for risk fac-
tors CVD [1, 81, 82].

The evidence-based guidelines from the AHA [2] and the Dietary Guidelines for American [5] and 
the American College of Cardiology [9] are all consistent in recommending an overall heart healthy 
approach to nutrition including a dietary pattern that is rich in vegetables, fruits, whole grains, sea-
food, legumes, and nuts and in low and nonfat dairy products and alcohol (among adults), lowering 
meat and processed meats and low in sugar sweetened fruits and vegetables and refined grains. While 
these patterns can be achieved in many different ways, they should be tailored to individuals’ cultural, 
biological, and medical needs.

Implementation of these guidelines remains an important challenge and will require a recognition 
of the multiple factors both individual, family, cultural, environmental, and public policy and interact 
on both individual and population-wide nutritional choices. A sophisticated understanding of emerg-
ing science and behavioral medicine will be essential to accomplish the goal of helping individuals 
consume a more heart healthy diet.

References

 1. Rippe JM, Angelopoulos TJ. Lifestyle strategies for cardiovascular risk reduction. Current atherosclerosis reports. 
2014;16:444(10):1–7. Epub 2014/08/06.

 2. American Heart Association Nutrition C, Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, et al. Diet 
and lifestyle recommendations revision 2006: a scientific statement from the American Heart Association Nutrition 
Committee. Circulation. 2006;114(1):82–96. Epub 2006/06/21.

7 The Role of Nutrition and Lifestyle in the Prevention and Treatment of Cardiovascular Disease



148

 3. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. Defining and setting national 
goals for cardiovascular health promotion and disease reduction: the American Heart Association’s strategic impact 
goal through 2020 and beyond. Circulation. 2010;121(4):586–613.

 4. Mozaffarian D, Appel LJ, Van Horn L. Components of a cardioprotective diet: new insights. Circulation. 
2011;123(24):2870–91.

 5. U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015 – 2020 Dietary Guidelines 
for Americans. 8th ed. 2015. Available at http://health.gov/dietaryguidelines/2015/guidelines/. Epub December 2015.

 6. Liu S, Stampfer MJ, Hu FB, et al. Whole-grain consumption and risk of coronary heart disease: results from the 
Nurses’ Health Study. Am J Clin Nutr. 1999;70:412–9.

 7. Stampfer MJ, Hu FB, Manson JE, et al. Primary prevention of coronary heart disease in women through diet and 
lifestyle. N Engl J Med. 2000;343:16–22.

 8. Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths from coronary disease, 1980–2000. N 
Engl J Med. 2007;356:2388–98.

 9. Eckel RH, Jakicic JM, Ard JD, et al. AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a 
report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. 
Circulation. 2013;2013.

 10. Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans US Department of 
Agriculture Center for Nutrition Policy and Promotion. Washington DC; 2015.

 11. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM. Dietary approaches to prevent and treat hyper-
tension: a scientific statement from the American Heart Association. Hypertension. 2006;47(2):296–308.

 12. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, et al. Primary prevention of cardiovascular disease 
with a Mediterranean diet. N Engl J Med. 2013;368(14):1279–90. Epub 2013/02/26.

 13. Scientific Advisory Committee on Nutrition. SACN carbohydrates and health report. 2015.
 14. Epstein LH, Carr KA, Cavanaugh MD, Paluch RA, Bouton ME. Long-term habituation to food in obese and non-

obese women. Am J Clin Nutr. 2011;94(2):371–6.
 15. Ockene JK, Schneider KL, Lemon SC, et al. Can we improve adherence to preventive therapies for cardiovascular 

health? Circulation. 2011;124(11):1276–82.
 16. Stuart-Shor EM, Berra KA, Kamau MW, et al. Behavioral strategies for cardiovascular risk reduction in diverse and 

underserved racial/ethnic groups. Circulation. 2012;125(1):171–84.
 17. Knoops KT, de Groot LC, Kromhout D, et al. Mediterranean diet, lifestyle factors, and 10-year mortality in elderly 

European men and women: the HALE project. JAMA. 2004;292:1433–9.
 18. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects of dietary patterns on blood pressure. DASH 

Collaborative Research Group. N Engl J Med. 1997;336:1117–24.
 19. Appel LJ, Sacks FM, Carey VJ, et al. OmniHeart Collaborative Research Group. The effects of protein, monoun-

saturated fat, and carbohydrate intake on blood pressure and serum lipids: results of the OmniHeart randomized 
trial. JAMA. 2005;294:2455–64.

 20. van Dam RM, Rimm EB, Willett WC, et al. Dietary patterns and risk for type 2 diabetes mellitus in U.S. men. Ann 
Intern Med. 2002;136:201–9.

 21. Rippe J, Angelopoulos T. Obesity and heart disease. In: Rippe JM, Angelopoulos TA, editors. Obesity: prevention 
and treatment. Boca Raton: CRC Press; 2012.

 22. Rashid MN, Fuentes F, Touchon RC, Wehner PS. Obesity and the risk for cardiovascular disease. Prev Cardiol. 
2003;6:42–7.

 23. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults, 1999-2008. 
JAMA. 2010;303(3):235–41. Epub 2010/01/15.

 24. Center for Disease Control and Prevention (CDC). Overweight and obesity: US obesity trends. Atlanta: 
U.S. Department of Health and Human Services; 2015.

 25. World Health Organization. Risk Factor Projects. Overweight and obesity. 2005. Available at: http://www.who.int/
chp/chronic_disease_report/part2_ch1/en/index16.html. Accessed 4 Feb 2016.

 26. Expert Panel on detection, evaluation, and treatment of high blood cholesterol in adults. Executive summary of the 
third report of the National Cholesterol Education Program (NCEP) Expert Panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult Treatment Panel III). JAMA. 2001;285:2486–97.

 27. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, et al. 2013 ACC/AHA guideline 
on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2014;129(25 
Suppl 2):S1–45. Epub 2013/11/14.

 28. Wilson PW, Grundy SM. The metabolic syndrome: a practical guide to origins and treatment: part II. Circulation. 
2003;108:1537–40.

 29. Howard BV, Ruotolo G, Robbins DC. Obesity and dyslipidemia. Endocrinol Metab Clin North Am. 2003;32:855–67.
 30. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo Jr JL, et al. The seventh report of the Joint 

National Committee on prevention, detection, evaluation, and treatment of high blood pressure: the JNC 7 report. 
JAMA. 2003;289(19):2560–72. Epub 2003/05/16.

J.M. Rippe and T.J. Angelopoulos

http://health.gov/dietaryguidelines/2015/guidelines/
http://www.who.int/chp/chronic_disease_report/part2_ch1/en/index16.html
http://www.who.int/chp/chronic_disease_report/part2_ch1/en/index16.html


149

 31. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 evidence-based 
guideline for the management of high blood pressure in adults: Report from the panel members appointed to the 
Eighth Joint National Committee (JNC 8). JAMA. 2014;311(5):507–20. Epub 2013/12/20.

 32. The SPRINT Research Group. A randomized trial of intensive versus standard blood-pressure control. N Engl 
J Med. 2015;373(22):2103–16.

 33. Chobanian AV. Time to reassess blood-pressure goals. N Engl J Med. 2015;373(22):2093–5.
 34. Obarzanek E, Sacks FM, Vollmer WM, Bray GA, Miller 3rd ER, Lin PH, et al. Effects on blood lipids of a blood 

pressure-lowering diet: the Dietary Approaches to Stop Hypertension (DASH) Trial. Am J Clin Nutr. 2001;74(1):80–
9. Epub 2001/07/14.

 35. Greenland P. Beating high blood pressure with low-sodium DASH. N Engl J Med. 2001;344(1):53–5. Epub 
2001/01/04.

 36. Johnson R, Appel L, Brands M, Howard B, Lefevre M, Lustig R, Sacks F, Steffen L, Wylie-Rosett J. American 
Heart Association Nutrition Committee of the Council on Nutrition, Physical Activity, and Metabolism and the 
Council on Epidemiology and Prevention. Dietary sugars intake and cardiovascular health: a scientific statement 
from the American Heart Association. Circulation. 2009;120:1011–20.

 37. Fogelholm M, Kukkonen-Harjula K. Does physical activity prevent weight gain – a systematic review. Obes Rev. 
2000;1(2):95–111. Epub 2002/07/18.

 38. Hill JO, Wyatt HR, Phelan S, Wing RR. The National Weight Control Registry: is it useful in helping deal with our 
obesity epidemic? J Nutr Educ Behav. 2005;37:2016–210.

 39. American Heart Association. Heart Disease and Stroke Statistics–2005. Update. Dallas: American Heart Association; 
2005. Available at http://www.americanheart.org/presenter.jhtml!identifier_1928. Accessed 4 Feb 2016.

 40. The health consequences of smoking: a report of the surgeon general. Atlanta: US Department of Health and Human 
Services, Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health 
Promotion, Office on Smoking and Health. 2004.

 41. Centers for Disease Control and Prevention. National Center for Health Statistics. National Health Interview 
Survey, 1997–2012, Sample Adult Core component. Available from: http://www.cdc.gov/nchs/data/nhis/earlyre-
lease/earlyrelease201306_08.pdf. Accessed on 4 Feb 2016.

 42. Jha P, Ramasundarahettige C, Landsman V, et al. 21st-century hazards of smoking and benefits of cessation in the 
United States. N Engl J Med. 2013;368:341–50.

 43. Hill JO, Thompson H, Wyatt H. Weight maintenance: what’s missing? J Am Diet Assoc. 2005;105 suppl 1:S63–6.
 44. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005;82:222S–5S.
 45. U.S. Department of Agriculture, U.S. Department of Health and Human Services. Report of the Advisory Committee 

on the Dietary Guidelines for Americans 2010 7th ed. Washington, DC U.S. Government Printing Office; 2010.
 46. USDA Department of Agriculture, Economic Research Service. Calories average daily per capita calories from the 

US food supply, adjusted for spoilage and other waste. Loss-Adjusted Food Availability Data. 2013.
 47. Hill JO, Peters JC, Wyatt HR. Using the energy gap to address obesity: a commentary. J Am Diet Assoc. 

2009;109(11):1848–53.
 48. Foster G, Wyatt H. A randomized trial of a low-carbohydrate diet for obesity. N Engl J Med. 2003;348:2082–90.
 49. Bazzano LA, Serdula MK, Liu S. Dietary intake of fruits and vegetables and risk of cardiovascular disease. Curr 

Atheroscler Rep. 2003;5:492–9.
 50. 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.
 51. Hu FB, Willett WC. Optimal diets for prevention of coronary heart disease. JAMA. 2002;288:2569–78.
 52. Quagliani D, Felt-Gunderson P. Closing America’s fiber intake gap: communication strategies from a food and fiber 

summit. Am J Lifestyle Med. 2015. First published on June 2, 2015. doi:10.1177/1559827615588079.
 53. Pereira MA, O’Reilly E, Augustsson K, et al. Dietary fiber and risk of coronary heart disease: a pooled analysis of 

cohort studies. Arch Intern Med. 2004;164:370–6.
 54. Kris-Etherton PM, Harris WS, Appel LJ, American Heart Association. Nutrition Committee. Fish consumption, fish 

oil, omega-3 fatty acids, and cardiovascular disease. Circulation. 2002;106:2747–57.
 55. Wang C, Chung M, Balk E, et al. N-3 fatty acids from fish or fish-oil supplements, but not alpha-linolenic acid, 

benefit cardiovascular disease outcomes in primary and secondary-prevention studies: a systematic review. Am 
J Clin Nutr. 2006;83:5–17.

 56. Foran JA, Carpenter DO, Hamilton MC, et al. Risk-based consumption advice for farmed Atlantic and wild Pacific 
salmon contaminated with dioxins and dioxin-like compounds. Environ Health Perspect. 2005;113:552–6.

 57. US Department of Health and Human Services, Food and Drug Administration, Center for Food Safety and Applied 
Nutrition. Methylmercury in fish—summary of key findings from focus groups about the methylmercury advisory. 
Available at: http://www.cfsan.fda.gov/dms/admehg3g.html. Accessed 4 Feb 2016.

 58. Subcommittees on Upper Reference Levels, Institute of Medicine of the National Academies. Dietary reference 
intakes: energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids. Washington, DC: National 
Academies Press; 2005.

 59. Ascherio A, Katan MB, Zock PL, et al. Trans fatty acids and coronary heart disease. N Engl J Med. 1999;340:1994–8.

7 The Role of Nutrition and Lifestyle in the Prevention and Treatment of Cardiovascular Disease

http://www.americanheart.org/presenter.jhtml!identifier_1928
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201306_08.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201306_08.pdf
http://dx.doi.org/10.1177/1559827615588079
http://www.cfsan.fda.gov/dms/admehg3g.html


150

 60. US Department of Agriculture, Agricultural Research Service, Dietary Guidelines Advisory Committee. Report of 
the Dietary Guidelines Advisory Committee on the Dietary Guidelines for Americans. 2005.

 61. de Oliveira Otto MC, Mozaffarian D, Kromhout D, Bertoni AG, Sibley CT, Jacobs Jr DR, et al. Dietary intake of 
saturated fat by food source and incident cardiovascular disease: the Multi-Ethnic Study of Atherosclerosis. Am 
J Clin Nutr. 2012;96(2):397–404. Epub 2012/07/05.

 62. Forouhi NG, Koulman A, Sharp SJ, Imamura F, Kroger J, Schulze MB, et al. Differences in the prospective associa-
tion between individual plasma phospholipid saturated fatty acids and incident type 2 diabetes: the EPIC-InterAct 
case-cohort study. Lancet Diabetes Endocrinol. 2014;2(10):810–8. Epub 2014/08/12.

 63. Cook AJ, Friday JE. Pyramid Servings Intakes in the United States 1999 – 2002, 1 Day. Beltsville: USDA, 
Agricultural Research Service, Community Nutrition Research Group; 2005.

 64. Block G. Foods contributing to energy intake in the US: data from NHANES III and NHANES 1999–2000. J Food 
Compost Anal. 2004;17:439–47.

 65. Welsh JA, Sharma AJ, Grellinger L, Vos MB. Consumption of added sugars is decreasing in the United States. Am 
J Clin Nutr. 2011;94(3):726–34. Epub 2011/07/15.

 66. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-term weight gain in 
women and men. N Engl J Med. 2011;364(25):2392–404.

 67. Teff KL, Grudziak J, Townsend RR, Dunn TN, Grant RW, Adams SH. Endocrine and metabolic effects of consum-
ing fructose- and glucose-sweetened beverages with meals in obese men and women: influence of insulin resistance 
on plasma triglyceride responses. J Clin Endocrinol Metab. 2009;94(5):1562–59. Epub 2009/02/12.

 68. Antar MA, Little JA, Lucas C, Buckley GC, Csima A. Interrelationship between the kinds of dietary carbohydrate 
and fat in hyperlipoproteinemic patients. 3. Synergistic effect of sucrose and animal fat on serum lipids. 
Atherosclerosis. 1970;11(2):191–201. Epub 1970/03/01.

 69. Sievenpiper JL, Tappy L, Brouns F. Fructose as a driver of diabetes: an incomplete view of the evidence. Mayo Clin 
Proc. 2015;90(7):984–8.

 70. Kaiser KA, Shikany JM, Keating KD, Allison DB. Will reducing sugar-sweetened beverage consumption reduce 
obesity? Evidence supporting conjecture is strong, but evidence when testing effect is weak. Obes Rev. 
2013;14(8):620–33.

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

 72. Johnson AG, Nguyen TV, Davis D. Blood pressure is linked to salt intake and modulated by the angiotensinogen 
gene in normotensive and hypertensive elderly subjects. J Hypertens. 2001;19:1053–60.

 73. http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-
Diet- and-Lifestyle-Recommendations_UCM_305855_Article.jsp#.VrS6Zhg. Accessed 5 Feb 2016.

 74. Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S, Engell RE, et al. Global sodium consumption and 
death from cardiovascular causes. N Engl J Med. 2014;371(7):624–34.

 75. O'Donnell M, Mente A, Yusuf S. Sodium and cardiovascular disease. N Engl J Med. 2014;371(22):2137–8. Epub 
2014/11/27.

 76. Flesch M, Rosenkranz S, Erdmann E, Bohm M. Alcohol and the risk of myocardial infarction. Basic Res Cardiol. 
2001;96:128–35.

 77. Goldberg IJ, Mosca L, Piano MR, et al. Nutrition Committee Co, Prevention, et al. AHA Science Advisory: wine 
and your heart: a science advisory for healthcare professionals from the Nutrition Committee, Council on 
Epidemiology and Prevention, and Council on Cardiovascular Nursing of the American Heart Association. 
Circulation. 2001;103(3):472–5. Epub 2001/02/07.

 78. Guthrie JF, Lin BH, Frazao E. Role of food prepared away from home in the American diet, 1977-78 versus 1994- 
96: changes and consequences. J Nutr Educ Behav. 2002;34(3):140–50. Epub 2002/06/06.

 79. Gidding SS, Lichtenstein AH, Faith MS, Karpyn A, Mennella JA, Popkin B, et al. Implementing American Heart 
Association Pediatric and Adult Nutrition Guidelines: A Scientific Statement From the American Heart Association 
Nutrition Committee of the Council on Nutrition, Physical Activity and Metabolism, Council on Cardiovascular 
Disease in the Young, Council on Arteriosclerosis, Thrombosis and Vascular Biology, Council on Cardiovascular 
Nursing, Council on Epidemiology and Prevention, and Council for High Blood Pressure Research. Circulation. 
2009;119(8):1161–75.

 80. Linke SE, Robinson CJ, Pekmezi D. Applying psychological theories to promote healthy lifestyles. Am J Lifestyle 
Med. 2014;8(1):4–14.

 81. Rippe JM. Lifestyle medicine. 2nd ed. Boca Raton: CRC Press; 2013.
 82. Rippe JM. Encyclopedia of lifestyle medicine and health. SAGE Publications. Thousand Oaks; 2012.
 83. US Department of Health and Human Services, Food and Drug Administration, Center for Food Safety and Applied 

Nutrition. Nutrition subcommittee meeting: total fat and trans fat. Washington, DC. 2004. Available at: jttp://www.
fda.gov/ohrms/dockets/ac/04/transcripts/4035t1.htm. Accessed 4 Feb 2016.

J.M. Rippe and T.J. Angelopoulos

http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-Diet-and-Lifestyle-Recommendations_UCM_305855_Article.jsp#.VrS6Zhg
http://www.heart.org/HEARTORG/HealthyLiving/HealthyEating/Nutrition/The-American-Heart-Associations-Diet-and-Lifestyle-Recommendations_UCM_305855_Article.jsp#.VrS6Zhg
http://www.fda.gov/ohrms/dockets/ac/04/transcripts/4035t1.htm
http://www.fda.gov/ohrms/dockets/ac/04/transcripts/4035t1.htm


151J.M. Rippe (ed.), Nutrition in Lifestyle Medicine, Nutrition and Health,
DOI 10.1007/978-3-319-43027-0_8, © Springer International Publishing Switzerland 2017

Chapter 8
Nutrition Therapy for the Prevention and Treatment 
of Prediabetes and Diabetes

Marion J. Franz

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

Key Points

• In persons with prediabetes, nutrition therapy interventions including a reduced energy intake 
resulting in a modest weight loss (5–7 % of body weight), moderate physical activity (equivalent 
of 30-min brisk walking on most days of the week), education, and support have been shown to 
decrease the risk of converting to diabetes by 28–67 %.

• The outcome of this level of lifestyle interventions is reported to persist for up to 15–20 years.
• In persons with type 2 diabetes (T2D), nutrition therapy interventions implemented by registered 

dietitian nutritionists (RDNs) reduced hemoglobin A1c (A1C) levels by 0.3–2.0 % and in persons 
with type 1 diabetes (T1D) by 1.0–1.9 %, depending on the duration of diabetes and the A1C level 
at implementation. Improvements in A1C levels were maintained for 12 months and longer.

• A unifying focus of nutrition therapy interventions for persons with type 2 diabetes is a reduced energy 
intake and for persons with type 1 diabetes adjusting insulin based on carbohydrate counting.

• There is no ideal percentage of calories from carbohydrate, protein, and fat that applies to all per-
sons with diabetes; total energy intake, rather than the source of the energy, is of importance.

• Recommended for all persons with diabetes is portion control of all foods with an emphasis on 
choosing nutrient-dense, high-fiber foods whenever possible instead of processed foods with added 
sodium, fat, and sugars; avoidance of sugar-sweetened beverages (SSB); selection of leaner protein 
sources and meat alternatives; and substitution of foods higher in unsaturated fat for foods high in 
saturated or trans-fats.

• Selecting a meal planning approach or eating pattern should be individualized and based on the 
individual’s personal and cultural preferences, their literacy and numeracy, and their readiness, 
willingness, and ability to change. Collaboration between health professionals and persons with 
diabetes in determining nutrition therapy interventions and goals is essential.

• Physical activity is encouraged for children and adults with diabetes or prediabetes.
• Nutrition therapy interventions must be integrated into the overall diabetes management plan.
• Monitoring outcomes and providing ongoing education and support is essential; nutrition therapy 

interventions and medications may need to be adjusted over time based on changes in life circum-
stances, preferences, and disease course.
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Abbreviations

A1C Hemoglobin A1c

Academy Academy of Nutrition and Dietetics
ACE Angiotensin-converting enzyme inhibitor
ADA American Diabetes Association
ARB Angiotensin receptor blocker
AUC Area under glucose curve
BMI Body mass index
CGM Continuous glucose monitoring
CSII Continuous subcutaneous insulin input
CVD Cardiovascular disease
DCCT Diabetes Control and Complications Trial
DPP Diabetes Prevention Program
DPP-4 Dipeptidyl peptidase 4 inhibitor
DPS Diabetes Prevention Study
DSME Diabetes self-management education
DSMS Diabetes self-management support
GI Glycemic index
GLP-1 Glucagon-like peptide 1 agonist
IDF International Diabetes Federation
MDI Multiple-dose insulin injections
MED Diet Mediterranean diet
MNT Medical nutrition therapy
NNS Non-nutritive sweeteners
NTPG Nutrition therapy practice guidelines
PCOS Polycystic ovary syndrome
RCT Randomized controlled trial
RDN Registered Dietitian Nutritionist
SFA Saturated fatty acids
SGLT-2 Sodium-glucose cotransporter 2 inhibitor
SMBG Self-monitoring of blood glucose
SOS Swedish Obese Subjects
SSB Sugar sweetened beverages
T1D Type 1 diabetes
T2D Type 2 diabetes
TZD Thiazolidinedione
US United States
WLI Weight loss interventions
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 Introduction

As the prevalence of diabetes increases worldwide, lifestyle medicine focusing on nutrition therapy, 
physical activity, education/counseling and support, and monitoring interventions increases in impor-
tance. The International Diabetes Federation (IDF) estimates that 387 million adults in the world 
today live with diabetes type 1 or type 2, and almost half of them do not know it [1]. Furthermore, the 
IDF estimates that 592 million people will be living with diabetes by 2035. Of concern is that 77 % of 
people with diabetes live in low- and middle-income countries where only 18 % of total diabetes 
expenditure is spent.

In the United States in 2011–2012, the estimated prevalence of diabetes is 12–14 % among adults, 
depending on the criteria used, with a higher prevalence among adults who are non-Hispanic black, 
non-Hispanic Asian, and Hispanic [2]. Of interest is that the proportion of people who have undiag-
nosed diabetes has significantly decreased by ~3.1–5.2 %. The prevalence of prediabetes is reported 
to be 37–38 % in the overall US population, and consequently, 49–52 % of the US population is esti-
mated to have either diabetes or prediabetes. Prevalence of diabetes among youth is also increasing. 
Over an 8-year period (2001–2009), the prevalence of type 1 diabetes (T1D) in youth increased by 
21 % and the prevalence of type 2 diabetes (T2D) increased by 30.5 % [3]. Diagnostic criteria for 
diabetes mellitus and prediabetes are listed in Table 8.1 [4].

It is encouraging to note that rates of diabetes-related complications have declined substantially in 
the United States in the past 20 years although the burden of disease continues because of the contin-
ued increase in the prevalence of diabetes [5]. The improvements reflect a combination of advances 
and improvements in acute clinical care and health care systems and health promotion efforts directed 
at persons with diabetes. However, there continues to be an increased need for persons with diabetes 
to receive nutrition therapy and/or diabetes education [6]. National data in the United States indicate 
that only about half of the people with diabetes receive some type of diabetes education and even 
fewer see a Registered Dietitian Nutritionist (RDN). In one study of 18,404 patients with diabetes, 
only 9.1 % had at least one nutrition visit within a 9-year period [7].

The goals of nutrition therapy for diabetes are interventions that promote healthy eating patterns, 
emphasize a variety of nutrient-dense foods in appropriate portion sizes, and to assist in achieving 
glucose, lipid, blood pressure, and body weight goals [6]. However, the nutrition therapy interventions 
selected must meet the individual’s goals and lifestyle, must be done in collaboration between health 
professionals and persons with diabetes, and must be strategies that the individual with diabetes is 
willing and able to make.

This chapter first reviews the evidence for the effectiveness of nutrition therapy (including physical 
activity) for the prevention of diabetes followed by a review of effective prediabetes nutrition therapy 
interventions. Summarized next is the evidence for the effectiveness of nutrition therapy in the man-
agement T1D and T2D and nutrition therapy interventions (including physical activity). Education 
and counseling strategies are reviewed and medications (glucose-lowering medications and insulin) 
summarized.

Table 8.1 Criteria for the diagnosis of diabetes and categories of increased risk for diabetes (prediabetes)

Diabetes 
mellitus Prediabetes

A1C, % ≥6.5 5.7–6.4
Fasting glucose, mg/dL (mmol/L) ≥126 (7.0) 100–125 (5.5–6.9)
2 h glucose, mg/dL (mmol/L) ≥200 (11.1) 140–199 (7.8–11.0)
Random glucose in patients with classic symptoms of diabetes, mg/dL 

(mmol/L)
≥200 (11.1) Not specified

Source: Adapted from American Diabetes Association [4]

8 Nutrition Therapy for the Prevention and Treatment of Prediabetes and Diabetes
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 Prediabetes: Preventing Diabetes

 Effectiveness of Nutrition Therapy Interventions

T2D is known to be a progressive disease and although lifestyle interventions are effective at any 
time in the disease process, they have their greatest impact earlier in the course of the disease; thus, 
the importance of intervening early with lifestyle approaches in both the prevention and treatment of 
diabetes.

Genetic factors that remain largely unidentified are a major factor in the development of diabe-
tes; however, there is also a strong role for nongenetic factors. Insulin resistance, a common iden-
tifiable risk factor, is a state in which there is low or impaired biological response to insulin and, 
therefore, greater than normal amounts of insulin are necessary to produce a normal biological 
response. With insulin resistance, the pancreatic beta cells must increase their insulin secretion 
(hyperinsulinemia) to maintain normoglycemia. Tests to evaluate insulin resistance measure insulin 
sensitivity or the ability of insulin to effectively lower glucose levels and are available but not com-
monly used in clinical practice. Insulin resistance is associated with a higher incidence of T2D, 
dyslipidemia, hypertension, atherosclerosis disorders, and polycystic ovary syndrome (PCOS). 
T2D is first diagnosed, however, when there is insufficient endogenous insulin available to maintain 
euglycemia. As insulin deficiency progresses, medications and eventually insulin will be required 
to achieve glycemic goals.

Persons with prediabetes progress to T2D at a rate of about 5–10 % per year without interven-
tion. Five clinical trials have compared lifestyle interventions with a control group, with risk reduc-
tion for type 2 diabetes ranging from 28 to 67 %. The Finnish Diabetes Prevention Study (DPS) [8] 
and the Diabetes Prevention Program (DPP) [9] reduced the incidence of diabetes by 58 %, the Da 
Qing study by 46 % [10], the Japanese DPP trial by 67 % [11], and the Indian DPP by 30 % [12]. 
Education and support, modest weight loss, and moderate physical activity were commonly imple-
mented interventions. It is encouraging to note that a sustained 43 % lower incidence rate over a 
20-year period was reported in the Da Qing study [13], a 27 % reduction over a 15-year period in 
the DPP [14], and a 43 % reduction over a 7-year period in the Finnish DPS [15]. In the DPP, life-
style interventions, including a weight loss of 3 kg from baseline, also improved cardiovascular 
disease (CVD) risk factors—hypertension and lipid profile—compared with placebo and metfor-
min therapy [16]. A cost-effective model suggested that lifestyle interventions as delivered in the 
DPP are cost effective [17], and actual cost data from the DPP and US Diabetes Prevention Program 
Outcomes Study confirmed that lifestyle interventions are highly cost effective [18].

Although several trials have shown that medications, such as metformin, α-glucosidase inhibitors, 
orlistat, and thiazolidinediones (TZD), can also prevent or delay progression from prediabetes to dia-
betes, the American Diabetes Association (ADA) recommends that only metformin be considered as 
drug therapy for individuals with prediabetes [4]. Metformin is most effective in individuals with a 
body mass index (BMI) >35 kg/m2 and who are <60 years. Cost, side effects, weight gain, and lack of 
persistence of effect in some studies are concerns with other medications.

The Community Preventive Services Task Force (funded by the Center for Disease Control) 
reviewed 53 studies (30 of diet and physical activity programs vs. usual care, 13 of more intensive vs. 
less intensive programs, and 13 single programs) from 66 programs and concluded that combined diet 
and physical activity promotion programs are effective at decreasing diabetes incidence and improv-
ing cardiovascular disease (CVD) risk factors in persons at increased risk [19]. More intensive pro-
grams are most effective. In these programs, dietitians were the primary counselors followed by 
exercise therapists, nurses, and laypersons.
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 Nutrition Therapy for Prediabetes

Goals of nutrition therapy for prediabetes emphasize the importance of lifestyle interventions in pre-
venting or reversing the progression of prediabetes to diabetes by selection of food choices that facili-
tate moderate weight loss and by an increase in physical activity. A modest weight loss (5–10 % of 
body weight) and modest physical activity (30 minutes daily) are the recommended goals. Education 
and continued support are necessary to accomplish these goals.

 Weight Loss Interventions

In both the DPP and Finnish DPS, structured education programs emphasized lifestyle changes, 
including a reduced fat (~30 % of total energy) and energy intake, regular physical activity, and regu-
lar participant contact, resulted in a weight loss of 5–7 % of baseline weight.

Of importance for weight management is a reduced energy eating pattern that an individual can 
follow long term. Attendance at group sessions; support from family, peers, or health care profession-
als; setting realistic weight loss goals; monitoring food intake by food records; and regular physical 
activity have been shown to assist in accomplishing required lifestyle interventions.

 Carbohydrate and Dietary Fats

Although it is often assumed that a high carbohydrate intake contributes to insulin resistance, obser-
vational and interventions studies report that high-carbohydrate diets do not adversely affect insulin 
sensitivity and may have a beneficial effect on insulin sensitivity [20]. In low-carbohydrate diets, 
energy from carbohydrate is generally replaced with energy from fats, usually saturated fatty acids 
(SFA). Animal studies and observational studies report a relationship between total dietary fat and 
greater insulin resistance. Reducing intake of fat, especially SFA, may reduce risk for diabetes by 
producing an energy-independent improvement in insulin resistance. The effect may result from 
changes in membrane lipid profiles related to the type of fat ingested, enzymatic activity, insulin sig-
naling, and gene expression [21].

Of concern is the increased consumption of sugar-sweetened beverages (SSB) which includes soft 
drinks, fruit drinks, iced teas, and energy and vitamin-water drinks. A meta-analysis of 11 studies 
concluded that individuals consuming one to two servings per day had a 26 % greater risk of develop-
ing diabetes than those in the lowest quartile (none or less than one serving per month) and a greater 
risk for metabolic syndrome [22]. A second meta-analysis of 17 cohort studies concluded that con-
sumption of SSB was associated with a greater incidence of T2D, independently of obesity [23]. 
Therefore, individuals at risk for T2D are encouraged to limit their intake of SSB.

 Whole Grains and Fiber

In a number of studies, primarily observational, increased intake of whole grains and dietary fiber, 
especially cereal fibers, is inversely associated with insulin resistance and risk of type 2 diabetes [24, 
25]. Individuals are encouraged to consume at least half of all grains as whole grains and limit the 
consumption of foods that contain refined grains, especially grain foods that contain solid fats, added 
sugars, and sodium.

8 Nutrition Therapy for the Prevention and Treatment of Prediabetes and Diabetes
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 Alcohol

Observational studies suggest a U- or J-shaped association between moderate consumption of alcohol 
and decreased risk of T2D, coronary heart disease, and stroke [26]. (One drink is commonly defined 
as 12 oz regular beer, 5 oz wine, or 1.5 oz 80-proof distilled spirits, each of which contains ~15 g 
alcohol [ethanol].) A meta-analysis of 20 observational studies identified a peak reduction in develop-
ment of type 2 diabetes at 24 g/day of alcohol among women and 22 g/day among men (~1.5 drinks) 
[27]. The most recent meta-analysis identified 38 studies, representing 1,902,605 participants and 
125,926 cases of type 2 diabetes with peak risk reduction of 18 % occurring between 10 and 14 g/day 
(~1 drink) and with risks increasing above this level [28]. They note, however, this risk reduction 
among moderate drinkers may only apply to women and non-Asian men. Although small clinical tri-
als and observational studies have shown light to moderate amounts of alcohol improve insulin sensi-
tivity, heavy consumption of alcohol (greater than ~60 g/day for men and greater than ~50 g/day for 
women [~4 to 3 drinks/day, respectively]) is associated with increased incidence of diabetes [27].

 Vitamin D

Several but not all epidemiological studies have shown an association between low serum 25-hydroxy 
(OH) vitamin D and risk of type 2 diabetes [29]. However, in a 12-month randomized controlled trial 
(RCT) in individuals with prediabetes and hypovitaminois D, doses of vitamin D supplementation 
designed to raise serum 25-OH vitamin D levels into the upper-normal range had no effect on insulin 
secretion, insulin sensitivity, or the development of diabetes compared to placebo [30].

 Mediterranean Diets

Adherence to a Mediterranean-style eating pattern (MED Diet) has been shown to have a beneficial 
role in decreasing risk for T2D [31–33] as well as being associated with a lower rate of morbidity and 
mortality caused by CVD, cancer, obesity, and T2D [32]. Therefore, the MED Diet may be a palatable 
alternative to the low-fat diet implemented in the diabetes prevention trials.

 Physical Activity

Increases in physical activity significantly reduce the risk of T2D, independent of weight loss, and 
improve insulin sensitivity [34, 35]. In a meta-analysis of 20 prospective cohort studies, individuals 
who regularly engaged in physical activity had an ~30 % lower risk of T2D as compared with seden-
tary individuals even in those who did not lose weight [35]. Protection from diabetes occurs from 
moderate-intensity activities, such as brisk walking as well as from vigorous physical activity. Exercise 
increases insulin-stimulated glycogen synthesis through an increased rate of insulin-stimulated glu-
cose transport by glucose transporters and increased glycogen synthase activity [36]. In addition, 
increased muscle mass may contribute to beneficial effects.

 Bariatric Surgery

Studies suggest that for obese subjects, bariatric surgery can reduce the incidence of diabetes. Sjoström 
et al. published a 10-year data from the Swedish Obese Subjects (SOS) study that included 407 mor-
bidly obese subjects who underwent bariatric surgery and matched controls [37]. At 10 years, the 
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incidence of diabetes was 24 % in the control group and 7 % in the bariatric surgery group. Similar 
results were reported from another study in Sweden in which 1658 obese patients underwent bariatric 
surgery and 1771 obese patients received usual care [38]. At 15 years, the incidence of T2D was 22 % 
in the control group and 7 % in the bariatric surgery group, a relative risk reduction of 78 %.

 Combining Lifestyle Interventions to Prevent Diabetes

For all individuals, a healthy eating pattern, participation in regular physical activity, maintenance of 
normal body weight, and moderate alcohol intake lower risk of developing T2D [39]. However, adher-
ing to a combination of these factors reduced the risk of developing diabetes by as much as 84 % in 
women and 72 % in men. Although weight was one of the most important factors, the researchers note 
that even overweight individuals can lower their risk by adopting other healthy lifestyle habits. For 
individuals with prediabetes, nutrition therapy recommendations for reducing risk of progression to 
T2D are summarized in Table 8.2.

 Type 1 And Type 2 Diabetes: Management of Diabetes

 Medical Management

The management of all types of diabetes includes nutrition therapy, physical activity, diabetes educa-
tion and counseling, monitoring, and medications. An important goal of treatment is to provide the 
individual with diabetes with the necessary tools to achieve the best possible control of glucose, lip-
ids, and blood pressure to prevent, delay, or manage the microvascular and macrovascular complica-
tion while minimizing hypoglycemia and excess weight gain.

The ADA’s glycemic treatment goals are listed in Table 8.3 [4]. Achieving goals requires open 
communication between the health care provider and the person with diabetes and appropriate self- 
management education and support. Patients can assess day-to-day glycemic control by monitoring of 
blood glucose. Longer-term glycemic control is assessed by A1C testing. Lipid levels and blood pres-
sure must also be monitored. In adults, a screening lipid profile is recommended at time of first diag-
nosis, at the initial medical evaluation, and/or at age 40 years and periodically (e.g., every 1–2 years) 
thereafter [4]. Blood pressure should be measured during every routine visit. Blood pressure goals are 
listed in Table 8.4 [4].

Table 8.2 Nutrition therapy interventions for prediabetes

Negotiate a reduced energy eating pattern with the individual at risk for diabetes
Promote an increase in physical activity
  Recommend moderate-intensity aerobic physical activity a minimum of 30 min 5 days/week (150 min/week) or 

vigorous-intensity aerobic physical activity a minimum of 20 min 3 days/week (90 min/week)
  Physical activity should be distribute over at least 3 days/week, with no more than 3 days without activity
  Muscle-strengthening activities involving all major muscle groups 2 or more days/week are also recommended
Discourage consumption of sugar-sweetened beverages (soft drinks, fruit drinks, iced teas, and energy and vitamin- 

water drinks)
Encourage intake of whole grains and foods higher in dietary fiber
Consider implementing a Mediterranean-style eating pattern

Source: From Refs. [8, 9, 20–28, 31–33]
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 Nutrition Therapy

 Effectiveness of Nutrition Therapy

The 2015 Academy of Nutrition and Dietetics (Academy) Type 1 and Type 2 Diabetes in Adults 
Evidence- Based Nutrition Therapy Practice Guidelines(NTPG) report that in adults with T2D, in 18 
studies, medical nutrition therapy (MNT) provided by RDNs significantly lowered hemoglobin A1c 
(A1C) by 0.3–2.0 % at 3 months, and with ongoing MNT support, decreases were maintained or 
improved for over 12 months [40]. Although nutrition therapy interventions were effective throughout 
the disease duration, the decreases in A1C levels were the largest in studies in which participants were 
newly diagnosed and/or had higher baseline A1C levels. Of importance was an individualized nutri-
tion therapy intervention that resulted in a reduced energy intake. A variety of interventions, such as 
individualized nutrition therapy, energy restriction, carbohydrate counting, portion control, sample 
menus, exchange lists, simple meal plans, low-fat vegan, were implemented and effective. All resulted 
in a reduced energy intake.

In adults with T1D, three studies reported that MNT provided by RDNs contributed to significant 
decreases in A1C levels by 1.0–1.9 % at 6 months [40]. Ongoing MNT support resulted in mainte-
nance of the reduced A1C levels at 1 year and in the Diabetes Control and Complications Trial 
(DCCT) throughout the 6.5 years of the trial. Individualized MNT using carbohydrate counting to 
determine bolus (premeal or prandial) insulin doses was the primary nutrition therapy intervention.

Studies in adults with T2D report that MNT also resulted in decreases in doses and number of 
glucose-lowering medications used. In adults with T1D, although the number of insulin injections 
increased, A1C improved without an increase in total insulin doses. A number of studies also reported 
improvements in quality of life. Outcomes for weight, lipids, and blood pressure were mixed. Subjects 
did not have or were not described as having disorders of lipid metabolism or hypertension and were 
confounded by use of lipid-lowering and blood pressure medications [40].

Table 8.3 Recommendation for glycemic control in nonpregnant adults with diabetes

Glycemic control Criteria

A1C <7.0 %a

Preprandial capillary plasma glucose 80–130 mg/dLa (4.4–7.2 mmol/L)
Peak postprandial capillary plasma glucose <180 mg/dLa (<10.0 mmol/L)

Source: Adapted from American Diabetes Association [4]
aMore or less stringent goals may be appropriate for individual patients. Goals should be 
individualized based on duration of diabetes, age/life expectancy, comorbid conditions, 
known CVD or advanced microvascular complications, hypoglycemia unawareness, and 
individual patient considerations

Table 8.4 Blood pressure goals for people with diabetes

Blood pressure Criteria

Systolic blood pressure (SBP) <140 mmHga

Diastolic blood pressure (DBP) <90 mmHgb

Source: Adapted from American Diabetes Association [4]
aLower SBP targets, such as <130 mmHg, may be appropriate for certain individuals, 
such as younger patients, if they can be achieved without undue treatment burden
bLower DBP targets, such as <80 mmHg, may be appropriate for certain individuals, 
such as younger patients, if they can be achieved without undue treatment burden
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It is also recommended that people with diabetes receive diabetes self-management education 
(DSME) and diabetes self-management support (DSMS) [6]. Reviews and meta-analyses report that 
most DSME leads to clinically important improvements in glycemic control, but they also highlight 
the absolute need for long-term support [41–43].

 Nutrition Therapy Macronutrient Percentages

In the United States, the majority of individuals with diabetes do not eat a low or high carbohydrate 
diet. Usual carbohydrate intake in adults with T2D in the Look AHEAD (Action for Health in 
Diabetes) trial was 44 % of total kilocalories [44]; in persons with T1D who were participants in the 
DCCT intensive treatment arm 46 % [45], and in youth with T1D or T2D, 48 % [46]. Fat intake is 
~35–40 % of energy intake with the remained (~16–18 %) from protein.

The ADA’s review of evidence concluded that there is no most effective mix of carbohydrate, pro-
tein, and fat that applies broadly [6]. Macronutrient percentages should be individualized and adjusted 
to meet metabolic goals and preferences of the person with diabetes.

Although research trials may show benefit from changes in usual macronutrient distribution, the 
important question remains: can individuals with diabetes implement these recommendations into 
their lifestyle long-term? Research trials are often of a relatively short duration and frequent support 
from health professionals is provided during the trial. Of interest are comments from researchers who 
have conducted a minimum of 1-year clinical trials involving changes in macronutrient distribution. 
Iqbal et al. conducted a 24-month study in participants with T2D to determine if benefits identified 
from short-term, intensive low-carbohydrate studies could be achieved using a low-intensity interven-
tion that mimics what is feasible in an outpatient practice [47]. At 6 months, the low-carbohydrate 
group had decreased carbohydrate intake by 4.7 % (35 % of kcal) but at 12 months they were back to 
their baseline intake (40 % of kcal) and at 24 months they had increased carbohydrate intake (48 % of 
kcal). The researchers concluded that low-carbohydrate diets may be difficult to sustain and that par-
ticipants in the two groups consumed similar diets, despite the prescription of markedly different 
intake. A review of low-carbohydrate diets in people with T2D reported that carbohydrate intake at 1 
year in very low carbohydrate diets (<50 g of carbohydrate) ranged from 132 to 162 g [48]. They 
concluded that very low carbohydrate diets may not be sustainable over a medium to longer term as 
carbohydrate intake converges toward a more moderate level.

Two researchers compared a high-protein intake (30 % of kcal) to either a high-carbohydrate diet 
[49] or low-carbohydrate diet [50]. Krebs et al. reported that the prescribed protein of 30 % was 
achieved in only 12 of 2017 (6 %) of participants and noted that this “highlights how difficult it is 
to achieve and maintain prescribed change…individuals trend back to habitual intake over time” 
[49]. Larsen et al. commented: “under real-world conditions, variations in food selection and adher-
ences are likely to attenuate the effect previously demonstrated in controlled feeding studies” [50]. 
The studies provide support for the conclusion that “how much” individuals eat is more important 
than “what.”

However, because all three macronutrients require insulin for metabolism and influence the attain-
ing of goals of nutrition therapy, including healthy eating, they still must be addressed. The amount 
rather than the type of carbohydrate and available insulin is the primary determinant of postprandial 
glycemia [6]. Therefore, monitoring carbohydrate intake, whether by carbohydrate counting or 
experience- based estimation, remains a key strategy in achieving glycemic control [6, 40]. 
Carbohydrate counting focuses on the total amount of carbohydrate in foods and not the source (15 g 
carbohydrate = 1 carbohydrate choice). An eating plan for adult women often begins with three to four 
carbohydrate choices per meal, for adult men four to five carbohydrate choices per meal, and, if 
desired, zero to one carbohydrate choice for a snack.
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 Macronutrients and Insulin Adjustments

For individuals taking insulin by injection or by insulin pumps, the bolus or premeal insulin dose cov-
ers the need of the meal carbohydrate and for three meals is approximately half of the total daily 
insulin dose. Therefore, the basal or background insulin dose covers the need of protein and fat for 
insulin as well as other insulin needs.

Insulin-to-carbohydrate ratios are used to match bolus doses of rapid-acting insulin taken before a 
meal to planned carbohydrate intake, which is determined by carbohydrate counting. A study done in 
young people using intensive insulin therapy reported that small inaccuracies in carbohydrate intake 
at a meal (±10 g) do not increase the risk of hypo- or hyperglycemia and, therefore, it is not essential 
to count carbohydrate in grams, carbohydrate choices (servings) can be used [51]. However, a 20 g 
decrease from recommended carbohydrate intake resulted in one of three youths (31 %) experiencing 
hypoglycemia, whereas, a 20 g increase was more likely to cause a blood glucose response ≥ 216 mg/
dL (12 mmol/L) compared with other meals [52].

If the premeal glucose level is not in the target goal range, rapid-acting insulin doses need to be 
added or subtracted from the usual bolus insulin dose. This is called the blood glucose correction 
insulin, also known as the insulin sensitivity factor, and is used to bring blood glucose levels back into 
the target range. Table 8.5 illustrates commonly used insulin-to-carbohydrate ratios and blood glucose 
correction doses (insulin sensitivity factors) [53].

Usually consumed meals contain moderate amounts of protein and fat and this is already accounted 
for by usual basal and bolus insulin doses. However, research using excessively high intakes of fat 
(or protein) has documented the need for additional insulin [54]. A study in young people concluded 
that only large meals containing 75 and 100 g protein raised glucose levels in the late postprandial 
(180–130 min) when compared to control [55]. Meals containing 12.5, 25, and 50 g protein did not 
significantly increase glucose levels. The effect of larger amounts of protein and fat is additive. 
Responses vary greatly, however, and research at this time does not provide guidelines for insulin 
adjustments [55].

 Carbohydrate Intake

Because the amount of carbohydrate consumed and available insulin is the most important factor 
influencing postmeal glycemic response [6], monitoring carbohydrate intake, whether by carbohy-
drate counting or experience-based estimation, remains a key strategy in achieving glycemic control. 
As noted, for adults with T1D or T2D on multiple daily injections (MDI) of insulin or insulin pump 
therapy, carbohydrate counting is used to determine insulin-to carbohydrate ratios [6]. For adults on 
fixed insulin doses or on insulin secretagogues, carbohydrate consistency (timing and amount) is 
emphasized. For adults on MNT alone or on diabetes medications other than insulin secretagogues, a 
simple diabetes healthful eating plan may be appropriate.

Table 8.5 General guidelines for insulin-to-carbohydrate ratios and blood glucose correction insulin factors

Insulin-to-carbohydrate ratio Blood glucose correction insulin

Adult (normal weight) 1:10 to 1:15 1:40 to 1:50
Adult (overweight) 1:7 to 1:10 1:30 to 1:40
Adult (obese) 1:5 1:25

Source: American Diabetes Association, Academy of Nutrition and Dietetics [53]
Insulin-to-carbohydrate ratios are 1 unit of rapid-acting insulin for grams of planned carbohydrate intake. The blood 
glucose correction insulin is the approximate glucose lowering in mg/dL from an added 1 unit of rapid-acting insulin. 
The insulin dose is taken before the meal is eaten
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For good health, carbohydrate intake from vegetables, fruits, whole grains, legumes, and dairy products 
is advised over intake from other carbohydrate sources, especially those that contain added fats, sugars, or 
sodium. Of importance are appropriate amounts and portion sizes of carbohydrate foods. Furthermore, 
negotiating with the individual with diabetes as to what they are willing and able to do is essential.

 Glycemic Index

The types of carbohydrate, especially the role of the glycemic index (GI), have been another area of 
controversy and the definition of the GI is confusing. The GI measures the relative area under the 
postprandial glucose curve (AUC) comparing 50 g of a digestible carbohydrate from a test food to a 
50 g standard, usually glucose [56]. It does not measure how rapidly blood glucose levels increase 
after eating different carbohydrate foods, which is the definition often given to the public. The second 
definition implies that a high-GI food produces a rapid, high glucose peak while a low-GI food pro-
duces a more gradual and sustained glucose response. A review compared the glucose curve from 
different types of carbohydrate categories (e.g., breads, cereals, potatoes, pasta, fruit, and fruit juice) 
of low and high GI foods in persons without diabetes. No statistical difference in the glucose response 
curve from different foods or food categories was shown. Glucose peaks occurred consistently at ~30 
min, regardless of whether the food was categorized as low GI, medium GI, or high GI, with a modest 
difference in glucose peak values between high-GI and low-GI foods [56]. The authors also concluded 
that low-GI foods do not produce a slower rise in blood glucose nor do they produce an extended, 
sustained glucose response.

The ADA systematic review of macronutrients concluded that, in general, there is little difference 
in glycemic control and CVD risk factors between low GI and high GI or other diets. A slight improve-
ment in glycemia may result from lower GI diets; however, confounding by a higher fiber intake is not 
accounted for [57]. As with carbohydrates, most individuals with diabetes likely consume a moderate 
GI diet, and it is unknown if reducing the usual GI by a few percentage points will result in long-term 
improved glycemic control.

 Protein

Gram for gram protein is reported to require similar amounts of insulin for metabolism as do carbo-
hydrates. Although essential amino acids undergo gluconeogenesis in the liver, the glucose does not 
enter the general circulation but instead is stored as glycogen. Adding protein to bedtime snacks is 
often recommended to prevent overnight hypoglycemia or to be added to the treatment of hypoglyce-
mia, but adding protein to prevent hypoglycemia is not beneficial (because as noted above, the glucose 
from gluceoneogenesis does not enter the general circulation) and therefore should not be recom-
mended to persons with diabetes [6].

Also of interest is the role of protein restriction in the treatment of diabetic kidney disease. Although 
reducing protein intake below usual intake in individuals with micro- or macroalbuminuria may 
reduce albuminuria, it does not alter the glomerular filtration rate and is not recommended [6].

 Fats

Evidence is also inconclusive for an ideal amount of total fat intake for people with diabetes [6]. The 
type of fatty acids consumed is more important than total fat in the diet. Individuals with diabetes are 
encouraged to select unsaturated fats in place of saturated and trans fatty acids and are encouraged to 
moderate their fat intake to be consistent with weight management goals.
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As noted earlier in persons with prediabetes, of concern in persons with diabetes is the effect of 
total fat, especially saturated fat, on insulin sensitivity. Epidemiologic data and clinical trials have 
reported that long-term higher total fat intake results in greater whole-body insulin resistance [58, 59]. 
Although not as well studied in persons with diabetes, reducing saturated fat has been shown to 
improve insulin sensitivity [60, 61]. The impact of long-term intake of saturated fatty acids on insulin 
resistance is important because as people with diabetes decrease their intake of carbohydrate, they 
usually increase their fat intake, especially saturated fat [62].

The ADA 2013 nutrition therapy [6] and the Academy 2015 Diabetes Type 1 and Type 2 Evidence- 
Based Nutrition Practice Guidelines [40] recommendations are summarized in Table 8.6.

 Diabetes and Weight Management

Strong evidence exists for the benefits of moderate weight loss for the prevention of T2D. Weight loss 
interventions (WLI) have also been shown to be effective in improving glycemic control in individu-
als with newly diagnosed T2D [63, 64]. The benefit of weight loss interventions (WLI) in T2D of 
longer duration is controversial. To better understand the results of WLI, a systematic review and 
meta-analysis was conducted to answer the questions: in overweight and obese adults with T2D, what 
are the outcomes on A1C, lipids, and blood pressure from WLI resulting in weight losses greater than 
or less than 5 % at 12 months, and what are the weight and metabolic outcomes from differing amounts 
of macronutrients in WLI [65]? Eleven trials (eight compared two WLI and three compared a WLI to 
a usual care/control group) with 6754 participants met the study criteria. At 12 months, 17 WLI 
groups reported weight losses less than 5 % (1.9–4.8 kg) and nonsignificant benefits on A1C, lipids, 
or blood pressure. Only two WLI study groups, a MED Diet in newly diagnosed adults and the inten-
sive lifestyle intervention in the Look AHEAD trial resulted in weight loss greater than 5 %. Both 
included regular physical activity and frequent contacts with health professionals and reported signifi-
cant benefits on A1C, lipids, and blood pressure. Five trials (10 study groups) compared WLI of dif-
fering amounts of macronutrients and reported nonsignificant differences in weight loss, A1C, lipids, 
or blood pressure. Thus, a weight loss >5 % (~6 kg) appears necessary for beneficial metabolic out-
comes. Achieving this level of weight loss requires intense interventions, including energy restriction, 
regular physical activity, and frequent contact with health professionals.

Furthermore, it appears difficult for persons with diabetes to lose weight. In a systematic review of 
80 weight loss studies with 26,455 participants, primarily without diabetes, the average weight loss 
was 8 % (7.5 kg) from baseline [66] compared to <5 % in the majority of studies in participants with 
type 2 diabetes [65]. Factors that contribute to an individual’s inability to loss and maintain weight 
loss include low socioeconomic status, an unsupportive environment, and, very importantly, physio-
logic changes (e.g., compensatory changes after weight loss in circulating hormones that encourage 
weight regain and adaptive thermogenesis) [67]. Therefore, the emphasis of nutrition therapy for 
individuals with T2D should be on a reduced energy intake for improved glycemic control, not the 
scale (in some it may lead to weight loss, in some it may maintain weight loss, and in some it may 
prevent weight gain), regular physical activity, and support for lifestyle changes.

 Weight Loss Medications

Five obesity medications are approved for long-term use in the US: (1) orlistat, a gastrointestinal 
lipase inhibitor; (2) lorcaserin, the 5-hydroxytryptophan, 5-HT2c, (2c subscript) serotonin receptor 
agonist; (3) phentermine/topiramate extended release (ER), combining a sympathomimetic and an 
anticonvulsant; (4) naltrexone/bupropion ER, combining a dopamine/noradrenaline reuptake inhibi-
tor and an opioid receptor antagonist; and (5) a high-dose (3-mg) preparation of the glucagon-like 
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Table 8.6 Nutrition therapy for diabetes. Academy of Nutrition and Dietetics (Academy) recommendations ratings and 
American Diabetes Association’s (ADA) level of evidence ratings

Topic Recommendation Evidence rating

Energy intake For overweight or obese adults with diabetes a reduced energy intake, 
healthful eating plan, with a goal of weight loss, weight loss 
maintenance, and/or prevention of weight gain is encouraged.

Strong, A

For appropriate-weight adults with diabetes a healthful eating plan with a 
goal of weight maintenance and/or prevention of weight gain is 
recommended.

Consensus

Macronutrient 
composition

Macronutrient distribution should be individualized based on a healthful 
eating plan with appropriate energy intake and based on current 
eating patterns, preferences, and metabolic goals.

Fair, E

Eating patterns A variety of eating patterns are acceptable for the management of 
diabetes.

Fair, E

Carbohydrates Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation remains a key strategy in achieving 
glycemic control.

B

For good health, carbohydrate intake from vegetables, fruits, whole 
grains, legumes, and dairy products are encouraged over intake from 
other carbohydrate sources, especially those that contain added fats, 
sugars, and sodium.

B

Carbohydrate counting using insulin-to-carbohydrate ratios is 
recommended for adults using multiple daily injections of insulin or 
insulin pump therapy

Strong

Carbohydrate consistency (timing and amount) is recommended for 
adults on fixed insulin doses or on insulin secretagogues.

Fair

Carbohydrate counting alone, plate method/portion control/simplified 
meal plan, food lists/carbohydrate choices, based on adults abilities, 
preferences, and management goals can be recommended for adults 
on nutrition therapy alone or on diabetes medications other than 
insulin secretagogues.

Fair

Fiber and whole grains Fiber and whole grain foods recommendations for people with diabetes 
are the same as for the general public.

Fair, C

Glycemic Index (GI) and 
glycemic load (GL)

Lowering GI and/or GL may or may not have a significant effect on 
glycemic control; studies longer than 12 weeks report no significant 
impact of GI and/or GL, independent of weight loss, on A1C.

Fair, C

Nonnutritive sweeteners 
(NNS)

Use of NNS has the potential to reduce overall calorie and carbohydrate 
intake if substituted for caloric sweeteners without compensation by 
intake of additional calories from other foods.

Fair, B

Protein Adding protein to meals and/or snacks does not prevent or assist in 
treatment of hypoglycemia; ingested protein can increase insulin 
response without increasing plasma glucose concentrations.

Fair, B

For people with diabetes and diabetic kidney disease, reducing the 
amount of protein below usual intake is not recommended as it does 
not alter glycemic measures, cardiovascular risk measures, or the 
course of glomerular filtration rate decline.

Strong, A

Saturated fat, dietary 
cholesterol, and 
trans-fat

A cardioprotective eating pattern, within the recommended energy 
intake, and the same intake of saturated fat and cholesterol as 
recommended for the general population is encouraged.

Strong, C

Micronutrients and 
herbal supplements

There is no clear evidence of benefit from supplementation in people 
with diabetes who do not have underlying deficiencies. Routine 
supplementation with antioxidants, other micronutrients, and herbal 
supplements is not advised.

Fair, C

Alcohol If adults with diabetes choose to drink alcohol they should do so in 
moderation (one drink per day or less for woman and two drinks per 
day or less for men).

E

(continued)
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peptide 1 (GLP-1) receptor agonist liraglutide [68]. Table 8.7 summarizes the trials done in persons 
with T2D comparing the weight loss medication to a placebo and the 52- to 56-week weight loss and 
A1C outcomes [69–73]. All subjects were placed on lifestyle interventions and then randomized to 
placebo versus weight-loss medication. When used as an adjunct to lifestyle intervention, these agents 
can assist people by enhancing their ability to comply with a reduced-energy eating plan and studies 
report that people can sustain loss for a longer period of time [68]. In people with T2D, drug-assisted 
weight loss resulted in better glycemic control, while reducing the number and doses of glucose-
lowering medications and generally lowering blood pressure and improving lipids. A recent phenter-
mine/topiramate ER study in people with prediabetes reported the drug-assisted weight loss reduced 
the incidence of progression to T2D over 108 weeks by 79 % compared to placebo [74].

 Bariatric Surgery

The best long-term surgical weight loss data come from the SOS study, a prospective (>90 % follow-
 up rate) evaluating effects of bariatric surgery compared with nonsurgical weight management [75]. 
At 15 years, the weight loss was 27 ± 12 % for gastric bypass, 18 ± 11 % for vertical-banded gastro-
plasty, and 13 ± 14 % for gastric banding compared with a slight weight gain for controls. In the SOS 
study, the remission rate for T2D was 72 % at 2 years and 36 % at 10 years compared with 21 % and 
13 %, respectively, for the nonsurgical control subjects [37].

The safety of bariatric surgery and selection of patients most likely to benefit from the surgery 
continue to be primary concerns in the determination of whether the potential benefits outweigh 
the surgery risks [76]. The Scientific Statement from the American Heart Association and the 
ADA concluded that bariatric surgery may be particularly suitable for patients with T2D and 
severe obesity (BMI ≥ 35 kg/m2) because these patients may benefit from obesity comorbidity 
improvement and significantly improved glycemic control compared with medical therapy alone 
[76]. They note that the durability of these metabolic improvements (A1C and CVD risk) remains 
to be determined.

 Physical Activity

Physical activity should be an integral part of the treatment plan for persons with diabetes. Exercise 
helps all persons with diabetes improve insulin sensitivity, reduce CVD risk factors, control weight, 
and improve well-being [4]. Given appropriate guidelines, the majority of people with diabetes can 
exercise safely. The activity plan will vary, depending on interest, age, general health, and level of 
physical fitness.

Table 8.6 (continued)

Topic Recommendation Evidence rating

Sodium The recommendation for the general public to reduce sodium intake to 
less than 2300 mg/day is also appropriate for people with diabetes.

B

For individuals with both diabetes and hypertension, further reduction in 
sodium intake should be individualized.

B

Source: Evert et al. [6] and Academy of Nutrition and Dietetics Evidence Analysis Library [40]
The Academy of Nutrition and Dietetics (Academy) recommendations ratings are Strong, Fair, Weak, Consensus, 
Insufficient Evidence. American Diabetes Association’s (ADA) level of evidence ratings that support each nutrition 
therapy recommendation use the letters A, B, C, or E
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Despite the increase in glucose uptake by muscles during exercise, glucose levels change little in 
individuals without diabetes [77]. Muscular work causes insulin levels to decrease while counterregu-
latory hormones (primarily glucagon) rise. As a result, the increased glucose needed by exercising 
muscles is matched with increased glucose production by the liver.

In persons with T1D, the glycemic response to exercise varies depending on overall diabetes control, 
glucose and insulin levels at the start of exercise, intensity and duration of the exercise, previous food 
intake, and previous conditioning [77]. The most common problem during and after exercise is hypogly-
cemia, which must be treated with carbohydrate in addition to the carbohydrate prescribed for exercise. 
However, high-intensity exercise and competition stress may result in hyperglycemia after exercise.

In persons with T2D, blood glucose control can improve with physical activity, largely because of 
decreased insulin resistance and increased insulin sensitivity, which results in increased peripheral use 
of glucose not only during but also after the activity [78]. This exercise-induced enhanced insulin sen-
sitivity occurs independent of an effect on body weight. Exercise also decreases the effects of counter-
regulatory hormones, reducing hepatic glucose output, and contributing to improved glucose control.

 Physical Activity Recommendations

Adults with diabetes should be advised to perform at least 150 min/week of moderate-intensity aerobic 
physical activity (50–70 % of maximum heart rate), spread over at least 3 days/week with no more than 2 
consecutive days without exercise [4]. In the absence of contraindications, adults with T2D are encouraged 
to perform resistance training at least twice per week. All individuals should be encouraged to reduce sed-
entary time, particularly by breaking up extended amounts of time (>90 min) spent sitting. Children with 
diabetes or prediabetes should be encouraged to engage in at least 60 min of physical activity each day.

Routine screening for who should or should not begin to exercise is not recommended [4]. Providers 
should use clinical judgment in this area. High-risk patients should be encouraged to start with short 
periods of low-intensity exercise and increase the intensity and duration slowly.

 Exercise Precautions for Persons with Type 2 Diabetes

Persons with T2D may have a lower maximum volume of oxygen (VO 2max) and therefore require a 
more gradual training program. Rest periods may be needed, but this does not impair the training 
effect from physical activity. Heart rates during exercise may not increase normally because of auto-
nomic neuropathy or medications, such as for blood pressure, and individuals may need to learn to use 
perceived exertion as a means of determining exercise intensity.

Table 8.7 Weight-loss medications in people with T2D: weight loss and glycemic control

Orlistat 
(Xenical; 
Allia) [69]

Lorcaserin 
(Belviq) [70]

Phentermine/topiramte 
(Qnexa) [71]

Naltrexone/bupropion 
(Contrave) [72]

Liraglutide 
(Saxenda) [73]

Weight loss (%)
  Drug 6.2 4.5 9.6 5.0 6.0
  Placebo 4.3 1.5 2.6 1.8 2.0
A1C change (%)
Drug −0.3 −0.9 −1.6 −0.6 −1.3
Placebo +0.2 −0.4 −1.2 −0.1 −0.3

Source: Adapted from: Cefalu et al. [68]
Brand names are in parenthesis; study lengths: 52–56 weeks
aOver-the-counter brand name
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 Exercise Precautions for Persons Taking Insulin and/or Insulin Secretagogues

Variability of glucose responses to exercise contributes to difficulty in giving precise guidelines for 
exercising safely for persons using insulin or insulin secretagogues. Frequent blood glucose monitor-
ing before, during, and after exercise helps individuals identify their response to physical activities. 
For individuals on these therapies, to prevent hypoglycemia, added carbohydrate should be ingested 
if pre-exercise glucose levels are <100 mg/dL (5.6 mmol/L) [4]. With unplanned activity or when 
insulin dosage has not been adjusted, extra carbohydrate ingestion may be necessary. In general, every 
60 minutes of increased moderate-intensity exercise, such as tennis, swimming, or jogging, requires 
an additional 15 g of carbohydrate, either prior to or after the exercise [79]. For more strenuous exer-
cise, such as 1–2 h of sport activities (basketball, football, soccer, etc.) or strenuous bicycling, 30 g of 
carbohydrate per hour may be needed. Furthermore, prebedtime blood glucose levels should be higher 
than 130 mg/dL (7.2 mmol/L) on days of afternoon or evening activity.

For planned activities, adjustments in insulin dosage also help prevent hypoglycemia that can 
occur most often with moderate to strenuous activity lasting more than 45–60 min [79]. For most 
persons, a modest decrease (of about 1–2 units or approximately one-half the usual dose) in the rapid- 
acting insulin acting during the period of the exercise is a good starting point. For prolonged vigorous 
exercise, a larger decrease in the total daily insulin dosage may be necessary. After exercise, insulin 
dosing may also need to be decreased.

 Diabetes Education/Counseling and Support

DSME and DSMS are the ongoing processes of facilitating persons with diabetes to attain the knowl-
edge, skill, and ability necessary for successful diabetes management. The overall objectives are to 
support the individual’s informed decision making, self-care behaviors, problem solving, and active 
collaboration with the health care team to improve clinical outcomes, health status, and quality of life 
in a cost-effective manner [80]. The ADA recommends that persons with diabetes receive DSME and 
DSMS according to the national standards for DSME and DSMS when diabetes is first diagnosed and 
as needed thereafter [4]. Effective nutrition therapy interventions may be an individualized session or 
a component of a comprehensive group diabetes education session [6].

 Monitoring

Several methods are available to assess the effectiveness of the diabetes management plan, includ-
ing nutrition therapy, on glycemic control: self-monitoring of blood glucose (SMBG), continuous 
glucose monitoring (CGM), and A1C. SMBG and, for some individuals, CGM are used on a day-
to-day basis to manage diabetes effectively and safely; however, measurement of A1C provides the 
best index of overall diabetes control. Lipids and blood pressure must also be monitored on a regu-
lar basis.

 Pharmacological Therapy and Lifestyle Recommendations

 Pharmacological Therapy for T1D

Persons with T1D should be treated with multiple-dose insulin (MDI) injections (three to four injec-
tions per day of basal and prandial insulin) or continuous subcutaneous insulin infusion (CSII), 
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commonly referred to as insulin pump therapy [4]. They also need education on how to match pran-
dial insulin dose to carbohydrate intake, premeal blood glucose, and anticipated activity.

 Pharmacological Therapy for T2D

It is important that persons with T2D understand that T2D is a progressive disease. This will help 
them to understand and accept changes in medications that occur over time. The need for medications 
and insulin is not a “diet failure” or “medication failure” but rather a failure of the insulin secreting 
capacity of the beta cells.

Interventions at the time of diagnosis include healthy eating (nutrition therapy, weight control), 
increased physical activity, and diabetes education [81]. Metformin is the preferred initial pharmaco-
logical agent for T2D. If A1C target goals are not reached after ~3 months, a second oral agent (sulfo-
nylurea, thiazolidinedione [TZD], dipeptidyl peptidase 4 inhibitor [DPP-4], sodium-glucose transporter 
2 [SGLT-2] inhibitor), a glucagon-like peptide 1 (GLP-1) agent, or insulin is added. If A1C goals are 
not reached after another ~3 months, a three-drug intervention is implemented. If this combination 
therapy that includes a long-acting insulin does not achieve A1C goals, a more complex insulin therapy 
involving MDI, usually in combination with one or more noninsulin agents, is implemented.

A patient-centered approach is stressed, including patient preferences, cost, and potential side 
effects [4]. The overall objective is to achieve and maintain glycemic control and change interven-
tions, including the use of insulin, in a timely progression when therapeutic goals are not being met. 
Circumstances that require the use of insulin in T2D, other than failure to achieve adequate control 
with glucose-lowering medications, include periods of acute injury, infection, extreme heat exposure, 
surgery, or pregnancy [4].

 Pharmacological Therapy for Lipids

To improve lipid profiles, the following options are recommended: lifestyle modification focusing on 
the reduction of saturated fat, trans-fat, and cholesterol intake; increase of n-3 fatty acids, viscous 
fiber, and plant stanol/sterols, weight loss (if indicated); and increased physical activity [4]. However, 
evidence does not support recommending omega-3 supplements for people with diabetes [6]. Statin 
therapy should be added to lifestyle therapy, regardless of baseline lipid levels, for patients with dia-
betes and overt CVD and without CVD who are over the age of 40 years and have one or more CVD 
risk factors. For lower-risk patients, statin therapy is often considered as well.

 Pharmacological Therapy for Blood Pressure

Lifestyle therapy for elevated blood pressure consists of weight loss, if overweight; DASH-style 
dietary pattern including reducing sodium and increasing potassium intake; moderation of alcohol 
intake; and increased physical activity [4]. Pharmacological therapy begins with a regimen that 
includes either an angiotensin-converting enzyme (ACE) inhibitor or an angiotensin receptor blocker 
(ARB). However, multiple-drug therapy (two or more agents at maximal doses) is generally required 
to effectively treat high and low blood pressure.

 T1D and T2D Management Summary

For effective diabetes management, lifestyle recommendations must be integrated into the manage-
ment plan. Clinical trials and epidemiological studies provide evidence for the beneficial impact of 
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diabetes nutrition therapy. For persons with T1D, use of carbohydrate counting to determine insulin- 
to- carbohydrate ratios for mealtime insulin doses is the most effective nutrition therapy strategy. 
Individuals on insulin who do not use this intervention do best if they are consistent in their amount 
and timing of carbohydrate intake. For persons with T2D, an individualized reduced energy intake is 
the most effective nutrition therapy strategy.

 Conclusion

Lifestyle medicine for prediabetes and diabetes includes nutrition therapy, physical activity, educa-
tion/counseling and support, and monitoring. Strong evidence supports the effectiveness of nutrition 
therapy across the continuum of diabetes management—prevention to management of diabetes and 
complications. For persons with prediabetes, lifestyle medicine involves a reduced energy intake lead-
ing to modest weight loss, regular physical activity, education, and support. For persons with diabetes, 
lifestyle medicine involves nutrition therapy based on collaboration between health professionals and 
persons with diabetes to determine lifestyle strategies and goals the persons with diabetes are willing 
and able to implement. Physical activity is encouraged, education/counseling and support are essen-
tial, monitoring must be done to determine if lifestyle and medical goals are being met, and integra-
tion of nutrition therapy interventions and medications is important.
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 Introduction

Simply put, obesity is a result of energy imbalance. Energy expenditure and energy intake are the two 
main factors in the energy balance equation. However, considerable disagreement occurs over the 
importance of energy expenditure in terms of obesity. The role that reduction in physical activity 
levels plays in stemming the rising obesity epidemic and the effectiveness of exercise in treating obe-
sity are heavily debated topics. However, there is little argument that diet is a central issue in both the 
increasing prevalence of obesity and in the management of this disease. Although nutrition plays a 
straightforward role in its development and treatment, changing the diet of an individual is not so 
straightforward.

To further complicate this issue, considerable time and effort have been devoted to finding “the 
culprit” in diet that is ultimately responsible for the obesity epidemic. There are often headlines in the 
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media of a certain type of food or, even more specifically, an individual macro- or micronutrient that 
is touted to be “the cause” of obesity. Despite the desire for this to be the case, the keys to appropriate 
nutrition and healthy weight rest in variety, balance, and moderation. Although not nearly as intrigu-
ing as a singular cause, approaches that focus on these three factors are the ones that have the most 
evidence for long-term success. This chapter discusses factors that impact food choice, the manage-
ment of obesity from a nutrition standpoint, diets that are used to reduce caloric intake, behavioral 
components to treatment, and myths associated with nutrition and weight loss.

 Obesity

The Centers for Disease Control and Prevention (CDC) defines obesity as a condition of excess 
adiposity wherein weight is higher than what is considered healthy for a given height [17]. Body 
mass index (BMI) is the most common tool used to screen for obesity and is calculated using 
weight and height (weight in kilograms divided by height in meters squared) [17]. BMI is highly 
correlated with a person’s body fat percentage making it an adequate screening tool. However, 
making an obesity diagnosis based on BMI alone should be done with caution as it does not dis-
tinguish between fat mass and lean muscle mass, and it does not specify adiposity. BMI should be 
examined within the context of other health risk indicators such as fasting glucose, blood pressure, 
and lipid levels.

In the general population, obesity increases the risk of chronic health conditions and all-cause 
mortality. When the relationship between obesity and all-cause mortality is stratified on disease status 
a more complicated relationship emerges [21, 96]. Paradoxically, obesity seems to have a somewhat 
protective effect on mortality among those with coronary heart disease [59], stroke [121], heart failure 
[57], end stage renal disease [80], and diabetes [21]. However, researchers hypothesize that this obe-
sity paradox is observed when confounders are unmeasured. Several lifestyle behaviors (e.g., diet, 
physical activity, smoking status) and demographic variables (e.g., age, gender, race) may be con-
founders in the relationship between obesity and mortality and neglecting to account for only one or 
two can substantially skew the relationship [7].

Obesity has become a global epidemic. It is estimated that more than one-third of the US adult 
population is obese (78.6 million people) [18]. The 2011–2014 National Health and Nutrition 
Examination Survey (NHANES) found that obesity prevalence was 36.5 % among adults [18, 34, 78]. 
Obesity prevalence in the United States is highest for non-Hispanic blacks and Mexican American 
women. Although obesity rates are high, there have been no significant changes in obesity prevalence 
for women or men between 1999 and 2010 [34].

 Food Choice

Understanding the complex factors that influence food choice regarding what, when, and how much 
to eat will help clinicians develop and deliver effective weight loss interventions. Food choice behav-
iors regarding when to eat and how much are generally determined by homeostatic and nonhomeo-
static pathways. Homeostatic eating begins in response to metabolic need or energy deficits 
experienced as physical hunger and ceases when energy needs are met and experienced as satiety. 
Nonhomeostatic food choice behaviors have been called “hedonic eating” and these are influenced by 
a variety of cognitive and environmental factors unrelated to metabolic need [11, 61, 124]. This sec-
tion describes these factors and the ways they may influence food choice.
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 Metabolic Factors

A neural regulatory feedback system ensures that an adequate supply of energy is readily available for 
all necessary and critical biological functions such as brain activity and major organ function. Glucose 
is the primary energy source for all cells and as circulating levels of glucose decrease with prolonged 
time since eating, a cascade of neurohormonal processes are triggered to promote physical hunger 
sensations and meal initiation among other processes that release stored energy. Negative feedback 
signals including rising glucose levels serve to discontinue energy intake. Leptin, which is a hormone 
secreted by adipose tissue, enhances negative feedback signaling. Low levels of leptin or reduced 
leptin signaling stimulate greater food intake [11, 61, 90, 124]. Ghrelin, known as the hunger hor-
mone, is secreted in the stomach and acts to increase feelings of hunger and food intake.

 Environmental Factors

Characteristics and qualities of the environment may influence food choice through multiple mecha-
nisms. The physical environment presents cues that initiate a desire to eat regardless of hunger level, 
i.e., nonhomeostatic eating. For example, the smell of popcorn at the movies may initiate a desire to 
eat popcorn despite having just eaten dinner. Alternatively, the physical environment provides facilita-
tors or barriers to food choice behaviors. For example, having a pizza fast food restaurant across the 
street from one’s home may facilitate the consumption of pizza on a more frequent basis than living 
several miles from a pizza restaurant.

 Environmental Cues

While homeostatic eating is driven by energy stores and depletion, nonhomeostatic eating is primarily 
driven by reward pathways [46]. Food palatability and the neurobiologically rewarding effects of food 
motivate consumption beyond satiety and in the absence of hunger to varying degrees across individu-
als [46]. Oftentimes rewarding experiences become associated with environmental cues (e.g., sights, 
smells, sounds), such that exposure to the cues alone motivate behavioral activation toward fulfillment 
of the reward experience [10]. Several brain imaging studies show visual detection of palatable food 
is associated with activation of the brain’s reward centers [38]. Behavioral studies have shown that 
manipulation of environmental conditions and cues can influence food choice behaviors regardless of 
hunger/satiety [115].

 Facilitators and Barriers

Foods with greater availability and accessibility have fewer barriers to consumption. How strongly 
food availability and accessibility influence food choice may differ depending on the proximity of the 
environment in question. For example, the food available in one’s home pantry may influence food 
choice to a greater extent than the food available in one’s neighborhood. Of course, the food in one’s 
neighborhood may also determine the food available in the home. The interconnectedness of food 
environments is something to be considered when addressing the availability of foods.
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Neighborhood availability of healthy foods has been related to greater prevalence of healthy weight 
status of neighborhood residents [92]. However, research on the relationship between neighborhood 
availability of healthy foods and diet quality of neighborhood residents has been mixed [43]. Critics 
suggest insufficient rigor of study designs and undiscovered confounding mediators and moderators 
have interfered with the ability to adequately determine whether neighborhood availability of healthy 
and unhealthy foods influences diet quality of residents [43].

Two of the most commonly reported determinants of food choice, particularly by younger, female, 
and non-white populations are cost and convenience [39, 101]. Nutrient dense items like lean meats, 
fish, fresh vegetables, and fruit generally cost more than energy dense foods that are often highly 
palatable and convenient [27]. Relatively higher cost and lower convenience of healthy foods may 
detract from their accessibility for some populations regardless of whether these foods are available 
in the neighborhood environment.

Food availability and accessibility in the home are consistently related to food choice [114]. The 
home food environment includes our immediate surroundings—the room, eating utensils and food 
presentation [103]. Some factors (i.e., size and available appliances) determine the types of foods 
brought into the home. For example, having a broken oven may make a microwaveable food item a 
more viable option than one that requires baking or broiling. Another factor that directly influences 
food choices made in the home is visibility. Visible food items in the kitchen have a higher chance of 
being eaten [103, 114]. Also, more food items available at the table during meals leads to higher con-
sumption in one sitting [103]. Plate, cup, and utensil sizes play an important role in consumption and 
how much we eat. Among a group of nutritionists, those who were given larger spoons consumed 
more ice cream than those with smaller spoons [103].

Portion size of packaged foods and foods served away from home influence food choice as well. 
People eat more when served more [20, 24, 122] and repeated exposure to larger portion sizes distorts 
consumption norms [60]. For example, participants who ate a dish of cheese pasta that had 50 % more 
pasta in it had a 25 % increase in overall meal intake [24]. In another experimental study, movie goers 
were randomly assigned to receive a large or medium container of stale popcorn [116]. Those given 
large containers of stale popcorn consumed on average 33.6 % more than those given medium sized 
containers of stale popcorn. The moviegoers’ intake was increased relative to the portion size of the 
popcorn regardless of the palatability. The tendency to eat more in response to larger portion sizes 
occurs across the population regardless of demographics [60].

 Social and Media Environment

People typically eat in accordance with beliefs about what constitutes normal eating behavior [47]. 
Social eating norms are powerful determinants of food choice [22, 48, 89]. A meta-analysis of 15 
experimental studies found a moderate effect of the provision of eating norm information (e.g., 
written, modeling) on food intake and food selection [89]. Also, in a review of 69 social eating 
studies representing diverse methodologies, nearly all of them showed food choices were influ-
enced by social conditions [22]. Certain contextual factors may modulate the strength of the effect 
of social eating norms on food choice, but not substantially [22]. There is a tendency to eat more in 
social situations with friends and family members than when eating alone or in front of strangers 
[22]. People also capitalize on food choice stereotypes to portray themselves in more favorable 
light [111]. For example, meat consumption is generally recognized as a masculine food choice and 
research shows men are more likely to choose meat when their food choice is made public than if 
private [119]. Interestingly, there is little evidence that hunger, personality traits, age, or weight 
influence the effect social eating norms have on food choice [22]. The motivation to conform to 
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social eating norms may be rooted in basic survival mechanisms. More specifically, conforming 
to social eating norms promotes the consumption of safe foods, food acquisition and sharing, and 
social affiliation [48].

Most research regarding food advertisement and its effects on food choices is limited to samples 
consisting of young children and adolescents [125], but there are data to suggest that advertisement 
has a major influence in reinforcing and normalizing many behaviors across the rest of the population 
[49]. Previous research has shown that advertising can influence food preferences, purchases, and 
consumption behavior [125]. Evidence also suggests that increased exposure to TV food advertise-
ments is linked to fast food consumption in adults [94].

 Clinical Implications

Food choice is influenced by social and environmental factors which may be difficult to change at 
the individual level for a variety of reasons. First, many of these factors exert their influence innocu-
ously. Most people are not aware that they change their eating behaviors depending on who is 
seated at the dinner table and what their food choice behaviors are. Further, some of these influ-
ences are not under direct control by individuals. Food prices and availability of healthy foods in 
one’s neighborhood are not typically things that individuals can change. Nevertheless, mere aware-
ness of the effect of these factors on behaviors may help individuals to interact with their environ-
ment in a different way.

More research is needed to determine the extent to which neighborhood availability of healthy and 
unhealthy foods influences food choice behaviors of residents. It is likely the association is multifac-
eted and sufficiently complex; therefore, policy level recommendations may be premature. However, 
there is enough evidence to suggest weight loss counseling should include conversations with individu-
als to determine their perceptions of the role of neighborhood food availability on their food choices. 
Clinicians should also determine the extent to which price and convenience influence food choice and 
whether their patients are eligible for federal and state nutrition assistance and education programs.

The home food environment has consistently been found to influence food choice behavior. This 
environment may be under direct control of individuals. Therefore, clinicians should assess the home 
food environment of their patients and make recommendations to optimize healthy food choices (e.g., 
make healthy foods visible). Given the importance of eating norms on food choice behaviors, weight 
loss counseling should correct mistaken beliefs regarding healthy portion sizes and increase aware-
ness of the role of social and media influences on food choice.

 Diet and Weight Loss

At any time, approximately 50–70 % of obese Americans are actively trying to lose weight [15, 72]. 
According to NHANES data between 2001 and 2006, 63 % of obese adults tried to lose weight in the 
previous year [72]. Sustained weight loss as little as 5–10 % is considered clinically significant 
because it reduces risk of chronic conditions like diabetes and heart disease [51].

Approximately 60 % of adults lose at least 5 % of their body weight initially [72]. However, few 
sustain weight loss past the first year. Studies show that 20–50 % of lost weight is regained within 1 
year, and most people regain all of the weight after the first year [15, 76].

High recidivism rates may be frustrating, but, for some, weight cycling may have greater health 
risks than a higher but stable weight. Weight cycling is when an individual loses weight only to regain 
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it and repeats this process for a sustained period of time. In general, there is no consistent or conclu-
sive association between weight cycling and mortality, diabetes risk, cardiovascular disease risk, or 
body composition [66]. In fact, some studies have shown weight cycling has an inverse relationship 
with cardiovascular disease biomarkers and diabetes risk [66]. Nonetheless, some populations may 
not benefit from weight loss if weight cycling occurs. For example, weight cycling was positively 
related to mortality among those age ≥65 years [4]. Older adults do not fully regain lean mass lost 
during weight loss and have a net gain in fat mass when weight cycling occurs [58]. Additionally, 
those of normal body weight may increase metabolic and cardiovascular risk factors with weight 
cycling [67].

 Nutrition Intervention

As discussed above, many individuals attempt to lose weight on their own without much success. 
However, there is a strong scientific basis for assisted weight loss. Evidence-based dietary treatment 
of diseases is called medical nutrition therapy (MNT). It is the therapeutic approach used to treat 
medical conditions nutritionally. There is strong evidence that MNT improves weight, waist circum-
ference, hip circumference, fast blood glucose, low-density lipoprotein (LDL) cholesterol, high- 
density lipoprotein (HDL) cholesterol, and blood pressure [23, 84, 86, 91].

Basic MNT for adult weight management focuses on helping patients sustain a reduced calorie 
diet. Achieving it involves first determining calorie intake goals for weight loss and then selecting a 
dietary plan to sustain caloric intake reductions. Weight stability is achieved when energy intake 
equals energy expenditure. The first step in this process is to determine energy expenditure. The rec-
ommended energy intake at current weight can then be adjusted to create an energy deficit to facilitate 
weight loss. Indirect calorimetry is the gold standard approach to estimate energy expenditure by 
measuring oxygen consumption and carbon dioxide production. Close estimates of energy expendi-
ture can be calculated based on age, sex, height, weight, and physical activity levels. Energy expendi-
ture estimated from the Mifflin-St. Jeor formula (see Table 9.1) is highly correlated with energy 
expenditure measures from indirect calorimetry [37, 93, 99, 100, 117]. Energy expenditure estimates 
calculated with the Mifflin-St. Jeor formula represent average daily energy expenditure in a state of 
energy balance. Reducing the average daily energy expenditure value for energy balance by 500 kcal 
per day provides an energy intake goal that will promote weight loss that is safe. Recommendations 
for energy intake should be no less than 1,200 calories per day for male or female adults to maintain 
adequate nutrient intake.

Table 9.1 Mifflin-St. Jeor equation

Men: Resting Metabolic Rate = (9.99 × weight) + (6.25 × height) – (4.92 × age) + 5
Women: Resting Metabolic Rate = (9.99 × weight) + (6.25 × height) – (4.92 × age) – 161
Equations use weight in kilograms (kg), height in centimeters (cm).
Physical activity factors:
  Sedentary: 1.0 or more to less than 1.4. Typical daily living activities (e.g., household tasks, walking to the bus)
  Low active: 1.4 or more to less than 1.6. Typical daily living activities plus 30–60 min of daily moderate activity 

(e.g., walking at 5–7 km per hour or 3 mph–4mph)
  Active: 1.6 or more to less than 1.9. Typical daily living activities plus at least 60 min of daily moderate activity
  Very active: 1.9 or more to less than 2.5. Typical daily living activities plus at least 60 min of daily moderate 

activity

St. Jeor et al. [100]
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 Evidence-Based Diets

After the amount of energy intake for an individual is determined, a dietary pattern that will support 
the resulting energy intake goals without compromising micronutrient intake is selected. The three 
dietary patterns with strong evidence to be considered supportive of weight loss are the DASH diet, 
the Mediterranean diet, and the Healthy US Style Eating Pattern [51, 85].

The DASH diet (see Table 9.2) focuses on increasing vegetables, fruits, lean proteins, and whole 
grains while limiting saturated fats, sweets, sugar sweetened beverages, and sodium [12, 29, 30, 54, 
71, 74, 75]. The DASH diet with caloric restriction and exercise has been shown to reduce weight and 
blood pressure [6, 12, 29, 75].

The Mediterranean Diet (MeDiet) emphasizes vegetables, fruits, fish, olive oil, nuts, beans, 
legumes, seeds, and whole grain with limited meats, dairy, and moderate wine consumption [77]. 
Plant-based dietary patterns, such as the MeDiet (see Table 9.3), are rich in antioxidants and low in 
saturated fats and are associated with lower cholesterol, lower blood pressure, improved glycemic 
control, reduced arterial stiffening, and reduced oxidative stress [97]. With olive oil as the primary fat, 
saturated fat is no more than 7–8 % of caloric intake and overall fat 25–35 % of intake. This pattern 
encourages physical activity and water consumption [97]. The MeDiet pattern has been shown to be 
effective in reducing weight and cardiovascular risk factors. Overweight and obese individuals fol-
lowing a MeDiet pattern achieved weight loss of 8.36–22.22 pounds in 12 months [64].

The Healthy US Style Eating Pattern (HUSEP) includes a healthy intake of vegetables, fruits, 
whole grains, fat free or low fat dairy, proteins, and mono and poly unsaturated fats, with limits on 
added sugars, saturated fats, trans fats, cholesterol, sodium, and alcohol [77]. It is designed to meet 
the recommended dietary allowances (RDA) and the adequate intakes (AI) of all micronutrients. The 
recommended portion size of these foods is based on caloric needs, as seen in Table 9.4. The USDA 
My Plate is an illustrated example of the HUSEP that focuses on variety, portion size and dietary 
needs [109]. The HUSEP can be used as a general healthy eating pattern for adults and children for 
weight loss, gain, or maintenance.

 Meal Replacements and Structured Meal Plans

Meal replacements or structured meal plans are implemented within weight loss treatment programs 
to help overweight and obese persons decrease total calorie intake [5, 25, 26, 45, 113]. Meal replace-
ments decrease intake by replacing one to two primary meals (breakfast, lunch, and dinner) with a 

Table 9.2 DASH diet – number of servings based on a 2000 calorie diet

Food group
Servings per 
day Examples

Whole grains 6–8 Brown rice, whole grain pastas, breads, crackers
Protein 6 or less White meat chicken, fish, lean pork, beans, nuts, cottage cheese
Vegetables 4–5 Broccoli; spinach; romaine; collard, turnip, mustard greens, tomatoes, 

red peppers, carrots, sweet potatoes, winter squash, and pumpkin
Fruit 4–5 Apples, oranges,
Low-fat or fat-free dairy 

products
2–3 1 % milk, Greek yogurt,

Fats and oils 2–3 Olive oil, canola oil, vegetable oils, avocados, nuts
Sodium 1500–2300 mg
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lower calorie alternative such as a bar, shake, soup, or hot chocolate [5, 25]. Structured meal plans, in 
combination with behavioral weight loss interventions, generally consist of a low calorie diet (1200–
1500 kcal daily) with three meals (breakfast, lunch, and dinner) and two snacks per day [26]. 
Participants who achieve and maintain weight loss by using meal replacements or structured meal 
plans have shown improved biomarkers of disease risks such as insulin, triglyceride, and blood pres-
sure [26]. Weight loss interventions that use meal replacements or structured meal plans are thought 
to result in greater weight loss because they reduce the need to make food choices regarding what, 
how much, and in some cases when to eat. Moreover, they reduce snacking and increase accessibility 
of low-calorie foods at home [120].

Several studies, 1 year or longer, have found significant weight loss among participants incorporat-
ing meal replacements or structured meals with a behavioral weight loss intervention compared to 
those who solely followed an intervention [5, 25, 26, 45, 113]. For instance, the LOOK Ahead (“Action 
for Health in Diabetes”) trial, which is the longest running study of a lifestyle intervention to date, 
included 5,145 overweight and obese males and females with type 2 diabetes and found that partici-
pants who replaced one snack and one meal per day with a meal replacement (meal bar and liquid 
shake) lost substantially more weight than those who did not [113]. Overall, meal replacements or 
structured meal plans help participants to achieve greater initial weight loss compared to self-selected 
food plans [25].

 Length of Treatment

Individuals should be monitored as they work toward their goals to help them overcome barriers to 
change, to maximize the likelihood changes made are sustainable, and to identify complications 
resulting from the prescribed nutrition intervention. Monitoring progress requires follow up appoint-
ments to assess key outcomes such as weight and laboratory data to ensure outcomes are being 
achieved without compromising health. Data to be collected at follow-up include lab values (e.g., 

Table 9.3 Mediterranean diet

Food group Servings

Vegetables, fruit, olive oil, nuts, legumes, beans, seeds, 
herbs, and spices

Base every meal of these foods

Fish and seafood Often, at least two times per week
Poultry, eggs, cheese, and yogurt Moderation, daily to weekly portions
Meats and sweets Less often
Wine Moderation

Table 9.4 Healthy US-style eating pattern – daily amount based on a 2,000 calorie diet

Food group Daily amount

Vegetables 2 1/2 cups
Fruits 2 cups
Whole grains 6 ounces
Dairy 3 cups
Protein foods 5 1/2 ounces
Oils 27 g
Limit for other foods 14 % of daily calories

Office of Disease Prevention and Health Promotion (ODPHP) [77]
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blood glucose, blood pressure, lipids), behavior (e.g., physical activity), signs and symptoms of emer-
gent nutrition problems (e.g., eating disorders), and quality of life. Follow-up appointments should 
include problem solving and relapse prevention discussions. Based on a strong research base, it is 
recommended that 14 consultations be conducted in 6 months for initial weight loss, and 12 consulta-
tions in 12 months for weight maintenance [51].

 Multidisciplinary Approach

The Centers for Medicare and Medicaid Services [19] issued a decision memo in 2011 which indi-
cated that obese individuals should receive 12 months of intensive behavioral therapy that includes 20 
sessions of face-to-face visits. Additionally, the US Preventive Services Task Force, The American 
Heart Association, American College of Cardiology, The Obesity Society, and Academy of Nutrition 
and Dietetics recommend a multidisciplinary team approach [35, 51, 85].

A team approach produces better outcomes than treatment provided by a solitary health care pro-
vider [31, 35, 51, 83, 108]. It can be difficult for one practitioner to offer sufficient care for the obese 
individual due to time constraints [9, 108], lack of resources, and busy practices [83]. The interdisci-
plinary team may consist of registered nurses (RN), registered dietitians (RD), behavioral health spe-
cialists, exercise specialists, pharmacists, and physicians [9, 31, 51, 85, 112]. Each of these 
professionals must know their individual role in the treatment process and work together to achieve 
the most effective results. A registered dietitian (RD) is the one who is typically tasked with helping 
obese persons make sustainable dietary changes to support weight loss.

 Behavioral Considerations to Treatment

The Academy of Nutrition and Dietetics recommends that basic MNT for adult weight management 
include the use of behavior change strategies to help patients sustain a reduced calorie diet and 
increased physical activity. The goal of behavioral techniques is to provide the individual with skills 
they can use to improve their overall lifestyle. By changing lifestyle patterns, the chances of short- and 
long-term success are increased. Although there are numerous behavioral strategies to be used in 
promoting an improved diet, self-monitoring, problem solving, and cognitive changes are especially 
important components in treatment.

 Self-monitoring

Self-monitoring is an essential component of a behavioral weight loss treatment [82]. Regularly 
recording dietary intake, weight, and/or physical activity enables individuals to be self-aware of their 
behaviors and modify as needed, as well as measure progress toward lifestyle intervention goals [16, 
82]. Various tools for self-monitoring include hand written diaries, digital scales, web-based pro-
grams, and personal digital assistants [16, 82]. Consistency, frequency, and comprehensiveness are all 
important aspects of successful self-monitoring [82]. However, a limited number of studies have 
shown that frequency and consistency have significantly greater impact on maintaining weight loss 
than comprehensiveness, which has lesser impact [82].

A systematic review of 22 studies found a positive relationship between self-monitoring of dietary 
intake, exercise or weight and effective weight management [16]. Further, numerous randomized 
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controlled trials support the use of self-monitoring as an effective behavioral weight loss strategy [13, 
16, 56, 63, 106]. For instance, a randomized controlled trial of 123 postmenopausal, Caucasian over-
weight and obese women found those self-monitoring their energy consumption achieved greater 
weight loss than those who did not [56]. Using food journals may be one of the most productive 
weight loss strategies [56].

 Problem Solving

Problem solving, a self-management technique, is a behavioral process wherein multiple solutions for 
coping are generated and then the pros and cons are considered before implementing one [28]. 
Essentially, problem solving empowers individuals by preparing them for unforeseen barriers, which 
may have otherwise caused them to deviate [62, 70, 81]. Possible barriers may include insufficient 
resources, inadequate or limited support, ambivalence, or lack of motivation. The steps of problem 
solving include: having motivation to problem solve, defining the problem, formulating alternate 
options, identifying the best option, applying the solution, and analyzing your decision afterwards [28].

Those with obesity, diabetes, or any other chronic illness may benefit from this strategy [41, 62]. 
In fact, various studies have assessed the validity of problem solving as a behavioral strategy, finding 
it to be an effective tool for weight loss, maintaining weight, and following a diabetes self- management 
regimen [41, 62, 70, 81]. Specifically, in a 6-month behavioral weight loss intervention study, research-
ers found a relationship between problem solving and weight loss. Frequent problem solvers lost 
significantly more weight than those less consistent. However, this method may not be successful for 
those with below average problem solving skills as these individuals may be deterred by the effort 
required or simply incapable of using that skillset. Further research identifying specific behavioral, 
psychological, and population characteristics affecting weight loss may be useful in improving our 
understanding for using it as an intervention.

 Cognition

Cognitive factors such as thoughts, beliefs, and attitudes precede behavior initiation and are often 
developed over time in reaction to personal life experiences, the social milieu, and media. Cognitive 
factors interact with environmental and internal cues to influence behavior. For example, hunger 
pangs (i.e., internal cue) and the sight of a bag of potato chips on one’s counter at home (i.e., environ-
mental cue) may trigger the desire for them (i.e., unconscious neurobiological reaction). A series of 
cognitions (e.g., knowledge that potato chips are incongruent with weight loss goals) may arise and 
ultimately determine whether the potato chips are eaten or not.

Behavioral theories provide an organizing structure to explain how multiple cognitive factors inter-
act to produce behavior. One model for conceptualizing cognitive determinants of food choice behav-
iors in both adults and children is the Theory of Planned Behavior (TPB) [65, 88]. TPB posits the 
primary predictor of a behavior is intention, which refers to the amount of effort one is willing to put 
toward a behavior [40]. Intentions are then determined by attitude toward the behavior, social norma-
tive perceptions regarding it, and perceived control in performing it [40]. Attitudes toward the behav-
ior refer to outcome expectancies one has for performing the behavior. Social normative perceptions 
reflect the extent to which performing the behavior would be considered a normal behavior within 
one’s peer group. Perceived control is similar to self-efficacy in that it refers to how confident indi-
viduals are that they can perform the behavior. A meta-analysis of 46 TPB studies showed perceived 
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control, attitudes, and social norms were moderately to strongly related to intentions [65]. Also, per-
ceived control and intentions were moderately related to behaviors [65].

Other cognitive factors that have been related to food choice behaviors are self-efficacy, self- 
regulation, and nutrition knowledge. Self-efficacy, which is very similar to perceived control from 
TPB, reflects a belief or confidence in the ability to overcome inherent difficulties in performing a 
specific task in a particular situation [1]. A number of studies have found a strong relationship between 
self-efficacy and fruit and vegetable intake [95]. However, results are less conclusive across a range 
of dietary behaviors (e.g., lowering fat, sugar) [98]. Self-regulation is the intentional use of strategies 
such as goal setting, self-reward, self-monitoring, and self-instruction, to control one’s behaviors. A 
large body of research suggests that the use of self-regulation strategies has positive medium effects 
on health promotion food choices and small inverse effects on unhealthy food choices [2]. Results 
from a review of 29 studies showed the majority found a weak but significant positive relationship 
between nutrition knowledge and dietary intake [104].

In general, nutrition and weight loss treatment should target modifiable cognitive determinants of food 
choice including behavioral intentions, perceived control/self-efficacy, attitudes, perceived social norms, 
self-regulation, and nutrition knowledge. The strength of the association between these factors and behav-
iors varies depending on the specific behavior in question (e.g., fruit consumption versus avoidance of 
sugar), demographic characteristics of the individual (e.g., age, income), and other cognitive factors. Each 
cognitive factor requires different change strategies. For example, experiential learning builds self-effi-
cacy [8], but goal setting increases self-regulation. Given the variety in strategies required to change 
cognitive determinants of food choice, multidisciplinary treatment teams including a registered dietitian 
are better positioned than individual providers to help patients change food choice behaviors.

 Commercial Weight Loss Programs

Commercial and proprietary weight loss programs have grown into a multibillion dollar industry [44]. 
In addition, there are countless “popular” diets and trends that gain popularity for a time and then give 
way to another. Many obese individuals will have experience with one or more commercial weight 
loss programs. Thus, it is important for clinicians to know the pros and cons of these types of diet 
plans to be able to advise their patients adequately (see Table 9.5).

Commercial weight loss programs are monitored by the Federal Trade Commission (FTC) [107]. 
Without monitoring, consumers may be exposed to misleading claims, endorsements, and advertise-
ments. When a diet or program cannot keep the promises they make, the consumer incurs substantial 
costs in terms of time and money [32]. This is why practice and treatment standards are so important, 
not just for clinicians, but for consumers. They serve as barometer by which to measure intervention 
options so that the consumer is protected from a circuit of false advertising.

Commercially available weight loss diets have a certain appeal. For one, they can be seen as the 
“medicine” needed to treat the disease, obesity. It can seem like a quicker path to a healthy weight 
than alternative conventional methods. Attractive endorsements, case studies, and promotions also 
play a role in a diet’s popularity. Popular diets come in many shapes and sizes. Some may offer con-
venience with prepared meal deliveries or shakes. Others require special equipment and preparation 
demands. Some are communicated in books or on the internet while others incorporate instruction in 
person by varying degrees of qualified professionals. As of 2014, the $2.5 billion commercial weight 
loss industry was primarily represented by Weight Watchers, Nutrisystem, and Jenny Craig. These 
three programs accounted for about 75 % of the market share [44].

Rankings of popular diets have been established by a panel of experts based on supporting and 
refuting evidence, cost, results, and practicality [110]. Along with Jenny Craig, Weight Watchers, and 
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Table 9.5 Commercially available weight loss programs

Diet Claim Method

Weight Watchers Drop up to 2 pounds weekly Focuses on skill building. Uses points system to guide 
consumers to nutritious calorie choices. Includes fitness 
tracking and support meeting components. (Calories: 1300, 
fat 26 %, carbs 49 %, protein 26 %)

Jenny Craig Drop up to 2 pounds weekly Personalized meal and activity plan as well as weekly 
counseling sessions with Jenny Craig certified coaches. 
Initially, meals and snacks are delivered and are 
supplemented by fruits and vegetables supplied by the 
consumer. Once halfway to goal weight consumers cook 
for themselves a couple times per week using Jenny Craig 
recipes. Finally, once at goal weight consumers transition 
off of delivered meals completely over 4 weeks. Option 
available for a plan geared towards customers with Type 2 
Diabetes. (1500 calorie plan— Calories: 1469, fat: 20 %, 
carbs: 55 %, protein: 25 %)

Nutrisystem Lose 5 pounds in first week 
and 1–2 pounds each 
subsequent week

Meals and shakes are delivered and are supplemented by fruits, 
vegetables, protein and dairy supplied by the consumer. 
The grocery items are added per Nutrisystem guidance. 
Customizable options include gender specific, senior, 
diabetic, vegetarian, and DASH diet friendly. Transition off 
the program aided by telephone or online coaching. (Basic 
Men’s Plan—Calories: 1500, fat: 21 %, carbs: 58 %, 
protein: 21 % Basic Women’s Plan—Calories: 1200, fat: 
20 %, carbs: 56 %, protein: 24 %)

HMR program Maintain significant weight 
loss through medically 
supervised in-clinic or at 
home options

Two phases. Phase 1 is a regimen of delivered meals and meal 
replacements to be supplemented by fruits and vegetables. 
Phase 2 is a transition phase where meals are still provided, 
but no shakes. Customers add fruits, vegetables, and low 
calorie food to supplement meals. Includes weekly 
telephone coaching with dietitians and exercise 
physiologists. Medical supervision and in-person support 
group available through the in-clinic option. (Calories: 
1037, fat: 14 %, carbs: 67 %, protein: 13 %)

Biggest loser diet 6 weeks of healthy food and 
regular exercise can initiate 
weight loss, help prevent or 
reverse diabetes, and reduce 
risk for other chronic 
diseases.

Books released periodically laden with success stories from 
contestants on The Biggest Loser TV show, meal planning 
tips, and suggestions for burning calories (Calories: 1489, 
fat: 25 %, carbs: 50 %, protein 30 %)

Raw food diet Raw food has natural enzymes 
and nutrients promoting 
optimal health and you’ll 
lose weight

Participants eat raw foods exclusively. Mostly plant food, 
though meat and unpasteurized dairy can be included. 
Foods not heated above 115° F. Juicing, blending, 
dehydrating are common. (Estimated average intake—
Calories: 1280, fat: 28 %, carbs: 59 %, protein: 13 %)

Volumetrics diet Drop 1–2 pounds per week Participants use a guide to help steer food choices to lower 
overall energy density. Foods are broken up into 4 
categories ranging from very low energy dense to highly 
energy dense. Meal plans and recipes included. (Calories: 
1575, fat: 24 %, carbs: 55 %, protein: 23 %)

Atkins diet Lose up to 15 pounds in 2 
weeks

Participants start off with 20 net carbs per day and gradually 
phase carbs back in over the course of the 4 phase diet. 
(Phase 1—Calories: 1527, fat: 63 %, carbs: 10 % protein: 
29 %. Phase 4—Calories: 1958, fat: 54 %, carbs: 24 %, 
protein: 27 %)
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Nutrisystem, the list includes the HMR Program, Biggest Loser Diet, Raw Food Diet, Volumetrics 
Diet, Atkins Diet, Flexitarian Diet, Slim Fast Diet, Vegan Diet, and the Mediterranean Diet. The rank-
ings are presented with an important acknowledgement that “no diet is ideal for everybody.” Therefore 
the best diet for an individual would be one that is proven safe, effective, and can be tolerated and 
sustained in the long run [110].

When determining the possible dietary paths to weight loss in overweight and obese adults, the 
AHA/ACC/TOS practice guidelines thoroughly examined the available evidence [51]. The task force 
evaluated articles using strict inclusion and exclusion criteria and rigorous quality standards. The 
most reliable existing research was considered to address the comparative effectiveness of dietary 
patterns, structures, strategies and/or nutrient breakdowns in achieving weight loss. The panel con-
cluded that a reduction in overall energy intake (typically 1200–1500 kcal/day for women and 1500–
1800 kcal/day for men) is required to achieve weight loss while the macronutrient composition may 
vary [51]. In a recent meta-analysis of commercial weight loss program comparison studies little to 
no difference was seen between programs that were effective in achieving significant weight loss at 6 
and 12 month follow-up [52].

An increased protein, calorie-restricted approach such as Weight Watchers, Jenny Craig, and The 
Biggest Loser received a high strength of evidence rating by the task force. The low carbohydrate 
approach (<20 g/day carbohydrates for 3 months followed by increased intake) was effective if energy 
deficit was realized. High and low glycemic index meals did not appear to have a bearing on the diet’s 
effectiveness to achieve weight loss. There was no difference seen between low carbohydrate and low 

Table 9.5 (continued)

Diet Claim Method

Flexitarian diet Felxitarians weigh 15 % less 
than carnivores, have a 
lower risk of heart disease, 
diabetes, and cancer, and 
live 3.6 years longer.

Participants build their meals from a set of 5 food groups 
unique to this diet. They are ‘new meat’ or plant based 
protein, fruit and vegetable, grains, dairy, and sugar and 
spice which include herbs, spices, and sweeteners. A 5 
week 1500 calorie meal plan (breakfast, lunch, dinner and 
snacks) is included. Participants can be flexible with this 
plan and swap recipes per preference. (Calories: 1543, fat: 
27 %, carbs: 57 %, protein: 15 %)

Slim fast diet Drop 1–2 pounds weekly Participants drink or consume 3 meals and 3 snacks per day. 2 
meals are slim fast meal replacement bar or shakes. The 
other meal is a 500 calorie meal prepared by participant. 
Snacks are either fruit or a slim fast snack bar. (Calories: 
1200, fat: 24 %, carbs: 58 %, protein: 22 %)

Vegan diet Following a vegan diet can 
help participants lose 
weight and reduce risk of 
chronic disease

Food sourced from animals and animal products are not 
consumed on this diet. This plant based diet can present a 
challenge in meeting micro and macronutrient needs but it 
can be done. Supplements and fortification are used to 
boost intake of hard to source nutrients like B12. (US 
Dietary guidelines recommendation for vegan diet—
Calories: 2000, fat: 33 %, carbs: 57 % protein: 13 %) [53]

Mediterranean diet Lose weight and improve 
overall health

To follow a Mediterranean diet is to build meals that focus on 
some food groups with others added in moderation. At it’s 
a core, a Mediterranean diet draws from fruits, vegetables, 
nuts, seeds, grains, olive oil, herbs and spices. Seafood, 
eggs, and dairy are scattered in, while red meat, kcal dense 
desserts and alcohol are limited to the rare special occasion. 
(Nutrition breakdown per Oldways interpretation of this 
highly varied diet—Calories: 1527, fat: 29 %, carbs: 50 %, 
protein: 18 %) [79]
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fat diets at 6 months. Lower fat calorie-restricted diets (<30 % kcal/day from fat) did not outperform 
similarly restricted higher fat diets (≥40 % kcal/day from fat). The meta-analysis did not find a sub-
stantial difference between low carb (<40 % kcal) and low fat diets (<20 % kcal) though the two held 
an edge over moderate macronutrient distributions [52].

Diets that focus on eating pattern such as Flexitarian, Vegan, Raw Food, Volumetrics, and 
Mediterranean can yield weight loss. However, the results may be comparable to a typical calorie 
restricted lower fat diet. With that in mind, it is vital for individuals to consider the development, 
resources, time, palatability, and personal preference associated with any of these systems.

Very low calorie approaches (800–1000 kcal/d) such as the HMR Program are not considered 
differently by the AHA/ACC/TOS guidelines in that they meet the requirement of supporting a 
calorie deficit. However, a review of commercial weight loss programs found interventions like 
this one to be initially effective, but lack evidence of sustained weight loss [44]. The moderate 
calorie meal replacement approach like Slim Fast has been shown to be more effective for over-
weight and obese women over balanced calorie-deficit food based diets up to 6 months [51]. With 
limited and low strength of evidence, there is a need for more research to determine the strength 
of the meal replacement method versus a similar calorie restricted food approach in overweight 
and obese adults. For a consumer, there is a degree of convenience of food provision interventions, 
like Slim Fast, HMR, and Nutrisystem. Prepackaged food has been shown to improve compliance 
and weight loss [33].

The guidelines along with other reviews and studies suggest that a variety of dietary approaches 
can be effective in helping overweight and obese adults achieve weight loss [14, 44, 51, 52]. 
Weight management should focus on more than diet alone. Multifactorial treatments spanning 
dietary, behavioral, and activity interventions delivered by trained professionals (i.e., registered 
dietitians) have been shown to be more effective than usual care alone [14, 51]. Therefore, con-
sumers would be best served in finding a diet program that has demonstrated safety and efficacy, 
that is supported by clinical evidence, and that has the highest likelihood of long-term adherence. 
In addition to the diet program selected, participants should consider physical activity 
and behavioral interventions as part of a comprehensive lifestyle intervention to managing obe-
sity [14, 44, 51, 52].

 Nutrition Weight Loss Myths

It is typical for individuals to want to know “the secret” to weight loss. Because of this, many myths 
about diet are formed. Additionally, the media often picks up on these myths and can further promote 
these popular opinions about weight loss.

 “Drinking More Water Can Aid in Weight Loss”

Undecided. In a review of the impact of water consumption on weight loss and maintenance, two 
proposed mechanisms for the association of increased water intake and weight loss are identified as 
short-term suppression of hunger and increased thermogenesis (energy consuming) effect of consum-
ing water (though very minor) [69]. These mechanisms may be observed with other beverages, though 
weight loss may not be achieved as well with sugar-sweetened beverages, which may cause excess 
energy intake [102]. In general, the recommended dietary allowance (RDA) of water is 1 mL of water 
for every calorie consumed.
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 “Skipping Breakfast Causes Weight Gain”

Myth. Results of some observational studies indicate that those who eat breakfast are less likely to be 
overweight and obese. Unfortunately, these studies do not encompass causation as to why those who 
eat breakfast are less likely to have weight problems. In a randomized control study [55], eight male 
subjects were measured for 24-h periods in a room-sized respiratory chamber, meals were varied 
between three (breakfast, lunch, dinner) and two (lunch, dinner) but overall caloric intake remained the 
same. Results concluded that between the two dietary patterns there was no statistical difference 
between energy expenditure, thermic effect of food or energy expenditure during the inactive state. 
While overall caloric intake affects weight gain more than the timing of the intake, there is a body of 
evidence that indicates eating breakfast may aid in weight loss. For example, in a 12-week study [50], 
one group of women consumed a high calorie breakfast while a second group consumed a high calorie 
dinner. Both consumed 1400 calories per day with identical micronutrients. At the completion of the 
study, both groups lost weight but the high calorie breakfast group lost significantly more weight. This 
suggests that eating breakfast may have benefits that support weight loss. Therefore, while skipping 
breakfast does not lead to weight gain, the addition or continuation of eating breakfast may support 
weight loss.

 “Eat Small Meals More Frequently”

Myth. Several studies have examined the relationship between food timing and frequency. Currently 
there is not enough research to support increased eating frequency on energy intake or body weight 
[73, 118, 123]. The Academy of Nutrition and Dietetics examined 31 studies on the relationship 
between eating frequency and weight change. The studies reported inconsistent results including 
decreased weight, increased weight and no association.

 “Eating After 10 pm Will Cause Weight Gain”

Undecided. Several studies have found an association between higher evening energy intake and 
increased body weight [3, 36, 42, 68, 105]. It is not known whether evening meals or snacks cause 
weight gain or whether these two phenomena co-occur together. Ultimately, positive energy balance 
causes weight gain, but there is potential of later evening meals to increase overall caloric intake. A 
recent study found that eating later in the day could lead to weight gain due to more meals consumed 
throughout the day [87].

 Conclusion

A firm foundation has been established in terms of the treatment of obesity through nutrition. 
Understanding that food choices are determined by a myriad of factors and that social learning with 
regards to food begins at a young age, it is no surprise that obesity treatment through diet is a slow 
process. Following a structured plan that allows individuals to be in a caloric deficit is critical. 
Additionally, a multidisciplinary team that can address the complications of obesity provides the sup-
port needed for individuals who are suffering from this disease. Finding the right diet for the person 
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is a critical step. Overall, the best diet for individuals is one that is safe and effective, and one they can 
adhere to for an extended period of time.
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 Introduction

“Diet and Nutrition are major multifactorial environmental factors in the etiology and pathogenesis of 
craniofacial diseases and disorders.”

Surgeon General’s Report on “Oral Health in America” 2000 [1].
Oral health is essential to general health and well-being. Diet and nutrition play a key role in tooth 

development, gingival and oral tissue integrity, bone strength, and prevention and management of 
diseases of the oral cavity. In June 2003, Centers for Disease Control and Prevention (CDC) issued a 
national “Call to Action to Promote Oral Health” to address the country’s oral health needs in the 
twenty-first century [2].

The goals of the Call to Action are to

• Promote oral health
• Improve quality of life
• Eliminate oral health disparities
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Key Points

• Prevention of oral diseases such as dental caries and periodontitis begins with early nutrition 
intervention.

• Poor oral health is associated with a myriad of systemic diseases.
• Maintaining oral hygiene and a healthy eating pattern and lifestyle can help prevent oral diseases.
• The use of multiple medications increases risk of oral problems by compromising nutrient 

bioavailability.
• Functional foods, polyphenols, and probiotics may contribute to a healthy oral mucosa.
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Dental disease is a worldwide problem, both in developed and developing countries, resulting in a 
global economic burden due to direct treatment costs and indirect costs related to decreased work 
productivity. Estimates from the 2010 Global Burden of Disease study found that the yearly global 
indirect and direct costs for oral diseases amounted to $144 billion and $298 billion, respectively [3]. 
Two of the most common and prevalent infectious oral diseases include dental caries and periodontal 
diseases; however, poor oral health is associated with a myriad of other diseases such as diabetes, 
autoimmune disorders, human immunodeficiency virus (HIV), eating disorders, cardiovascular dis-
ease, and oropharyngeal cancer [4]. Medication regimens can also increase risk of oral problems [5]. 
Medical nutrition therapy can reduce the risk of oral infections and improve the outcome of treatment 
of patients with oral manifestations of acute and chronic diseases.

Nutrition and oral health are interdependent and influence individuals’ overall health status in 
numerous ways throughout the lifecycle. Oral health extends beyond teeth. Good health begins in the 
mouth for a very simple reason. The mouth is where nutrition begins; digestion begins and is a mirror 
of systemic health. The mouth is the beginning of the gastrointestinal (GI) tract.

Scientific and epidemiologic data suggest a lifelong synergy between nutrition and oral health 
status in health and disease. Nutrition and dietary patterns can affect the development and integrity of 
the mouth and progression of oral diseases. The soft tissues of the mouth are among the first to 
develop clinical manifestations of nutrient deficiencies. The links between oral health and nutrition 
are emerging and complex. Diet and nutrition may affect the development and progression of diseases 
of the oral cavity which, in turn can affect nutritional status. Nutritional deficiencies may cause dental 
problems in that they affect bony tissue synthesis and modify the resistance of the gingival tissues to 
plaque microorganisms [4].

Nutrition plays protective and preventive roles in oral health. The protective role is in promoting 
healthy development and maintenance of the mouth’s tissues and their natural protective mechanisms. 
The role of nutrition is also to prevent oral disease through the influence of the foods’ properties on 
plaque development and saliva flow as well as the management of chronic diseases such as diabetes 
mellitus. A healthy eating pattern that includes a variety of foods to optimize nutrient consumption is 
of importance to maintain oral health. Specific foods no longer are singled out as major risk factors 
for dental caries.

The direct relationship between diet and dental caries is clearly established. The primary factors to 
consider in determining the cariogenic, cariostatic and anticariogenic properties of the diet are the 
food form (liquid, solid and sticky and long lasting), frequency of consumption of sugar and other 
fermentable carbohydrates, nutrient composition, sequence of food intake, and combination of foods. 
Major components of a preventive dental regimen include nutrition counseling for a healthy eating 
pattern, fluoride therapy, and use of sealants and control of cariogenic bacteria.

Periodontal disease increases risk for nutritional deficiencies because the infection can alter tissue 
capacity to utilize nutrients needed for healing and repair. Optimizing nutritional status and eating 
patterns combined with removal of the stimuli of inflammatory periodontal lesions are important in 
the treatment of periodontal disease.

 Dental Caries

Dental caries is an infectious disease of teeth in which organic acid metabolites lead to gradual demin-
eralization of enamel and destruction of tooth structure. Although dental caries is largely preventable, 
it is the most common oral disease and the most common chronic disease in children, and it also 
affects older adults. Maintaining oral hygiene such as brushing and flossing regularly is important to 
remove bacterial plaque and prevent tooth decay. Oil pulling (swishing oil in the mouth) is a method 
from ancient India also used to prevent tooth decay and protect the oral cavity [6]. A randomized 
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study in 20 adolescent boys with plaque-induced gingivitis compared the effects of oil pulling (using 
sesame oil) and chlorhexidine mouthwash, on plaque. The study participants were divided into either 
group. A significant decrease in plaque and modified gingival index scores were found in both groups. 
There was not a statistical difference in effectiveness on plaque in either method. Oil pulling can be 
used as a cost-effective, preventive home method for oral hygiene [7].

Dental caries development depend on specific bacteria such as Streptococcus mutans, salivary 
constituents with dietary fermentable carbohydrates, and host factors that include genetics, behavior, 
race and age and oral hygiene, use of fluoride and dietary patterns. Development of teeth usually 
begins between the 6th and 8th weeks of gestation and continues to develop throughout the pregnancy. 
Taking the appropriate measures to prevent dental caries should begin very early on, as teeth become 
vulnerable shortly after they erupt.

Children put to bed with a bottle of milk or sweetened liquid or sip on sweetened drinks throughout 
the day, increase their risk of Early Childhood Caries (ECC) (formerly known as baby bottle tooth 
decay). This condition affects 10 % of 2 year olds, putting them at greater risk of permanent teeth decay. 
Low intake of energy and protein can also inhibit the proper development of teeth by delaying eruption, 
and affecting the size and solubility of the enamel and can also lead to salivary gland dysfunction [8].

Sugar-sweetened beverages (SSB) such as sodas and 100 % fruit juice, along with certain eating 
patterns, may lead to severe-ECC (S-ECC). If left untreated, caries can have severe consequences 
related to pain which can interfere with eating and result in failure to thrive. Children living in poverty 
are at greater risk for S-ECC and untreated tooth decay. In a cross-sectional study, the relationship 
between SSB and severe-ECC in children from low-income households was assessed. Dietary data 
were collected through 24-h recalls and food frequency questionnaires (FFQ) from 454 children with 
S-ECC and 428 caries-free children. Children with S-ECC consumed statistically more added sugar, 
on average, and 3.2–4.8 fluid ounces more of SSB per day than those without S-ECC. The study also 
found that children were 4.6 times more likely to have S-ECC if they consumed 5 oz. of SSB per day 
compared to children who consumed 1 oz. or less per day. Soda was found to have a more harmful 
effect than 100 % fruit juice, even when sugar content was similar. This is possibly due to the higher 
acid content in soda, which leads to erosion and demineralization of tooth enamel [9].

The World Health Organization (WHO) conducted a systematic review to establish an updated 
guideline on the restriction of sugar intake. The review measured the effect of restricting sugar intake 
to <10 % of energy and <5 % of energy on dental caries incidence. The review showed moderate qual-
ity of evidence for restricting sugar to <10 % of energy to reduce risk of dental caries. Reducing sugar 
intake to <5 % of energy may also help further reduce dental caries risk [10].

Breastfeeding should be encouraged and children should not be left to fall asleep with a bottle 
containing milk or beverages other than water. Frequency of sugar consumption is more of a risk fac-
tor for caries than the amount of sugar; therefore, children should be discouraged from sipping any 
beverages other than water throughout the day. Juices should be diluted with water to reduce sugar 
exposure. It is important to teach children healthful eating habits at a young age to prevent childhood 
caries or other oral diseases during adulthood [11].

 Cariogenic and Anticariogenic Foods

The common culprits that increase risk of dental caries include simple sugars such as sweetened car-
bonated beverages, sweetened tea and coffees, fruit drinks, and energy drinks. In addition to bever-
ages, other simple sugars that increase risk include sucrose and molasses [4]. A study included a 
sample of 60 healthy, primary teeth donated by children ages 6–7 and the teeth were divided into three 
groups, with 20 samples in each. Group 1 was kept in 20 ml of honey for 10 min, Group 2 was kept 
in 20 ml of molasses for 10 min, and Group 3 was kept in 20 ml of orange juice for 10 min. The 
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samples were then kept in 20 ml of saliva for 1 h. In order to mimic the oral environment, this cycle 
was repeated 180 times. The samples were measured for enamel surface roughness at baseline and 
after the procedure. Results indicated that molasses and orange juice had a statistically significant 
impact on dental erosion, whereas honey did not cause a significant change [12]. Antibacterial proper-
ties have been attributed to honey [13].

Healthful eating patterns to reduce risk include spacing food and beverage intake by at least 2 h, 
chewing sugarless gum briefly after eating, and consuming whole, unprocessed foods to stimulate 
salivation [4]. Saliva helps prevent collection of bacteria on teeth, while clearing food particles, sug-
ars, and bacteria from the oral cavity, and plays an important role in remineralization of teeth and 
protection of tooth enamel as a buffer to prevent bacterial growth [8, 12]. Calcium and phosphate in 
saliva may prevent formation of bacteria on teeth enamel [14]. Foods high in protein such as meats, 
eggs, cheese, fish, beans, and legumes are also protective dietary components, along with whole- 
grain, low-sugar breads and cereals in the prevention of dental caries. Oral soft tissues are one of the 
first tissues in the bodies to experience nutrient deficiency, especially with water-soluble vitamins (B 
vitamins and vitamin C), protein and iron [4].

 Sugar Alcohols and Dental Caries

While sugar and fermentable carbohydrates contribute to enamel erosion, certain sugar alcohols, such 
as xylitol, have the opposite effect. This white crystalline five-carbon sugar polyol is found naturally 
in fruit, vegetables, and berries and can be artificially made from xylan-containing plants like birch 
and beechwood. Xylitol is a commonly used nonnutritive sweetener in sugar-free gum and its role in 
reducing risk of dental caries has been well established. In addition to promoting saliva, which min-
eralizes teeth and neutralizes acid, xylitol prevents harmful microorganisms from attaching to teeth 
and producing harmful acids. It also helps fight cariogenic bacteria, plaque, xerostomia, gingival 
inflammation, and teeth erosion.

In order to provide protection against dental caries, a dose of 6–10 g/day of xylitol is recom-
mended. While an amount of 40 g/day is tolerated by most adults, it can cause diarrhea in doses of 
100 g/day for adults and 45 g/day for children. The recommended time for chewing xylitol-containing 
gum is 20 min after eating [15].

Several studies have shown regular use of chewing gum with xylitol significantly decreased risk 
of dental caries. The effect of chewing sugar-free gum on dental plaque was studied in 20 partici-
pants randomized to either the sugar-free or sugar-containing gum, which they were required to 
chew for 30 min, three times a day after meals. They were also instructed to refrain from brushing 
teeth or using mouth rinses during the study period. The average plaque scores were significantly 
higher in the sugar-containing gum group than the sugar-free one. The sugar-free gum consisted of 
various alternative sweeteners and other ingredients such as mannitol, xylitol soya lecithin, aspar-
tame, acesulfame K, glazing agent, and a freshening agent. The decrease in plaque seen in this 
group is likely a result of increased saliva production from chewing as well as anticariogenic ingre-
dients of sugar alcohols [16].

 Diet Quality and Dental Caries

The Healthy Eating Index-2005 (HEI-2005) is a measure of diet quality, which includes all of the 
major food groups: total fruit, total vegetables, total grains, milk, meat and beans, and other compo-
nents such as whole fruit, dark green and orange vegetables, legumes, whole grains, oils, saturated fat, 
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sodium, solid fat, alcohol, and added sugar, and is used to assess diet quality. In a cross-sectional 
study, the HEI-2005 was used to determine the risk of ECC in 60 healthy children aged 2–6 years. The 
participants were divided into three groups: 20 caries-free children, 20 with ECC, and 20 with 
S-ECC. After averaging HEI-2005 scores, the only components that were statistically different among 
the three groups were whole fruit, milk, and sodium. The average score of these components was 
statistically higher in the noncaries group than the other two groups. Though not statistically signifi-
cant, scores for meat and beans were highest in the caries-free group. Whole-fruit, dairy, and protein- 
rich foods have been shown to have anticariogenic effects in various studies. Meeting dietary 
recommendations and consuming adequate amounts of anticariogenic foods, while limiting cario-
genic foods can reduce the risk of dental caries [17].

 Eating Disorders and Oral Health

Unlike dental caries, dental erosion from eating disorders is not caused solely by bacteria. Bulimia 
nervosa may cause dental erosion and demineralization from acidic contents of gastric reflux or self- 
induced vomiting. Additionally, binging on citrus fruit, softs drinks, or sports drinks may also cause 
dental erosion. Starvation related to anorexia nervosa and self-induced vomiting may cause dry mouth 
and hyposalivation, which are both risk factors for dental caries. Individuals with anorexia nervosa are 
also at risk for many nutrient deficiencies, which can lead to other oral problems (Table 10.1) that can 
impact consumption of nutrient-rich foods. In a meta-analysis, individuals with eating disorders had 
five times greater risk of dental erosion than those without disordered eating. Self-induced vomiting 
posed the greatest risk for erosion. Even individuals with eating disorders without vomiting had a 
significantly higher risk than those without eating disorders [25].

 Tooth Loss and Nutrition

Tooth loss can negatively impact nutritional status by making it more difficult to consume ade-
quate energy and meet nutrient needs, especially in older populations. This can also increase risk 
of developing other chronic diseases and decrease overall quality of life. The relationship between 
the total number of natural teeth and diet was studied, using data from the National Health and 
Nutrition Examination Survey (NHANES). The study included data from 9140 participants who 
were divided into three groups, according to dentition: full dentition (28 teeth), moderate dentition 
(21–27 teeth), and poor dentition (20 teeth or less). Energy intake, nutrient intake, and HEI-2005 
scores were assessed to determine diet quality. There was a significant inverse relationship between 
energy intake and number of natural teeth and a significant positive correlation between total num-
ber of natural teeth and diet quality, as measured by the HEI-2005 score. Poor dentition was also 

Table 10.1 Nutritional deficiencies associated with oral health [18–24]

Oral condition Associated nutritional deficiencies

Stomatitis Niacin, folic acid, vitamin B12
Glossitis Niacin, folic acid, B6, and vitamin B12
Xerostomia Vitamins A and B 12
Cheilosis Iron, B vitamins
Gingival bleeding Vitamins C and K
Glossodynia B vitamins, zinc, iron
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associated with a lower intake of protein and most micronutrients, with a higher intake of carbo-
hydrates. The full dentition group had a significantly lower intake of sodium than the other two 
groups [26].

A systematic review also showed that having fewer than 20 teeth with nine to 10 pairs of contacting 
units was related to a decrease in chewing ability and efficiency. Beyond just chewing ability, tooth 
loss further leads to alveolar bone loss which weakens mandibular muscles. This makes chewing more 
difficult even for denture wearers, which can negatively affect diet and food choices. As a conse-
quence, individuals with tooth loss tend to have lower intakes of fruits, vegetables, and fiber, with 
higher intakes of saturated fat and cholesterol. This can further increase risk for dental-related dis-
eases such as heart disease, obesity, and diabetes [27].

 Periodontal Disease

Periodontal disease is an inflammation of periodontal issue and the second most common type of oral 
disease, which can vary in severity from gingivitis, to the more severe periodontitis. Risk factors asso-
ciated with periodontal disease include gender, smoking, alcohol intake, diabetes, obesity and meta-
bolic syndrome, osteoporosis, dietary calcium, vitamin D levels, stress, and genetics [28]. Periodontitis 
affects about 47.2 % of adults ≥30 years old in the United States and gingivitis is even more common, 
affecting about half of the population. Gingivitis can be reversible and does not always lead to peri-
odontitis, whereas periodontitis can lead to tooth loss and destruction [29]. Tooth loss is a result of 
gingival bleeding and recession, deep pockets between the gingiva and tooth, and deterioration of 
supportive tissue [4, 29].

Some of these chronic diseases can be explained by nutrigenomics, which studies the relationship 
between nutrition and the genome, while providing scientific reasoning for the role of diet in improv-
ing public health. The risk factors for many diseases, including periodontal disease, may be deter-
mined by the interaction between nutrition and genes. While there is an interrelationship between type 
2 diabetes and periodontal disease, it may be explained by genetic components that are affected by 
diet. For example, in type 2 diabetes, insulin storage and release may be influenced by a zinc- 
transporter gene. Identifying zinc’s role in risk for type 2 diabetes may help treat or prevent this dis-
ease and in turn, affect periodontal disease through changes in gene expression [30].

 Diabetes and Periodontitis

Periodontitis is linked to other systemic diseases such as diabetes, obesity, and heart disease.
This is due to the shared metabolic response between these diseases, such as the spread of 

infection, toxins, and inflammation originating from bacteria present in the oral cavity [31]. 
Studies have shown a two-way relationship between diabetes and periodontitis, where patients 
with diabetes and periodontal disease exhibit poorer glycemic control and conversely, increased 
severity of periodontal disease and destruction of tissue is seen in individuals with diabetes. 
Patients with diabetes are three times more likely to get periodontitis than those without diabetes, 
especially those with higher glycated hemoglobin (HbA1c) levels [29, 32]. Periodontitis is a major 
risk factor for diabetes.

The National Health and Nutrition Examination Survey 2009–2010 found that 12.5 % of patients 
with periodontal disease had diabetes, compared to 6.3 % of the population without periodontitis. 
Though it has been shown that periodontitis is linked to a slight increase in HbA1c, the exact causal 
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relationship between periodontitis and diabetes is not certain; however, it is presumed that periodon-
titis contributes to poorer glycemic control by increasing insulin resistance due to inflammation and 
triggering an immune response [29].

 Obesity and Periodontitis

Inflammation resulting from oral bacteria may contribute to obesity and metabolic syndrome by trig-
gering oxidative stress and disruption of the mitochondria. Obesity further exacerbates insulin resis-
tance and contributes to uncontrolled glucose levels [33]. Obesity, defined as having a body mass 
index (BMI) of ≥30 kg/m2, is not only a risk factor for diabetes and cardiovascular disease but it was 
also found to be an independent risk factor for periodontal disease. There is a positive association 
between BMI and attachment loss. Adipose tissue, which is present in greater amounts in obese indi-
viduals, produces proinflammatory cytokines (interleukin 6 [IL-6] and tumor necrosis factor alpha 
[TNF-α]) and increase circulation of reactive oxygen species (ROS). This results in increased risk of 
periodontitis and exacerbation of existing periodontitis. An analysis from the US Third National 
Health and Nutrition Examination Survey (NHANES III) showed that abdominal obesity may be a 
greater risk factor for periodontitis than subcutaneous fat. Obesity also increases insulin resistance, 
which can lead to type 2 diabetes and further increases the risk of periodontitis [34].

In a meta-analysis, the relationship between chronic periodontal disease and obesity was assessed. 
Multiple studies across the world, in diverse populations, showed a positive association between peri-
odontal disease and obesity. This association was particularly greater in women, non-smokers, and a 
younger population, compared to adults. A two-way relationship between periodontal disease and 
obesity may occur, due to inflammation related to periodontal disease, which may worsen metabolic 
syndrome. Some older adults with periodontal disease may have lower BMIs related to decreased 
energy intake from tooth loss [35].

 Cardiovascular Disease and Periodontitis

While there is an association between cardiovascular disease and periodontal disease, which is sup-
ported by several observational studies, the American Heart Association (AHA) reviewed the evi-
dence to determine whether there is a causative relationship between periodontal disease and 
atherosclerotic vascular disease (ASVD). The two diseases have common risk factors, such as type 2 
diabetes, smoking, and age. Although short-term studies have shown that treatment of periodontal 
disease results in reduced systemic inflammation and improved endothelial function, a causative rela-
tionship cannot be established [36].

More recently, a study investigated whether there is an independent relationship between periodon-
tal disease and the risk of a first myocardial infarction (MI) in the PAROKRANK study. This large 
case-control trial included 805 patients under the age of 75 who had experienced an MI and they were 
matched with controls (age 62 ± 8) without MI. Standardized dental examinations, including pan-
oramic X-ray, were conducted on both groups to determine their periodontal status, defined as either 
healthy (≥80 %), moderate (79–66 %), or severe (<66 %). Results showed that 43 % of patients who 
had a history of a MI also had periodontal disease, compared to 33 % in the control group. Subjects 
with moderate to severe periodontal disease had a significantly higher risk of MI, as measured by 
radiographic bone loss. This further supports an independent relationship between periodontal disease 
and MI, but does not prove a causative effect [37].
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 Dietary Omega-3 Fatty Acids and Periodontitis

The anti-inflammatory effect of omega-3 fatty acids and its role in lowering heart disease risk has 
been widely researched. Food sources of the longer chain omega-3 fatty acids, eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) are fatty fish such as salmon, sardines, trout, tuna, and her-
ring. Alpha-linolenic acid (ALA) is an essential fatty acid that is found in plant-based foods such as 
walnuts, flax, chia, hemp, and soybean and canola oil. The US Dietary Reference Intake recommends 
1.1–1.6 g/day or 0.6–1.2 % of ALA per day. The Academy of Nutrition and Dietetics recommend an 
intake of 0.6–1.2 % of ALA and 500 mg of EPA and DHA per day. The American Heart Association 
recommends consuming fatty fish at least twice a week [38].

In addition to having a protective effect on cardiovascular disease, omega-3 fatty acids may also 
have a direct benefit on periodontal disease. A review of data including 9,182 adults over the age of 
20 years from the National Health and Nutrition Examination Survey (NHANES) between 1999 and 
2004 assessed the relationship between omega-3 fatty acids intake and prevalence of periodontitis. 
Intakes of DHA, EPA, and ALA, measured through 24-h recalls and self-reported supplement use, 
showed an inverse relationship between DHA intake and periodontal disease. A similar association 
was seen with EPA intake, but to a lesser degree than with DHA [39].

The emerging treatment for periodontal disease that focuses on the host’s response to infection is 
known as host modulatory therapy (HMT). This therapy aims to reduce inflammation and tissue 
destruction, while promoting wound healing and regeneration of the periodontium. This treatment 
was examined in a study that included 60 patients with moderate and severe periodontitis, without 
systemic diseases or infection, between the ages of 30 and 60 years. Participants were randomized to 
either the treatment group (TG), who received 300 mg of omega-3 (DHA and EPA) and nonsurgical 
periodontal therapy (scaling and root planning) or the control group (CG), who received 300 mg of a 
laxative containing liquid and the same nonsurgical periodontal therapy. All subjects were followed 
up with at 6 and 12 weeks and were assessed for periodontal parameters and C-reactive protein (CRP), 
an inflammatory biomarker. Results showed that the treatment group had significantly better peri-
odontal outcomes compared with the control at 12 weeks, but there was not a significant difference 
between CRP levels in either group. Omega-3 fatty acids may have a protective effect on periodontal 
disease, while reducing inflammation that leads to tissue damage [40].

 Dietary Fiber and Oral Health

Similar to omega-3 fatty acids, consumption of dietary fiber may reduce inflammation related to risk 
factors of periodontal disease such as cardiovascular disease, obesity, and diabetes. Fiber intake also 
plays a positive role in these diseases by improving lipids, blood pressure, and BMI. The effect of a 
high-fiber, low-fat diet on periodontal disease in slightly obese and/or individuals with prediabetes, 
was studied in 21 subjects who either had a BMI of ≥25 kg/m2 or elevated glucose measured by an 
oral glucose tolerance test (OGTT). Subjects were given high-fiber, low-fat test meals three times per 
day, followed by an OGTT, for 8 weeks. Calorie needs were based on 30 kcal/kg/day. Results of the 
study showed improved periodontal disease markers at the end of the follow-up period; however, mild 
reductions in body weight and improved glucose tolerance, returned to baseline at the end of follow-
 up [41]. Dietary fiber may play a protective role in reducing inflammatory markers in periodontal 
disease and its associated diseases.

Unlike simple sugars, fiber is an indigestible carbohydrate that does not have a cariogenic effect on 
teeth. Foods that are high in dietary fiber may provide a direct benefit in preventing oral health dis-
eases by helping remove plaque from teeth, while also stimulating more chewing which increases 
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salivary flow [42, 43]. A study including 625 men aged 65years and older, observed the effect of total 
fiber intake on periodontal disease by measuring alveolar bone loss (ABL). Sources of fiber were 
considered good or excellent if they provided 2.5 g or more per serving. Results showed a higher fiber 
intake, especially from fruits, was associated with less ABL and tooth loss [43].

The Academy of Nutrition and Dietetics recommends consuming fiber from various plant food 
sources. Adequate intake of fiber is linked to lower risk of chronic diseases. The recommended intake 
of fiber is based on 14 g of total fiber per 1,000 kcal, or 25 g for adult females and 38 g for adult males 
[44]. Only 5 % of the population in the United States meets these recommendations, with the average 
intake being 17 g/day. Good sources of fiber include whole grains, legumes, vegetables, fruits, and 
nuts [45].

 Fluoride and Oral Health

Fluoride is found in soil, water, plants, and animals and is a regular part of all diets. This natural ele-
ment is important to maintaining the health of teeth and bone and 99 % of its presence in the body is 
in hard tissues. Fluoride is also one of the most effective ways to prevent dental caries for children and 
adults. It helps promote oral health by contributing to tooth mineralization, reducing teeth sensitivity, 
and preventing acid-producing bacteria that causes dental caries. Fluoride’s action against acid demin-
eralization begins during teeth development before eruption. Once teeth erupt, fluoride continues to 
mineralize teeth and neutralize acid via its presence in saliva. Primary protection against dental caries 
occurs after teeth have erupted and by using topical fluoride agents. During the posteruptive phase, 
fluoride helps block bacteria which produces acid onto teeth and causes breakdown of enamel. 
Fluoride can be found in drinking water, tea, topical gels, oral rinses and toothpaste, and dietary 
supplements. Tap and bottled water, including beverages made with fluoridated water (i.e., tea, coffee, 
and juice) make up 80 % of dietary fluoride [46]. While the majority of homes in the United States 
have fluoridated water, many children rely on intake from other sources such as processed foods, 
beverages, and toothpaste. Earlier recommendations from the Centers for Disease Control (CDC) and 
American Dental Association (ADA) for fluoride in drinking water ranged from 0.7 to 1.2 ppm; how-
ever, upon later review, this was lowered to 0.7 ppm to avoid risk of dental fluorosis [47]. This condi-
tion occurs when too much fluoride is ingested during tooth development causing mild small white 
spots on the teeth to more severe discoloration [46].

 Micronutrients and Oral Health

 Calcium and Vitamin D

Calcium is an important mineral for skeletal health and it makes up over 99 % of bones and teeth. 
While the Recommended Dietary Allowance (RDA) for calcium is 1000–1200 mg/day, which var-
ies with age and gender, most Americans are not meeting their needs. Vitamin D helps regulate 
calcium and enhances its absorption, and it also plays an important role in maintaining musculo-
skeletal and bone health. Vitamin D does not occur naturally in many foods. The main dietary 
sources of calcium for several people include foods fortified with vitamin D, such as dairy products, 
milk substitutes, and cereal. Sun exposure and supplements are also major sources [48]. Vitamin 
D’s anti-inflammatory properties along with its role in bone and mineral metabolism may have a 
positive effect on dental health. This is particularly important in periodontitis, where tooth loss may 
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occur as a result of alveolar bone reabsorption. While the relationship between osteoporosis and 
vitamin D has been established, there may be evidence that osteoporosis is an early sign of peri-
odontitis and vice versa [49].

Periodontal health was assessed by alveolar bone loss, pocket depth, and attachment loss in 562 
men with an average age of 62.9 years. Participants in the Department of Veterans Affairs Dental 
Longitudinal Study between 1986 and 1998 were examined one to four times to study the effect of 
recommended intake of ≥800 IU of vitamin D on periodontal health. The dietary intakes of subjects 
were assessed using a Harvard University food frequency questionnaire to capture total vitamin D 
intake from food, and supplements. The study showed an inverse relationship between total vitamin 
D intake of ≥800 IU and risk of periodontal disease. Subjects who took vitamin D supplements were 
found to have less periodontal disease than those who did not use supplements, but the difference was 
not statistically significant [50].

The effect of various doses of vitamin D on gingivitis during a 3-month period was examined in 88 
participants who were divided into one of four groups: 2000 IU for group A, 1000 IU for group B, 
500 IU for group C, and group D received a placebo. Clinical examination during follow-up was con-
ducted on days 30 and 60 to assess gingivitis severity as well as serum calcium to monitor vitamin D 
toxicity. Serum vitamin D level increased in each group in proportion to the dosage received. Gingivitis 
scores were significantly lower at follow up compared to baseline. The anti-inflammatory effects of 
all three groups receiving vitamin D were significantly higher compared to the placebo group. 
Improvements in gingivitis were seen earliest in group A, possibly due to serum vitamin D reaching 
the optimum levels of 32–35 ng/ml at a faster rate than the other groups. While vitamin D intakes at 
higher dosages revealed an earlier anti-inflammatory effect, there was not a significant difference 
between groups A and B or between B and C at the end of the study. It is hypothesized that anti- 
inflammatory levels may have stabilized after reaching serum vitamin D levels >32 ng/ml. This study 
indicated that an anti-inflammatory effect of vitamin D on gingivitis can be seen in doses of 500–
2000 IU with serum vitamin D levels reaching >30 ng/ml. The beneficial effects from vitamin D 
supplementation can be seen in 2–3 months for patients suffering from gingivitis [51].

The relationship between calcium and vitamin D intakes and dental disease was studied in 106 
women. Their diets were assessed for calcium and vitamin D adequacy in relation to their oral health 
status. They were divided into three groups: adequacy, insufficiency, and sufficiency. Results showed 
that higher calcium intakes were associated with lower risk of dental caries. The group with low cal-
cium intake was mostly due to low consumption of milk and dairy products. All of the women had 
gingivitis and 71 % had significantly low levels of vitamin D. Soft drink consumption may have also 
affected their oral health status, as 72 % of women were found to consume them daily [52]. Consuming 
low-fat dairy can help maintain calcium and vitamin D levels, which have a protective effect on teeth.

Calcium may also aid in remineralization of teeth and prevent alveolar bone loss. The diets of 606 
older Danish adults were assessed for calcium, vitamin D, and dairy intake using a diet history ques-
tionnaire. After adjusting for age, gender, vitamin D intake, and other numerous factors, results 
showed that that higher calcium and within recommendations (≥3 servings/day) of dairy intake were 
linked to lower plaque, but only in the higher (≥6.8 μg/day) vitamin D intake group. This is likely due 
to the increased calcium absorption in the presence of vitamin D [14].

 Magnesium

Consumption of adequate magnesium is important in maintaining overall health. Magnesium defi-
ciency may play a role in pathological diseases such as cardiovascular disease, diabetes, pre- eclampsia, 
sickle cell disease, and chronic alcoholism. Magnesium intake may also be associated with periodon-
tal disease, particularly in relation to calcium intake [53]. A cross-sectional study found that a higher 
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magnesium/calcium ratio was inversely related to level of periodontitis. A matched-pair analysis of 
the subjects showed those who were taking magnesium-containing medications had better periodontal 
outcomes compared to subjects not taking magnesium [54].

 Vitamin C

Ascorbic acid, or vitamin C, is an antioxidant with a beneficial effect on oral health. In addition to 
having anti-inflammatory properties, vitamin C is also necessary for the formation of collagen, con-
nective and osteoid tissues, and dentine [55]. It also stimulates periodontal ligament cells and helps 
strengthen connective tissue, responsible for attaching teeth to bone. Fruits and vegetables are two of 
the major sources of vitamin C. These foods include peppers, strawberries, broccoli, Brussels sprouts, 
sweet potatoes, oranges, grapefruits, and kiwi. It is important to consume a variety of foods rich in 
vitamin C, as inadequate intake can lead to deficiency. Low serum ascorbic acid has been shown to 
have a significant association with a higher prevalence of periodontal disease in a study with older 
Japanese men [56]. Vitamin C deficiency can also lead to gingivitis, bleeding gums, and attachment 
loss. The Recommended Dietary Allowance (RDA) for men and women ≥19 years is 90 mg and 
75 mg [57], respectively; however, various studies show that a higher intake of 200 mg may be war-
ranted for optimal plasma concentrations [53].

 Probiotics and Oral Health

While the effect of harmful bacteria on periodontitis and dental caries has been well established, pro-
biotics which are living microorganism may play a beneficial role in human health, particularly in 
prevention of oral diseases. Probiotics use natural bacteria such as ones found in healthy mouths to 
protect teeth and gum against harmful bacteria. Prebiotics are made up of non-digestible oligosac-
charides, which include inulin-type fructans, maltodextrin, fructooligosaccharides and galactooligo-
saccharides, and can alter the gut microbiome to benefit the host and improve health. Prebiotics and 
probiotics work together. The term ‘synbiotics’ is used to describe when they are both combined in 
the same product, which may increase the longevity of probiotic bacteria as well as their growth in the 
intestinal tract [58].

There are several different mechanisms of probiotics, depending on various conditions such as the 
strain or combinations of strains used, when they are administered, and the severity of the disease 
state. Certain strains of probiotics, such as L. reuteri, may improve gingivitis by inhibiting pathogenic 
bacteria and reducing plaque. Yogurt with active cultures can be a rich source of probiotics [58]. 
Probiotics may also be found in other dairy products such as cheese, kefir, milk, as well as dietary 
supplements. Various studies have indicated the potential role of probiotics in reducing harmful bac-
teria that contribute to oral diseases [59].

 Polyphenols and Oral Health

Polyphenols are antibacterial and antioxidant metabolites which may have a protective effect on oral 
health. Dietary sources are mainly plant foods such as fruits, vegetables, seeds, and legumes. Other 
sources include whole grain cereals, chocolate, coffee, tea, curcumin, and red wine. In addition to 
their anti-inflammatory properties, polyphenols may improve the oral microflora by preventing growth 
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of harmful organisms, while promoting beneficial ones [60]. In vitro studies have indicated that poly-
phenols have antibacterial properties in the biofilm; however, human studies need to be conducted to 
confirm beneficial effects in the prevention and treatment of periodontal disease [61]. A more stan-
dardized method of assessing polyphenol intake is also needed, as different sources vary in the amount 
of phenolic compounds [60].

 Functional Foods and Oral Health

Functional foods are a term for foods that have a beneficial effect beyond their nutritional content, which 
may also have a protective effect on oral health. Foods such as whole grains, garlic (allyl compound), 
soybeans, carrots (carotenoids), tomatoes (lycopene), tea (polyphenols), fiber, vegetables, and fruits are 
considered functional foods when consumed regularly. These food groups may contribute to healthy 
aging, prevention of chronic diseases, including chronic periodontitis and caries. Green tea is the most 
commonly consumed functional beverage worldwide and it is one of the richest sources of polyphenols 
amongst teas, with a concentration of 30–40 % as opposed to only 3–10 % in black tea [62].

The epidemiologic relationship between the daily intake of green tea and periodontal disease was 
observed through a comprehensive health examination in middle-aged Japanese men. The intake of 
green tea had a modest inverse correlation with attachment loss and probing depth [63]. Cross- 
sectional data from a baseline survey conducted for the Ohsaki Cohort 2006 study indicated an asso-
ciation of green tea consumption with decreased odds for tooth loss [64].

Tea is a good source of fluoride and with its polyphenol component gives it anticariogenic proper-
ties [65]. Green tea reduces the activity of salivary and bacterial enzymes involved in carbohydrate 
metabolism and fermentation. It also helps prevent the attachment of bacteria to the tooth enamel and 
protects it against oxidative stress. The polyphenol responsible for green tea’s functional properties is 
called epigallocatechin-3-gallate (EGCG). One cup of green tea, containing 2.5 g of leaves in 200 mL 
of water, is reported to have about 90 mg of EGCG. Studies have also been carried out using green tea 
gels, mouth wash, and green tea chips [62].

 Nutrition Counseling in Caries Prevention

Along with regular dental visits, nutrition counseling can play a beneficial role in preventing dental 
caries. Good oral health practices should begin early, before the eruption of teeth. Feeding practices 
such as using a nursing bottle or “sippy” cup as a pacifier can increase the risk of dental caries. After 
exclusive breastfeeding for the first 6 months, it is recommended to incorporate other food to increase 
micronutrient intake, especially iron, in the following 6–12 months. While the American Association 
of Pediatric Dentistry encourages breastfeeding, at-will breastfeeding for long periods of time or 
bottle feeding during sleep should be avoided [66]. Parents should be instructed on healthy dietary 
patterns and strategies to promote healthful eating and oral habits early on.

 Nutrition Counseling for Periodontal Health

When counseling individuals on good oral health, it is important to emphasize a wholesome and bal-
anced diet that incorporates all of the food groups and meets recommended intakes. Nutrients that are 
associated with maintaining periodontal health include folate, vitamin A, and vitamin C for 
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connective tissue integrity, protein, calcium, and phosphorus for collagen, and omega-3 fatty acids 
and vitamin D for immune function. While consuming these individual nutrients has been shown to 
have improved outcomes in periodontal disease, more research data are needed to establish dietary 
recommendations. In addition to individual nutrients, a variety of food groups are also associated with 
improved periodontal health. Whole grains are good sources of fiber, B vitamins, and magnesium, and 
are associated with a lower risk of periodontal disease. On the other hand, refined grains are associ-
ated with a higher risk of periodontal disease [67]. The 2015–2020 Dietary Guidelines for Americans 
recommends 6 oz-equivalents of whole grains per day, with at least half coming from whole grain 
sources such as brown rice, quinoa, and oats. For example, a slice of whole wheat bread or ½ cup of 
cooked brown rice is equivalent to a 1 oz portion [66]. Dairy products are also good sources of nutri-
ents such as calcium, vitamin D, phosphorus, magnesium, and B vitamins associated with lower risk 
of periodontal disease [68]. For adults, three servings of low-fat or non-fat dairy such as milk, yogurt, 
cheese, or fortified soy beverages should be consumed daily [66]. Adequate consumption of fruits and 
vegetables should also be encouraged, as they are good sources of dietary fiber, carotenoids, vitamin 
C, and folate, which are also associated with periodontal health [67].

The daily recommended intake of fruit is four servings (two cups) per day and five servings (2.5 
cups) of vegetables per day. A variety of different colored vegetables are recommended to maximize 
nutrient intake. Protein foods such as fish, meats, poultry, eggs, soy products, and legumes (beans and 
peas) can also be a good source of nutrients that can lower risk of periodontal disease. The 2015–2020 
Dietary Guidelines for Americans recommend 5.5 oz of protein foods per day, based on a 2000 kcal 
diet. Individuals should also be counseled on limiting intakes of added sugars, saturated fat and cho-
lesterol, sodium, and alcohol. Calories from added sugars should be limited to 10 % or less per day. A 
high intake of saturated fat and cholesterol can increase low density lipoprotein cholesterol, a risk 
factor for cardiovascular disease. Foods high in saturated fats and cholesterol such as butter, high fat 
dairy and high fat meats, should be replaced with nonfat/low-fat dairy, lean meats and unsaturated 
fats. Healthful sources of fat include olive oil, canola oil, avocados, and nuts. Excess sodium intake 
can increase blood pressure and should be limited to 2,300 mg/day for healthy individuals and 
1,500 mg/day for individuals with hypertension [68]. Eating a plant-based balanced diet and meeting 
dietary recommendations is not only important to oral health, but it also beneficial for overall health 
and disease prevention. By reducing risk of periodontal disease, the risk of its related diseases such as 
heart disease, diabetes, and obesity may also be reduced.

 Lifestyle Factors and Oral Health

Tobacco use and alcohol overconsumption are risk factors for oral health diseases as well as many 
other chronic diseases. Smoking, in particular, can have many damaging effects on the body, which 
may lead to cardiovascular diseases, lung cancer, and respiratory diseases. Smoking lowers the 
immune system, making the body more susceptible to oral infection, while prolonging healing of tis-
sue from surgery. This can expose the body to a host of diseases and infections, therefore increasing 
the likelihood of periodontal disease, while decreasing the likelihood of successful treatment and 
recovery. The risk of developing oral cancer is six times higher in smokers than in nonsmokers. The 
combination of alcohol with tobacco use further increases the chances of developing oral and pharyn-
geal cancer [69]. The 2015–2020 Dietary Guidelines recommend limiting alcohol intake to one drink 
per day for women and up to two drinks per day for men. One drink is equivalent to 5 oz of wine, 
1.5 oz of distilled spirits, or 12 oz of beer [68].

Physical activity is another lifestyle factor recommended in tandem with dietary guidelines for 
disease prevention and improved quality of life. Maintaining a healthy weight and being physically 
active can help lower the risk of obesity, cardiovascular disease, and diabetes. The Physical Activity 
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Guidelines for Americans 2008, issued by US Department of Health and Human services (HHS) rec-
ommend at least 150 min of aerobic exercise per week for adults, in order to achieve long-term health 
benefits. Strength training for working all of the major muscle groups is also recommended at least 
twice a week. Older adults who are not able to do 150 min of aerobic exercise per week due to chronic 
conditions or other immobility, should aim to be as physically as possible, within the limits of their 
conditions [70].

 Polypharmacy and Oral Health

A significant number of elderly individuals suffer from several chronic diseases and ailments, many 
requiring treatment with medication or multiple medications; however, side effects from multiple 
medication use, or polypharmacy, may increase the risk of oral diseases. These side effects include 
diminished salivary flow, difficulty in swallowing, and dry mouth, also known as xerostomia. The risk 
of developing side effects from medication increases with the more medications used [5, 71].

Dry mouth and decreased saliva are serious consequences of taking multiple medications, since 
saliva is responsible for demineralization and remineralization of teeth. Decreased salivary flow 
results in less exposure to calcium, phosphate, and fluoride. The absence of saliva’s antimicrobial 
properties creates an environment for cariogenic microorganisms and Candida. Without saliva debrid-
ing teeth, there is an increased production of bacteria and acid along with a higher risk of returning or 
new carious lesions. Older individuals suffering from xerostomia should have regular dental visits, 
every 3 months. They should also be encouraged to chew sugar-less gum to promote salivary flow. 
Commercially available salivary substitutes such as gels, sprays, and mouth rinses are also available, 
but may not be as effective in caries prevention [71].

Polypharmacy can also affect nutritional status in the elderly by interfering with nutrient absorp-
tion. Some drugs and nutrients have the same metabolic pathway, which could affect their respective 
absorption and excretion. Nutritional status may decline due to reduced bioavailability of nutrients. 
Antihypertensive medications such as angiotensin-converting enzyme inhibitors increase serum 
potassium levels and sodium excretion. Acid blockers interfere with calcium, phosphorus, and iron 
absorption. Proton pump inhibitors (PPIs) decrease calcium, iron, magnesium, and B12 absorption 
[72]. Metformin can also lead to a B12 and vitamin D deficiency in individuals with type 2 diabetes 
[73]. Medications may affect nutritional status by reducing food intake due to decreased appetite or 
changes in taste perception. Certain medications such as diuretics may lead to a deficiency in zinc, an 
important mineral affecting taste and appetite [22]. A study in adults 65 years or older taking multiple 
drugs was associated with a lower intake of fiber, fat-soluble vitamins, water-soluble vitamins (thia-
mine, niacin, biotin) and a higher intake of glucose, sodium, and dietary cholesterol [72]. Older adults, 
in particular, should be educated on any potential drug-nutrient interactions and how to avoid nutrient 
deficiencies through a healthy eating pattern.

 Summary

Dental diseases such as caries and periodontitis are global health issues which require early preven-
tion and intervention. Left untreated, these diseases can lead to serious health consequences in both 
children, adults, and the elderly. The elderly are at particular risk for oral diseases due to side effects 
of medications and poor diet quality as a consequence of tooth loss [71]. Individuals with eating dis-
orders are also vulnerable to oral diseases due to dental erosion secondary to self-induced vomiting 
and nutrient deficiencies from starvation [25].

A. Yacoub and W. Karmally



207

Periodontitis can cause systemic inflammation which may increase risk of chronic diseases such as 
obesity, diabetes, and heart disease [31]. Along with good oral hygiene practice, avoiding cariogenic 
foods, increasing intake of anticariogenic foods, and eating a healthful and balanced diet, can help 
prevent development of dental diseases [4]. Nutrients found in fruits, vegetables, and low-fat dairy 
have been shown to have a protective effect on teeth. Diets rich in omega-3 fatty acids, are also associ-
ated with lower risk of dental disease, due to their anti-inflammatory properties [17]. Polyphenols, 
probiotics, and certain functional foods, may add further protective benefit to teeth [59–64]. Chewing 
xylitol-containing gum after meals [15] and using topical fluoride help fight acid-producing bacteria 
that lead to dental caries and periodontitis [47].

Following recommendations from the 2015–2020 Dietary Guidelines can help meet individual 
nutrient needs and establish a healthy eating pattern. Maintaining an overall healthful diet and life-
style, with regular physical activity, is necessary in reducing risk of dental diseases and their associ-
ated diseases [68]. Other important lifestyle factors include avoiding excessive alcohol use and 
smoking, which are major contributors to poor oral health [69].
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Key Points

• Childhood obesity is measured in many ways including body mass index (BMI) percentile and 
BMI standardized score. In addition to these measures of height and weight, direct measures of 
adiposity are encouraged in order to obtain a full-body composition profile.

• Obesity in childhood can lead to a host of comorbid conditions, but perhaps the most important risk 
is that these children are likely to become obese adults.

• The greatest likelihood of success in treating childhood obesity is through family-based lifestyle 
interventions.

• In addition to primary (population-wide strategies) and secondary (lifestyle interventions), tertiary 
prevention strategies (drug therapy or weight-loss surgery) have been developed to treat obesity in 
youth.

Keywords Adiposity • BMI • Family-based behavioral approach • Type 2 diabetes • Weight-loss 
surgery

Abbreviations

AGB Adjustable gastric banding
BIA Bioelectrical impedance analysis
BMI Body mass index
BMI z-score Standardized BMI
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RYBG Roux en Y gastric bypass
TLP Traffic Light Program
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 Introduction

The US childhood obesity prevalence rate has increased from 5.0 % in 1976–1980 to 8.4 % in 2011–
2012 for preschool-aged children (ages 2–5 years) [1, 2]. More dramatic increases have been observed 
among children in middle childhood (ages 6–11) from 6.5 to 17.7 % and adolescents (ages 12–19 
years) from 5.0 to 20.5 % within the same time period [1, 2]. Despite the sharp increases in obesity 
prevalence rates in the past 40 years, a review of the literature indicates the prevalence rates among 
children and adolescents are stabilizing and consequently plateauing [3], with a couple of exceptions. 
Among preschool-aged children, obesity prevalence rates have decreased since 2003–2004 when it 
was at 13.9 % [1]. On the other hand, obesity prevalence rates have not leveled off among (a) race/
ethnic minority children and children from lower socio-economic status groups and (b) children clas-
sified with severe obesity: class 2 obesity category (>120 % of 95th percentile) and class 3 obesity 
category (>140 % of 95th percentile) [4, 5]. For instance, in 2011–2012, 16.7 % of Hispanic preschool- 
aged children and 11.3 % of black preschool-aged children were obese compared to 3.5 % of white 
preschool-aged children [1]. Further, the prevalence rates of class 2 obesity has increased from 3.8 % 
in 1999–2000 to 5.9 % in 2011–2012, and class 3 obesity prevalence rates has risen from 0.9 to 2.1 % 
within the same time frame [4]. These trends are particularly concerning because the groups that have 
historically been most impacted by obesity appear to be consistently increasing in terms of obesity 
prevalence.

Aside from the population-level trends, there are development trends that cause concern. Early 
childhood obesity tracks into adolescence and adulthood. Overweight 5-year-olds have been shown to 
be four times more likely to become obese by age 14 compared to normal weight peers [6]. Further, 
as much as 82 % of obese children become obese adults [7]. Thus, the developmental trends, along 
with the population trends and corresponding disparities, suggest that childhood obesity is an epi-
demic that all health professionals will face. This chapter provides an explanation of how measure-
ment guidelines and various methodologies can be used to identify children at-risk for obesity as well 
as those that are obese. The chapter also briefly describes comorbidities associated with childhood 
obesity and strategies for treating childhood obesity.

 Measurement Guidelines and Methodologies

Childhood overweight and obesity are weight status terms that are measured using body mass index 
(BMI). Most of the childhood obesity research has used BMI as an outcome measure. BMI is calcu-
lated by dividing the child’s weight in kilograms by the square of child’s height in meters [8]. The 
reference value is then plotted on Centers for Disease Control (CDC) growth curve charts that are 
gender- and age-specific to determine the BMI percentile [9]. The BMI percentiles are divided into 
four categories which are used to describe a child’s weight status. Children with a BMI percentile less 
than 5th percentile are categorized as underweight, while children with a BMI percentile between the 
5th percentile and less than the 85th percentile are categorized as healthy weight. Overweight children 
have a BMI percentile between the 85th percentile and less than the 95th percentile. Obese children 
have a BMI percentile at or above the 95th percentile [8]. BMI provides a measure of excess body 
weight (e.g., overweight status); yet, it is not a measure of direct body fat. However, it is considered 
to be correlated with adiposity.

An alternate measure to BMI that is also commonly used is standardized BMI, also referred to as 
a BMI z-score. BMI z-score is the transformation of the child’s BMI into the number of standard 
deviations (SD) above and below the population mean BMI based on gender and age [10]. Similar to 
BMI percentiles that are divided into categories to describe a child’s weight status, the same has been 
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done with BMI z-score. Weight status criteria using BMI z-scores are normal weight 0 SD (50th per-
centile), overweight ≥1.04 SD (85th percentile), obesity ≥1.64 SD (95th percentile), and severe obe-
sity ≥2.33 SD [11]. For weight loss to be clinically meaningful (i.e., reduce health concerns), a 
reduction in BMI z-score of 0.5 SD over 6 months or at least 0.6 SD over 6–12 months [12] needs to 
occur. However, reduction in BMI z-score of 0.25 SD over 12 months is considered clinically relevant 
in improving cardiovascular risk factors (i.e., insulin sensitivity, total cholesterol/high-density lipo-
protein ratio, and blood pressure) in adolescents [13].

Although BMI z-scores provide the opportunity to compare changes in weight status, BMI z-score 
compared to BMI is more sensitive to changes in weight status [12]. For instance, among obese chil-
dren, any weight change that does occur is observed as less change because there is less variability at 
the upper end of the weight distribution. This is a problem when comparing the effects of obesity 
interventions because the heavier children will show less change in their BMI z-scores, despite having 
similar changes in BMI as the less heavy children [14].

Aside from weight status, there are various methods to measure adiposity, which include skinfold 
thickness, waist circumference, bioelectrical impedance analysis (BIA), and dual-energy x-ray 
absorptiometry (DEXA). Skinfold thickness, waist circumference, and BIA are fairly inexpensive, 
portable, and quick methods of collecting adiposity information from children. Skinfold thickness is 
measured using standardized calipers to capture a double layer of skin and subcutaneous fat lifted as 
a fold at various areas of the body, including but not limited to triceps, biceps, abdominal, thigh, and 
calf. Measurement reliability is low for skinfold thickness, and reference percentiles have not been 
published [15]. A tape measure around the abdominal region determines the circumference of the 
waist, which is suggestive of the amount of body fat in that particular area of the body. Previous 
research has used a waist circumference measurement ≥90th percentile for age and sex to be consid-
ered to be elevated percent body fat [16, 17], and this has been linked to increased risk of diabetes and 
other cardiovascular diseases [18]. Waist circumference establishes fat distribution in the abdomen 
region, but it does not provide a measurement for total body fatness [15]. BIA involves the child step-
ping on a scale that uses an electric current to differentiate between fat mass and lean tissue mass. The 
electrical current is unnoticeable to the child [15]. BIA measurements are considered to be reliable 
[15, 19], and the Tanita BF-689 (Tanita Corporation, Arlington Heights, IL) [20], which is designed 
for children, is highly specific for classifying children as over fat and obese [19]. However, it has also 
demonstrated to have a low sensitivity and specificity for healthy percent body fat classification [19].

Unlike the other methods, DEXA provides the most information and is considered the gold stan-
dard. DEXA scans the entire body in about 7 min using an extremely low amount of radiation to 
calculate fat mass, lean tissue mass, and bone mineral content for the whole body and for specific 
regions of the body [21]. DEXA is the most accepted method to calculate percent body fat; however, 
DEXA fails to be useful in community outreach settings as the machinery is expensive and not por-
table [19]. Despite their limitations, all of these methods are important for research, especially when 
wanting to create a comprehensive body composition profile.

 Obesity-Related Comorbidities

The additional weight that overweight and obese children and adolescents carry places them at 
increased risk for physical and physiological consequences. Comorbidities include increased risk for 
worse overall health [22], functional limitations [22], orthopedic complications (e.g., spinal complica-
tions, slipped capital femoral epiphysis, and acute fractures) [23], earlier puberty and menarche in 
girls [24], obstructive sleep apnea [25], prediabetes and type 2 diabetes [26, 27], metabolic syndrome 
[26], and elevated blood pressure, blood lipids, insulin, and insulin resistance [28]. A majority of these 
health problems have traditionally only been observed in adults. Additionally, individuals that 
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experience either childhood or adolescent obesity are at risk for experiencing obesity in adulthood 
[7, 29] and experiencing further health complications, including colorectal cancer and gout among 
adult men, arthritis among adult women, coronary heart disease and atherosclerosis among both adult 
men and women [30], and consequently increased risk for mortality [26].

Psychological and social consequences may be even more common than physical and physiologi-
cal comorbidities. At the core of emotional well-being is depression and self-esteem. Overweight/
obese adolescents are at more risk of experiencing depression symptomatology and poor self-esteem 
compared to normal weight adolescents their age [22]. While depression may result in behaviors that 
promote obesity [31], negative social outcomes that result from obesity may increase symptoms of 
depression. For example, obese children are more likely to be bullied due to their deviation from ideal 
appearances [32], and being bullied is associated with depression and anxiety [33, 34]. In fact, it has 
been suggested that a reciprocal relationship exists between obesity and depression [35]. Binge eat-
ing, impulsivity, eating-disordered cognitions and behaviors, and body dissatisfaction have been 
observed among overweight, obese, and severely obese children [36–39]. Overall, the quality life of 
overweight/obese children has been described to be similar to that of children who have cancer [40].

The academics of overweight and obese children also suffer which has socio-economic conse-
quences. Pediatric overweight and obesity have been linked to lower cognitive functioning [41] and 
standardized test scores [42], although some of the findings can be explained by socio-economic sta-
tus, including parental education [43]. The decreased performance in the academic realm may result 
in harmful social consequences that persist into adulthood. For example, heavy women are less likely 
to attain post-secondary schooling compared to their non-heavy peers, which can negatively influence 
their occupational standing [44, 45]. Further, obese women are at risk for lower wages and conse-
quently lower family income [45–47]. Last, heavy women are more likely to delay marriage and have 
lower odds of marrying compared to their thinner peers [45, 46].

Due to its diverse and widespread comorbidities, child and adolescent overweight and obesity have 
become a public health concern. If left unabated, more preventable deaths will be associated with 
obesity than with cigarette smoking, and deaths related to obesity could replace those prevented by 
improved treatment for cancer, heart disease, and diabetes [48]. Fortunately, receiving treatment for 
overweight/obesity may attenuate some of the negative physical, physiological, and psychological 
consequences.

 History of Treatment Strategies

The general consensus in medicine throughout the nineteenth century was that carrying an extra 
20–30 lb or more of fat was a health advantage that enhanced resistance when a person became ill. 
Unless obesity was extreme to the extent that it made it difficult to carry out normal activities, it was 
not identified as a problem. In this era, a slender figure was a sign of poor health in association with 
diseases like tuberculosis [49, 50]. It was not until the twentieth century that the position on over-
weight changed. American insurance enterprises began selling an increased amount of life insurance 
policies. The companies started to study the mortality rates of different groups of people and condi-
tions in order to remain profitable. This resulted in the collection of comprehensive, longstanding 
statistics on health and mortality for thousands of people [49, 51].

A pioneer in this data collection was Oscar H. Rogers, a physician with the New York Life 
Insurance Company. Rogers conducted a systematic study of insured lives that included parameters 
such as height, weight, occupation, personal history, and family history. His findings in 1901 showed 
that a group of 1,500 policyholders who were 30 % or more overweight had a 35 % higher mortality 
rate [50, 52].
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This evidence was critical for American insurance companies and drove the industry to further 
collect and analyze information on body weight. Insurance companies desired to insure policyhold-
ers of “normal weight,” but lacked statistical support for their judgment. Louis I. Dublin, a statisti-
cian of the Metropolitan Life Insurance Company, calculated “average weights” from a 
comprehensive retrospective survey of New York Life Insurance policyholders. In 1908, Dublin 
compiled the Dublin Standard Table of Heights and Weights that became the primary reference of 
average weight. Dublin became one of the leading voices that spread the concerns of overweight 
throughout the medical community. Health professionals now had weight averages that were based 
on evidence [50, 53].

Although the statistics of insurance enterprises could not validate that excess weight directly 
caused increased mortality rates, the correlation was significant enough for insurers to adjust rates 
accordingly. The correlation, though debated, was also compelling enough for many health profes-
sionals to include it as part of their medical advice. Dublin’s charts were published in popular news-
papers and magazines like The New York Times and McClure’s Magazine, which created an initial 
public awareness. Other life insurance studies confirmed that as excess bodyweight increased, life 
expectancy decreased. From 1900 to 1910, an increasing number of Americans were interested in 
knowing their exact weight at the doctor’s office or with home scales. Weighing spring scales with 
weight charts were sold in increasing quantities throughout the following decades. In the years fol-
lowing 1910, it was common for middle-class families to pay close attention to standardized weights 
for children [51, 52].

By the 1930s, the medical profession no longer debated the health implications of increased fat 
mostly due to the insurance industry’s continuing studies. In 1930, Louis Dublin published a paper 
that detailed the specific problems that occurred more frequently among individuals who were obese 
such as heart disease, diabetes, kidney disease, atherosclerosis, and brain hemorrhages. This paper 
was a historic turning point that resulted in increased research to investigate the link between excess 
weight and the large array of health problems. This paper, while partially flawed and not representa-
tive of the whole population, was viewed as compelling evidence of the risks associated with being 
overweight. Within 10 years, excess weight went from a topic that concerned only a few in the medi-
cal profession to being seen as a significant medical issue [49].

In the following years, it became evident that obesity was rarely caused by medical abnormalities 
within the body as it was previously thought. It also became evident that people generally underes-
timated what they consumed. After the 1930s, it was no longer unknown why people gained excess 
weight. Obesity appeared to be an accessible problem to solve. Education was the main intervention 
as doctors taught the calorie equation to their patients. While some individuals who were overweight 
successfully and permanently lost weight by reducing intake and increasing activity, most failed to 
do so. From the 1930s onward, a variety of methods were used to assist in weight loss. Drugs and 
hormones were prescribed that decreased appetite or increased metabolic rate such as dinitrophenyl 
and amphetamines. Diuretics and formula meal replacements were also commonly taken. It became 
apparent that the brain played a considerable role in weight gain, and some treatments took a psy-
chological approach such as group therapies to target food addiction, loneliness, anxiety, and depres-
sion. As a whole, no method had a moderate or high success rate in reducing weight in the long run 
[49, 51].

In 1952, the director of the National Institutes of Health declared that obesity was a primary national 
health concern [49, 51]. At the same time, studies were being conducted on the behavioral management 
of obesity [54, 55]. These studies on “self-control of overeating” were the first to describe behavioral 
principles (e.g., stimulus control, shaping) that are still used in obesity management today to improve 
diet and physical activity. In 1973, a conference was held at the National Institutes of Health to bring 
experts studying obesity together and discuss “the need for heightened research on psychological, 
physiological, and biochemical determinants of this important health derangement” [56].
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By 1980, there was significant and dramatic increase in the rates of adult obesity [57]. The preva-
lence of adult obesity had increased from 14.5 to 22.5 % over the course of about 15 years [57]. It was 
at this time that some of the first behavioral treatments for obesity in children were being published 
[58, 59]. Epstein’s pioneering work in this field provided healthcare professionals with a model for 
how to promote healthy lifestyles in children and adolescents [59].

By early 1990, the attention shifted to the increase in childhood obesity. An article in Science 
discussed obesity alongside pressing conditions facing US adolescents: suicide, pregnancy, and 
decline in college aptitude test scores [60]. By the early turn of the century, considerable atten-
tion was being given to the comorbidities associated with childhood obesity. For instance, studies 
were beginning to demonstrate that obese children were experiencing hyperlipidemia and hyper-
tension [61], type 2 diabetes [62], and atherosclerotic lesions [63]. Consequently, programs were 
developed in numerous settings to both prevent and treat obesity. In the traditional healthcare 
sense, these settings included but were not limited to hospitals, primary care, and specialty clin-
ics. The need to deliver these services into the community also became apparent as many children 
that were most impacted were also less likely to seek medical care or be insured [64, 65]. Because 
children spend a majority of their day at school, interventions taking place at schools also became 
a priority.

 Childhood Obesity Treatment Strategies

The numerous comorbidities associated with pediatric obesity make it clear that beginning the preven-
tion and treatment of this condition in childhood is necessary. Overall, the most successful interven-
tions use a multidimensional, family-based approach by focusing on modifications to diet, physical 
activity, and other lifestyle behaviors [66]. In a family-based obesity treatment program, the behaviors 
of both the parent and child are targeted with the ultimately goal to facilitate new healthy behaviors 
and a home environment that supports healthy eating and activity [66]. Since the home/family envi-
ronment is a strong predictor of adolescent obesity [67], parents are viewed as the agents of change 
and their involvement and corresponding weight-loss success is critical to their child being successful 
in losing weight [68, 69]. Last, strategies used to modify behaviors include self-monitoring, stimulus 
control/cue control, and contingency management (e.g., positive reinforcement, social praise, rewards, 
and contracting) [66].

Several national committees have been formed to help provide childhood obesity treatment guide-
lines and recommendations. The US Preventive Services Task Force recommends pediatricians to 
screen for obesity in all children between 6 and 18 years of age and refer overweight and obese chil-
dren to comprehensive behavioral treatment programs that focus on diet and physical activity, and 
provide behavioral counseling. Treatment should be moderate- (26–75 h) to high-intensity (>75 h). A 
treatment duration of 6 months and family involvement are also preferred [70]. Short-term benefits 
have been observed among obese children and adolescents that engage in moderate- to high-intensity 
behavioral interventions [71].

The Academy of Nutrition and Dietetics provides guidelines and recommendations for interven-
tions targeting childhood obesity [72]. In addition, an expert committee comprised of representatives 
from 15 professional organizations, appointed experienced scientists and clinicians to develop recom-
mendations regarding the prevention and treatment of childhood obesity [73]. The Academy discusses 
obesity prevention in terms of primary, secondary, and tertiary, while the expert committee uses a 
four-stage approach [72, 73]. The two approaches are discussed below, along with a brief example of 
primary, secondary, and tertiary prevention programs.
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 Primary Prevention

Primary prevention uses diet and physical activity messages or programs intended to prevent over-
weight or obesity or provide support to maintain weight. Primary prevention is targeted to all youth 
(i.e., population-wide intervention), without a specific focus on a particular weight status. Population- 
wide prevention, as is early intervention, is considered to be ideal in establishing healthy eating and 
physical activity habits before poor habits become ingrained. There is not a corresponding stage 
approach to primary prevention [72].

Primary prevention has taken place in childcare centers, schools, and community-based settings. 
Several primary prevention interventions have targeted preschool-aged children as young children are 
more responsive to behavior change compared to older children [74]. A number of these interventions 
have focused on improving nutrition and/or increasing physical activity. A recent trend in nutrition 
education programs is the use of garden-based nutrition education programs in childcare centers, 
schools, and community settings as a mechanism to learn about fruits and vegetables [75]. These 
primary prevention programs have shown to increase preference and consumption of fruits and veg-
etables, along with physical activity and science knowledge [76–79]. However, there is a dearth of 
studies that have focused on the use of garden-based nutrition education programs as a mechanism to 
prevent obesity or maintain weight status. Among Latino fourth- and fifth-grade students, Davis and 
colleagues [80] found that a 12-week, after-school gardening, nutrition, and cooking program not 
only increased fiber intake and decreased diastolic blood pressure, but it also reduced BMI and pro-
moted less weight gain compared to a control group. More studies are needed to understand the asso-
ciation between nutrition education and obesity prevention and weight loss.

 Secondary Prevention

Secondary prevention involves more structured intervention and strategies involving diet and physical 
activity intended to assist overweight or obese children with no weight-related comorbidities obtain a 
healthy weight. Secondary prevention corresponds to Stages 1–3 of the staged approach [72]. Stage 1 
is referred to the Prevention Plus stage. In Stage 1, children who are overweight are encouraged to 
focus on these healthy habits and gradually improve BMI status. Families and care providers are 
encouraged to work together to identify health behaviors that most impact the child’s energy balance. 
Once agreement has been reached on specific health behaviors, small and measurable steps should be 
taken to make changes. If the child has not made improvements in 3–6 months, Stage 2, Structured 
Weight Management, is encouraged. In this stage, children and families receive more structure and 
support for their targeted behavior change. Some of the main differences for this stage are providing 
the family with a planned diet, incorporating structured meals, and planned physical activity. Stages 
3, Comprehensive Multidisciplinary Intervention, is suggested after Stages 1 and 2 have been 
attempted and do not appear intensive enough to curb the velocity of the child’s weight gain. Some of 
the primary components of Stage 3 include a structured behavior modification program, systematic 
evaluation of body measurements and behavior change, and weekly appointments [73].

An example of a secondary prevention program is Epstein’s Traffic Light Program (TLP) [81]. The 
TLP is a family-based behavioral treatment designed for overweight or obese children that focuses on 
modifying diet and physical activity. The purpose of the diet component of the TLP is used to decrease 
high energy density foods and increase low energy density foods [82]. Foods are categorized into the 
three colors of a traffic light based on their calorie and nutrient content.
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• Red foods are high in calories and low in nutrient content. Anything above 5 g of fat and/or 15 g of 
sugar is considered a “red” food. Examples of these foods include potato chips, soda, and candy. It 
is recommended to eat these food sparingly and to eat seven or fewer red foods per week.

• Yellow foods are moderate in calories but include nutrients necessary for a balanced diet. Examples 
of these foods include skim milk, lean meats, and grains. It is recommended to eat these foods in 
moderation.

• Green foods are low in calories and high in nutrient content. These foods are primarily vegetables. 
It is recommended to eat these foods often.

Trials that use this program with children initially instructed parents and children to consume a 
restricted amount of calories (typically ranging from 900 to 1,200 kcal). This was later changed to 
1,000 to 1,500 kcal/day [83].

In the physical activity component of the TLP, children and their parents are provided written 
manuals focused on advantages of increased physical activity and disadvantages of sedentary behav-
iors [84]. Physical activity is defined in terms of caloric expenditure and translated to activity points 
using number of calories burned in a 10-min period of the activity according to weight. Children and 
parents are taught to calculate the caloric expenditure of each activity in which they participate. 
Sedentary behaviors are defined as behaviors that compete for being active (e.g., watching television, 
playing videogames, talking on the phone). Sedentary behaviors, such as listening to music or com-
pleting homework, are not specifically targeted for reduction. However, participants are rewarded for 
a gradual increase in physical activity and a gradual reduction in sedentary behaviors. Once the par-
ticipant reaches the goal of 15 or fewer hours of sedentary behavior a week or 150 activity points, they 
are expected to maintain this change.

Multiple investigations have found the TLP to be superior to control conditions in randomized 
studies. For example, Epstein and colleagues demonstrated that receiving the TLP is superior to no 
treatment [85] and to an attention placebo control condition [86, 87]. Perhaps the most impressive 
finding is that children who received the TLP demonstrated maintenance of effects in 10-year follow-
 up studies [88, 89].

 Tertiary Prevention

Because behavioral interventions are not successful for all obese children, and the long-term success 
rate at 2 years post intervention is low [90], tertiary prevention was developed. Tertiary prevention is 
the most intensive and comprehensive treatment for overweight and obese children with comorbidi-
ties and the severely obese youth. The strategy is to resolve weight-related comorbidities or at least 
reduce their severity. Tertiary prevention corresponds to Stage 4, Tertiary Care Intervention [72]. 
Stage 4 is the final stage offered to some severely obese youth after Stages 1–3 do not appear to influ-
ence weight change. In other words, when behavioral and lifestyle changes are deemed unsuccessful 
among the severely obese, medical treatment is prescribed in the form of drug therapy or weight-loss 
surgery [73]. Compared to behavioral interventions, less is known about using medical treatment to 
alleviate childhood obesity. Medical treatment is seldom performed and is not the preferred choice of 
treatment [90].

Orlistat (Xenical; Roche Products), which is a gastrointestinal lipase inhibitor, is the only form of 
prescription weight-loss medication that is approved by the US Food and Drug Administration 
(FDA) for obesity treatment with adolescents 12 years of age and older [91]. Orlistat blocks the 
absorption of fat in the intestine by inhibiting lipase activity. Because Orlistat may reduce the absorp-
tion of fat- soluble vitamins, the FDA recommends children on Orlistat treatment take a daily multi-
vitamin supplement that contains vitamins A, D, E, and K [91]. In addition, every meal should have 
no more than 30 % calories from fat. A non-prescription, reduced-strength version of Orlistat (Alli; 
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GlaxoSmithKline) was FDA-approved in 2007 for adult use, but not adolescents. Several studies 
have demonstrated the safety and efficacy of Orlistat on weight loss in obese adults [92–94]. Among 
children and adolescents, Orlistat is effective; yet, side effects (e.g., fatty/oily stool, fecal urgency) 
are common [95–99].

Sibutramine was briefly FDA-approved in 2009 for adolescents 16 years and older and considered 
to be effective in decreasing BMI [100–102]. Among adults, this drug treatment was associated with 
weight loss and maintenance [103, 104]. However, in 2010, this medication was withdrawn because a 
large clinical trial reported increased risk of non-fatal myocardial infarction and non-fatal stroke after 
long-term use (i.e., average 3 years) among older adults with pre-existing history of cardiovascular 
disease, type 2 diabetes, or both [103]. Similar, but less severe side effects (e.g., increased heart rate 
and blood pressure), had been observed among adolescents [100, 102].

Although weight-loss surgery for adolescents was first reported in 1980, it was not until 2004 that 
surgical and pediatric experts recommended this strategy as an appropriate treatment for severely 
obese adolescents [105]. There are several criteria that adolescents must meet to be eligible for the 
surgery [106]. Adolescents must have failed at least 6 months of a structured weight-loss program. A 
BMI in the 99th percentile with either serious comorbidities (e.g., type 2 diabetes, moderate, or severe 
obstructive sleep apnea) or other comorbidities (e.g., hypertension, insulin resistance, impaired qual-
ity of life or activities) is required. A BMI in the 99th percentile is equivalent to having an adult BMI 
greater than 35 (with serious comorbidities) or greater than 40 (with other comorbidities), which are 
the BMI criteria for adults to be eligible for weight-loss surgery [107]. Adolescents must also have 
reached 95 % of skeletal maturity based on radiography and reached a puberty maturity of a Tanner 
stage IV or V. Psychologically, adolescents must exhibit that they understand the dietary and physical 
activity changes that will be required of them for optimal post-operative success and the potential 
risks and benefits of surgery. Last, a supportive network needs to be in place during pre- and post- 
operative procedures [106].

The most frequent weight-loss surgery procedures conducted on adolescents include the roux en Y 
gastric bypass (RYBG), adjustable gastric banding (AGB), and the laparoscopic sleeve gastrectomy 
(LSG), with RYBG being the most common of the three procedures. RYBG procedure reorganizes the 
gastrointestinal tract to bypass the stomach and duodenum and creates an egg-size pouch. This new 
pouch is limited by the amount of food that it can hold. The concern with this surgery is that nutrients 
will not be absorbed properly due to the reconfiguration of the gastrointestinal tract. Specifically, 
deficiencies in thiamine, iron, calcium, and vitamins B12 and D have been observed [108, 109]. 
RYBG has been successful in helping adolescents lose weight and decrease cardiovascular risk fac-
tors, including elevated glucose (i.e., fasting glucose and HbA1c) and lipids (i.e., LDL-cholesterol 
and triglycerides) [110–112].

AGB and LSG are appealing to adolescents because they avoid intestinal bypass. AGB is a laparo-
scopic surgical procedure where a saline-filled band is placed around the stomach, just below the 
junction of the esophagus. This restrictive procedure creates a small gastric pouch. A saline solution 
is injected through a port surgically implanted on the abdominal wall under the skin when there is a 
need to adjust the band [72, 113]. AGB has been associated with helping adolescents lose significant 
amounts of weight and improve quality of life and depressive symptoms [114–116]. However, AGB 
is not FDA-approved for adolescents, and the information made available is through clinical trials 
designed to investigate the safety and effectiveness of the procedure [72]. Complications that occur 
among some recipients of AGB are band slippage (or band dislocation) which can lead to band ero-
sion or pouch dilatation and require surgery to correct [117]. Over the years, this procedure has 
become the least popular of the three [118].

LSG is a procedure where a significant portion of the stomach is surgical removed. Specifically, the 
stomach is stapled into a smaller pouch that is the shape of a sleeve, banana, or half-moon tube. This 
results in individuals feeling fuller sooner and increases satiety [119]. It is hypothesized that greater 
satiety occurs because less ghrelin (i.e., hormone that stimulates hunger) is secreted by the lining of 
the fundus as a consequence of the fundus being resected in the gastrectomy [120]. Short-term data 
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suggest that it is safe and effective in helping adolescents lose weight and improve quality of life 
[121–123]. Trends indicate that this procedure is increasing in popularity [118]. Popularity is not only 
related to the positive outcomes of the surgery, but also because LSG is (a) surgically less technically 
challenging compared to RYBG and (b) does not involve implantation of an artificial device like AGB 
[124]. However, the stapling does place individuals at risk for post-surgery complications, and the 
procedure is irreversible [119]. Data that follow these adolescents into adulthood are needed to under-
stand the sustainability of their weight loss and the reduction of their comorbidities. In addition, clini-
cal trials that compare all three surgical methods are needed.

 Future Directions

While current treatment strategies to reduce childhood obesity have shown some progress, childhood 
obesity remains a serious concern due to its high prevalence rate [1]. In order to further decrease the 
prevalence of obesity in children and adolescence in the future, more advanced strategies need to be 
implemented and newer observational and experimental research must be conducted.

 Critical Periods for Weight Gain

An important aspect in attempting to reduce the prevalence of childhood obesity in the future is to 
identify periods of critical weight gain. Weight gain may not necessarily follow a smooth, continuous 
pattern. If there are instances where weight gain is disproportionally accelerated, it is essential to 
attempt to understand the fundamental causes and address them. A suspected period of significant 
weight gain among children has been during summer vacation and winter holiday break. During the 
holiday season, children from third to fifth grade gain an average 1.3 lb in weight and grew an average 
0.3 inches in height; yet, this resulted in no significant difference in BMI [125]. In contrast, summer 
weight gain is an order of magnitude greater than over the general school year [126]. Fitness progress 
from school-based interventions is also lost during the summer vacation [126, 127]. An area for future 
development could include analyzing dietary assessments, along with physical activity, in children 
throughout an entire year in attempt to map changes in food consumption and physical activity. Data 
should also be collected on the environmental changes that may occur. Since informal childcare is 
linked with increased risk of obesity, summer weight gain could be accounted for by the different 
lifestyles under day-care centers, babysitters, and relative care [128].

 Use of Social Media Marketing to Target Adolescents for Nutrition 
and Physical Activity Information

Social marketing is a method used to alter or maintain people’s behavior and ideas for the benefit of 
society. It proved to be successful at targeting public health issues such as vaccination, breast-feeding, 
and tobacco usage. Social marketing has made notable progress in increasing exercise and improving 
diet among children [129]. Most methods of social marketing concerning childhood obesity that tar-
gets children include integrated school programs, advertisements, and books.

According to PEW Research Center 2015 data, 73 % of adolescents have smartphones, while 71 % 
use more than one social network site [130]. This indicates a potential setting to use as social market-
ing to decrease the prevalence of childhood and adolescent obesity [131]. While many programs use 
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social media for social marketing, there is little research on the effectiveness on targeting adolescents 
[132]. This may be an area for future development. In conjunction with artists, athletes, and entertain-
ment figures that are popular among adolescents, information may be used to alter the behavior of 
overweight or obese children and adolescents. More research is necessary to present data on obese 
adolescents to understand whether variances in ethnicity, gender, socioeconomic status, and geo-
graphic status affect the level of participation with social media and technology-driven interventions. 
Further research is also needed to recognize what elements can be merged into social media that will 
increase the effectiveness of interventions to decrease the prevalence of childhood obesity. Even 
though social media marketing is not likely to be successful at reducing rates of obesity indepen-
dently, it may be significant in combination with other interventions.

 Conclusion

Although childhood obesity rates for the most part are stabilizing or plateauing, overall the prevalence 
rates remain high, and obesity-related comorbidities are influencing the physical, physiological, and 
psychological health of children. Several measurement guidelines and methodologies have been 
developed to assist with identifying children at-risk for obesity as well as those that are obese. The 
methodologies used to measure weight and adiposity each have their own sets of limitations; yet, 
when used together, they can build a comprehensive body composition profile. Guidelines by national 
organizations and committees, along with structured interventions and corresponding strategies, have 
been created to assist with lowering the weight status of overweight and obese children and related 
comorbidities. A multidimensional family-based behavioral approach that focuses on diet, physical 
activity, and behavior modifications has gained the most traction. For severely obese children that do 
not respond to behavioral interventions, medical therapy is available. Although medical therapy is 
considered safe and effective, it is not the preferred choice of treatment. Overall, significant gains 
have been made in understanding and treating pediatric obesity. Despite these gains, many children 
and families remain significantly impacted by this disease. Innovation from both researchers and 
healthcare providers is needed to further stem the tide of this epidemic.
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Key Points

• The risk for atherosclerotic cardiovascular disease begins in childhood and progresses through 
adolescence and young adulthood to produce adverse outcomes later in life.

• The traditional risk factors that have been a focus in adults are also important for children and 
adolescents—they include obesity, diabetes, elevated blood pressure, dyslipidemia and cigarette 
smoking.

• Identification and management of cardiovascular risk factors in children and adolescents require a 
team of healthcare professionals, including physicians, nurses, dietitians and exercise 
physiologists.

• Children and adolescents do not usually live in an environment that makes the health choice for 
diet, physical activity or sleep the easy choice.

• Behavior change interventions must focus on changing the home environment to encourage health-
ier choices.

• Identifying risk factor development in children and adolescents is important so that appropriate 
treatment and intervention can be implemented.

Keywords Pediatric nutrition • Obesity or childhood obesity • Cholesterol • Cardiovascular disease 
• Dyslipidemia • Familial hypercholesterolemia
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 Introduction

Cardiovascular disease is the number one cause of death in the USA despite improvement in mortality 
over several decades [1]. Studies such as the Bogalusa and Muscatine studies in the USA and the 
Cardiovascular Disease in Young Finns and Childhood Determinants of Adult Health (CDAH) inter-
nationally have demonstrated that the risk for atherosclerotic cardiovascular disease begins in child-
hood and progresses through adolescence and young adulthood to produce adverse outcomes later in 
life [2–5]. These studies also confirm that the traditional risk factors that have been a focus in adults 
are also important for children and adolescents. These risk factors include obesity, diabetes, elevated 
blood pressure, dyslipidemia and cigarette smoking.

Recent research has shown that the prevalence of obesity in young people has leveled off at 
approximately 17 % [6]. However, some race/sex groups are disproportionately impacted, such as 
African American females [6]. While the stall in the increase in prevalence is good news, it should 
be noted that a prevalence of obesity at 17 % is far above what is optimal, especially given that it was 
approximately 5 % three decades ago [6]. With the increased prevalence and severity of obesity, 
there has also been an increase in the prevalence of type 2 diabetes mellitus in adolescents [7]. This 
is a major concern because it is well known that diabetes is a very potent cardiovascular disease risk 
factor in adults [8].

In 2011–2012, approximately one in five children and adolescents age 8–17 years had an abnor-
mal lipid value for total cholesterol, high-density lipoprotein (HDL)-cholesterol or non-HDL-cho-
lesterol based on data from the National Health and Nutrition Examination Survey (NHANES) [9]. 
In addition, slightly more than one in ten children and adolescents had borderline high or high 
blood pressure [9]. The prevalence of dyslipidemia had decreased somewhat between 1999–2000 
and 2011–2012, but the prevalence of borderline high and high blood pressure remained stable dur-
ing that time [9].

The concept of ideal cardiovascular health has been a focus of the American Heart Association 
(AHA) [10]. Ideal cardiovascular health means normal body mass index (BMI), no diabetes, normal 
cholesterol, normal blood pressure and no cigarette smoking. When ideal cardiovascular health is 
present in adults age 50, their subsequent risk of cardiovascular disease is quite low and longevity is 
increased on average by as much as 10 years compared to individuals with ASCVD risk factors pres-
ent [11]. One question is the extent to which ideal cardiovascular health is genetically determined. 
Studies have shown that less than 20 % is due to genetics, meaning that 80 % or more is determined 
by lifestyle factors such as diet and physical activity [12].

Most children are born with ideal cardiovascular health. Unfortunately, this beneficial condition is 
lost by many in childhood and adolescence and young adulthood. At age 50, it is estimated that fewer 
than 5 % of individuals in the USA have ideal cardiovascular health [10]. This emphasizes the impor-
tance of establishing healthy diet and physical activity patterns early in childhood and maintaining 
them throughout life. It is important to emphasize the family unit as one that can facilitate mainte-
nance of optimum diet and physical activity for both adults and children.

There has been some controversy regarding the optimum approach to diet to reduce risk of cardio-
vascular disease. However, decades of research support the focus on dietary patterns, which empha-
size higher consumption of fruits and vegetables, whole grains, low-fat dairy and fish, while limiting 
consumption of foods high in sugar or saturated fat. This means elimination of foods and beverages 
with added sugar and salt and focusing on protein from poultry while also choosing lower saturated 
fat cuts of red meat [13]. In this chapter, we will discuss approaches to achieve optimum nutrition in 
children and adolescents and present recommendations both for prevention of risk factor development 
and lifestyle treatment once risk factors emerge.
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 Pediatric Obesity

Obesity, or an excess percentage of body weight as fat, is a chronic disease resulting from the imbal-
ance of energy intake from food and the energy expended through physical activity. The prevalence of 
obesity in US children and adolescents has grown into a major health problem [14]. Today, about one 
in three American children and adolescents are overweight or obese (~31.8 %) [15]. This makes pre-
vention and treatment of childhood overweight and obesity an important public health priority. The 
development of overweight and obesity in children is influenced by a complex interplay of various 
genetic, behavioral and environmental factors. Non-Hispanic black and Hispanic children have higher 
prevalence rates than non-Hispanic white and non-Hispanic Asian [16]. Low-income children and 
adolescents are more likely to be obese than their higher-income counterparts, but the relationship is 
not consistent across race and ethnicity groups [16]. Children who are obese are at increased risk of 
obesity as an adult [17].

 Assessment of Pediatric Obesity

Weight status in children is defined using BMI. BMI is an anthropometric measurement of body 
weight in kilograms (kg) divided by the square of the height in meters. Percentile distributions relative 
to gender and age in the 2000 Centers for Disease Control (CDC) growth charts are used as reference 
points [18]. BMI has been accepted as a useful tool to assess body fat [19]. Increasing BMI levels 
correlate with excess body fat [20]. Children with a BMI above the 85th percentile are considered 
overweight and above the 95th percentile are considered obese (Table 12.1).

The risk of obesity can also be assessed by examining growth trends and change in weight velocity. 
Weight gains trending upward and crossing over two percentiles may be at risk of obesity. Children 
younger than 2 years who have a growth trend that crosses two percentile lines on the length for 
weight chart have the highest prevalence of obesity 5–10 years later [21]. Waist-to-hip ratios and 
skinfolds are not recommended for the assessment of adiposity in children and adolescents [22].

 Health Impact of Obesity in Children

Pediatric obesity is associated with an increased risk of a broad range of health problems including 
hypertension [23], impaired glucose tolerance [24], sleep apnea [25], elevated serum lipid levels [23], 
elevated hepatic enzyme levels [26], type 2 diabetes [27], respiratory problems including sleep apnea 

Table 12.1 National Heart, Lung and Blood Institute (NHLBI) expert panel on the identification, evaluation and 
treatment of overweight and obesity

Classification BMI-for-age percentile

Underweight <5th
Healthy weight 5–84th
Overweight 85–94th
Obesity 95th

Barlow [22]
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and asthma [28, 29] and joint and musculoskeletal problems [28, 30]. Psychological stress such as 
depression, behavioral problems and issues in school are associated with childhood obesity [31–33].

 Behavioral Factors

Lifestyle behaviors have a great impact on health and weight. Some key behaviors have been identified 
as risk factors in the development of childhood overweight and obesity. Behavior changes may be con-
sidered as targets for intervention when working with overweight/obese children and their families.

 Diet

Specific dietary factors that can increase the risk of excessive energy intake relative to energy expendi-
ture include regular intakes of sugar-sweetened beverages (SSB), greater intakes of fast food, increased 
intakes of solid fats and added sugars and eating larger portions of food [34]. Increased intake of fruits 
and vegetables may be associated with a decreased risk of obesity in children [34]. Additionally, some 
observational research indicates that low dairy and calcium-rich food intake may increase risk [34]. 
Breakfast skipping has been indicated as a dietary behavior that is associated with obesity [34]. 
Consequently, eating breakfast daily is associated with weight loss and maintenance in addition to 
improving nutrient intake [35]. Family meals, especially those with positive family- and parent-level 
interpersonal dynamics (i.e., warmth, group enjoyment and parental positive reinforcement) and with 
positive parent-level food-related dynamics (i.e., food warmth, food communication and parental food 
positive reinforcement), are associated with a reduced risk of childhood overweight and obesity [36].

 Physical Activity

Lack of physical activity and sedentary lifestyle play key roles in the development of pediatric obesity. 
Regular physical activity and participation in sports may decrease risk of development of obesity in 
children [34].

 Screen Time

Television viewing, playing of video games and recreational use of computers and cell phones are 
sedentary behaviors. Screen time exceeding 2 h per day increases childhood obesity risk [34]. 
Additionally, foods high in total calories, sugars, salt and fat and low in nutrients are highly adver-
tised and marketed through media targeted to children and adolescents [37]. This can influence food 
intake.

 Sleep

Shorter sleep duration, poor sleep quality or poor sleep hygiene can increase risk of obesity [34, 38].
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 Environmental Factors

Environmental factors such as those in the child’s home, school and community can influence their food 
intake and physical activity. Parental dietary and physical activity habits can impact a child’s weight and 
health outcomes. Nearly half of US middle and high schools allow advertising of less healthy foods which 
can hinder their ability to make healthy food choices [39]. Some children and their families have less access 
to stores and supermarkets that sell healthy, affordable food such as fruits and vegetables. This can be espe-
cially true in rural, minority and lower-income neighborhoods [40]. Supermarket access is associated with 
a reduced risk for obesity [40]. For families who live in areas with an overabundance of less healthy food, 
such as convenience stores and fast food restaurants, making healthy food choices can be difficult. Many 
communities lack safe and appealing places to be physically active. Some are built in ways that make it 
difficult or unsafe to be physically active. For some families, getting to parks and recreation centers may be 
difficult, and public transportation may not be available. Policy changes may be required to help minimize 
environmental influences on the development of overweight and obesity in children.

 Targets for Intervention of Childhood Obesity

The National Heart, Lung and Blood Institute (NHLBI) Expert Panel on the Identification, Evaluation, 
and Treatment of Overweight and Obesity Recommendations provides guidelines for practitioners 
working with pediatric patients and their families in all areas of obesity care [22]. Interventions are 
categorized into different stages according to severity of obesity. The appropriate stage of treatment is 
based on age, BMI-for-age percentile and the presence of other health risks (Table 12.2).

The Academy of Nutrition and Dietetics Evidence Analysis Library (EAL) Evidence-Based Pediatric 
Weight Management Nutrition Practice Guideline, 2007, provides complementary guidelines.

 Stage 1: Prevention Plus

A family approach focusing on healthful eating and activity behaviors aimed at improving BMI sta-
tus. The involvement of the child’s parent or caregiver is recommended especially for children ages 6 
to 12 years [34].

Table 12.2 National Heart, Lung and Blood Institute (NHLBI) expert panel on the identification, evaluation, and 
treatment of overweight and obesity

Counseling 
stage Age BMI%

Health 
risk Goal

Stage 1 <18 <94th No Weight maintenance until BMI-for-age is <85th percentile or a slower 
rate of weight gain

Stages 1–2 2–18 85–94th Yes Weight maintenance until BMI-for-age is <85th percentile or a slower 
rate of weight gain

Stages 1–2 6–18 95–98th Yes Weight maintenance until BMI-for-age is <85th percentile or a 
gradual weight loss of 1 lb/month

Stages 1–3 2–5 95–98th Yes Weight maintenance until BMI-for-age is <85th percentile or a 
gradual weight loss of 1 lb/month

Stages 1–3 2–5 ≥99th Yes Gradual weight loss ≤1 lb/month
Stages 1–3 6–11 >99th Yes Weight loss of 2 lb/month
Stages 1–4 12–18 >95th Yes Weight loss ≤2 lb/week until BMI-for-age is <85th percentile

Barlow [22]
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Targeted behaviors include:

 1. limiting consumption of SSB and juice
 2. encouraging diets with adequate fruit and vegetable consumption
 3. limiting television and other screen time
 4. eating breakfast daily
 5. limiting eating out at restaurants especially fast food restaurants
 6. encouraging family meals in which parents and children eat together
 7. limiting portion sizes
 8. consumption of diets rich in calcium
 9. consumption of diets high in fiber
 10. eating a diet with balanced macronutrients (energy from fat, carbohydrates and protein in propor-

tions for age as recommended by Dietary Reference Intakes-United States Department of 
Agriculture (USDA) dietary guidelines for Americans, 2005) [35], encouraging exclusive breast-
feeding for 6 months of age

 11. maintenance of breastfeeding after introduction of solid food to 12 months of age and beyond, 
consistent with American Academy of Pediatrics recommendations [41, 42]

 12. promoting moderate to vigorous physical activity for at least 60 min each day
 13. limiting consumption of energy-dense foods

 Stage 2: Structured Weight Management

This stage includes the support of a Registered Dietitian Nutritionist (RDN). A nutrition prescription 
including a mild energy deficit is included in this stage [34].

Nutrition Prescription The nutrition prescription is based upon the patient’s resting metabolic rate 
(RMR) and is intended to promote normalization of growth and eating patterns. If the RMR cannot be 
measured, then the Institute of Medicine’s (IOM’s) total energy expenditure equations for overweight 
boys, girls and adolescents can be used [34]. Formulas to estimate the energy required for maintaining 
energy balance for age- and gender-specific groups at three different physical activity levels are pro-
vided by the IOM’s report on macronutrient Dietary Reference Intakes provided as defined in 
Table 12.3 [43].

Table 12.3 Definition of Levels of Activity

Activity term Definition

Sedentary Reflects basal metabolism, thermic effect of food and physical activities required for independent 
living

Low active Same as sedentary but includes daily physical activity equivalent to walking approximately 2 miles per 
day at 15–20 min per mile or an equal amount of other moderate-intensity activities, such as raking 
leaves, vigorous house work or low-impact aerobics class, each day

Active Same as sedentary but includes daily physical activity equivalent to walking approximately 7 miles per 
day at 15–20 min per mile—approximately 1 h and 45 min to 2 h and 40 min or 70 min of 
vigorous-intensity activities (bicycle riding, tennis or jogging)

Very active Same as sedentary but includes daily physical activity equivalent to walking approximately 7 miles per 
day at the rate of 3–4 miles per hour

Institute of Medicine (IOM) 2005
IOM equations have been validated in overweight children and adolescents aged 3–18 years
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To promote a 1-lb weight loss per month, subtract 108 kcal/day from the estimated energy require-
ment (EER) (Table 12.4).

Balanced hypo-caloric diets are prescribed to achieve a healthier weight or promote weight stabi-
lization. They should include 45–65 % of energy from carbohydrate; 10–35 % of energy from protein 
and 20–35 % of energy from fat [34]. Nutrition prescriptions are used to help guide the clinician and 
not always disclosed to the parent or the patient. They can be translated into an eating plan. A meal 
and snack schedule as well as 1 h of supervised and planned daily physical activity are also included. 
Self-monitoring is implemented by the family, with staff support using motivational interviewing 
techniques to help set goals and identify barriers [34].

 Stage 3: Comprehensive Multidisciplinary Intervention

The intensity of behavior changes and frequency of visits is increased in this intervention. An 
interdisciplinary team of specialists with experience working with overweight or obese children is 
also added. During this phase, medical nutrition therapy (MNT) should be a minimum of 3 months 
or until baseline weight management goals are reached. More successful weight loss and weight 
maintenance may be achieved by increasing the frequency of contacts between the patient and 
practitioner [34].

 Stage 4: Tertiary Care Intervention

This stage may be appropriate for severely obese children (BMI-for-age greater than the 99 percen-
tile) who have attempted the Stage 3 intervention. Interventions are more aggressive and include 
medications, very-low energy diets and weight-control surgery with standard clinical protocols.

 Recommended Diet for Prevention

Nutrition plays a vital role in the healthy growth and development of children. A healthy diet and 
regular physical activity are important to prevent obesity in children. Eating patterns established in 
childhood often track into adulthood.

Table 12.4 Estimated Energy Requirement (EER)

Estimated EER overweight males (3–18 years) Estimated EER overweight females (3–18 years)

EER = 114 – (50.9 × age in years) + physical 
activity × [19.5 weight in kg + 1161.4 × height in 
meters]

EER + 389 – (41.2 × age in years) = (physical 
activity × [15 × weight in kg = 701.6 × height in meters])

Male activity factors: Female activity factors:
  Sedentary: 1   Sedentary: 1
  Low active: 1.12   Low active: 1.18
  Active: 1.24   Active 1.35
  Very active: 1.45   Very active: 1.60

Institute of Medicine (2005)
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 USDA Dietary Guidelines

The 2010 Dietary Guidelines for Americans developed by the USDA and the United States Department 
of Health and Human Services (USDHHS) provide recommendations for healthy eating and mainte-
nance of a healthy weight based on current nutrition research [35]. The 2015 guidelines are expected to 
be released in late 2015 or early 2016. The current 2010 Dietary Guidelines are intended for all Americans 
ages 2 years and older including those at increased risk of chronic disease. Children are a particularly 
important focus of the guidelines because of the epidemic of childhood overweight and obesity in addi-
tion to the growing body of evidence that optimal nutrition plays a vital role throughout the lifespan.

According to the current dietary guidelines, a healthy eating pattern (1) includes only enough calo-
ries from foods and beverages to meet calorie and nutrient needs, (2) is balanced with physical activ-
ity, (3) limits intake of sodium, solid fats, added sugars and refined grains and (4) emphasizes 
nutrient-dense foods and beverages such as vegetables, fruits, whole grains, fat-free or low-fat milk 
products, seafood, lean meats and poultry, eggs, beans and peas, and nuts and seeds.

 Key Recommendations

Balancing Calories to Manage Weight

• Prevent and/or reduce overweight and obesity through improved eating and physical activity 
behaviors.

• Control total calorie intake to manage body weight. For people who are overweight or obese, this 
will mean consuming fewer calories from foods and beverages.

• Increase physical activity and reduce time spent in sedentary behaviors.
• Maintain appropriate calorie balance during each stage of life: childhood, adolescence, adulthood, 

pregnancy and breastfeeding, and older age.

Foods and Food Components to Reduce

• Reduce daily sodium intake to less than 2,300 milligrams (mg) and further reduce intake to 
1,500 mg among persons who are 51 and older and those who are African American at any age or 
have hypertension, diabetes or chronic kidney disease. The 1,500 mg recommendation applies to 
about half of the US population, including children and the majority of adults.

• Consume less than 10 % of calories from saturated fatty acids by replacing them with monounsatu-
rated and polyunsaturated fatty acids.

• Consume less than 300 mg per day of dietary cholesterol.
• Keep trans fatty acid consumption as low as possible by limiting foods that contain synthetic 

sources of trans fats, such as partially hydrogenated oils, and by limiting other solid fats.
• Reduce the intake of calories from solid fats and added sugars. A total of 5–15 % of calories 

from solid fats and added sugars are reasonable in the USDA food patterns. To help accomplish 
this, limit added fats and sugars when cooking and consume smaller portions of foods and bever-
ages that contain added fats such as grain based desserts, sodas and other sugar sweetened 
beverages.

• Limit the consumption of foods that contain refined grains, especially refined grain foods that 
contain solid fats, added sugars and sodium.
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Foods and Nutrients to Increase

Individuals should meet the following recommendations as part of a healthy eating pattern while stay-
ing within their calorie needs:

• Increase vegetable and fruit intake. Fruits and vegetables prepared without added fats or sugars are 
relatively low in calories. Eating these instead of higher calorie foods can help children achieve and 
maintain a healthy weight. Consumption of fruits and vegetables is also associated with reduced 
risk of chronic disease. Two and a half cups of vegetables and fruits per day is associated with a 
reduced risk of cardiovascular disease, including heart attack and stroke [35].

• Eat a variety of vegetables, especially dark-green, red and orange vegetables and beans and peas.
• Consume at least half of all grains as whole grains. Increase whole-grain intake by replacing 

refined grains with whole grains.
• Increase intake of fat-free or low-fat milk and milk products such as milk, yogurt and cheese or 

fortified soy beverages.
• Choose a variety of protein foods, which include seafood, lean meat and poultry, eggs, beans and 

peas, soy products, and unsalted nuts and seeds.
• Increase the amount and variety of seafood consumed by choosing seafood in place of some meat 

and poultry.
• Replace protein foods that are higher in solid fats with choices that are lower in solid fats and calo-

ries and/or are sources of oils.
• Use oils to replace solid fats when possible.
• Choose foods that provide more potassium, dietary fiber, calcium and vitamin D, which are nutri-

ents of concern in American diets. These foods include vegetables, fruits, whole grains and milk 
and milk products [35].

 USDA Plate Model

Choose MyPlate illustrates the five food groups in the image of a place setting to guide American’s 
food choices. The MyPlate or Plate Model represents a meal (plate) containing ½ vegetables or a 
combination of vegetables and fruits, ¼ whole grains or starch and ¼ lean protein foods. It is accom-
panied by a cup of milk. A daily food plan based on calorie levels can show targets for recommended 
daily servings of major food groups. See www.choosemyplate.gov

 American Heart Association (AHA) Dietary Recommendations for Healthy Children

The AHA dietary recommendations start in infancy. Breastfeeding is considered ideal nutrition and 
sufficient to support optimal growth and development for the first 4–6 months of life. Maintaining 
breast feeding for 12 months is encouraged. Transition to other sources of nutrients should begin 
around 4–6 months of age to ensure sufficient micronutrients in the diet. It is recommended that 100 % 
fruit juice introduction is delayed until at least 6 months of age and further limit to no more than 4–6 oz 
per day. Juice should only be fed from a cup. Overfeeding infants and young children is discouraged 
acknowledging that caloric intake can vary from meal to meal, and self-regulation abilities usually help 
growing children to consume the calories they need from day to day. Healthy foods should be intro-
duced and offered even if they are initially refused. Low nutritional value foods should be avoided.
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Eating patterns for families are also recommended by the AHA. Energy (calories) should be ade-
quate to help support growth and development and reach or maintain desirable body weights. Foods 
low in saturated fat, trans fat, cholesterol, sodium and added sugars are encouraged. A total of 30–35 % 
of calories should come from fat for children 2–3 years of age. A total of 25–35 % of calories should 
come from fat for children and adolescents 4–18 years of age. The majority of the fats should come 
from monounsaturated and polyunsaturated sources such as fish, nuts and vegetable oils. A variety of 
carbohydrates including whole grain, high-fiber breads and cereals and fruits and vegetables are rec-
ommended. Each meal should contain at least one fruit or vegetable. One to two cups of fruits and 
three fourth to three cups of vegetables per day are recommended for children depending on age. Fruit 
juice should be limited. A variety of lean protein foods are recommended. Fish should be introduced 
and regularly served. Fat-free and low-fat dairy foods are also recommended. Two cups of milk or 
milk equivalents per day are needed for children ages 1–8 years. Three cups per day are needed for 
children ages 9–18 years. Overfeeding children is discouraged. Eating only enough calories to main-
tain a healthy weight is recommended. Sixty min or 1 h of physical activity every day is recommended 
for all children [44].

 Sugar-Sweetened Beverages

The USDA Dietary Guidelines recommend reduced intakes of SSB for all children. Strong evidence 
shows that children and adolescents who consume more sugar-sweetened beverages have higher body 
weights compared to those who drink less [35]. SSB were the fourth highest source of calories among 
Americans ages 2 years and older according to the NHANES, 2005–2006 report. SSB provide excess 
calories and few essential nutrients to the diet and should only be consumed when nutrient needs have 
been met and without exceeding daily calorie limits. Intakes of 100 % fruit juice for children and 
adolescents, especially those who are overweight or obese, should be monitored for appropriate por-
tion size [35].

 Physical Activity

The 2008 Physical Activity Guidelines for Americans (PAG) provides guidance to help Americans 
improve their health, including their weights, through appropriate physical activity. Children and 
adolescents ages 6–17 years should do 60 min (1 h) or more of physical activity daily. Types of 
activities include a combination of aerobic, muscle-strengthening and bone-strengthening type 
exercises. Aerobic activities include moderate (increases heart rate and breathing to a 5 or 6 on a 
scale of 0–10) or vigorous (increases heart rate and breathing to a 7 or 8 on a scale of 0–10) inten-
sity exercises. Moderate types of activities include brisk walking, dancing, swimming or bicycling 
on a level terrain. Vigorous types include jogging, singles tennis, swimming continuous laps or 
bicycling uphill. Aerobic activity should be included at least 3 days of the week. Muscle-
strengthening activities increase skeletal muscle strength, power, endurance and mass. They 
include strength training, resistance training, and muscular strength and endurance type exercises. 
Muscle-strengthening exercises are recommended 3 days per week. Bone-strengthening activities 
produce an impact or tension on bones, which promotes bone growth and strength. Running, 
jumping rope and lifting weights are examples. Bone- strengthening type exercises are recom-
mended on at least 3 days of the week. Physical activity for young people should be age appropri-
ate, enjoyable and offer variety [45].
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 Screen Time

Children and adolescents are encouraged to spend no more than 2 h each day watching television, 
playing electronic games or using the computer. It is also recommended that eating is avoided while 
watching television which can result in overeating [35].

 Dyslipidemias

Lipoproteins are complex particles that transport triglyceride, cholesterol, phospholipid and protein in 
the blood. Defects in the production, transport and/or clearance pathways for lipoproteins can result 
in abnormally high or low blood lipid concentrations (dyslipidemias). Depending on the type, severity 
and duration of the dyslipidemia, adverse cardiovascular consequences can occur, sometimes early in 
life. Lipoprotein metabolism occurs in many steps and involves a diverse array of specialized proteins. 
A brief overview of lipoprotein metabolism follows along with a description of the most common 
types of dyslipidemias.

 Lipoprotein Metabolism

Following digestion and absorption into the enterocyte, lipids are re-aggregated with apolipoprotein 
B-48 into large, triglyceride-rich particles called chylomicrons. Chylomicrons transport dietary fat 
and cholesterol from the small intestine to the liver and periphery. The triglycerides contained in the 
particles are hydrolyzed by the enzyme lipoprotein lipase that resides on the capillary endothelium of 
adipose and muscle tissue. Apolipoprotein C-2 is necessary for the activation of this enzyme; the 
chylomicron acquires this protein and apolipoprotein E in circulation through interaction with high 
density lipoprotein (HDL) [46]. When approximately 80 % of the triglyceride has been removed from 
the chylomicron, it is considered a remnant and is cleared by the hepatic low-density lipoprotein 
receptor (LDLR) that recognizes and binds with apolipoprotein E [47].

Very low-density lipoprotein (VLDL) particles are assembled in the liver from endogenously 
derived triglyceride and cholesterol bound to apolipoprotein B-100. These particles are released into 
the circulation and are metabolized in a manner similar to the chylomicron: Apolipoprotein C-2 and 
E adsorb to the particle surface, lipoprotein lipase hydrolyzes the VLDL triglyceride and the particle 
decreases in size and becomes a remnant (also known as intermediate-density lipoprotein or IDL). In 
contrast to chylomicrons, only about 50 % of LDL is cleared by the LDLR, which recognizes and 
binds to apolipoprotein B-100 on the particle surface [48]. The remaining remnant undergoes further 
hydrolysis by hepatic triglyceride lipase, leading to the formation of a cholesterol ester-enriched par-
ticle called low-density lipoprotein (LDL). Approximately 50 % of LDL is taken up by the LDLR in 
the liver, adrenals and other tissues. The remaining LDL is cleared by non-receptor pathways, includ-
ing scavenger receptors that recognized chemically modified phospholipids on the LDL surface [49]. 
High blood concentrations of LDL can lead to increased uptake into the vascular sub-endothelium 
where chemically modified LDL particles are recognized and engulfed by mature white blood cells 
called macrophages, leading to the formation of foam cells. Further accumulation of cholesterol, 
smooth muscle cells and calcium in the vascular wall can lead to the formation of hardened plaque, 
which is the hallmark of atherosclerosis and may lead to adverse cardiovascular consequences. High 
LDL-cholesterol is specifically associated with the atherosclerotic process [50].
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HDL is formed in the plasma as lipid poor particles with phospholipid bound to apolipoprotein A-1 
[51]. These particles can penetrate through the capillary endothelium to the surface of extrahepatic 
tissue, including vascular endothelium, where HDL collect free cholesterol and phospholipid [6]. 
Interaction with cholesterol ester transfer protein enables the exchange of cholesterol in HDL with 
triglyceride from lipoproteins containing apolipoprotein B100. This exchange ultimately allows cho-
lesterol to be transported back to the liver and cleared by the LDLR [51, 52]. High HDL cholesterol 
is a positive factor for protection against atherosclerosis [53].

Common Dyslipidemias Several forms of dyslipidemias have strong genetic components, and some 
of the more common are described below.

Familial Hypercholesterolemia (FH) The most common type of gene disorder of lipoprotein 
metabolism is familial hypercholesterolemia (FH) (type II a hyperlipidemia). FH is an autosomal-
dominant trait caused by any one of 1,100 identified mutations in the LDLR gene [54]. The heterozy-
gous form is found in approximately 1 in 250 persons, and plasma cholesterol levels are two to three 
times higher than normal [55]. Individuals with heterozygous FH are at risk for developing premature 
coronary artery disease (CAD) between the ages of 30 and 60 years [56]. The homozygous type of FH 
is found in one in one million persons, and plasma cholesterol levels can be four to six times higher 
than normal [55]. Due to the excessively high cholesterol in the circulation, deposits of cholesterol 
form in the tendons (xanthomas) and eyelids (xanthelasmas). Children with homozygous FH have 
premature CAD and should be treated aggressively. Often, LDL apheresis is used to selectively 
remove apolipoprotein B-containing particles from the circulation, which can reduce LDL concentra-
tions up to 72 % [57].

Familial Combined Hyperlipidemia (FCHL) This autosomal-dominant disorder occurs in 1–2 % 
of the Western population [58]. The disorder is most commonly caused by an overproduction of 
VLDL. Depending on the efficiency of VLDL catabolic and clearance pathways, patients may present 
with different lipoprotein patterns such as elevated LDL levels with normal triglyceride (type II a), 
elevated LDL levels with elevated triglycerides (type II b) or normal LDL with elevated triglycerides 
(type IV) [58]. A diagnosis of FCHL is based on the patient having two or more first-degree relatives 
with serum LDL-cholesterol or triglycerides above the 90th percentile. Patients with FCHL usually 
have other risk factors for CAD, including insulin resistance, central obesity and hypertension, and 
are at increased risk of premature CAD [59]. The clustering of CVD risk factors known as metabolic 
syndrome is becoming more prevalent in children and presents with a similar phenotype to 
FCHL. Central obesity generally precedes both glucose and lipid abnormalities. Weight management 
strategies are recommended as an important component of care for overweight children with FCHL 
and metabolic syndrome [60].

Familial Hypertriglyceridemia (FHTG) The population prevalence of this autosomal-dominant 
disorder is ~5–10 % [58]. Individuals with FHTG have the metabolic defect of hepatic secretion of 
unusually large TG-rich VLDL particles that are catabolized slowly. The genetic basis for this defect 
is currently unknown. Although typically expressed in adulthood, the prevalence of FHTG is 
increasing in children. Obesity can accelerate the expression of FHTG, which presents as moderate to 
very high serum triglycerides (200–500 mg/dl range) and low to normal LDL and HDL cholesterol 
levels [61].

Low HDL Cholesterol Dyslipidemia characterized by low HDL cholesterol most commonly 
occurs concurrent with high TG, with or without elevations in small dense LDL-cholesterol. 
Obesity generally precedes dyslipidemia of this type; therefore, therapeutic lifestyle change 
strategies should be the focus of treatment [59]. Less common familial disorders of HDL are 
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hypoalphalipoproteinemia, Tangier’s disease and mutations of the apolipoprotein A-1. These disor-
ders are characterized by a low HDL cholesterol but no other lipid abnormality [62]. The risk of 
premature CAD in these patients is mild to moderate.

 Recommended Dietary Approached for Pediatric Dyslipidemias

Current pediatric recommendations for treating identified dyslipidemia include a two-step approach 
called the Cardiovascular Health Integrated Lifestyle Diet or CHILD-1 and CHILD-2 [63]. CHILD-1 
is appropriate for all children and is consistent with the 2010 Dietary Guidelines for Americans (DGA) 
[64]. It is considered the first-line approach to managing elevated LDL-cholesterol level. CHILD-1 
recommends a dietary fat composition of 25–35 % of calories with less than 10 % of calories from 
saturated fat, no or minimal trans fats and fewer than 300 mg of cholesterol per day. This latter recom-
mendation may be revised soon based on the 2015 Dietary Guidelines Advisory Committee (DGAC) 
[65] recommendation that cholesterol not be designated as a nutrient of concern for overconsumption. 
This recommendation is based on available evidence showing no appreciable relationship between 
dietary cholesterol intake and serum cholesterol. For children with persistently high elevated LDL- 
cholesterol, e.g., after 3–6 months of compliance with CHILD-1, the CHILD-2 diet is recommended. 
Restrictions of saturated fat to <7 % of total calories and cholesterol to <200 mg/day are advised on 
CHILD-2 (LDL). For both CHILD-1 and CHILD-2, weight management is recommended for chil-
dren with a BMI ≥85th percentile. According to CHILD guidelines, weight-reduction approaches 
should focus on decreasing the child’s weight-for-height (BMI) percentile while maintaining linear 
growth [63].

Approaches to achieve the total and saturated fat limits of CHILD-1 and −2 include early transi-
tion (between age 1 and 2 years) to a low-fat diet. This advice is supported by dietary safety data 
from the Special Turku Risk Intervention Program (STRIP) study that showed that dietary counsel-
ing to reduce saturated fat and cholesterol to DGA levels from 6 months to 20 years of age could be 
done safely under medical supervision [66]. In the STRIP study, indicators of diet safety included 
optimal growth and pubertal development, nutrient adequacy and favorable cardiovascular health 
metrics (lowering of LDL-cholesterol and blood pressure) in infants, children and adolescents [66]. 
To achieve the reduced fat goals of CHILD-1, which include a minimum of 30 % of energy for chil-
dren ages 2–3 years and a minimum of 25 % of energy for older children, emphasis should be placed 
on dietary patterns high in fruits, vegetables and whole grains [63]. Unprocessed forms of these 
foods are low in fat and high in fiber and will help to add bulk to the diet. Consumption of high-fiber 
foods has been shown to be an effective means of displacing calorically dense, nutrient poor foods 
[67]. Transition to reduce fat, unflavored milk and lean protein sources is also recommended by age 
2 years with special consideration given to gender and age-specific calorie and nutrient requirements 
for growth and development [64].

The Dietary Approaches to Stop Hypertension (DASH) diet [68, 69] is comparable to the CHILD-1 
food plan. A Mediterranean-type diet, if appropriately planned, may also conform to CHILD-1 [70, 
71]. These dietary patterns emphasize whole, unprocessed foods, unsaturated forms of fats and plants 
sources of protein. These food patterns have been recognized as effective in modifying cardiovascular 
risk factors including lowering blood pressure, improving blood lipids, and promoting weight loss 
[68–71]. Recently, greater improvement in vascular function was reported in obese adolescents with 
hypercholesterolemia on a 12-week Mediterranean-type diet intervention compared to a control group 
[68]. Meal plans have been published for these food patterns (68.70) and can be modified for progres-
sive saturated fat lowering and calorie and nutrient adequacy for children. Caution should be applied 
in this regard as dietary fat reduction below the lower limit established for CHILD-2 (LDL) has been 
associated with suboptimal intakes of calcium, zinc, vitamin E and phosphorus [72] and possible 
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failure to thrive [73]. Therefore, CHILD-2 (LDL) diet should be administered under medical supervi-
sion and with consultation with a registered dietitian if possible. The expected LDL-cholesterol reduc-
tion for children with hypercholesterolemia on CHILD-2 (LDL) is 3–10 % [74].

The efficacy of plant sterols for blood cholesterol lowering has been evaluated in children and 
adolescents with heterozygous FH. In these studies, plant sterols given in the form of prepared muf-
fins, margarines or chews in combination with a low-fat diet contributed to average LDL-cholesterol 
reductions of 5–15 % [75, 76]. Similar trials in adults with FH have demonstrated LDL-cholesterol 
improvements, but no positive impact on CVD events [77]. Concern has been raised about the poten-
tial for the malabsorption of fat and fat-soluble vitamins in children consuming plant sterols chroni-
cally [78]. For this reason, it is recommended that food preparations with plant sterols should be 
reserved for children with moderate to severe elevations in cholesterol with appropriate monitoring 
for fat-soluble vitamin status [63]. Soluble fiber given as psyllium in a dose of up to 6 g/day with a 
low-fat diet provided an additional 5–10 % reduction in LDL-cholesterol [79, 80]. In general, the 
extent to which dietary adjuncts lower LDL-cholesterol depends on previous dietary intake and base-
line LDL-cholesterol level.

A dietary pattern called CHILD-2 (TG) is recommended for children with dyslipidemia character-
ized by high TG and/or low HDL-cholesterol [63]. This diet emphasizes a dietary pattern low in satu-
rated fats, trans fats and refined carbohydrates. CHILD-2 (TG) emphasizes substituting unsaturated 
fats for saturated fats, decreasing intake from sugar-sweetened beverages and desserts, and substitut-
ing refined carbohydrates from highly processed breads, rice and pasta with whole grain sources of 
these same foods. Processed foods high in sugar are generally high in calories, which may contribute 
to weight gain and elevate serum TG. Modest weight loss for children with a BMI ≥85th percentile 
should favorably modify serum TG [81]. In addition, up to 60 min daily of moderate to vigorous activ-
ity is recommended for children ages 2–21 years with elevated TG as this degree of activity effectively 
reduces TG [82]. For children with very high TG, such as those with hyperchylomicronemia, medium 
chain triglyceride (MCT) oils may be considered. MCTs are comprised of fatty acids that are absorbed 
efficiently without the need for emulsification and do not require packaging into chylomicron for 
transport; therefore, MCTs are particularly beneficial for disorders that have defects in bile secretion 
or chylomicron aggregation or clearance processes [83].

 Hypertension

High blood pressure results when there is an increase in cardiac output or vascular resistance without 
a compensatory decrease in the variable’s counterpart [84]. According to the Fourth Report on the 
Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents, pediatric 
hypertension is defined as having a systolic and/or diastolic blood pressure measure greater than or 
equal to the 95th percentile for age, gender and height on multiple occasions; while prehypertension 
is defined as having a systolic and/or diastolic blood pressure above the 90th percentile but below the 
95th percentile for age, gender and height or for adolescence above 120/80 mmHg [85]. Based on 
recent survey data, childhood hypertension occurs in approximately 1–5 % of the pediatric population 
when repeated screenings are performed [86, 87] and prehypertension at a prevalence of 9–12 % [86]. 
Diagnosis of pre-hypertension should be confirmed with no less than three blood pressure measure-
ments taken on three separate occasions using standardized techniques and age-appropriate equip-
ment [84, 88]. Primary hypertension, or essential hypertension, is hypertension for which there is no 
identifiable cause. By contrast, secondary hypertension manifests as a result of another medical con-
dition such as chronic renal disease or obstructive sleep apnea. Early in life, secondary forms of 
hypertension are most common, while primary hypertension becomes more prevalent with increasing 
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age [88]. The prevalence of high blood pressure and obesity tends to be greater in minority children 
[89]. In treating pediatric hypertension, non-pharmacologic lifestyle intervention should be the first 
line of intervention [90].

 Approaches to Intervention for Hypertension

 Weight Loss for Overweight

One of the strongest predictors of pediatric hypertension is overweight and obesity [86], accounting 
for more than half of all cases of primary pediatric hypertension [91]. Tu et al. found that the effect of 
adiposity on blood pressure was minimal until a child reached a body mass index (BMI) >85th per-
centile, at which point blood pressure quadrupled [92]. This finding held true independent of race or 
sex. For overweight African American females, each 5 % increase in BMI percentile increased the risk 
of hypertension or pre-hypertension by 33 %; the risk was nearly doubled that for other race or gender 
groups [92]. Lifestyle interventions that achieve weight loss have consistently shown a favorable 
impact on blood pressure and other cardio-metabolic risk factors [93]. For example, in a 1-year study 
of diet and physical activity intervention in overweight children, a decrease in BMI of 0.5 or greater 
was associated with a 21-mmHg reduction in systolic blood pressure and a 9-mmHg reduction in 
diastolic blood pressure [94]. Weight loss, therefore, is recommended as a primary intervention in the 
effort to reduce blood pressure in hypertensive, overweight and obese children [85, 87]. Indeed, stud-
ies in young adults showed that a 10-kg weight reduction was associated with a 5- to 20-mmHg 
decrease in systolic blood pressure [95]. Importantly, in these studies, findings suggest that it is not 
necessary for patients to achieve their ideal body weight in order to gain significant blood pressure 
benefits. The exact mechanism by which overweight contributes to hypertension remains uncertain; 
however, it is traditionally accepted that increased sympathetic activity plays a role [96].

 Dietary Patterns Emphasizing Fruits, Vegetables, and Low-Fat Dairy

In single-nutrient studies, several minerals including potassium, calcium, magnesium and dietary 
fiber have been identified as exerting favorable effects on blood pressure in youth, although the evi-
dence is conflicting [90, 91, 97]. Capitalizing on the potential for a synergistic effect of these nutrients 
when combined, the Dietary Approaches to Stop Hypertension (DASH) diet was developed. The 
DASH diet emphasizes foods rich in the aforementioned minerals and fiber for lowering blood pres-
sure, while minimizing nutrients associated with elevated blood pressure such as saturated fat. 
Specifically, for a 2,000-cal diet, the DASH diet recommends 7–10 servings/day of fruits and vegeta-
bles, 2–3 servings/day of low-fat or non-fat dairy, beans and nuts 4–5 times per week, 2 or less serv-
ings/day of lean meats, fish and poultry, 7–8 servings/day of grains (at least 3 of these should be whole 
grains) and a limited intake of foods high in fat, sugar and sodium. In a small sample of hypertensive 
and pre-hypertensive children, a behaviorally focused dietary intervention emphasizing the DASH 
dietary pattern showed promise as an effective means of lowering blood pressure [98, 99]. In this 
study, 50 % of hypertensive and pre-hypertensive youth achieved blood pressure normalization fol-
lowing a DASH-type dietary intervention compared to just 36 % of those following routine nutrition 
care offered to this population. The relative change in systolic blood pressure in this study was −7.9 % 
in the DASH diet group compared to −1.5 % in the usual care group, which was significantly 
different.
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Individual components of the DASH dietary pattern, specifically fruits, vegetables and low-fat 
dairy, have also proven efficacious in lowering blood pressure in children [100–102]. In a recent study 
by Moore et al., girls 9–10 years of age who consumed two or more servings of dairy per day experi-
enced a 33 % reduced risk of elevated blood pressure late in adolescence compared to those who did 
not. The combined intake of both dairy products and fruits and vegetables (DASH-like diet) resulted 
in a 36 % reduction in the risk of high blood pressure in late adolescence. This effect was not observed 
with increased fruit and vegetable intake alone [103]. Similarly, using 8 years of follow-up data from 
the Framingham Children’s Study, children with the highest fruit, vegetable and dairy intakes experi-
enced the smallest age-related blood pressure increases among their peers. The combination of high 
fruit, vegetable and dairy intake provided the greatest blood pressure-lowering benefits compared 
with high intakes of any of the food groups consumed alone [103]. Taken as a whole, these studies 
support the use of a DASH-type dietary pattern as a means of lowering high blood pressure in a hyper-
tensive pediatric population. Enlisting the aid of a registered dietitian may be helpful in implementing 
a DASH meal plan in this population [85, 104].

 Dietary Sodium

Reducing dietary sodium has also been shown to significantly decrease blood pressure in children 
[105, 106]. In a pooled analysis of 13 controlled trials in children less than 18 years of age, of which 
all but one was randomized, a significant reduction in both systolic and diastolic blood pressures was 
associated with a modest reduction in salt consumption [107]. Of the ten studies conducted on chil-
dren and adolescents, a median net reduction of salt intake of 42 % over 4 weeks correlated with a 
decrease in systolic and diastolic blood pressure of 1.17 mmHg and 1.29 mmHg, respectively. In the 
same pooled analysis, three intervention trials in infants found that a 54 % median net reduction in salt 
intake over 20 weeks was associated with an average decrease in systolic blood pressure of 2.47 mmHg 
[107]. Much of the salt in the infant diet was found to come with the introduction of solid foods at 
~6–9 months of age.

Reducing dietary sodium is recommended, especially in hypertensive patients and those who are 
overweight or obese, as these at-risk subgroups frequently exhibit increased sodium sensitivity [108, 
109]. The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in 
Children and Adolescents recommends that sodium intake be kept to 1,200 mg/day for 4–8-year-olds 
and 1,500 mg/day for older children [85]. Given that the average sodium intake of children and ado-
lescents is well above this value, reducing dietary sodium to the recommended levels may be chal-
lenging [110]. Therefore, focusing on key sources of sodium in the diets of children and working 
collaboratively to limit those foods is an important first step. In a recent study of first-year middle 
school children in Italy, the impact of snack intake on blood pressure was investigated. Snack intake 
was found to account for nearly half of participants’ total sodium intake and was highly correlated 
with children’s blood pressure. In this study, children with systolic and diastolic blood pressure in the 
highest quartile had a significantly higher sodium intake from snacks, as well as greater weight, BMI 
and BMI percentiles [111]. In the USA, an average of 83 % of total sodium consumption comes from 
pre-prepared foods purchased from grocery stores (65 %) and restaurants (18 %) [112]; pizza and 
breads/rolls are the greatest sources of sodium in the diets of children, ages 2–18 [112]. Therefore, 
replacing regular versions of these foods in favor of low sodium varieties would be a useful strategy 
in lowering sodium in children’s diets. In addition, foods cooked from scratch are naturally lower in 
sodium than most instant and boxed meals and take-out foods. To aid in sodium reduction, families 
should be assessed for their food literacy and counseled accordingly on food shopping skills and their 
ability to read food labels, cook and flavor foods using low sodium methods [106].
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 Conclusion

It is clear that lifestyle factors, including diet, physical activity and sleep, play a very important role 
in first preventing the emergence of cardiovascular risk factors, and, second, in treating risk factors, 
such as obesity, dyslipidemia and hypertension, when they develop in young individuals.

Identifying risk factor development in children and adolescents is important so that appropriate 
treatment and intervention can be implemented. This is the rationale behind the recommendations that 
BMI and blood pressure are measured at health maintenance visits after age 2 and 3 years, respec-
tively. This is also the rationale for measuring cholesterol once in all children between age 9 and 11 
years.

Unfortunately, children and adolescents do not usually live in an environment that makes the health 
choice for diet, physical activity or sleep the easy choice. This means that behavior change interven-
tions must focus on changing the home environment to encourage healthier choices. Often, the best 
approach is for the entire family to work together to make improved lifestyle choices. This may be 
broadly beneficial as often cardiovascular risk factors will cluster in families because of shared envi-
ronment and shared genetics.

Identification and management of cardiovascular risk factors in children and adolescents requires 
a team of healthcare professionals, including physicians, nurses, dietitians and exercise physiologists. 
It is clear that appropriate management can be successful, which should provide a sense of optimism. 
On the other hand, the prevention of the development of risk factors in the first place is by far the best 
strategy.
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Key Points
• Millions of US students enjoy school meals every day; the majority of these are served to children 

who are eligible for free and reduced-priced meals.
• Since the implementation of the 2010 Healthy, Hungry-Free Kids Act, improvements in school 

meal intake have been documented by both plate-waste studies and self-reported intakes.
• Improvements in school meals may also be connected to childhood BMIs improvements in some 

specific populations.
• Popular initiatives like farm to school, school gardens, and culinary education are becoming more 

common and may be enhancing school meal programs.
• Multiple resources are available to school nutrition programs seeking ways to meet school meal 

patterns and provide the best possible food to students in schools.
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 Introduction

Schools in the USA serve over 14 million breakfasts and 30 million lunches every school day, as well 
as multiple snacks and supper meals in some locations. These meals are funded by federal legislation 
and regulated by the US Department of Agriculture (USDA) nutrition standards, which are designed 
to follow the Dietary Guidelines for Americans (DGAs). School nutrition professionals face many 
challenges when working to improve student consumption patterns and campus food environments.

For many decades, US school nutrition programs served millions of meals in relative obscurity. 
However, since 2004, school meals are frequently in the political, legislative, and news spotlight, 
featured in media headlines, Congressional debates, and YouTube viral videos. School nutrition pro-
fessionals, once derided as “lunch ladies in hairnets,” have become professional leaders in discussions 
about the rise of childhood obesity, the decline of youthful eating habits, and the appropriate role of 
schools in a supporting a healthier generation of American children.

 Brief History of School Nutrition Programs in the USA

The USA has a long history of school feeding programs focused on the health, nutrition, and well- being 
of young people. While current programs are federally funded and regulated by the US Department of 
Agriculture (USDA), school food programs have been around since the mid-1800s. Philadelphia was 
one of the first cities to establish a school meal program with local funding from a variety of sources. 
Emma Smedley, a dietitian and first director in Philadelphia, wrote The School Lunch: Its Organizations 
and Management in Philadelphia, the first standards for school food [1].

The need for a national nutrition program for youth became more evident during World War II 
when 40–60 % of draft eligible males failed military physicals because of malnutrition-related condi-
tions [2]. In 1946, Congress passed and President Truman signed the National School Lunch Act 
outlining the purpose and policies for a comprehensive federal program offering a lunch for school- 
aged children. The goal was to serve lunch at a reasonable price for paying students and at no charge 
for those who were economically disadvantaged. The National School Lunch Program (NSLP) was 
designed to provide one-third to one-half of a child’s daily calorie needs [3]. It was also acknowledged 
to be an agricultural support program for American farmers and ranchers.

Congress approved a second national school food program with the 1966 Child Nutrition Act, 
which introduced school breakfast meals as a pilot project. The national School Breakfast Program 
(SBP) was fully funded as an entitlement program in 1975 [4]. Over the next 40 years, additional 
school nutrition programs have been added as childhood health and nutrition needs have been identi-
fied. Today, the roster of programs that may be offered, depending on district demographics and inter-
est, includes SBP, NSLP, After School Snack Program, Supper Program, Fresh Fruit and Vegetable 
Program (FFVP), Summer Food Service Program (SFSP), and Special Milk Program. Table 13.1 
provides US Department of Agriculture, Food and Nutrition Services (USDA-FNS) participation data 
from these programs, where available, as of December 2015 (the USDA Farm to School initiative and 
its 2015 census information will be covered in a separate section).
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 Nutrition Standards in School Meals

As health concerns and nutritional problems have changed over the years, the rules and regulations 
guiding federal school food programs have necessarily evolved as well. Every 5 years, all the USDA 
child nutrition programs, including all school meals, must be reviewed and Congress must reauthorize 
their funding [5]. Current school food program regulations and funding were established by the 
Healthy, Hunger-Free Kids Act of 2010 (HHFKA) [6]. As of August 2016, the next round of Child 
Nutrition Reauthorization, due in 2015, is still under discussion with many unresolved issues between 
the US Senate and the House of Representatives versions of legislation.

 Healthy, Hunger-Free Kids Act of 2010

The 2010 HHFKA and the resulting USDA regulations have led to a major overhaul of school meal 
patterns and other guidelines for the school nutrition environment. The legislation passed by Congress 
and the regulations created by USDA had a dual focus: (1) meeting children’s nutritional needs asso-
ciated with the rise in obesity, based on the Dietary Guidelines for Americans; and (2) on providing 
needed nutrition for children living in food-insecure homes. The major changes included new nutri-
tion standards for breakfast and lunch meals, new regulations for foods sold outside of meals (Smart 
Snacks in School), new requirements for Local Wellness Policies, new professional standards for 
school nutrition staff, and new provisions for high-poverty areas (Community Eligibility Provision, 
CEP), as well as substantial increases in funding for Farm to School initiatives. The changes are 
described below with impact and evaluation data, where available.

 School Nutrition Program Standards

The scientific foundation for the current National School Lunch Program and School Breakfast 
Program meal patterns was outlined in a 2009 report from the Institute of Medicine (IOM): School 
Meals, Building Blocks for Healthy Eating [7]. The IOM recommended multiple changes to align 
school meals with the Dietary Guidelines for Americans and to address childhood health concerns, 
including obesity and other risks for chronic diseases like hypertension. The 2010 Healthy, Hunger- 
Free Kids Act (HHFKA), signed into law by President Obama in December 2010, has also become a 
centerpiece of the First Lady Michelle Obama’s Let’s Move campaign [8].

With HHFKA funding, recommendations from the IOM report, and over 300,000 public com-
ments, USDA’s Nutrition Standards in the National School Lunch and School Breakfast Programs 
were released in January 2012 (Table 13.2) [9]. The new school meal patterns followed the IOM 
recommendations closely and included the following changes:

Table 13.1 Participation in USDA School Food Programs

Program Participation (2015 data)

School Breakfast Program 14,900,000 meals average per day
National School Lunch Program 30,500,000 meals average per day
Special Milk Program 46,900,000 half-pints per month
Summer Food Service Program 163,700,000 meals per summer

http://www.fns.usda.gov/pd/child-nutrition-tables
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• Specific requirements for three grade groupings (K-5, 6–8, and 9–12)
• Calorie minimums and maximums for breakfast and lunch
• All grain foods must be whole grain-rich by July 1, 2014
• Limitations on grain-based desserts (maximum 2 per week)
• Five new vegetable sub-groups with specific serving sizes by grade group
• New fruit requirements for breakfast and lunch
• Mandatory ½ cup serving of fruit or vegetable for meal reimbursement
• Milk served must be 1 % or fat-free plain or fat-free flavored
• Limits on sodium, with a 10-year implementation timeline for compliance
• Limitation of saturated fat to <10 % of total calories
• Elimination of added trans fats in foods
• Encouragement of scratch cooking techniques and more fresh produce when available

 School Meal Improvements and Consumption Patterns

Since the implementation of the HHFKA meal patterns (NSLP in school year 2012–2013, SBP in 
2013–2014), national and local studies have documented improvements in both the meals served and 
in the consumption patterns of students. Turner et al. evaluated school lunches served in 4,630 public 
US elementary schools, first in 2006–2007 and then in 2013–2014 following implementation of the 

Table 13.2 Nutrition Standards in School Breakfast and National School Lunch Programs – January 2012 and 
subsequent revisions

Breakfast meal pattern Lunch meal pattern

Grades K-5 6–8 9–12 K-5 6–8 9–12

Meal pattern Amount of food per week (minimum per day)

Fruits (cups) 5(1) 5(1) 5(1) 2½(½) 2½(½) 5(1)
Vegetables (cups) 0 0 0 3¾(¾) 3¾(¾) 5(1)
Dark green (cups) 0 0 0 ½ ½ ½
Red/orange (cups) 0 0 0 ¾ ¾ 1 ¼
Beans/peas (cups) 0 0 0 ½ ½ ½
Starchy (cups) 0 0 0 ½ ½ ½
Other (cups) 0 0 0 ½ ½ ¾
Additional vegetable to reach total 

(cups)
0 0 0 1 1 1 ½

Grains (oz/eq) 7(1) 8(1) 9(1) 8(1) 8(1) 10(2)
Meats/meat alternate (oz eq) 0 0 0 8(1) 9(1) 10(2)
Fluid milk (cups) 5(1) 5(1) 5(1) 5(1) 5(1) 5(1)
Other specifications: Daily amount 

based on the average for a 5-day 
week

Min–max calories (kcal) 350–500 400–550 450–600 550–650 600–700 750–850
Saturated fat (% of total calories) <10 <10 <10 <10 <10 <10
Sodium (mg) Target 1 (2014–2015)a ≤540 ≤600 ≤640 ≤1,230 ≤1,360 ≤1,420

Trans fat Nutrition label or manufacturer specifications must indicate zero grams of 
trans fat per serving

http://www.fns.usda.gov/school-meals/nutrition-standards-school-meals
aSodium targets 2 and 3 have been established for school years 2017–2018 and 2020–2022. These are under discussion 
in the 2016 Child Nutrition Reauthorization negotiations. http://www.fns.usda.gov/sites/default/files/ops/HHFKA- 
Sodium.pdf
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HHFKA meal pattern [10]. There were significant overall increases in healthier lunch options, includ-
ing more vegetables, fresh fruit, whole grains, healthier pizzas, and salad bars as part of lunches 
served in school year 2013–2014. However, schools with more minority students and low socioeco-
nomic demographics served less fresh fruits and had fewer salad bars. The data showed that many 
districts had been making gradual changes before the new meal patterns were mandates. Using data 
from CDC’s School Health Policies and Practices Study (SHPSS), Merlo et al. also documented sig-
nificant improvements in school meals through 2000, 2006, and 2104 [11]. Significantly, more schools 
offered at least two different non-fried vegetables daily at lunch (79 % in 2014 compared to 62 % in 
2000), and more schools also reported culinary practices to reduce the sodium content of meals (e.g., 
using other seasonings instead of salt).

An analysis of school lunch meals 16 months before and 15 months after HHFKA meal pattern 
implementation in Washington state middle and high schools found significant improvements in the 
nutritional quality of meals chosen by students. This longitudinal study also found a decrease in 
energy density and a negligible difference in participation (47 % before, 46 % after) [12]. A cohort 
study of low-income middle-school students in Connecticut found less waste and greater consump-
tion of fruits, vegetables, and entrées after HHFKA [13]. Comparing 2012–2014, there was a signifi-
cant increase in the students choosing fruit (from 54 to 66 %) while fruit consumption remained high 
at 74 %. Even though the percentage of students choosing a vegetable dropped (from 68 to 52 %), 
students who selected vegetables ate nearly 20 % more of them. Entrée consumption also increased 
(from 71 to 84 %), while milk consumption stayed the same. The authors concluded that the HHFKA 
standards and policies appear to have substantially lowered plate waste in these middle-school 
cafeterias.

In addition to mandated meal patterns, school nutrition programs have begun to use behavioral 
economics, choice architecture, and chef-enhanced meals to influencing the selection of healthier 
school meal options. The Smarter Lunchroom Initiative, part of the Food and Brand Lab at Cornell 
University, has shown that these techniques can have a positive impact on students’ food selections at 
school [14]. In one pilot study, making healthy foods more convenient in school lunchrooms line 
resulted in 18 % more healthy foods selected and a 28 % reduction in less healthy food selection [15].

Creative names for healthy foods, like X-Ray Vision Carrots, have also been shown to increase 
their consumption in elementary schools [16]. Combining choice architecture (Smarter Lunchroom 
techniques called “smart café”) with chef-led changes in the palatability of recipes can also increase 
healthy food selection and consumption by students. The Massachusetts Modifying Eating and 
Lifestyles at School Study (MEALS) showed that the smart café intervention alone had no effect, but 
combining them with chef-enhanced meals increased fruit and vegetable consumption after repeated 
exposure over 7 months [17]. These authors caution that the positive effects were noted after extended 
exposure to new foods, suggesting that schools should not abandon healthier options just because they 
are met with initial resistance.

Approximately 40 % of children do not purchase an NSLP meal, and many bring a packed lunch to 
school. It is important to consider and compare the NSLP meals to alternative meals that students may 
be consuming at school. While relatively few studies have examined the differences between NSLP 
meals and those brought from home, a few have shown that lunches brought from home compare 
unfavorably to the guidelines for school meals. An observational study in Teas schools under the pre-
vious NSLP meal pattern showed that meals from homes contained more sodium, as well as desserts, 
snack chips, and sweetened beverages not allowed in school lunch. They also contained fewer fruits, 
vegetables, whole grains, and fluid milk [18]. In the Tufts University Project Lunch Box Study, only 
27 % of packed lunches met at least three of five school lunch standards [19]. An examination of 
home-packed lunches for kindergarten and pre-K students in rural Virginia found that they were sig-
nificantly lower in protein, sodium, fiber, vitamin A, and calcium than school lunches. They were also 
higher in calories, fat, saturated fat, sugar, vitamin C, and iron [20].

13 School Meal Programs: Are They Nutritionally Sound?
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 Food Insecurity

Hunger and food insecurity remain serious problems for America’s school children. In Map the Meal 
Gap 2015, Feeding America reported that 21.4 % of children in the USA – one in four – live in food- 
insecure homes [21]. Childhood food insecurity exists in every US county with rates ranging from 6 
to 43 %. Most of these children are eligible for and regularly participate in free or reduced price 
meals at school. According to United States Department of Agriculture (USDA) participation data, 
the number of children receiving free meals has continued to climb, due in part to the Community 
Eligibility Provision (CEP) of the HHFKA. This option allows high-poverty schools to offer break-
fast and lunch at no charge to all students. In 2015, approximately 12 million eligible children ate 
free or reduced- priced breakfast while 22 million ate free or reduced-price lunch [22].

Unfortunately, gaps still exist in access to and participation in federal school feeding programs. 
The 2016 School Breakfast Scorecard, an annual report by the Food Research and Action Center 
(FRAC), provided a detailed analysis of participation during the 2014–2015 school year and noted 
that there is still significant room for improvement. School breakfast participation grew by 4.2 % 
during the year; however, only 54.3 % of eligible low-income children participated in school break-
fast for every 100 participating in school lunch, leaving a breakfast gap of 45.7 % [23]. While some 
of these children may eat at home, many others may start the school day too hungry to learn. There 
is also a significant gap in participation for the Summer Food Service Program (SFSP). Realizing 
that “hunger does not take a summer vacation,” the FRAC also tracks participation in SFSP. In sum-
mer 2015, there were increases in both the number of SFPS sites and the number of children 2–19 
years eating free meals. However, at maximum participation, only 16.2 children participated in 
SFSP for every 100 low-income children participating in school lunch during the 2013–2014 school 
year [24].

 Childhood Obesity

Discussions in the popular press have often blamed school meals for the rise in childhood obesity 
rates. The reality, of course, is that school meals represent only a portion of children’s intake. Many 
provisions of HHFKA regulations were designed to control caloric intake at school and to insure that 
the calories provided are as nutrient-rich as possible [25]. The relationship between the new nutrition 
standards and childhood body mass index (BMI) has not been studied on a nationwide basis. However, 
we do know that among youth 2–18 years of age, the prevalence of obesity did not change signifi-
cantly from 2003–2004 through 2013–2014 [26].

Several studies have indicated positive effects of school nutrition programs on childhood BMI in 
specific populations. Qian and colleagues used measured BMI from a panel of Arkansas school chil-
dren participating in the USDA Fresh Fruit and Vegetable Program (FFVP) [27]. The results suggest 
that FFVP participation can help lower obesity rates, overweight rates, and average BMI z-score. In 
the first longitudinal study of the effect of school breakfast consumption on BMI, Connecticut 
researchers found that concerns about a second breakfast at school increasing risk of excessive weight 
gain were unsupported. In this 2-year study conducted before the implementation of the new HHFKA 
breakfast pattern, students who regularly consumed breakfasts at school, including double breakfast 
eaters, were more likely to exhibit a healthy weight trajectory than breakfast “skippers” [28]. An 
analysis of Breakfast in the Classroom (BIC) in New York City schools over a similar time period 
agreed: Consuming BIC did not increase BMI and may have had a very small positive effect on rates 
of obesity [29].
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 Competitive Foods and Beverages: Smart Snacks in School

The 2010 HHFKA also gave USDA the authority, for the first time, to develop standards for snack 
foods and beverages served to students during the school day outside school meals. Traditionally 
called competitive foods, these include à la carte items in cafeterias vending machines, student stores, 
concession stands, and fundraising events. The rule developed by USDA, Smart Snacks in School, 
limits low nutrient items and requires that healthier competitive foods and beverages be sold during 
the school day, with flexibility for local control of fundraising [30]. Foods have specific calorie, 
sodium, fat, and sugar limits, and beverages include grade limitations for size, calories, and other 
ingredients.

Implementation of the Smart Snack in School regulations began in 2014 so there has been limited 
evaluation of their impact. Previous research has shown that removing competitive foods from the 
cafeteria line can increase NSLP participation, replacing nutrient poor à la carte foods with a nutri-
tionally balanced lunch [31].

A research review of the effect of competitive food and beverage policies, prior to Smart Snacks in 
School, found that most resulted in positive outcomes in terms of product availability [32]. The 
authors caution, however, that more research is necessary because the influence on overall student 
consumption, BMI, and weight outcomes was mixed. A small-scale analysis of Smart Snacks in 
School after initial implementation in Appalachian Virginia found that only 36.6 % of carte and vend-
ing machine foods met the standards while most beverages (78.2 %) did. A 2015 USDA survey of 
school food service directors found that transitioning to Smart Snacks in School was not difficult, and 
they were able to find products. They did cite two main challenges: (1) maintaining food service rev-
enue, and (2) obtaining support from school administrators, staff, and parents. Successful strategies to 
address these challenges included: research new product options and availability with vendors; involve 
students in decision making about choices; and involve administrators, staff, teachers, and parents in 
promoting healthier options [33].

 Farm to School Program Initiatives

Since 2000, several popular initiatives have been introduced that may affect all school nutrition pro-
grams. These include farm to school, school gardens, sustainability, and culinary education for staff, 
students, and family. There is no doubt that the programs are popular, growing in number, and often 
championed by those inside and outside of school programs. There are many case studies, poster 
presentations, and how-to manuals from initiatives like the National Farm to School Network [34], 
USDA Food Waste Challenge [35], and Chefs Move to School [36]. The theoretical framework for the 
impact of these programs on child health and nutrition, first outlined in 2012 [37, 38], is a relatively 
new area of study. The theory was refined in the 2014 Evaluation for Transformation: A Cross-Sectoral 
Evaluation Framework for Farm to School [39], which USDA will use as the basis for on-going evalu-
ation of Farm to School grantees and other programs.

The 2015 USDA Farm to School Census demonstrates the rapid growth in this area and its wide 
acceptance. A few of the notable findings [40]:

• 42 % of districts surveyed by USDA say they participate in farm to school activities, which trans-
lates to 5,254 districts and 42,587 schools across the USA.

• $789 million invested in local communities through farm to school purchases. This represents a 
105 % increase over the first USDA Farm to School Census in school year 2011–2012. Nearly half 
(47 %) of these districts plan to purchase even more local foods in future school years.
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• 17,089 salad bars, representing 62 % of school districts with farm to school programs that operate 
salad bars, often stocked with local options. Seventy-eight percent of schools with salad bars 
increased their purchase of fresh fruits and vegetables.

• 7,101 school gardens, representing an increase of 42 % from the previous census.

Schools with a farm to school program also reported wider benefits, including greater community 
support for school meals (38 %), greater acceptance of HHFKA changes (28 %), lower meals costs 
(21 %), increased participation (17 %), and reduced food waste (18 %).

While these metrics are impressive and hopeful, it is important to note that few of these initiatives 
have yet to report strong quantitative evidence for positive benefits on food choice, meal consumption, 
nutrient intake, and health status of students. The existing evidence is largely based on self-reported 
outcome measures and qualitative benefits. Taylor and Johnson noted the lack of peer-reviewed research 
and recommended use of validated dietary assessment materials [41]. Similar results were noted in a 
review of the impact of cooking classes on the food-related preferences, attitudes, and behaviors of 
school-aged children [42]. A 2015 commentary found many gaps and little evidence for the effective-
ness of salad bars on choice, consumption, and waste [43]. A systematic review of more than 40 school 
gardens studies from the USA, UK, and Australia [44] also found poor quantitative research while 
noting that qualitative reports were positive. All these reviews point to the need for more rigorous study 
designs and more consistency in how impacts are measured. Cross sector use of the evaluation frame-
work adopted by USDA will hopefully provide more substantial proof in the future.

 Factors Affecting School Nutrition Program Quality and Student 
Consumption

There are many other factors that can influence both the nutritional quality of school meals and their 
consumption by students. Here is a brief description of three issues that are important in virtually 
every school district in the USA.

 Reimbursement Rates and School Food Budgets

Since passage of the HHFKA in 2014, the new regulations, along with higher food costs and rising 
labor expenses, have increased the cost of preparing and serving school meals. The law allowed for an 
additional $.06 per meal when districts complied with the mandated changes. However, as directors 
pointed out, this would not buy a whole grain roll. USDA reimbursement rates vary depending on the 
level of need and are higher in Alaska and Hawaii. For the lower 48 states, the 2015–2016 lunch reim-
bursement rates ranged from $3.13 to $3.30 for free meals and from $.35 to $.43 for paid meals. 
Breakfast rates range from $1.66 to $1.99, depending on the poverty level in a school [45].

In general, school nutrition programs must cover all costs with these reimbursements, including 
food, labor, benefits, utilities, and transportation of food. Some districts can supplement budgets with 
catering and sales of à la carte foods (now regulated by the Smart Snacks in School rule). Districts 
may also receive USDA foods, previously known as commodities; some states subsidize meals in the 
reduced category and local foods purchases; and a few districts provide extra funding for farm to 
school budgets. Grant funding is available for special programs and equipment purchases, but direc-
tors must be savvy financial managers to meet the mandates under current budgetary constraints. In 
its 2016 Position Paper on Child Nutrition Reauthorization, the School Nutrition Association has 
asked Congress to increase the per-meal reimbursement for school breakfast and lunch by 35 cents to 
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ensure School Food Authorities (SFAs) can afford to meet federal requirements and to provide addi-
tional commodity support for breakfast meals [46].

 Time to Eat

School nutrition researchers, directors, and managers recognize the connection between giving stu-
dents enough time to eat lunch and reductions in food waste. They also know that scheduling recess 
before lunch can reduce waste and improve consumption of school lunch vegetables, entrées, milk, 
and water [47]. According to an on-going Robert Wood Johnson survey, 40 % of schools provide 
30 min to eat lunch, while only 21 % schedule recess before lunch [48]. A 2015 analysis of lunch 
times in Seattle (WA) elementary schools found that schools had an average 20 min of official lunch 
periods, but, on average, students had less than 13 min to eat lunch [49]. Schools with more students 
participating in free and reduced lunch had less time to each lunch. Consistent with previous research, 
students with longer lunch times consumed more calories and nutrients than students with shorter 
lunch times. The survey also found that the issue was not a priority for school administrators, who 
usually have control over school scheduling.

 Local Wellness Policies

Over the past two decades, there has been a concerted effort to make school nutrition part of a more 
comprehensive approach to school health, starting with the Coordinated School Health (CSH) model, 
promoted and funded in some states, by the Centers for Disease Control and Prevention (CDC). CSH 
has now evolved into a Whole School, Whole Community, Whole Child Model [50]. While not all 
districts use the full CDC model, since 2004, those participating in USDA child nutrition programs 
have been required to have a written wellness policy with goals for nutrition education, physical activ-
ity, and other school-based activities designed to promote student wellness. In other words, schools 
are required to have policies to promote healthy lifestyles and create healthy campus environments. 
With the 2010 HHFKA passage, additional requirements were added addressing wellness policy 
implementation, evaluation, and public wellness policy progress reports [51].

Researchers agree that wellness policies can positively impact school districts if they are written 
with strong policy language and implemented effectively at the local school level [52]. An evaluation 
of wellness policy strength in 180 Minnesota districts reported responses from principals and teach-
ers. Stronger wellness policies increased the nutrient density of food and beverage options available 
through vending in the districts studied. However, secondary schools showed the greatest inconsis-
tency in overall policy implementation [53]. The authors note that the development and implementa-
tion of effective wellness policies continue to be a challenge and recommended periodic assessments 
to insure school level compliance with wellness policies.

 Resources for School Food Improvements

For school wishing to improve school meals, there are virtually unlimited resources available through 
federal and state agencies, national and local non-profits, and agricultural producer groups. A sample 
of these resources is outlined in Table 13.3.
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http://www.fns.usda.gov/school-meals/child-nutrition-programs
http://www.fns.usda.gov/school-meals/child-nutrition-programs
http://www.fns.usda.gov/tn/team-nutrition
http://www.fns.usda.gov/hussc/healthierus-school-challenge-smarter-lunchrooms
http://www.fns.usda.gov/hussc/healthierus-school-challenge-smarter-lunchrooms
http://www.usda.gov/oce/foodwaste/resources/K12_schools.html
http://www.usda.gov/oce/foodwaste/resources/K12_schools.html
http://www.nfsmi.org/
https://schoolnutrition.org/
https://schoolnutrition.org/jcnm
http://www.eatright.org/
http://www.snsdpg.org/
http://www.eatright.org/resources/for-kids
http://www.farmtoschool.org/
http://www.pewtrusts.org/en/projects/kids-safe-and-healthful-foods-project
http://www.pewtrusts.org/en/projects/kids-safe-and-healthful-foods-project
https://www.healthiergeneration.org/
http://www.actionforhealthykids.org/
http://vtfeed.org/
http://www.thelunchbox.org/
https://www.fueluptoplay60.com/
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 Trends in School Nutrition Programs

Participation in school food programs is affected by numerous factors, among them the economy, nutri-
tion standards, and public perceptions. According to the Food Research and Action Center (FRAC) 2016 
report on trends in participation, shifts in the categories of school meal payments predated the 2010 
Healthy, Hunger-Free Kids Act (HHFKA) [54]. Participation rates had been increasing among the low-
income students eligible for free school meals and declining among children in the reduced-price and 
paid categories. These trends have continued with the implementation of HHFKA nutrition standards. 
While it is important to maximize participation by low-income, food-insecure children, the overall 
financial viability of nutrition programs in schools depends on strong participation by paid customers. 
The FRAC report describes multiple ways to enhance participation by all students, recommending on-
going support for science-based nutrition standards regulating both meals and competitive foods.

 Conclusion

Today’s school food programs are based on the latest nutrition science, the Dietary Guidelines for 
Americans. As planned, prepared, and served to millions of children across the USA every day, these 
meals are nutritionally sound. However, the most critical part of the process is not getting the food 
onto the tray. It is making certain that the nutritious meals are consumed by students rather than being 
thrown into trash cans. School nutrition professionals are facing the myriad challenges of changing 
campus food environments and introducing unfamiliar, healthier foods to their customers. They are 
using multiple, innovative strategies to serve healthier meals to students – often without the support 
of administrators and families. In thousands of school kitchens and dining areas, they are doing an 
extraordinary job and helping to build a healthier generation – one well-balanced meal at a time.
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Key Points

• Physical and social changes and variations in the timing of adolescent maturation have implica-
tions for the health of the growing athlete.

• Fluid and food consumption patterns have physiological and biological implications, and can serve 
to either impair or improve adolescents’ athletic performance.

• Dietary intakes and habits that minimize unhealthful weight gain, maximize athletic performance, 
and promote lifelong health behaviors.

Keywords Adolescent athlete • Youth nutrition • Youth sports • Youth healthy diet

 Introduction

Adolescence is a time marked by significant biological, physical, psychological, and behavioral 
growth; therefore, understanding the types of dietary intakes and habits that minimize unhealthful 
weight gain, maximize performance, and promote the development of positive lifelong health behav-
iors is of critical importance. Recent estimates suggest 60 million children ages 6–18 years participate 
in some form of organized sport in the USA, and 44 million participate in more than one sport [1]. 
However, research shows that even in active sports, such as soccer, the average participant accumu-
lates only 17 min of moderate-to-vigorous physical activity per 50 min of game time [2]. Research 
also suggests the foods and beverages marketed in sports venues, sold at concession stands, and used 
for sports fundraising are commonly unhealthy, with few healthful options available [3]. The market-
ing and sales of unhealthy foods and beverages in the youth sport environment has the potential to 
undermine the possible, and typically minimal, physical activity benefits of participating in youth 
sports. This chapter will provide the latest research related to active adolescents’ (1) dietary needs; (2) 
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beverage consumption patterns; (3) use of supplements and ergogenic aids; and (4) behavioral tech-
niques to promote healthful dietary patterns. Lastly, this section will provide practical information for 
how health practitioners, coaches, and parents can support a healthful environment for young 
athletes.

 Dietary Needs for Young Athletes

During adolescence, youth undergo rapid changes in height and weight, hormonal composition, sec-
ondary sexual characteristics, and brain development. This period of development can be conceptual-
ized as occurring in three distinct stages: early adolescence (ages 11–14 years), middle adolescence 
(ages 15–17 years), and late adolescence (18–21 years) [4]. Different phases of development occur 
within each of these time points. Early adolescence is marked by the onset of physiological and physi-
cal changes related to puberty (e.g., menarche, gains in height and weight). For example, during their 
peak 1-year growth spurt, males can gain an average of 4.1 inches and females of 3.5 inches [5]. 
Females tend to experience this change before males, during the ages of 10–13 years, versus 12–15 
years for males [6]. This growth spurt is especially important because it has been shown to predict 
15 % of desirable adult height and 50 % of desirable adult weight [7, 8]. In terms of body composition, 
females tend to increase both their fat and muscle mass as they gain weight, whereas males tend to 
gain mostly lean mass. Both sexes experience gains in bone mass; in fact, 85–90 % of adult bone mass 
is accrued by the end of the adolescent years [9, 10].

During middle adolescence, teens begin to increase their social and psychological autonomy, 
puberty ends, and growth slows for females and while continuing for males. Throughout this stage, 
adolescents are learning how to balance their developing autonomy and self-identity with peer group 
affiliation [11]. The quality of these relationships has been linked with physical and mental health in 
adulthood [12]. For this reason, it is particularly important to encourage adolescents to foster positive 
peer relationships. Lastly, in late adolescence, females’ growth and development is usually complete 
while males are still experiencing growth in body mass. By late adolescence, both genders are typi-
cally more independent, have developed a self-identity, and are more future-oriented, with increased 
concern about life decisions, such as college or career choices.

Collectively, these physical and social changes, and variations in the timing of maturation, have 
implications for the growing young athlete. For example, during different stages of adolescence, 
youth may experience increased insulin resistance and variations in physiological responses to exer-
cise, such as changes to glycolytic and metabolic rates, and higher fat oxidation levels [13]. These 
changes impact how adolescents’ bodies use the nutrients they consume, both during and after physi-
cal activity. For example, carbohydrates are stored in the body as glycogen; however, adolescents’ 
glycolytic capacity is still developing (only 0.4–0.5 % of body weight) [14], which means their glyco-
gen stores are 50–60 % less than adults, and they have lower levels of circulating lactate [15]. Taken 
together, this means the benefits of “carb-loading” and other similar training tactics may not have the 
same effect in adolescents, as they rely more on aerobic metabolism [15].

Accordingly, adequate consumption of nutrient-dense foods including high-quality protein, com-
plex carbohydrates, and unsaturated fats, as well as vitamins and minerals such as vitamin D, cal-
cium, and iron, is especially important. Conversely, high intakes of some micronutrients, such as 
sodium, can adversely influence healthy development. Teaching youth how to adopt health-promot-
ing behaviors during this stage will continue to benefit them as they progress into adulthood. To 
provide a more comprehensive context for how to support positive growth and development of youth 
athletes through the practice of good nutrition, this section focuses on adolescents’ dietary needs, 
including recommended total calorie intake, macronutrient intake, and important micronutrient 
considerations.
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 Calorie Needs

Since adolescents experience physical growth at different rates and ages, setting energy require-
ments for this population is challenging. Calorie intake ranges are based on gender and adolescent 
stage (i.e., age), within the context of three different levels of activity: sedentary, moderately active, 
and active (Table 14.1) [16]. While these reference values are a useful guide, this limitation presents 
a challenge when trying to determine how many calories an adolescent of a given maturation stage 
needs. Active adolescents’ energy needs will vary depending on the duration, intensity, and fre-
quency of their sport; maturation stage; and dietary patterns and/or restrictions. Therefore, an addi-
tional consideration is calculating how many more calories are needed to compensate for training to 
meet needs above and beyond adolescents’ natural growth and development, given their maturation 
stage instead of age, and for their level of physical activity that is more vigorous than the “Active” 
category. Using athletes’ training intensity and duration, as well as fitness level, height, and weight 
as guides for calculating energy needs is a useful strategy for assuring they are consuming a suffi-
cient amount of calories.

 Macronutrients

There are three macronutrients: carbohydrates, fats, and protein. They are called macronutrients 
because of the larger quantities required by our bodies, and because they are our only sources of 
energy. This section will discuss these three nutrients in more detail, including recommended intakes, 
roles in the body, food sources, and composition in the diet of youth.

 Carbohydrates

Carbohydrates, or more specifically glucose, are our brain’s and muscles’ primary energy source. The 
recommended intake of carbohydrates for adolescents is 45–65 % of total calorie intake; this is equiv-
alent to a Recommended Dietary Allowance (RDA) of 130 g/day and represents the amount of glu-
cose needed for brain metabolism. While most youth consume sufficient carbohydrates, dietary 
sources tend to come from refined or processed food products (such as simple sugars like candy or 
sugar-sweetened beverages, SSBs) and fewer from complex carbohydrates, such as whole grains, 
legumes, fruits, and vegetables. Using National Health and Nutrition Examination Survey (NHANES) 
data (2011–2012), Mozaffarian and colleagues (2016) report that SSB consumption was high among 

Table 14.1 Calorie estimates of adolescents based on gender and activity level

Gender Adolescent stage Sedentary Moderately active Active

Female Early (9–13 years) 1,400–1,600 1,600–2,000 1,800–2,200
Mid (14–18 years) 1,800 2,000 2,400
Late (19–30 years) 1,800–2,000 2,000–2,200 2,400

Male Early (9–13 years) 1,600–2,000 1,800–2,200 2,000–2,600
Mid (14–18 years) 2,000–2,400 2,400–2,800 2,800–3,200
Late (19–30 years) 2,400–2,600 2,600–2,800 3,000

Sedentary: Typical day-to-day activities
Moderately active: Walks 1.5–3.0 miles/day at 3–4 miles/h, in addition to typical day-to-day needs
Active: Walks 3+ miles/day at a 3–4 miles/h pace, in addition to typical day-to-day needs
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youth and increased with age: ranging from 6 to 8 servings/week among youth 5–9 years of age to 
12–14 servings/week for youth 15–19 years. Conversely, this same analysis found that average fruit 
consumption was low (between 3 and 14 % of youth of different genders and age groups meeting 
recommended ≥2 cups/day) and decreased as children aged. Youth ages 5–9 years ate 1.7–1.9 serv-
ings/day (males and females, respectively), youth 10–14 years ate 1.4 servings/day, and youth 15–19 
years ate 0.8–1.3 servings/day (males and females, respectively). Vegetable consumption was also 
low, ranging from 1.1 to 1.5 servings/day, and fewer than 1.5 % of children met the recommended 
≥2.5 cups/day [17]. Complex carbohydrates, such as whole grains, fruits, vegetables, and low-fat 
dairy products, should be strongly encouraged in adolescence.

 Fiber

Fibers are indigestible parts of plants. Consuming a sufficient amount of fiber is essential for several 
reasons: Fiber supports healthy GI function (both by promoting excretion and slowing digestion to 
encourage maximal nutrient absorption); it provides a feeling of fullness, which can limit overeating; 
fiber can be metabolized by gut bacteria to synthesize B-vitamins; and it binds to bile, which can 
lower cholesterol. In fact, too little fiber can lead to digestive problems, excessive calorie intake, and 
peaks in blood sugar levels. Too much fiber, on the other hand, can lead to GI distress and micronutri-
ent deficiencies (as fibers bind to minerals such as calcium and iron).
The adequate intake (AI) for fiber is 31 g/day for males ages 9–13, and 38 g/day for males ages 14–18 
years. For females ages 9–18 years, the AI is 26 g/day. Using NHANES 2009–2010 data, Reicks and 
colleagues (2014) found youth ages 2–18 years consumed only 14 g of fiber/day [18]. Good sources 
of fiber include beans, whole grains (such as whole oats and whole wheat bread), as well as fruits and 
vegetables. These sources of fiber provide 2–8 g per serving.

 Added Sugar

While sugars can be a source of quick energy that are naturally occurring in fruits, vegetables, whole 
grains, and dairy products, added sugars in the diet are a substantial contributor to the nearly 600 
“empty” calories (in the form of solid fats, added sugars, alcohol) consumed by youth [19]. Using 
2005–2010 NHANES data (n = 4,047 youth), Zhang and colleagues found, on average, 16 % of calo-
ries youth ages 12–19 years consumed were from added sugar; 88 % of youth consumed usual intakes 
of added sugar ≥10 % of total calories, and 6 % consumed usual intakes ≥25 % of total calories. 
Overall, youth consumed an average of 87.4 g/day or 350 cal, of added sugars [20]. As a point of 
reference, for an active adult male, which is the highest reference value for intake, the upper limit for 
added sugar consumption is 36 g/day, or 144 cal [21]. Excess sugar consumption has been linked with 
metabolic syndrome, weight gain, dental carries, type II diabetes, micronutrient deficiencies, and a 
host of other adverse health effects [20, 22–24].
To address the need for guidance on how much added sugar adolescents should be consuming, the 
American Heart Association (AHA) published dietary recommendations (2005), which offered the 
following: “sweetened beverages and naturally sweet beverages, such as fruit juice, should be limited 
to …8 to 12 oz per day for children 7–18 years old [25]. In a large, nationally representative sample 
of 21,995 youth, the percentages of daily soft drink consumption (12 oz serving) were 51 % of 8th 
graders, 46 % of 10th graders, and 43 % of 12th graders [26]”. Parents, coaches, and practitioners 
should seek to limit intakes of added sugars in adolescents’ diets, including sources such as SSBs 
(including juice and sports drinks), sugar-sweetened cereals, candy, and baked goods.
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 Fats

Fats play an important role in human health; they protect internal organs and bones, are needed for 
vitamin absorption and storage, help to regulate body temperature, and are used in the formation of 
cells’ membrane and structure. There are different kinds of fats: unsaturated fats (including poly- and 
mono-unsaturated), saturated, and trans fats (each of these prefixes refers to its chemical structure) as 
well as cholesterol. The recommended intake of fat for adolescents is between 25 and 35 % of total 
calories (with <10 % from saturated and 0 g trans fat). Too much dietary fat can lead to an increase in 
body weight and elevated cholesterol levels. Too little fat can impair vitamin absorption, metabolism, 
and storage; increase risk of fracture after a fall; and impair body temperature regulation (e.g., increase 
perceived extremes of hot and cold). It is important for adolescents to pay attention to the kind of fat 
they are consuming: Unsaturated fats are preferable given their role in neurological and visual devel-
opment, and in the fluidity and permeability of cell walls. Saturated fat, on the other hand, has been 
shown to increase low-density lipoprotein (LDL; “bad cholesterol”), and trans fats have been shown 
to concurrently increase LDL and decrease high-density lipoprotein (HDL; “good cholesterol”). Good 
sources of dietary fat include fatty fish, such as salmon and sardines, nuts, avocado, and oils (e.g., 
canola, olive, and coconut).
Most adolescents are meeting the recommended total fat intake. Using NHANES data, Ervin and 
Ogden (2013) found that, on average, youth consumed one-third of their calories from fat [27]. 
However, intakes of saturated fat are higher than the recommendation of <10 % of total calories: 
Using NHANES data (2011–2012), Mozaffarian and colleagues (2016) report that youth consumed 
approximately 11 % of calories from saturated fat [17].

 Protein

Protein is needed in the body for multiple physiological and biological processes, including antibody 
synthesis, tissue repair, and cell structures. The recommended protein intake ranges from 1.2 to 2.0 g/
kg of body weight for the average adolescent, based on gender, age, height, weight, and physical 
activity [28]. This amount reflects the quantity needed to maintain adequate nitrogen balance to main-
tain lean body mass. However, the evidence is inconclusive (and research ongoing) about how much 
protein the active adolescent actually needs. Research does suggest that with increased physical activ-
ity, protein utilization efficiency improves [29, 30], which means greater intakes are likely unneces-
sary (and not evidence-based), and needs may be met from dietary intake alone. Therefore, any 
substantive and intentional increase in protein intake – especially from supplements – should be pre-
ceded by a meeting with a registered dietitian. More specifically, while insufficient intakes of protein 
can lead to an irregular heartbeat, impairments in blood clotting and tissue repair, and poor immune 
health, high intakes of protein can lead to renal damage and increased fat mass. There is an additional 
concern that too much protein can lead to increased urinary calcium excretion, and thus adversely 
influence bone health; however, the research findings on this are mixed, and the effects seem to be 
influenced by the interaction of multiple variables including source (food or supplement) and intake 
amounts for both protein and calcium [31].
Typically, adolescents consume a sufficient amount of protein. Using NHANES data (2009–2010), 
Ervin and Ogden (2013) found that males and females, ages 2 to 19 years, were consuming 14.7 % 
and 14.3 %, respectively, of their total calories from protein [27]. Also using NHANES data, Keast 
and colleagues (2013) found that the primary protein sources for youth ages 2–18 years were milk 
(13.2 %), poultry (12.8 %), and beef (11.5 %). Eggs and shellfish ranked lowest at 2.3 % and 2.1 %, 
respectively [32].
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 Micronutrients

Micronutrients are nutrients our body requires in much smaller amounts (measured in μg and mg 
instead of grams) and are non-caloric. Vitamins are organic substances that our body uses for funda-
mental and essential physiological processes, such as cholesterol synthesis, vision, immune function, 
and blood clotting. Minerals are inorganic compounds that are also important for biological processes, 
including maintaining fluid balance, blood pressure and pH balance, hemoglobin synthesis, muscle 
contractions, and bone structure. This next section will discuss key micronutrients for the active ado-
lescent: vitamin D, iron, calcium, and sodium.

 Vitamin D

Vitamin D is a fat-soluble vitamin that is essential for calcium absorption, cholesterol synthesis, cell 
differentiation, and insulin secretion. We are able to absorb vitamin D from sunlight, and can also 
consume it in our diet. Some foods, such as egg yolks, mushrooms, and fatty fish (e.g., salmon, her-
ring, mackerel), contain naturally occurring vitamin D; fortified milk, cereals, and orange juice also 
contain vitamin D. The vitamin D RDA for adolescents is 600 IU (15 μg) [33]. Currently, the defini-
tion for deficiency is ≤10 ng/mL; insufficiency is between 11 and 20 ng/mL; and optimal is >20 ng/
mL [34].

There is a high prevalence of both vitamin D insufficiency and deficiency among youth in the 
USA. Using NHANES data, Karalius and colleagues (2014) found that 10 % of US children ages 
6–18 years fell in the insufficiency range [35]. Low levels of vitamin D can increase risk of fracture, 
impair athletic performance, lead to a softening of the bones, and osteoporosis later in life; it can also 
cause increased muscle pain and weakness. Other populations at risk for deficiency include over-
weight and obese individuals (as excess body fat sequesters vitamin D, making it less available to the 
body); vegans and vegetarians; and individuals with dark skin. In order to absorb enough vitamin D 
from the sun, it is recommended to expose face, arms, and legs, without sunscreen, twice/week 
between the hours of 10:00 am and 3:00 pm for 5–30 min, depending on the season, latitude, and skin 
color, as SPFs of 8 and greater reduce skin synthesis by 95 % [36, 37].

 Iron

Given their rapid growth and development, adolescents need a sufficient amount of iron. The 
RDA is 8 mg for both males and females ages 9–13 years; this recommendation increases to 
11 mg for males and 15 mg for females ages 14–18 years. Iron is used in the body for hemoglobin 
synthesis, cell growth, and oxygen transport. There are two different kinds of iron: heme and 
non-heme. Heme iron is bound in hemoglobin, so it is found in animal products, such as fish and 
poultry; this form is the most bioavailable. Sources of non-heme iron include fortified cereals, 
dark green leafy vegetables (e.g., spinach, kale), and nuts. Multiple inhibitors such as polyphe-
nols, phytates, and fiber limit the bioavailability of non-heme iron. Therefore, vegetarians and 
vegans are at risk for iron deficiency given the limited bioavailability of non-heme iron. To 
improve bioavailability, non-heme food sources should be consumed with vitamin C-rich food 
sources, such as red bell peppers, strawberries, and citrus fruits to maximize its absorption. 
Consistently low intakes of iron can lead to chronic fatigue and decreased immune function, as 
well as impaired aerobic capacity and athletic performance. It has been recommended that popu-
lations at risk for deficiency take a low-dose iron supplement during intense training and with 
guidance from a physician and/or dietitian [38].
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 Calcium

Calcium performs multiple roles in the body. It is essential for muscle contractions, nerve transmis-
sions, blood vessel volume regulation, and bone health; bone mineral content (BMC) is about 80 % 
calcium [39]. Since blood levels of calcium are homeostatic, insufficient intakes from the diet can lead 
to the leeching of calcium from the bone, resulting in soft bones and elevated risk for stress fractures 
as well as muscle cramps and arrhythmias. For growing youth, calcium consumption is particularly 
important. Total body BMC more than doubles in children between the ages of 8 and 15 years, with 
peak gains attained between the ages of 12.5 (girls) and 14.0 (boys) years [40], resulting in 85–90 % 
of total bone accrual by the age of 18 years for females and age 20 years for males. Martin and col-
leagues found in a group of 228 youth that maximal calcium accretion occurs at rates of 282 mg/day 
for males at age 13.3 years and 212 mg/day for females at age 11.4 years [41].

Given the critical role calcium plays in laying down adequate bone, the RDA is 1,300 mg/day 
(males and females ages 9–18 years). However, most youth are not consuming a sufficient amount of 
calcium. Approximately 50 % of males and 75 % of females ages 9–18 years of age are not meeting 
recommended calcium intakes, based on the estimated average requirement (1,100 mg) [42]. While 
activities that increase skeletal demand, such as running and gymnastics, also positively contribute to 
BMC [43], if adolescent athletes do not consume a sufficient amount of calcium, they increase their 
risk for injury and impaired performance.

Aside from dairy products such as milk, yogurt, and cheese, other good sources of calcium include 
fortified sources such as orange juice and soy milk as well as dark green leafy vegetables (e.g., spin-
ach and kale). Calcium absorption can be maximized by consuming it concurrently with a source of 
vitamin D (such as eggs or salmon), and waiting an hour between ingesting a calcium-rich source and 
an iron-rich source, as they compete for absorption. In fact, Malczewska and colleagues found that 
iron-deficient female endurance athletes had greater calcium levels than their non-athletic peers with 
adequate iron status [44]. This underscores the importance of adequate intakes of all micronutrients 
among adolescent athletes in order to avoid deficiencies, and for those with dietary restrictions, such 
as vegans, who are at risk for both iron and calcium deficiencies.

 Other Micronutrients

While the nutrients outlined above are critical for active youth, other micronutrients are also important 
for growth and development. Tables 14.2 and 14.3 below provide an overview of intake recommenda-
tions for all the vitamins and minerals.

 Beverages

Our body is about 60 % water, and our brain is 75–85 % water. Water is needed for the digestion, 
absorption, metabolism, and transportation of nutrients; regulation of body temperature, physiologi-
cal/biological reactions, and electrolyte balance; and adequate lubrication of joints. Being well- 
hydrated boosts cognitive and physical performance, helps protect against illness, and encourages 
the maximal use of dietary nutrients. Ensuring adequate hydration is essential, as water losses of as 
little as 1–2 % can cause fatigue and negatively impact performance [45]. Water is lost through res-
piration, gastrointestinal excretions, and sweat; electrolytes are also lost in perspiration. Heat stress 
from being physically active in warm climates can further impair performance and increase the risk 
of heat- related illness if an individual is insufficiently hydrated [28, 46]. The body’s ability to regu-
late temperature, maximize cardio-respiratory function, and otherwise adapt to increasing physical 

14 Nutritional Considerations for Young Athletes



274

demands are largely predicted by hydration status, and are impaired when athletes are not suffi-
ciently hydrated [47].

The Institute of Medicine (IOM’s) AI for water is 2,400 mL/day for males ages 9–13 years and 
2,100 mL/day for females ages 9–13 years; 3,300 mL/day for males ages 14–18 years and 2,300 mL/
day for females ages 14–18 years [48]. Using NHANES (2009–2010) data (n = 4,766), Drewnowski 
and colleagues [49] found that youth ages 4–13 years consumed 431.0 ± 13.1 mL of water; younger 
children (4–8 years) consumed less than older children (9–13 years: 364.9 ± 13.5 mL vs. 
496.1 ± 19.4 mL, respectively). There were no differences in intake by gender. Overall, 75 % of 
children ages 4–8 years, 83 % of females ages 9–13 years, and 85 % of males ages 9–13 years did 
not meet recommended water intakes [49]. Kenney and colleagues [50] looked more specifically at 
the beverages youth were consuming, and found that among children 6–19 years, on average, they 
were consuming 2.9 servings/day of plain water, 2.0 servings/day of SSBs (including sports drinks), 
and 1.1 serving/day of milk [50].

Sports and energy drinks, in particular, have become a popular source of hydration among adoles-
cents. With the recent surge of energy drinks available on the market, these beverages have become 
synonymous with sports drinks; this is especially problematic since these drinks contain significant 
amounts of caffeine and added sugar. While consuming sports drinks (containing protein, carbohy-
drates, or electrolytes) can be helpful for adolescent athletes, particularly if exercising for longer than 
60 min [28, 51], a recent (2011) statement by the American Academy of Pediatrics found that energy 
drinks have “no place in the diets of children or adolescents.” [28] However, in a sample of 21,995 
youth, 35 % of 8th graders, 30 % of 10th graders, and 31 % of 12th graders consumed at least one 
energy drink or shot per day [26]. In another study of 779 youth ages 12–17 years, 20 % agreed energy 
drinks are safe for teens and 13 % agreed that energy drinks are a type of sports drink. There was also 
a positive association between physical activity and the consumption of energy drinks, such that those 
who were physically active 3 to 6x/week consumed 10.9 ± 2.1 energy drinks in the past week 

Table 14.2 Vitamin needs of adolescents

Aa Da Eb Ka Cb

Thia- 
minb

Ribo- 
flavinb Niacinb B6b Folatea B12a

Panto. 
acidb Biotina Cholineb

Female
9–13 600 15 11 60 45 0.9 0.9 12 1.0 300 1.8 4 20 375
14–18 700 15 15 75 65 1.0 1.0 14 1.3 400 2.4 5 25 550
Male
9–13 600 15 11 60 45 0.9 0.9 12 1.0 300 1.8 4 20 375
14–18 900 15 15 75 75 1.2 1.3 16 1.2 400 2.4 5 25 400
aμg/d
bmg/d

Table 14.3 Mineral needs of adolescents

Cab Cra Cua F−b Ia Feb Mgb Mnb Moa Pb Sea Znb Kc NaClc Clc

Female
9–13 1,300 21 700 2 120 8 240 1.6 34 1,250 40 8 4.5 1.5 2.3
14–18 1,300 24 890 3 150 15 360 1.6 43 1.250 55 9 4.7 1.5 2.3
Male
9–13 1,300 25 700 2 120 8 240 1.9 34 1,250 40 8 4.5 1.5 2.3
14–18 1,300 35 890 3 150 11 410 2.2 43 1,250 55 11 4.7 1.5 2.3
aμg/d
bmg/d
cg/d
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compared to 5.5 ± 1.2 drinks for those active <3 days per week, and 5.2 ± 2.3 drinks for those physi-
cally active 7 times/week (p = 0.02) [52].

Sports drinks are appropriate, however, when adolescents are engaging in prolonged activity (lon-
ger than 1 h), especially if it requires short bursts of energy (e.g., soccer, basketball). As discussed 
earlier, adolescents’ glycolytic capacity is still developing, which means they are relying on circulat-
ing carbohydrates for energy needs; sports drinks can satisfy this need. There are concerns with 
improper and unguided consumption of sports drinks; these include the displacement of calorie-free – 
and essential – water, which can lead to an increase in daily caloric intake, as well as the displacement 
of other health-promoting beverages such as milk. Some strategies that can ensure adolescents are 
replenishing their electrolytes while hydrating properly include using sports drinks only during pro-
longed activity, diluting the sports drink with water (50/50), and drinking seltzer water instead of soda 
and tea instead of coffee.

Paying attention to the timing of water consumption will also benefit young athletes. Between 1 
and 2 h prior to exercise, athletes should consume 2½ cups (~20 oz) of fluid; 15–30 min before, they 
should consume 1½ cups (12 oz). The purpose of drinking before exercise is to ensure sufficient 
hydration and maximal electrolyte balance. During exercise, water consumption is needed to prevent 
drastic changes in electrolyte balance, as well as excess dehydration (>2 % of body weight). For work-
outs lasting longer than 1 h, adolescent athletes should consume 6–8 % carbohydrate–electrolyte bev-
erages frequently (about ½ cup every 10–15 min), as this will maintain appropriate fluid balance by 
replenishing sodium and potassium levels (thus preventing dehydration) and spare glycogen stores 
(particularly important if participating in multiple training sessions in 1 day) [53]. Due to differences 
in variables such as duration, frequency, type, and intensity of activity; training quality; hydration 
status; sweat rate; and exercise environment, individuals should monitor their hydration status in order 
to determine their appropriate re-hydration strategy. Adolescent athletes can calculate their own 
replacement needs by calculating weight loss during workouts. For each pound lost, individuals 
should consume 16 oz of water and avoid caffeine. Urine output is a good litmus test for hydration 
levels; it should be pale yellow to clear at the end of each day.

 Dietary Supplements and Ergogenic Aids

Sales of dietary supplements sold in the USA totaled approximately $36.7 billion in 2014 [54]. 
Research, however, has yet to consistently support the reliability, efficacy, and safety of dietary 
supplements [55]. This is especially true for adolescents. For example, research in adults suggests 
creatine has positive effects on both changes in total body and fat-free mass, and performance in 
sports that require short, intense bursts of energy (e.g., power lifting); [56] safety data for youth is 
limited [57]. In fact, one 2016 study found that the use of creatine supplements with young elite 
football players may increase inflammation of the airways, possibly leading to increased prevalence 
of asthma [58].

In fact, the American College of Sports Medicine (ACSM) does not recommend supplements for 
persons under 18 years of age due to insufficient, supportive data and the risk for developmental prob-
lems. Despite this, in a sample of 73.7 million children, 1.64 % reported using a dietary supplement. 
Among those citing sport performance as their reason (1.65 %), 95 % took a multi-vitamin and/or 
mineral supplement (e.g., calcium), followed by fish oil/omega 3/DHA (43.5 %), creatine (34.1 %), 
and fiber (25.9 %). Males were more likely than females to use supplements (OR = 2.1; 95 % CI, 
1.3–3.3) [59]. The use of supplements in adolescent athletes should be done with the consultation of 
a dietitian or physician, and only in cases where there is an established nutrient deficiency (or signifi-
cant risk for one).
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 Behavioral Techniques to Promote Healthful Dietary Patterns

Fluid and food consumption patterns are particularly important for the active adolescent, as intake 
habits have physiological and biological implications, and can serve to either impair or improve athletic 
and academic performance. While in-season, dietary behaviors should be seen as part of training, ath-
letes should be encouraged to “practice” healthful eating in order to see the effects different foods have 
on them. Athletes’ meal timing also matters. Prior to competitions, athletes should consume 1–4 g of 
carbohydrate/kg of body weight: 1 h prior, consume 1 g/kg; 4 h prior, 4 g/kg. While the meal should be 
high in carbohydrate, it should also be low in protein, fat, and fiber, and moderate in sodium.

For athletes playing endurance sports (longer 1 h) that require short bursts of energy (e.g., soccer, 
volleyball), consuming a combination of simple sugars has been shown to be beneficial; [53] discre-
tionary calories should be kept under 200. For every hour of exercise, adolescents should ingest 
30–60 g of carbohydrate and drink 4–8 oz of fluid every 15 min. After an event, athletes should con-
sume a mixed carbohydrate/protein meal or snack within 15–20 min; this will boost glycogen storage 
by as much as 300 %. Waiting 2 h post-exercise before refueling can reduce glycogen synthesis by 
50 %, thus impairing recovery.

 Special Considerations: Weight Status and Eating Disorders

As adolescents age, the prevalence of eating disorders increases, with dieting being a strong predictor 
of onset [60]. One prospective cohort community study (duration 8 years; n = 496) found that between 
the ages of 12 and 20 years, lifetime prevalence of eating disorders were as follows: 0.8 % for anorexia 
nervosa, 2.6 % for bulimia nervosa, and 3.0 % for binge-eating disorder. Thirteen percent of the par-
ticipants were diagnosed with an eating disorder by age 20 [61].

Individuals who do not meet Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) criteria for an eating disorder diagnosis may still exhibit disordered eating patterns; in fact, 
disordered weight control behaviors, such as self-induced vomiting and the use of laxatives, have been 
found to be 20 times more likely than a clinical diagnosis [62]. Furthermore, the prevalence of disor-
dered weight control behaviors may be higher among youth athletes compared to non-athletes. One 
study assessed weight control strategies among 15,260 6th to 8th grade students and found that 3.6 % 
of females and 3.1 % of boys displayed disordered weight control behaviors. The odds, though, were 
highest for youth who engaged in strengthening/toning exercises 7 days/week compared to those who 
engaged for 0–3 days/week (females’ OR = 1.9; 95 % CI, 1.3 − 3.0; males’ OR = 1.5; 95 % CI, 1.0 − 2.2), 
with no variation by race/ethnicity or weight status.

Some sports, such as wrestling and martial arts, place competitors in certain weight classes. Others, 
such as gymnastics and dance, place a strong emphasis on lean physique. These types of sports place 
an additional burden on the athlete and can lead to short periods of disordered eating and weight 
adjustment patterns, such as those intended to lose water weight, including wearing plastic suits, 
using diuretics, and sitting for long periods of time in saunas. Over time, however, these behaviors can 
evolve into chronic unhealthy weight control behaviors that are clinically diagnosable, such as 
anorexia, bulimia, and muscle dysmorphia. For example, some athletes engage in purging or dietary 
restrictive behaviors prior to competition in order to “make weight.” After competition, these athletes 
then compensate by consuming an excess amount of calories (binge), which leads to rapid weight 
gain. This dietary pattern can place such a strongly negative demand on the body that adverse physi-
ological and developmental changes can occur [63].

Therefore, these athletes, in particular, may need additional guidance to ensure they are consuming 
a sufficient amount of nutrients (within potentially restrictive calorie allowances) in order to meet the 
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demands being placed on their body. Scheduling an appointment with a dietitian may be helpful. 
Coaches, too, can play an important role in helping to recognize and intervene if disordered eating 
patterns are observed. They can also serve as role models for youth. Kroshus and colleagues [64] 
conducted an electronic survey with 227 high school coaches from New York State about their knowl-
edge, attitudes, communication, and management of behaviors related to the Female Athlete Triad. 
The researchers found gender differences among the coaching staff, such that while both coaches 
recognized low energy and menstrual disturbances as unhealthy and warranting attention, the rating 
of concern was higher among female versus male coaches. Male coaches reported stronger agreement 
to the statement, “Having an irregular menstrual cycle is often a sign that the athlete is in peak com-
petitive shape” than female coaches (p = 0.049). However, female coaches felt more comfortable dis-
cussing menstrual irregularities with their athletes [64].

Meal Timing

Fluid and food consumption patterns are particularly important for the active adolescent, as dietary 
habits have physiological and biological implications, and can serve to either impair or improve ath-
letic and academic performance. Especially while in-season, dietary behaviors should be seen as part 
of training; athletes should be encouraged to “practice” healthful eating in order to see the effects 
different foods have on them. Athletes’ meal timing also matters. Prior to competitions, athletes 
should consume 1–4 g of carbohydrate/kg of body weight: 1 h prior, consume 1 g/kg; 4 h prior, 4 g/
kg. While the meal should be high in complex carbohydrates, it should also be low in protein, fat, and 
fiber, and moderate in sodium.

For athletes playing endurance sports that require short bursts of energy (e.g., soccer, volleyball), 
consuming a combination of simple sugars has been shown to be beneficial [53]; however, discretion-
ary calories should be kept under 200. For every hour of exercise, adolescents should ingest 30–60 g 
of carbohydrate and drink 4–8 oz of fluid every 15 min. After an event, athletes should consume a 
mixed carbohydrate/protein meal or snack within 15–20 min; this will boost glycogen storage by as 
much as 300 %. Waiting 2 h post-exercise before refueling can reduce glycogen synthesis by 50 %, 
thus impairing recovery.

Promoting Healthy Env ironments for Youth

While youth sports are commonly seen as an encouraging strategy for promoting physical activity, the 
food environment in which many youth (and their parents) find themselves may be unhealthy and 
even obesogenic. Thomas and colleagues [3] conducted focus groups exploring parent perceptions 
about the youth (ages 6–13) sport environment. Parents reported that few healthful foods and bever-
ages are available, and it is common for youth to consume unhealthful foods and beverages. Another 
study conducted by Irby and colleagues [65] assessed the youth baseball food environment. The 
authors found that 72 % of the team snacks, provided by parents during or after games, were 
unhealthy – including French fries, chips, candy, and cookies. Beverages were most likely to be diet 
soda (33 %), water (32 %), or sugar-sweetened sports drinks (27 %). Of those drinks consumed in the 
dugout during games, 53 % were sugar-sweetened. Of foods consumed by spectators, 85 % were pur-
chased from the concession stand, and 73 % of the items were unhealthy (French fries, chips, candy, 
cookies, ice cream) [65].
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 Conclusion

Research suggests that adolescent dietary habits can predict lifelong health behaviors [66], and youth’s 
dietary behaviors tend to worsen as they age; [67, 68] this means establishing health-promoting 
dietary behaviors at this stage can have a lifelong impact for youth. Like all nutrition-related research, 
the literature base in this area continues to evolve, especially as more young adults participate in com-
petitive sports.

While adolescent athletes may have performance needs to consider when establishing their dietary 
intake patterns, their needs do not appear to warrant the default consumption of additional nutrients, 
such as supplements or ergogenic aids. To the contrary, research appears to support the need for ado-
lescent athletes to pay increasing attention to the quality of their diets – ensuring they are consuming 
a sufficient quantity of calories and micronutrients to meet their developmental and athletic perfor-
mance needs and limiting the intake of “empty calories” often found in SSBs and salty snack foods. 
Practitioners can support this by encouraging adolescent athletes to consider their food and fluid 
intake as part of their training and by educating youth on the role nutrition plays in their competitive 
performance. Awareness of the challenges and social constraints placed on adolescents can aid prac-
titioners in successfully communicating with this population.
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Key Points

• Body water content is normally maintained within narrow limits by regulatory mechanisms affect-
ing both intake and loss. Water balance is intimately linked with salt balance to regulate osmolality 
of body water compartments.

• The physiological mechanisms that govern intake may be over-ridden by conscious control, result-
ing in disturbances of water and salt balance.

• Transient modest disturbances in water balance are common and of little or no consequence. Both 
a reduction (hypohydration) and increase (hyperhydration) in body water content may, if suffi-
ciently severe, lead to adverse effects on health and performance.

• Water losses are increased by exercise and warm environments, but responses are highly 
individual.

• Undertaking physical activity in a hypohydrated state appears to increase an individual’s perceived 
exertion which may negatively influence exercise performance and self-selected exercise intensity, 
and may decrease the likelihood of further participation in physical activity.

• Certain populations, such as the elderly, are more likely to become hypohydrated, which may lead 
to other illnesses and contribute to morbidity and mortality.

Keywords Hydration • Hypohydration • Water turnover • Physical activity • Occupational activity • 
Perceived exertion • Exercise performance • Exercise participation • Over-hydration
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Abbreviations

ANP Atrial natriuretic peptide
AVP Arginine vasopressin
EFSA European Food Safety Authority
mL millilitre
mosm milliosmole
RPE Rating of Perceived Exertion
VO2max Maximum oxygen uptake

 Background

Water is the most abundant component in the human body, except in the very obese, making up about 
50–70 % of body mass. Approximately two thirds of this water is found in intracellular compartments, 
with the remaining third in extracellular compartments. Within the extracellular compartment, water 
is found in the interstitial fluid (approximately 15 % of body mass) and the blood plasma (5 % body 
mass). Despite the abundance of water in the human body, it is kept within relatively narrow limits. 
Euhydration is defined as a “normal” body water content, usually denoted by a plasma osmolality 
between 280 and 290 mosmol/kg, although this increases with age [31]. The body water content fluc-
tuates over the day as losses are continuous and intake is episodic, but it is normally maintained within 
about ±0.2 % of body mass in temperate conditions and within ±0.5 % when in the heat or during 
exercise [29]. Individuals are considered to be hypohydrated or hyperhydrated if values fall out with 
these limits. Both of these conditions, if sufficiently severe, can impair all aspects of physiological 
function and may prove fatal in extreme cases.

 Water Balance

Water balance is achieved when water intake matches water losses, but water intake is episodic 
whereas water losses are continuous, so water balance fluctuates throughout the course of a day. Over 
a 24-h period, water balance is generally maintained through normal physiological function. Avenues 
of water intake include fluid consumed through drinking and that found in ingested food with a small 
proportion generated via oxidative metabolism (Table 15.1). At rest and in temperate environments, 
the main avenue of fluid loss is via urine production with some water lost via respiration, skin loss, 

Table 15.1 Typical values (mL) of different avenues of daily water input and output for a 70–80 kg sedentary male 
living and working in a temperate environment

Water intake Water output

Variable Volume (L) Variable Volume (L)

Water consumption 1.6 Urine 1.4
Water in food 1.0 Respiration 0.3
Metabolic water production 0.4 Skin (transcutaneous) 0.5

Sweat 0.7
Faeces 0.1

Total 3.0 Total 3.0
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sweating and faecal loss. During exercise and in hot environments, a greater proportion of water is lost 
via sweating in order to limit the rise of core temperature that occurs in these situations.

Urine production is regulated by hormones including arginine vasopressin (AVP), aldosterone and 
atrial natriuretic peptide (ANP). AVP is secreted from the posterior pituitary and acts on the collecting 
ducts of the kidney to increase water reabsorption, leading to production of small volumes of concen-
trated urine. The main physiological factors that initiate the secretion of AVP are an increase in 
plasma osmolality and a decrease in blood volume. A 1 mosm/kg change in plasma osmolality results 
in a 0.41 pmol/L change in AVP [8], and a 3 mosm/kg change in plasma osmolality results in a 
250 mosm/kg change in urine osmolality [69]. A change in blood volume of 7–10 % is required for 
similar magnitudes of change in urine osmolality, making plasma osmolality the main determinant of 
AVP release [8]. The renin–angiotensin aldosterone system is also activated in response to decreases 
in blood volume, with aldosterone acting on the collecting ducts of the kidney to increase sodium 
reabsorption, which, in turn, leads to water reabsorption and the production of small volumes of con-
centrated urine. ANP is secreted from the right atrium in response to increased blood volume and 
leads to decreases in sodium reabsorption in the nephron and also inhibits renin secretion, leading in 
turn to an increase in urine sodium content and urine volume.

One of the main drivers for fluid intake is thirst, though much drinking behaviour is dictated by 
habit rather than stimulus-driven. Thirst is the result of a complex interaction between physiological, 
psychological and behavioural factors [1]. Changes in plasma osmolality and blood volume are 
thought to play important roles in the thirst response, thus the same factors that regulate water loss are 
also involved in water intake. Animal models have suggested that substances such as angiotensin 2, 
bradykinin and serotonin may also be involved in the thirst response. Recently, there have been some 
suggestions that genetic factors may also account for some variation in thirst response between indi-
viduals, although the picture is not entirely clear at present [74, 88]. Generally, thirst is considered to 
be a poor indicator of short-term deviations in body water, given observations that unlimited access to 
drinks after periods of fluid restriction tends not to fully restore water losses [78], and rapid fluid 
ingestion in these circumstances appears to alleviate the perception of thirst before euhydration is 
restored and before major changes in circulating osmolality are observed [71]. The thirst response is 
considered, however, to be sufficient to restore body water levels over longer time periods.

The European Food Safety Authority (EFSA) has concluded that adequate total (i.e., water from 
food and fluid) daily water intake is 2.0 L for an average adult female and 2.5 L for an average adult 
male 21. Different adequate total water intakes are reported by the Institute of Medicine in the USA 
with values reported as 2.7 L and 3.7 L for adult females and males, respectively. The values reported 
by these bodies are an average (or median) volume consumed by healthy adults and are, therefore, 
classed as adequate intakes rather than recommended intakes. Considerable variation in the volumes 
of water and other beverages habitually consumed by healthy adults is observed. For physically active 
individuals that will lose greater volumes of water via sweating, which is exacerbated in hot environ-
ments, achieving the adequate intakes reported is not a guarantee that water intake is sufficient for that 
individual. It is likely, however, that water intake throughout the day will match water losses due to a 
combination of habitual fluid intake and the individual’s thirst response driving further fluid intake.

 Sweating, Water Balance and Water Turnover

At rest, metabolic heat production is approximately 60 W, but metabolic demand increases in a linear 
fashion and can reach 1 kW during activities such as marathon running. This metabolic heat must be 
dissipated in order to avoid large increases in core temperature, and this is met largely by an increase 
in sweat rate. The main factors that determine sweat rate are exercise intensity, duration and frequency 
as well as the environment in which physical activity is undertaken.
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In recent years, a large number of studies have been undertaken to measure pre-exercise hydration 
status and to assess sweat rate loss and fluid replacement in physically active individuals. Most of these 
studies have focussed on elite athletes undertaking training sessions and/or competitive events in dif-
ferent environmental conditions. Maughan et al. [49] studied elite football players during a training 
session in warm conditions and observed a median pre-exercise urine osmolality of 666 mosm/kg with 
a range of 103–1,254 mosm/kg. During exercise, median fluid intake was 971 mL with a range of 
265–1,661 mL, and percentage body mass loss was 1.4 % with a range of 0.5–2.6 %. In a similar study 
performed in a cold environment, Maughan et al. [51] observed that pre-exercise urine osmolality was 
872 mosm/kg (range: 481–1,228 mosm/kg), fluid intake was 420 mL (range: 44–950 mL) and percent-
age body mass loss was 1.6 % (range: 0.9–2.5 %). Similar results have been observed during competi-
tive football matches [52] and throughout a competitive handball tournament [18]. These studies 
demonstrate that some individuals are likely to begin exercise in a hypohydrated state, that there are 
large inter-individual differences in sweat rate and fluid intake during exercise and that some individu-
als are likely to become significantly dehydrated by undertaking relatively short but intense periods of 
physical activity. If such results are seen in elite performers with a large professional support team, it is 
likely that recreational athletes also experience similar or greater levels of hypohydration.

Sweat consists of water, minerals and organic components. Consequently, when sweat rate 
increases during exercise, it is not just water that is lost: The main electrolytes lost via sweat are 
sodium and chloride at concentrations of approximately 15–80 mmol/L. There is large inter- individual 
variation in the composition of sweat leading to large variations in electrolyte and salt loss between 
individuals [49, 51]. Sweat is invariably hypotonic, however, and one effect of high sweat rates is to 
cause an increase in the osmolality of body fluids. The variability in sweat rate and sweat composi-
tion, in addition to the large individual variability in sweat loss, means that a single hydration strategy 
is not appropriate for all physically active individuals, and hydration advice should be tailored to the 
individual in question.

Body water turnover, or the replacement of water lost over a given period, is approximately 5–10 % 
of total body water content per day for a sedentary individual living in a temperate environment, but 
can increase to 20–40 % if prolonged exercise is undertaken in a hot environment [36]. Fractional 
water turnover is higher in children up to 15 years of age than in adults and higher in physically active 
individuals than in age-matched sedentary individuals [76]. Leiper et al. [43] reported that average 
median water turnover in a cool environment for a group of regular cyclists was 47 mL/kg/d compared 
to 36 mL/kg/d for a group of age-matched sedentary controls, with the difference in water turnover 
due primarily to non-renal water losses. When similar studies [41] were undertaken in temperate 
environments, water turnover rates were higher (4,673 mL/d) in recreational joggers than sedentary 
age-matched controls (3,256 mL/d), but the difference was due to an increased renal loss rather than 
differences in sweat loss. This suggests that these individuals may have over-estimated their fluid 
requirements.

Physical activity comprises both voluntary exercise and occupational activity. In many cases, occu-
pational activity may be performed in hot and humid environments or when wearing uniforms and/or 
personal protective equipment that prevent physical heat loss and restrict evaporation of sweat. 
Consequently, undertaking occupational activity in these situations will have an influence on hydra-
tion status and body water balance. While this may lead to health consequences such as heat stroke, it 
may also affect safety, productivity, worker morale and operating costs.

Brake [13] monitored the hydration status, sweat rate and fluid intake of metal and coal miners. In 
a group of 64 miners tested at the start of their shift, only 41 % were classed as having “good” or “fair” 
hydration status based on urine-specific gravity measurements and were classed as fit to work in a 
thermally stressful environment. The remaining 59 % were classed as unfit to work in this environ-
ment, with 9 % being classed as “clinically dehydrated”. Further analysis of a cohort of 413 miners 
who were tested after the completion of their shift suggested that 86 % of these workers were ade-
quately hydrated. This would suggest that access to fluids during their working hours was sufficient 
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in most cases. In a group of 39 miners, fluid intake over the course of a variety of shift lengths aver-
aged 6.5 L with a range of 2.4–12.5 L. Analysis of urine-specific gravity measures at the start, middle 
and end of the shifts showed no change in hydration status, which would suggest that fluid intake was 
adequate to meet sweat losses in these individuals. In a study of outdoor workers in North-West 
Australia, Miller and Bates [55] reported that only 21 % of 382 urine samples analysed before, during 
and after summer shifts were classed as “adequately hydrated” or “marginally adequately hydrated”. 
Fifty-one per cent of workers were classed as “hypohydrated” with 16 % classed as “clinically dehy-
drated”. Similar findings were reported by Bates et al. [7] when investigating expatriate workers in the 
Middle East during the summer months. Urine samples were collected from workers at four different 
working sites, and the percentage of samples classed as “hypohydrated” varied from 14 to 31 %. Fluid 
intake in these individuals appeared to be sufficient to match sweat losses induced during occupa-
tional activity. The previous studies were undertaken in relatively high ambient temperatures, but 
Polkinghorne et al. [66] recently reported that 58 % of miners working in temperate conditions were 
classed as “hypohydrated” both before and after a shift. They also noted that miners that began their 
shift dehydrated were nearly three times more likely to end their shift dehydrated than if they started 
in an adequate hydration state. Interestingly, workers that were classed as hypohydrated for the entire 
shift were more likely to be obese and at risk of metabolic complications (as assessed by waist cir-
cumference measurements) than those that were adequately hydrated for the duration of their shift.

The evidence described suggests that a degree of hypohydration is common in workers beginning 
demanding occupational physical activity in both temperate and hot environmental conditions. While 
this increases the risk of heat illness as well as having several potential effects on work productivity, 
workers in these situations appear to have adequate access to fluids during the working period to 
match sweat loss and, therefore, avoid exacerbated levels of dehydration. It would appear, however, 
that attempts need to be made to avoid the number of workers reporting to the workplace with signifi-
cant levels of dehydration.

In a study of forestry workers, a situation in which there may be limited access to fluids, Biggs 
et al. [10] observed that 43 % of 103 workers in autumn were dehydrated at the start of their shift and 
this increased to 64 % at the end of the shift. Similarly, in winter, 47 % of 79 workers were dehydrated 
at the onset of work and 63 % were dehydrated afterwards. This would suggest that, in this working 
environment, fluid intake was not sufficient to replace fluid losses, although further studies have sug-
gested that adequate hydration status is likely to be restored by the following morning [68] which 
would be expected as a result of longer-term regulatory processes of water balance.

Miller and Bates [56] set out a number of practical guidelines to assist in the avoidance of dehydra-
tion in manual workers. These include supplying workers with appropriate drink containers both prior 
to and during manual labour, drinking 0.6–1.0 L of fluid in a 2–3-h period, providing electrolyte 
replacement solutions when in hot environments, encouragement of rehydration after shifts and educa-
tion of workers regarding monitoring of their hydration status. The observations and practical applica-
tions described above apply mostly to occupations that involve a high degree of manual labour, but this 
is not the case for most workers. Despite this, it appears that a significant number of more sedentary (or 
at least less physically active) workers also begin work with inadequate hydration levels and remain in 
this condition throughout the working day [53]. While the risk of heat illness and other health issues is 
likely to be relatively low in these individuals, this is still an issue to be considered in the workplace.

 Hydration Status and Performance

A considerable volume of research has been undertaken to investigate the effects of deviations in body 
water on physical capacity. Case studies demonstrate that prolonged physical activity in challenging 
environmental conditions without fluid ingestion can lead to collapse, significantly impaired 
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physiological function and hypernatraemia [62]. Similarly, other case studies demonstrate that 
extreme over- ingestion of fluid during exercise can also lead to impaired physiological function and 
hyponatraemia which can, in rare cases, prove to be fatal [63]. These studies demonstrate that large 
acute disturbances in body water can undoubtedly affect performance and physiological function, but 
such extreme disturbances are relatively rare. The relatively small deviations from normal body water 
levels that are normally encountered appear to have little effect on performance and/or physiological 
function. Given that the main issue related to physical activity and hydration status is the increased 
rate of sweating and consequent water loss, most research has focussed on the impact of dehydration 
on exercise performance rather than hyperhydration. Despite the volume of research, much debate 
still exists regarding the point at which a reduction in body water is likely to affect physiological func-
tion. This is primarily due to methodological issues in experimental design in this area.

Armstrong et al. [3] observed that dehydration equivalent to about 1.8 % of body mass on average 
induced via administration of a diuretic led to increases in running time and reductions in running 
velocity at distances of 1,500, 5,000 and 10, 000 m. Cheuvront et al. [15] reported that total work 
performed during a 30-min endurance exercise time trial in temperate conditions at 50 % VO2peak was 
less when participants were hypohydrated by 3 % of their body mass than when they were euhydrated. 
Similarly, McConell et al. [54] observed that endurance exercise performance in a temperate environ-
ment was reduced when participants were hypohydrated compared to when prior fluid replacement 
was allowed. Nybo et al. [65] demonstrated that undertaking exercise in a dehydrated condition 
reduced VO2max and time to fatigue in a warm environment when compared to a euhydrated condition. 
Similar observations have been reported by others [6, 9]. A recent review by Cheuvront and Kenefick 
[16] concluded that the majority of studies in this area have suggested that a reduction in body mass 
of 2 % or more is likely to reduce endurance exercise performance particularly when that exercise is 
performed in a hot environment.

The effects of hypohydration on cardiovascular function have also been extensively studied. 
Gonzalez-Alonso et al. [28] reported that stroke volume was reduced and heart rate increased when 
participants were dehydrated and undertook exercise in a hyperthermic environment. This reflects at 
least in part the phenomenon of cardiovascular drift that has been reported to occur in prolonged 
exercise for at least 30 years [59, 72]. In addition to the impact of hypohydration on stroke volume and 
heart rate, Gonzalez-Alonso et al. [26] have also reported a reduction in skin blood flow compared to 
the euhydrated state which could reduce the extent of heat loss and lead to increases in core tempera-
ture. An individual’s rating of perceived exertion (RPE) at a given exercise intensity has also been 
shown to increase when exercising in a hypohydrated state compared to a euhydrated state [5, 9, 58] 
which is likely to be another mechanism by which a reduction in body water negatively influences 
exercise performance. Interestingly, a recent study by Fleming and James [24] demonstrated that 
habituation to undertaking exercise in a hypohydrated state reduced the detrimental effects of a reduc-
tion in body water on endurance exercise performance. This effect was not mediated by changes in 
cardiovascular system function but apparently by habituation reducing RPE.

It has been suggested that a reduction in body water of 3–4 % is required to induce detrimental 
effects on muscle function [35]. A recent meta-analysis of 28 articles [75] concluded that hypohydra-
tion results in meaningful reductions in anaerobic power, muscle endurance and strength and that the 
method of inducing the reduction in body water and training status were important considerations. In 
particular, hypohydration induced by passive means resulted in less effect on muscular performance 
than those that involved an active component. This meta-analysis also concluded that body-weight- 
dependent muscular performance, such as vertical jumping ability, may be improved by a reduction 
in body water of 3 % or more.

Relatively mild levels of hypohydration have been shown to negatively affect cognition. Many of 
the older studies in this area suffer from poor methodology, but recent studies use more robust meth-
ods. Watson et al. [85] required participants to follow a drinking regimen that involved ingestion of 
25 % of suggested daily guidelines on the day prior to the trial, resulting in a reduction in body mass 
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of 1.1 %. During a 2-h simulated driving task, a greater number of minor driving errors were recorded 
when participants were hypohydrated compared to when they performed the task having followed 
current drinking guidelines. Similarly, Lindseth et al. [45] reported that flight performance and spatial 
cognition tests were reduced in pilots who were hypohydrated due to low levels of fluid ingestion 
compared to those who were euhydrated with adequate levels of fluid ingestion. Ganio et al. [25] 
observed that mild hypohydration of approximately 1.5 % body mass resulted in reduced cognitive 
aspects such as visual vigilance and visual working memory when compared to when euhydrated. 
These studies suggest that even mild levels of hypohydration appear to have a negative impact on 
cognition.

Body water deficits can be avoided or reversed only by ingestion of drinks or water-containing 
foods, so much attention has been given to the development of appropriate drinking strategies during 
exercise. As previously discussed, relatively small acute reductions in body water (as assessed by 
changes in body mass) are unlikely to cause any negative effects on performance and, therefore, a 
drinking strategy that restores all body water lost during exercise is unnecessary. Similarly, generic 
advice to all physically active individuals is not appropriate due to the large individual differences in 
sweat losses that occur during exercise. In such a situation, this guidance would be sufficient for some 
individuals, but would cause some to become hypohydrated and would lead to excessive ingestion for 
others, with the accompanying risk of hyponatraemia. Water and electrolyte losses can be assessed 
during training in response to different environmental conditions, and a drinking strategy imple-
mented to avoid reductions in body water that may negatively influence exercise performance [50]. 
Alternatively, individuals can drink only when thirsty [61] or ad libitum. While these last two strate-
gies are similar, they differ in that drinking to thirst relies solely on the thirst response to drive fluid 
intake, whereas drinking ad libitum involves other external cues in addition to thirst response. 
Armstrong et al. [4] compared a drinking to thirst strategy to an ad libitum strategy in trained cyclists 
completing a 164-km road cycle at an ambient temperature of 36°. Although the percentage body 
mass lost and fluid intake were the same between the two groups, the authors concluded that an ad 
libitum strategy may be easier to implement as this involves less thought and consideration while 
exercising.

It seems clear that a single hydration strategy is not appropriate for all individuals, and numerous 
confounding factors need to be considered. These include the individual’s water loss, individual pref-
erence of taste and familiarity with drinks, the ambient temperature, temperature of the drink and the 
carbohydrate and electrolyte content of the drink. An additional consideration is individual insuscep-
tibility to gastrointestinal disturbance that may occur as a result of fluid ingestion during exercise. 
Relatively high-intensity exercise (>70 % VO2max) reduces the rate at which fluid is emptied from the 
stomach [42] as does ingestion of solutions with relatively high carbohydrate concentration [81]. 
Consequently, ingestion of large volumes of water and/or solutions containing carbohydrate during 
exercise may lead to gastric discomfort in some individuals. While there is some evidence that it is 
possible to train the gastrointestinal system to the ingestion of these volumes [34], it is still an impor-
tant consideration when planning hydration strategies during physical activity.

A body water deficit is normally present after prolonged exercise, and there is a large body of 
research on post-exercise rehydration. If a single exercise session is completed during the day, there 
is no need for an aggressive rehydration strategy to be implemented as normal regulatory processes 
governing fluid intake will ensure that water balance is maintained over a 24-h period. If a second 
exercise session is to be performed on the same day, a post-exercise rehydration strategy may be 
needed to ensure that euhydration is restored before the second session. The most important factors to 
consider are the volume and sodium content of fluid that is consumed. Shirreffs et al. [79] observed 
that a volume greater than that lost during exercise is required to account for obligatory urine losses. 
This is typically translated as 1.5 L for every 1.0 kg of body mass lost during exercise. It also seems 
as though the rate at which fluid is ingested is an important consideration with high rates of fluid 
ingestion less effective at maintaining fluid balance over a recovery period than low rates of ingestion 
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of the same volume [39]. The composition of a rehydration solution is likely to alter the effectiveness 
of that solution to maintain fluid balance over a recovery period. The most important constituent of a 
rehydration solution is the sodium concentration as this is the most abundance ion in the extracellular 
fluid and, therefore, has a significant impact on plasma osmolality. The addition of sodium to a rehy-
dration solution has been shown to improve its effectiveness at maintaining fluid balance during a 
recovery period [77]. The addition of carbohydrate and protein to a solution may also be of benefit as 
the addition of these nutrients reduces the rate of gastric emptying and overall water absorption ensur-
ing that water loss is minimised due to the avoidance of large changes in plasma volume [22, 33]. An 
additional consideration is whether food is ingested alongside a solution. Water is not considered to 
be an adequate rehydration solution when ingested on its own as it is rapidly absorbed into the blood 
and causes a relatively large reduction in plasma volume and a diuresis [64], but when ingested along-
side a meal containing adequate electrolytes, water may be a suitable rehydration solution [48].

 Hydration for Recreational Activity

Regular, moderate physical activity is known to induce numerous health benefits, and cardiorespiratory 
fitness is considered an independent risk factor for a number of disease states [12]. Physical activity is 
therefore often prescribed to improve health. While physical activity alone does not appear to induce 
large degrees of weight loss, it does have beneficial effects on body composition, and the incorporation 
of physical activity into a weight loss strategy that also includes restriction of energy intake is likely to 
produce the greatest degree of body mass loss [87]. In addition, the extent of weight regain after a 
period of weight loss is likely to be lower if physical activity is incorporated into the initial weight loss 
strategy [82]. An individual’s rating of perceived exertion (RPE) during physical activity is a key regu-
lator of self-selected exercise intensity and will likely determine whether that individual continues or 
terminates an exercise session. Consequently, factors that alter an individual’s RPE during exercise are 
of interest to insure compliance with exercise strategies used to promote health.

The sensation of effort during exercise is a complex phenomenon involving numerous physiologi-
cal, psychological and social factors [80] and is typically assessed using a Borg scale [11]. Briefly, the 
perception of effort during exercise involves integration of physiological mediators (such as ventila-
tion, availability of energy substrate and skin temperature) with psychological factors (such as moti-
vation, mood state and experience), exertional symptoms (such as heavy breathing and sweat rate) 
and, in the case of elite athletes, performance considerations, by the sensory cortex. This results in a 
perceptual response that will determine the perceived effort of exercise [70]. The strongest physiolog-
ical mediators of RPE are respiratory rate, sensation of strain in muscles and joints, perception of 
body temperature and limb movement speed [70]. Given the close relationship between core body 
temperate, sweat rate, skin temperature and hydration status, it is no surprise that there is interest in 
determining whether an individual’s hydration status influences their perception of effort during 
exercise.

Few, if any, studies have been carried out specifically to study the effect of dehydration on RPE 
during exercise. Instead, RPE has been measured as a secondary outcome measure in studies examin-
ing the effect of dehydration on other markers of physiological function. In some of these studies, 
subjects began exercise in a dehydrated state, while in others dehydration was induced by withholding 
fluids during exercise. Cheuvront et al. [15] induced dehydration via heat 3 h of heat exposure that 
resulted in a 3 % reduction in body mass prior to undertaking a 30-min exercise trial at 50 % VO2max 
and a 30-min time trial. No differences in RPE were observed between the euhydrated or dehydrated 
states. Similarly, Kenefick et al. [37] reduced body water by 1.7–1.8 L via 75 min of exercise in hot 
conditions before a 75-min heat tolerance test involving running exercise. During this heat tolerance 
test, there was little difference in RPE when participants were euhydrated than when dehydrated. In 
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contrast, Riebe et al. [67] induced a level of 4 % dehydration via exercise in the heat before a period 
of rehydration or no fluid ingestion. During a subsequent exercise test, RPE was significantly higher 
in the dehydrated state than in the euhydrated condition. Similar findings of an increase in RPE when 
previously dehydrated compared to a euhydrated condition have been observed by Fleming and James 
[24] and Gonzalez-Alonso et al. [27]. On balance, it would seem that beginning exercise in a dehy-
drated state is likely to lead to a small but meaningful increase in RPE.

Montain and Coyle [57] showed an association between the extent of dehydration accrued during 
prolonged exercise in a warm environment and the RPE. Watson et al. [84] reported a significant 
increase in RPE when participants undertook an intermittent exercise trial at 55 % VO2max in hot con-
ditions without fluid ingestion compared to when plain water was ingested to match sweat losses, that 
is, dehydration was allowed to accrue. Similarly, Baker et al. [5] observed that 3 h of treadmill walk-
ing without fluid replacement led to an increase in RPE in comparison to when fluid replacement was 
allowed. Ishijima et al. [32] reported that 90 min of cycle exercise at 55 % VO2max without fluid inges-
tion led to greater RPE than when exercise was undertaken with fluid ingestion. These observations 
would suggest that dehydration accrued while exercising for longer than 30 min may also lead to a 
small but meaningful increase in RPE.

Several mechanisms may explain why hypohydration may lead to an increase in RPE, including 
both physiological and psychological factors. As discussed previously, hypohydration leads to a 
reduction in stroke volume and an increase in heart rate [28] as well as a reduction in skin blood flow 
[26]. In addition, a reduction in body water leads to a reduction in VO2max with greater losses resulting 
in greater effects. Blood–brain barrier permeability may be altered [84] and cerebral perfusion reduced 
[14] in response to hypohydration resulting in a direct effect on the central nervous system. 
Hypohydration also leads to dryness of the mouth, thirst and headaches which could ultimately affect 
mood state and psychological factors that alter the perception of effort [78].

A substantial body of evidence therefore exists to suggest that starting exercise in a hypohydrated 
state or allowing hypohydration to occur during exercise results in an increased perception of effort. 
The effect of hypohydration on RPE is an important consideration for situations of occupational activ-
ity as well as the prescription of physical activity for health and well-being. Consequently, in these 
situations, individuals should be provided with the opportunity and education to ensure they are ade-
quately hydrated prior to beginning work or an exercise session so that the effect of hydration status 
on RPE is not negatively influencing the activity in question.

 Hydration as Part of a Healthy Lifestyle

As outlined previously, moderate reductions in body water are common as a result of physically active 
lifestyles, and these reductions may lead to changes in cardiovascular function as well as impairing 
cognitive processes and mood. These observations are important for physical performance in elite 
athletes as well as physically active members of the general public and for those with occupations that 
involve manual work. What is less clear, perhaps, is the effect of acute and chronic reductions in body 
water on health. The majority of work in this area has focussed on elderly populations.

Few studies have adequately examined the effects of hydration status on chronic disease, but there 
are some suggestions that a low fluid intake (and, therefore, hypohydration) may be linked to urinary 
stones (urolithiasis), constipation, bladder and colon cancer, hypertension and diabetic ketoacidosis 
[46]. These observations should be treated with caution, however, due to the lack of studies demon-
strating causality.

The ageing process results in a reduction in fat-free mass, reduction in bone mass and a reduction 
in total body water as well as a blunted thirst response leading to an increased risk of hypohydration 
in older individuals. Hydration status is known to be a factor in disease progression for a number of 
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medical disorders. Hypohydration is thought to predispose to infection which, in elderly populations, 
can be fatal in up to 50 % of cases if not diagnosed early [23]. In an analysis of UK death certificates 
between 2005 and 2009, it was observed that 667 deaths were due to dehydration compared to 157 as 
a result of malnutrition: It is, however, difficult to determine whether dehydration was the causative 
factors in these deaths [47].

Leiper et al. [44] observed that water turnover, as assessed via a deuterium oxide tracer, was sig-
nificantly slower in elderly individuals living in a residential care home than those who lived at home. 
Similarly, Wolff et al. [86] reported that 12 % of elderly patients admitted to hospital from a residen-
tial care home were hypernatraemic upon admission compared to 1.3 % of age-matched patients 
admitted from home. The extent of hypernatremia upon admission is related to likelihood of in-hos-
pital mortality [86], and, consequently, patients from residential care homes had a greater likelihood 
of in-hospital death than those who lived at home. Similar results were reported by El-Sharkawy et al. 
[20]. These observations indicate that elderly individuals, particularly those in care homes, should be 
targeted by care workers to ensure adequate water ingestion and avoidance of hypohydration.

Quality of life is of primary importance in elderly individuals and is often assessed as a profile of 
physical, psychological, independence, social relationships, environmental and spiritual domains. In 
a study of 82 residents of Australian care homes, Courtney et al. [17] reported that quality of life was 
positively correlated with clinical care indicators. The three main indicators that affected quality of 
life were poor hydration status, number of fall incidents and depression. These areas may be targeted 
to improve quality of life in residential care, and improvements in hydration may be one of the easiest 
and most cost-effective ways to achieve this.

It seems clear from this evidence that certain populations, such as the elderly, are more susceptible 
to the impact that reductions in body water can have on health. Further evidence of this can be seen 
when examining the effects of changes in environmental temperature on morbidity and mortality. 
Sardon [73] reported that temperatures throughout Europe were several degrees higher between June 
and September 2003 compared to other years. In an analysis of 2003 heatwave days compared to the 
years from 1990 to 2004, D’Ippoliti et al. [19] observed that there were 8 % more deaths in Munich, 
10 % more deaths in London, 27 % more deaths in Rome and 34 % more deaths in Milan. In 
Mediterranean cities, where the heatwave had the largest impact on temperature, the percentage 
increase in all-cause mortality compared to other years was greatest in those aged 85+ years and was 
higher in females than males. Similar observations have been made in Australia. Nitschke et al. [60] 
analysed daily ambulance transports, hospital admissions and mortality over a 13-year period from 
1993 and compared heatwaves to non-heatwave periods. Total mortal was unaffected during heat-
waves, but ambulance transports and hospital admissions increased by 4 % and 7 %, respectively. 
Total mental health and renal health hospital admissions were increased by 7 % and 13 %, respec-
tively. Similarly, Khalaj et al. [38] surveyed 1,497,655 emergency admissions to hospital in sites 
across New South Wales. It was observed that on days of extreme heat, hospital admissions for heat 
illness, dehydration and electrolyte disturbance were increased, whereas hospital admissions from 
other causes were not. Individuals with underlying medical conditions affecting the nervous, circula-
tory, respiratory and/or renal systems were particularly affected by the high environmental tempera-
tures. It seems clear that certain populations, particularly the elderly and those with underlying 
medical conditions, are most at risk of high environmental temperatures and that this is likely to be at 
least partly due to the effect on hydration status.

Warren et al. [83] examined the economic impact of hospital admissions due to hypohydration in 
US elderly adults. Almost 7 % of hospitalisations in 1991 had dehydration listed as a diagnosis with 
1.4 % listed as the primary diagnosis. This resulted in US$446 million (at 1991 prices) in Medicare 
claims, suggesting that hypohydration-related hospital admissions have a significant economic impact. 
From these observations, it seems that the avoidance of hypohydration in these situations is a rela-
tively straightforward but potentially effective intervention in certain populations for improving pub-
lic health.
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Much attention has been given to the acute and chronic effects of hypohydration, but large acute 
increases in body water, though less common than hypohydration, can also be hazardous. Over- 
hydration can occur as a result of the ingestion of water in excess of the amount needed to maintain 
euhydration, an electrolyte deficit and/or an inability of the renal system to compensate for these 
changes by appropriate adjustments of renal function [30]. As with hypohydration, over-hydration is 
unlikely to lead to serious health consequences in healthy individuals, but occasionally it can be fatal. 
If the concentration of sodium in the extracellular space falls, water moves from the interstitial space 
into the cellular compartment, leading to swelling of cells. In most tissues, this is of little conse-
quence, though it may have implications for a number of cellular functions [40]. If sufficiently severe, 
however, an increase in intra-cranial pressure will result and symptoms associated with “water intoxi-
cation”, including headache, nausea, confusion and changes in behaviour, may appear. If intra-cranial 
pressure continues to increase, this can lead to central nervous system dysfunction, coma and death. 
Exercise-associated hyponatremia, brought about by ingesting a greater volume of water than is lost 
via sweat, has been associated with several deaths and was reported in 13 % of finishers of the Boston 
marathon in 2002 despite these individuals showing no clinical symptoms [2]. A number of non- 
exercise cases of “water intoxication”, brought on due to excessive fluid ingestion, have also been 
described. These include cases from fraternity initiation practices, co-ingestion of large volumes of 
fluid with recreational drugs such as 3,4-methylenedioxymethamphetamine (MDMA), water inges-
tion during weight loss plans and social competitions involving large volumes of fluid intake [30].

 Conclusion

Despite the abundance of water in the human body, it is important to maintain levels within narrow 
limits. This is achieved by matching water intake and water output. An imbalance between water 
intake and output leads to either hypohydration or over-hydration. Chronic water imbalances are usu-
ally relatively mild: Homeostasis will be restored due to normal regulatory processes. Acute imbal-
ances can, if sufficiently severe, lead to changes in physiological function that can affect performance 
of physical activity and, in extreme cases, can lead to serious health consequences. Some elite ath-
letes, exercisers and manual workers have been shown to begin activities in a hypohydrated state, even 
when there is a high risk of potentially harmful hypohydration. Sweat rates and fluid intake during 
physical activity both vary greatly between individuals. Undertaking physical activity in a hypohy-
drated state leads to an increase in subjective effort which may have an impact on exercise perfor-
mance as well as self-selected exercise intensity. Some populations, such as the elderly, are more 
likely to become hypohydrated, and they, and those who care for them, may need specific hydration 
advice in order to avoid potential adverse health consequences.
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 Introduction

Pregnancy in the twenty-first century is challenging because the landscape of the pregnant popula-
tion over the past 50 years has changed. To begin with, many women entering pregnancy today have 
a weight problem, namely obesity. Because of this, more women are entering pregnancy with Type 
II diabetes and hypertension. Then, more women are having children at an older age, many because 
they were previously concentrating on their careers. With the older pregnant woman, you have 
increased pregnancy-related risks. Next, because of advances in medicine, more women are enter-
ing pregnancy with a history of chronic medical problems, and it is not just women with Type I 
diabetes or epilepsy but those with a history of cancer, multiple sclerosis and organ transplants such 
as renal and heart. In a review article on pregnancy in renal transplant recipients, it was stated that 
“pregnancies in transplant recipients are now considered commonplace” referring to the numbers 
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of such women who become pregnant [1]. Finally, women who have benefitted from advanced fer-
tility technologies are at risk for pregnancy-related problems too. Pregnancy has thus become very 
complicated.

According to the Centers for Disease Control and Prevention (CDC) publication, At A Glance 
2015, Safe Motherhood, since the establishment of the Pregnancy Mortality Surveillance System in 
1986, reported pregnancy-related deaths have increased from 7 per 10,000 live births in 1987 to 
almost 17 deaths per 100,000 live births in 2010. Furthermore, the incidence of severe maternal mor-
bidity (SMM) more than doubled during the first decade of this century with a reported 65,000 women 
having serious health complications as a result of pregnancy during 2010–2011 [2].

In the 2015 (16th annual) State of the World’s Mothers report, the latest data from 179 countries (46 
developed nations and 133 developing nations) were culled together to assess the well-being of mothers 
and children. These were countries that had a 2014 population over 100,000. The ranking for the United 
States was 33 in the Mothers’ Index. “In the United Sates, women face a 1 in 1,800 risk of maternal 
death. This is the worst performance of any developed country in the world. A woman in the U.S. is 
more than 10 times as likely as a woman in Austria, Belarus or Poland to eventually die from a preg-
nancy-related cause” [3]. The index takes into account maternal health (lifetime risk of maternal health), 
children’s well-being (under-5 mortality rate), educational status, economic status (gross national 
income per capita) and political status (women in national government). Sixty-one nations have a lower 
maternal death rate compared to the United States which ties with Armenia, Azerbaijan, China and 
Grenada. Forty-two nations had a lower under-5 mortality rate compared to the United States.

Explanations for this disheartening data are unclear. But because of these statistics, it is important 
that a woman entering pregnancy be in the best possible health. Nutrition can “play” a vital role to 
help achieve this goal, resulting in improved maternal and fetal outcomes [4].

Therefore, this chapter is really about how to achieve the healthiest pregnancy possible with regards 
to nutrition, beginning with preconception nutrition, addressing nutrition needs during pregnancy and 
including nutrition-related challenges that occur along the way during the 9 months.

 Preconception

More attention is being paid to preconception care because so many women are entering pregnancy 
with risk factors that can contribute to adverse maternal and fetal outcomes [5]. Being in optimal 
nutrition health can help a woman prepare for a healthy pregnancy. The challenge is that because 
many pregnancies are unintended, 45 % in 2011 [6], sexually active women in their reproductive years 
should consider the following nutrition-related recommendations from the CDC [7]:

• 400 μg of folic acid daily
• Reach and maintain a healthy weight
• Limit alcohol intake to less than seven drinks a week and never more than one drink on any one occasion.  

If planning for pregnancy, stop drinking alcohol.

Women should also be careful of taking preformed vitamin A supplements because of the possibil-
ity of teratogenic effects, specifically during the first trimester when a woman may not yet know she 
is pregnant, and especially because the pregnancy may be unintended [8].

An integral part of preconception care is to achieve and maintain a well-balanced diet.
According to the most recently released 2015–2020 Dietary Guidelines for Americans in January 

2016, a healthy eating pattern includes fruits, vegetables, protein, dairy, grains and oils while limiting 
saturated fats, trans fats and sodium [9].
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 Weighty Issues

 Obesity

With the increased prevalence of obesity in the United States for more than 30 years, more women are 
entering pregnancy obese. But before a woman becomes pregnant, obese women have an increased 
risk of infertility. Weight loss can improve fertility [10]. For the obese woman who undergoes fertility 
treatments, weight loss is also recommended [11].

The American College of Obstetricians and Gynecologists (ACOG) more than a decade ago rec-
ommended that obstetricians provide preconception counseling to their obese patients to lose weight 
before attempting pregnancy [11] because of increased risks that include miscarriage, gestational 
diabetes (GDM), pregnancy-induced hypertension (PIH) disorders, venous thromboembolism, dysto-
cia as well as caesarian section [12–15]. For the developing fetus of an obese mother, there is increased 
risk for birth defects, insulin resistance, preterm birth, macrosomia, increased risk for obesity and 
premature mortality in adulthood [12, 14, 16, 17]. In fact, obesity is such a concern that the ACOG has 
an obesity toolkit to assist obstetricians–gynecologists to help their patients improve their weight 
including lifestyle therapies [18].

To address obesity and that may be planned long before a woman becomes pregnant, bariatric 
surgery may be performed. As the treatment of classes 2 and 3 obesity with bariatric surgery increases 
and the age at which bariatric surgery is being undertaken is earlier in life, more data are surfacing on 
the outcomes of pregnancy after such surgery. Recently reported concerns related to micronutrient 
deficiencies were “weak and inconclusive” [19]. Two studies from Sweden both identified that women 
who had bariatric surgery had shorter gestation and an increased risk for small-for-gestational (SGA) 
infants [20, 21]. The former study indicated that in those who had bariatric surgery also had a reduced 
risk of GDM and excessive fetal growth.

 Gestational Weight Gain

In 2009, the Institute of Medicine (IOM) of the National Academies updated their guidelines for 
maternal weight gain for a singleton pregnancy as well as provisional weight gain for twins (Table 16.1) 
[22]. When addressing gestational weight gain, concerns identified with obese women can also occur 
in the normal-weight woman who gains too much weight, particularly GDM and preeclampsia [23]. 
Also, amount of gestational weight gain in the normal-weight woman can be associated with child-
hood overweight for those who gain too much as well as too little weight [23].

For women pregnant with three or more fetuses, there are no IOM weight-gain guidelines. The best 
guidance is to at least gain the uppermost value in the range recommended for twins. The ultrasound 
growth scan that provides the estimated fetal weight (EFW) along with the growth percentile is prob-
ably the best data to judge adequacy of weight gain.

Table 16.1 IOM recommendations for maternal weight gain during pregnancy

Pregravid weight
Body mass 
index

Singleton pregnancy recommended 
range of total weight gain (lb)

Twin pregnancy recommended range of 
total weight gain (lb) (provisional)

Underweight <18.5 28–40 Not available
Normal weight 18.5–24.9 25–35 37–54
Overweight 25–29.9 15–25 31–50
Obese (all classes) ≥30 11–20 25–42
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 Calorie and Protein Needs

Although many think that during pregnancy a woman is eating for two, this does not translate into 
double the amount of calories. Currently, the IOM only makes recommendations for women with a 
singleton pregnancy (Table 16.2).

 Micronutrients

Just as Dietary Reference Intakes (DRIs) were released for calories and protein, the release of the 
DRIs for the micronutrients has included recommendations for pregnancy based upon a singleton 
pregnancy. Table 16.3 provides a summary of the Recommended Dietary Allowances (RDAs) for the 
micronutrients discussed in this section as well as subsequent sections.

So how does a woman know about and achieve adequate micronutrient intake? First, as of May 20, 
2016, a revised Nutrition Facts food label was unveiled by the FDA [28]. A significant improvement will 
be that besides listing the % Daily Value (DV), the actual amount of calcium and iron (as well as vitamin 
D and potassium) will be listed. For foods that are good sources of other micronutrients, it is unclear if 
the actual amount will be listed besides the already %DV that may appear on some food labels. This 
revision will be a great tool to help a woman achieve optimal intake of some of these micronutrients, 
provided her healthcare provider educates her about her micronutrient needs. Second, one of the easiest 
ways to achieve an optimal micronutrient intake besides a well-balanced diet is to include at least one 
serving daily of a fortified cold breakfast cereal. Finally, for a comprehensive analysis of most foods and 
for which the nutrient information is not available on the Nutrition Facts label, it can be recommended 
to go to the US Department of Agriculture’s (USDA) SuperTracker website that has a Food-A-Pedia 
[29] where the nutrient analysis of over 8,000 foods is comprehensive, except for iodine. Limited infor-
mation for the iodine content of foods is available from the Office of Dietary Supplements (ODS) [30].

 Folate

Folate is a B vitamin that is important in pregnancy for multiple reasons including red blood cell for-
mation and cell division. Adequate intake prior to conception and especially during the first trimester 
is important to decrease the incidence of neural tube defects (NTD). Because the bioavailability of 

Table 16.2 IOM recommendations for additional calorie and protein needs for a singleton pregnancy [24]

Trimester Additional daily calories Additional daily protein (g)

First None None
Second 340 25
Third 452 25

Table 16.3 Select RDAs for micronutrients for a singleton pregnancy [8, 25–27]

Life stage  
(years)

Calcium  
(mg/d)

Folate  
(μg/d)a

Iodine  
(μg/d)

Iron  
(mg/d)

Magnesium  
(mg/d)

Vitamin C  
(mg/d)

14–18 1,300 600 220 27 400 80
19–30 1,000 600 220 27 350 85
31–50 1,000 600 220 27 360 85
aAs dietary folate equivalents
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folate from food is nearly half that of synthetic folic acid, it is recommended that women of child- 
bearing age who are sexually active meet the RDA for folate from folic acid found in fortified foods 
and supplements. This is the reason for the recommendation to take 400 μg/day of folic acid. When a 
woman enters pregnancy, the RDA for folate increases by 50 %.

The fortification of foods with folic acid that became mandatory in the United States by January 1, 
1998, was intended to reduce the incidence of NTDs. What was interesting is that this FDA require-
ment provided only for the fortification of those grain products that were enriched. Therefore, whole 
grain products may not be fortified with folic acid such as some of the popular whole grain organic 
cereals that the health-conscious young woman may often purchase over usual supermarket brands. 
And the breads they purchase may often be fresh ground whole grain artisanal breads that have not 
been fortified with folic acid. What is interesting is that since the release of the 1995 DGAs, consump-
tion of whole grains is encouraged. Thus, the female for whom the mandatory folic acid fortification 
was intended and who consumes only whole grains that may not be fortified with folic acid may 
therefore not be consuming adequate folic acid. With the recent release of the 2015–2020 DGAs [9], 
it states in the full report that at least half of grains consumed be whole grain and then it is stated:

Those who consume all of their grains as whole grains should include some grains, such as whole-grain ready- 
to- eat breakfast cereals, that have been fortified with folic acid. This is particularly important for women who are 
capable of becoming pregnant…

Finally, mandatory fortification of certain grains with folic acid has been controversial, particularly 
because of the concern that an increased intake might mask vitamin B12 deficiency [31]. As a matter 
of fact, there are many countries that do not have this mandatory requirement including none in the 
European Union, although the United Kingdom continues to consider this fortification. Now, here is 
where things get interesting. At a symposium in 2006 in Wageningen, the Netherlands, that was 
attended by mostly Dutch scientists, the attendees were asked to identify the greatest nutrition discov-
eries and challenges from 1976 to 2006 [32]. And guess what? The number one discovery since 1976 
was folic acid prevents birth defects!

 Iodine

To assure that the pregnant mother consumes adequate iodine, the American Thyroid Association 
recommends that such women consume 250 μg iodine daily from diet and supplements with 150 μg 
iodine coming from a supplement such as the prenatal vitamin [33]. While at one time many prenatal 
vitamins did not contain this mineral, the American Thyroid Association now recommends that all 
contain 150 μg of iodine.

 Iron

Iron deficiency anemia is considered to be the number one nutritional deficiency worldwide, and 
pregnant women are one of the high-risk populations [34, 35]. Anemia during pregnancy can contrib-
ute to poor gestational weight gain with low birth weight, preterm birth, neuro-behavioral and cogni-
tive deficits [36]. To prevent deficiency, oral intake from fortified foods and supplements is suggested 
[37]. Most prenatal vitamin preparations have iron included. When additional supplementation is 
needed, ascorbic acid is often prescribed to optimize absorption [35].

Although pregnant women are among the most vulnerable populations to have iron-deficient ane-
mia, the United States Preventive Services Task Force (USPSTF) recently released a Recommendation 
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Statement [37] regarding the screening for iron deficiency anemia and iron supplementation to 
improve maternal health and birth outcomes. The recommendations are as follows:

The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and harms of 
screening for iron deficiency anemia in pregnant women to prevent adverse maternal health and birth outcomes 
(I statement)

The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and harms 
of routine iron supplementation for pregnant women to prevent adverse maternal health and birth outcomes (I 
statement)

Regarding screening, the inadequate evidence for screening for iron-deficient anemia pertains to 
asymptomatic pregnant women as elaborated upon in the paper.

Regarding treatment, the recommendation made was based on the fact that no recent studies “were 
generalizable to the general US population.” It was pointed out that there is a “critical gap in the  
evidence [37].”

 Considerations for Specific Populations

 Nutrition for Twins and Beyond

Unfortunately, there are minimal official recommendations available such as from the IOM. This can 
be very challenging when trying to help a woman pregnant with twins or more. Luke [38, 39] as well 
as Goodnight and Newman [40] have provided much valuable information.

Probably the best way to judge if a woman pregnant with twins or more is eating enough calories 
and protein is by trending weight gain and the ultrasound growth scan. It has been recommended that 
in the first trimester, it may be optimal to consume an additional 500 calories daily because of the 
increased probability that such pregnancies will result in preterm births [41].

Finally, while a woman pregnant with two or more presumably has increased micronutrients needs 
too, it is probably best to not exceed the Tolerable Upper Intake Levels (UL) for the discussed micro-
nutrients in this chapter unless there is a need for therapeutic doses (Table 16.4).

 Vegans

If a vegan woman does not have any identified nutrition deficiencies prior to becoming pregnant, she 
will probably be able to obtain adequate nutrition during pregnancy to assure optimal fetal growth 
resulting in a healthy baby. Today, many plant-based foods are fortified with a wide range of micro-
nutrients that may be of concern in the vegan diet, especially vitamin B12. Probably the biggest chal-
lenge is adequate protein intake, especially if pregnant with twins or more. Author’s personal 

Table 16.4 UL for select micronutrients [8, 25–27]

Life stage 
(years) Calcium (mg/d) Folate (μg/d)a Iodine (μg/d) Iron (mg/d) Magnesium (mg/d)b Vitamin C (mg/d)

14–18 3,000 800 900 45 350 1,800
19–30 2,500 1,000 1,100 45 350 2,000
31–50 2,500 1,000 1,100 45 350 2,000
aAs dietary folate equivalents
bFrom pharmacologic agents only
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comment: Based upon personal experience, when a vegan is pregnant with more than one, she many 
times will choose to add some animal protein to her diet, such as whey protein powder added to a 
smoothie or choosing to eat fish.

 Food Safety

There are several government websites that have guidelines for food safety during pregnancy. One 
website, in particular, Foodsafety.gov states on its homepage: Your Gateway to Food Safety 
Information. This is a collaborative effort from federal government agencies, such as the CDC, FDA 
and USDA. The materials for the pregnant woman are excellent, including “Checklist of Food to 
Avoid during Pregnancy” [42].

 Foodborne Pathogens

Campylobacter, E. Coli, Listeria monocytogenes (hereafter, referred to as listeria), Toxoplasma gon-
dii and Salmonella are considered the top five foodborne pathogens. While each of these can have 
severe consequences for both the mother and fetus, only listeria will be discussed here as the pregnant 
woman is reportedly ten times more likely to get listeria infection compared to the general public. 
Infection with listeria can increase risk for miscarriage, preterm labor, low birth weight and infant 
death. Furthermore, the baby who is infected in utero with listeria may develop problems later in life, 
including intellectual disability, paralysis, seizures, blindness and impairment of the brain, heart and 
kidney according to Foodsafety.gov.

To prevent listeria infection, the pregnant woman should avoid:

• Raw fish.
• Refrigerated smoked fish unless reheated to 165 °F – smoked fish that is canned, shelf stable or part 

of a casserole or other cooked dish is permissible.
• Unpasteurized milk and soft cheeses made from such milk including Brie, Camembert, Feta, 

Roquefort, quesco balance and quesco fresco. Such soft cheeses are permissible if the label indi-
cates that they were made from pasteurized milk.

• Luncheon meats and frankfurters unless they are reheated until steaming hot or 165 °F.
• Premade meat or seafood salad such as chicken or shrimp salad. These are OK to eat if prepared at 

home following food safety basics.
• Refrigerated pates or meat spreads. Canned versions are acceptable.

In addition to the above recommendations, listeria can be found in many other foods, although this 
is because of an accidental contamination. During the writing of this chapter in 2016, a multistate 
outbreak (limited as of May 2016 to California, Maryland and Washington) was identified in March 
2016 and that is currently being linked to packaged frozen vegetable products manufactured or pro-
cessed at the CRF Frozen Foods plant in Pasco, Washington [43]. Approximately 358 consumer 
products sold under 42 brand names are involved in the voluntary recall that is precautionary to con-
tain the outbreak. Fortunately, there have only been two reported cases of listeriosis in 2016 as of the 
end of May that are related to this outbreak and that were in older adults, not pregnant women.

So what is a pregnant woman to do to stay abreast of food recalls that may pose a risk to herself 
and unborn child? If she has an e-mail address, she can sign up for automatic notification of recalls 
and alerts at the FDA or Foodsafety.gov websites [44, 45].
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 Methylmercury

Found in fish, a high intake of methylmercury can be harmful to brain development in the fetus 
through childhood. Yet, fish intake is a key source of docosahexaenoic acid (DHA) that is important 
in the neurologic development of infants [46, 47]. Because of the concern about methylmercury, there 
has been a lot of confusion about what to do and that may be a contributing factor to inadequate fish 
intake in the pregnant population [48]. This prompted the FDA and Environmental Protection Agency 
(EPA) to issue a draft of updated advice for the pregnant woman [49]. So here are the facts as per that 
most recent draft of advice by the FDA and EPA:

Avoid: tilefish (from the Gulf of Mexico), shark, swordfish and king mackerel
Limit: white (albacore) tuna intake to 6 ounces weekly
Eat: a variety of low-mercury fish up to 12 ounces weekly. This includes salmon, shrimp, pollack, light tuna, 
tilapia, catfish and cod.

Compounding the confusion surrounding the methylmercury content of fish is the concern of mis-
labeling of fish that may unknowingly lead to an intake of high-mercury fish. In a 2013 report released 
by Oceana, tilefish was sold as halibut and red snapper in a store in New York City, and king mackerel 
was sold as grouper in a store in South Florida [50]. It is therefore understandable that pregnant 
women may be confused and a contributing reason to why some may be avoiding fish, preferring fish 
oil supplements as an alternative to get an adequate intake of DHA [48].

 Lead

While many food safety materials geared for the pregnant woman do not address lead exposure, this 
can be a serious concern increasing risk for miscarriage, preterm birth and SGA age [51, 52]. 
Furthermore, lead exposure in utero can have harmful effects on neurodevelopment in childhood 
[51–53]. The CDC has a comprehensive publication addressing lead exposure targeted to the profes-
sional audience [51] as well as a handout for the pregnant woman [53].

Strategies to reduce lead exposure include:

• Optimizing calcium, iron and vitamin C intake can decrease lead absorption
• Avoid using imported lead-glazed ceramic pottery
• Avoid leaded crystal for serving or storing beverages

More detailed information is available in the CDC publication for the professional.
Another source of lead as per the CDC can be from contaminated soil and water [51]. This was a 

food safety concern that came to public attention in 2015 during the initial writing of this chapter that 
occurred in Flint, Michigan [54]. The problem is so severe that residents have to go to local fire stations 
to retrieve bottled water for drinking and cooking. Some residents are so concerned that they also use 
bottle water for everything from dishwashing to laundering and daily self-bathing [55].

 Non-nutritive Substances

 Alcohol

It is a sine qua non that pregnant women should abstain from alcohol. As stated earlier in this chapter, 
women planning pregnancy should also abstain from alcohol. In a recent report released from the 
American Academy of Pediatrics, “Prenatal exposure to alcohol can damage the developing fetus and 
is the leading preventable cause of birth effects and intellectual and neurodevelopmental disabilities” 
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[56]. Yet, there are women who still do not abstain [57]. In fact, it has been reported that during a 
2011–2013 study, 1 in 10 women drank alcohol during pregnancy during the prior 30-day period [58].

 Artificial Sweeteners

Controversy reigns regarding the safe use of such sweeteners, especially in regards to preterm labor 
[59–61]. In a Position Paper from the Academy of Nutrition and Dietetics, nothing is said one way or 
the other, except that there is limited research to address the safety of such sweeteners [62]. So, it is 
understandable when the risks for preterm delivery are high that the pregnant woman may sometimes 
be told to avoid such sweeteners.

 Caffeine

Another controversial topic. However, in August 2010, the ACOG released a Committee Opinion, 
“Moderate caffeine consumption (less than 200 mg per day) does not appear to be a major contribut-
ing factor in miscarriage or preterm birth” [63]. Prior research addressed the concern of caffeine as a 
teratogen and that there was no evidence of a correlation [64].

 Nutrition-Related Complaints During Pregnancy

 Nausea and Vomiting

The most recent Practice Bulletin from ACOG on nausea and vomiting states that the estimated inci-
dence of nausea and vomiting is 50 % and that approximately 25 % only experience nausea [65]. The 
most benign is the woman who may experience nausea upon awakening, hence referred to as “morn-
ing sickness.” To the extreme is the woman who is intolerant to oral intake, experiencing relentless 
nausea and vomiting, referred to as hyperemesis gravidarum (HG). Most women probably experience 
something in the middle of these two extremes.

In the most benign scenario, a woman may be advised to take some plain crackers upon arising in 
the morning. Ginger snap cookies is another good choice as well as flat ginger ale.

As nausea leads to vomiting, restrictive nutrition interventions may help along with the healthcare 
provider recommending vitamin B6 or vitamin B6 plus doxylamine as “first-line pharmacotherapy” 
[65]. Such intervention may include avoiding high-fat and spicy foods, eating solids apart from liquids 
and sitting up for at least an hour or more after eating. Some women may tolerate cold and room tem-
perature foods best as these do not have the strong odor of warm and hot foods. Often, the more bland 
the food, the better the tolerance, such as unadorned cold pasta and cold hard-cooked egg whites. 
Anything ginger, except raw ginger and ginger supplements, has also been suggested [65, 66]. Staying 
out of the kitchen and, sometimes, no cooking or heating of foods in the home may be helpful too.

For the woman with HG, administration of intravenous fluid (IVF) with dextrose (to provide the 
RDA for carbohydrates of 175 g/day) and vitamins may be considered [65]. It is further suggested by 
ACOG that thiamine be administered before IVF with dextrose to prevent Wernicke encephalopathy.

With prolonged HG, consideration needs to be given to nutrition support. While enteral nutrition 
(EN) support should be first attempted as it poses the least amount of risk to the pregnant woman, this 
is not always pursued because of the resistance on the part of the woman and that includes discomfort 
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associated with a feeding tube [66]. A report from almost 20 years ago describes success in using EN 
support via a naso-gastric tube in a small group of pregnant women [67]. Parenteral nutrition (PN) is 
only recommended when everything else has failed to treat the pregnant woman with HG [65].

 Constipation

This is attributed to the effect of progesterone that slows gut motility during pregnancy. The pres-
sure of the growing fetus(es) against the gut can also contribute to constipation too. Finally, the 
need for an iron and/or calcium supplement can cause constipation. It is sometimes automatic that 
when a woman is prescribed an iron supplement that she is also started on a bowel regimen. Diet 
strategies begin with the avoidance of constipating foods such as bananas [68]. Chocolate has also 
been suggested to be constipating, although it is doubtful that a woman will want to give up choco-
late. Next, increasing intake of fruits and vegetables to provide more fiber may be helpful too. 
Finally, high-fiber breakfast cereals are often a great solution, sometimes even better than a bowel 
regimen.

 Gastro-Esophageal Reflux (GERD)

This can be very painful for some women, and medication may often need to be prescribed. While this 
is often due to the pressure of the fetus against the gut, there are nutrition strategies that can be helpful 
including sitting up for as long as possible after eating. In fact, women with such a complaint should 
not eat anything for at least 3–4 h prior to going to sleep. Foods to limit include high-fat foods, caf-
feine, carbonated beverages, chocolate, peppermint, citrus fruits, tomato and tomato products as well 
as spices. It is also advisable to avoid large meals.

 Complications

 Gestational Diabetes

At one time, GDM was defined as glucose intolerance identified at any time during pregnancy. 
However, with so many women entering pregnancy with obesity and thus may have undiagnosed Type 
II diabetes, this definition was revised several years ago. GDM is diabetes diagnosed in the second or 
third trimester that is not thought to be Type II diabetes [69]. For example, a pregnant woman with a 
pregravid BMI of 38 who did not go to seek prenatal care until week 20 and with glucose intolerance 
would probably be diagnosed with Type II diabetes. Because more pregnant women have diabetes, a 
new section, Management of Diabetes in Pregnancy, was added to the American Diabetes Association’s 
annual Standards of Medical Care in Diabetes in 2015 and that is published annually as a supplement 
to the January edition of Diabetes Care.

Current recommendations for the diagnosis of GDM are to test for undiagnosed diabetes at the first 
prenatal visit in those with risk factors. If a woman is not found to have Type II diabetes at that first 
prenatal visit or not deemed to be at risk for Type II diabetes, then screening should be done for those 
women at weeks 24–28 [69]. Risk factors for GDM include prior history of GDM, advanced maternal 
age, obesity and family history of diabetes [69].
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The optimal treatment of any type of diabetes during pregnancy is of critical importance because 
uncontrolled diabetes during this time includes increased risk for spontaneous abortion, fetal anoma-
lies, preeclampsia, fetal demise, macrosomia and neonatal hypoglycemia [70].

Diet is usually the cornerstone for treatment of Type II diabetes and GDM and, if uncontrolled, 
may require the use of an oral agent and/or insulin. Diet therapy should be individualized and can 
range from making one simple diet change such as discontinuing the drinking of fruit juice to multiple 
changes that may necessitate carbohydrate counting.

GDM often resolves following delivery, although up to 10 % may be found to have Type II diabetes 
[71]. It is currently recommended that an oral glucose tolerance test (OGTT) be administered at the 
6- to 12-week postpartum visit to identify if GDM has resolved or converted to Type II diabetes. 
However, because GDM is a risk factor for diabetes, lifelong screening for diabetes is recommended 
every 1–3 years depending on risk factors [70].

 Hypertensive Disorders of Pregnancy

This can be divided into four sub-types [72, 73]:

Chronic hypertension (cHTN), preeclampsia and eclampsia, preeclampsia superimposed on cHTN 
and gestational hypertension.

Women with PIH are at increased risk for maternal as well as fetal mortality, preterm birth and 
intrauterine growth restriction (retardation) (IUGR) [74].

Women who are at increased risk for these disorders are those who exceed gestational weight-gain 
guidelines, so weight control is an important strategy [72].

Can diet manipulation be helpful? While a moderate restriction of dietary sodium may be indi-
cated, it has further been suggested that adequate intake of calcium and magnesium from dietary 
sources could reduce the incidence of PIH [74]. This appears to be similar to the foundations of the 
Dietary Approaches to Stop Hypertension (DASH) diet that was developed, trialed and promoted dur-
ing the 1990s at the National Heart, Blood and Lung Institute of the National Institutes of Health. 
Over the years, it has been revised and updated, but the foundation of the diet remains the same: fruits 
and vegetables as well as non-fat/low-fat dairy products to optimize dietary intake of calcium, potas-
sium and magnesium.

The important role of adequate calcium intake to reduce the severity of preeclampsia for those who 
have inadequate calcium intake has been recommended by ACOG [73]. In fact, in the American Heart 
Association/American Stroke Association (ASA) guidelines for the prevention of stroke in women 
released in 2014, it was recommended that for the prevention of preeclampsia, calcium supplementa-
tion of ≥1 g/day should be considered for a woman who consumes <600 mg/day of calcium [75].

 Conclusion

Pregnancy should be a wonderful time in a woman’s life, but depending on her health, it can be punc-
tuated with multiple problems that are sometimes nutrition-related, especially obesity and diabetes. 
Pregnancy is one of the rare opportunities in life to literally “wipe the slate clean” because a woman 
is bringing a new life into the world. This presents an optimal time for the healthcare provider to help 
a woman make positive changes in her diet that will not only impact on her future health but equally 
as important, the future health of her baby as well as generations to come.
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 Introduction

Food preferences, dieting practices and healthy eating are all interlinked and can be considered as 
socially constructed and gendered phenomena. As this chapter will discuss, men and women are 
thought to have different approaches to nutrition – although sex differences are often overstated and 
changing gender ideals suggest that the relationship between gender and food is complex, dynamic 
and context-bound. In this chapter, we look closely at ‘masculinity’ (or ‘masculinities’) and its 
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Key Points

• In an increasingly neoliberal context, men’s nutritional health has largely assumed to be the cumu-
lative product of individual choices. As a result, attention to the influence of contextual and social 
factors has frequently been underestimated or overlooked.

• Gender, as something one does socially, rather than something one is individually, plays an impor-
tant role in defining what choices are available. Food is used in a number of ways to signify 
gender.

• Food has a social as well as a nutritional value, and health promotion efforts that fail to recognise 
this may be limited in their salience and effectiveness.

• Many of the practices that are associated with currently dominant forms of masculinities are incon-
gruent with healthy eating advice.

• Effectively promoting nutritional health in men may require a combination of working within and 
exploiting some masculine norms, whilst simultaneously challenging those which impact nega-
tively on health
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important influence on men’s health generally and on nutrition specifically. We look beyond medical 
and psychological perspectives to social science theory and research of relevance to men’s food-
related activities and highlight concepts which could inform recommendations for improving men’s 
engagement with healthy eating.

 Masculinity and Men’s Health

As far back as 15 years ago, Watson [155] described a long established and entrenched male disad-
vantage with regard to health. More recent epidemiological studies map a widening gender disparity 
that has resulted in men currently dying on average 5–6 years earlier than women [9, 99, 162]. Men 
suffer from higher mortality rates for the majority of leading causes of death within all age ranges, 
including those in which diet plays a significant role in managing such as cardiovascular disease, 
diabetes, obesity and various forms of cancer [161]. This situation is in some ways surprising as it has 
come about in a global context where commitment to redressing inequalities in health has the appear-
ance at least to be increasing overall [91], with a particular emphasis in some areas on those which 
impact on gender specifically [70, 164]. However, some are critical that the rhetoric of gender main-
streaming has become synonymous with women’s health, and that the significant and multiple issues 
facing men go largely unrecognised within the health promotion debate [90, 159]. There currently 
exists a paradox where the unhealthy male appears simultaneously ubiquitous within Western media 
and culture, while at the same time invisible at the level of health policy, planning and research [6, 71, 
77, 97, 123]. Not only are men rarely targeted as a distinct group in need of intervention in their own 
right, they are also frequently homogenised into a single-sex category that overlooks any potential for 
difference resulting from class, ethnicity, age, etc. This lack of success in finding a place for men on 
the health promotion agenda can in part be viewed as a consequence of an increasing neoliberal policy 
context [76, 85] that frames food consumption solely in terms of choice, while neglecting powerful 
social structures and influences. Here, men have tended to become regarded as nutritionally and ‘natu-
rally’ feckless, wreckless or disinterested. Food ignorance, alongside a more general and widespread 
ambivalence towards health, becomes an expected, inherent, incurable and an all but inevitable male 
characteristic. In this scenario, it is men’s faulty decision making that is at the root of the poor nutri-
tional health, and they have no one to blame but themselves. Social factors become minimalised or 
lost altogether.

It is important to note early in the discussion, when building a rationale for an increased interest in 
men’s health, that taking such a line does not necessarily argue against a justifiable concern over the 
many disadvantages suffered by women in a patriarchal society. The observation instead is that men’s 
health may suffer in the pursuit of power and dominance [36], and that the health of men and women 
is inextricably linked and hold less meaning when considered in isolation [5, 98].

The figure of the stereotypical unhealthy male, epitomised in popular culture by the beer drinking, 
lazy and helplessly childlike Homer Simpson, has been tied to the notion of a masculine ‘type’ behav-
iour. Such narratives, commonly viewed as taken for granted social truisms, often have their founda-
tions in essentialist ideas about ‘what men are’ and ‘what men do’. This has in turn created a persistent 
lay perception of gender as a singular, biologically determined category within a kind of ‘pop’ psy-
chology in which men are assumed to possess stable, universal and immutable traits. Examples can be 
heard every day in culturally embedded and socially rehearsed scripts that might, for example, pre-
sume a masculine tendency to refuse to ask for help, whether that be from the doctor in health matters, 
an instruction book for technical failures or a road map for direction. It is in this socially constructed, 
as opposed to biologically certain, context that ‘real’ men are expected and required to be indepen-
dent, rational, unemotional or stoic. Extending this thinking of the ways in which society expects men 
to behave allows the consideration and understanding of why men may make a range of unhealthy 
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lifestyle ‘choices’, including those that pertain to food. This is discussed further below. However, in 
order to do this in a meaningful way, it is first useful to reflect on what might be meant by the terms 
gender and masculinity and how this relates to health.

 Gender and Health

Interest in gender and health gained momentum in 1930s and 40s with studies that began to recog-
nise significant disparity in disease and death rates between men and women from early epidemio-
logical data. Much of the work at this time centred on analysis of differences between the sexes 
[29]. Influenced by the emergence of key sociological schools and theorists at that time, this led to 
the development of predominantly functionalist theories of gender, and the popularisation of the 
notion of socialised traits or ‘sex roles’. Early authors began to converge around a set of common, 
core, masculine values which included independence, autonomy, dominance over others and the 
suppression of emotion [40, 149]. Masculine stereotypes were largely constructed in binary opposi-
tion to what might be considered feminine, where for example, David and Brannon [40, page 49] 
identify a masculine requirement to engage in ‘no sissy stuff – the stigma of anything vaguely femi-
nine’. Such theoretical positions help to explain why food provision and preparation may be 
assigned feminine sex role status and consequently pose a threat to masculine identity. In focusing 
on what might be different between biological sex categories, the academic literature developed 
and, arguably, has continued to develop a tendency to reinforce strict gender dualisms. Early sex 
roles that presumed women’s ‘nature’ to be nurturing and health-conscious laid the foundations for 
defining masculine behaviour predominantly in terms of health-depleting or risk-taking behaviours. 
Indeed, innumerable papers can be found which link violence, drug taking and the use of fast cars 
and motorcycles to performances of masculinity. The culturally ingrained nature of these 
symbolic displays of manhood has again been reflected in media representations, where the 
‘Marlboro Man’ epitomised masculine cool throughout the 1950s, and where film and sport idols 
were either strong and silent (John Wayne, Clint Eastwood), or risk-taking rebels (James Dean, 
Marlon Brando etc.) [81].

In 1978, Harrison claimed that the ‘male sex role is bad for your health’ (Page 65). Later, Courtenay 
[36] offered a theory of gender and health that proposed risk-taking or health-eroding behaviours as 
important signifiers of masculine identity. The overall result of this narrow interest in unhealthy or 
risky enactments of male gender has been a gradual pathologisation and medicalisation of masculini-
ties, and by association men [124] to the point where being male itself might be considered a risk 
factor for disease. Riska’s [119, 120] psychological personality ‘types’ provide one illustration of this 
process, where ‘Type A’ aggressive, competitive characteristics have become widely regarded as a 
‘natural male’ type.

Unhealthy male type behaviours have been explored in relation to men’s food-related practices 
where excessive alcohol consumption [59, 153, 154, 165] or a preference for larger, ‘man sized por-
tions’ [15, 68, 152] are utilised for impression management. In this sense, the idiom ‘you are what you 
eat’ appears to hold true for gender at least:

It behoves a man to eat more, drink more, and to eat and drink stronger things (Bourdieu [18], page 192).

Sex role theory (SRT) and the notion of an inflexible collection of masculine traits fell subject to 
growing criticism in the 1970s and 1980s from feminist academics for its failure to explain the impor-
tance of (male) power, the potential for change and the countless occasions where normative gendered 
roles might be rejected or subverted [46, 112]. It was in response to these conceptual conundrums that 
the academic field of men’s health emerged and Connell [32] began to develop what is now consid-
ered to be the dominant theory of masculinity (or more accurately masculinities).

17 Promoting Nutrition in Men’s Health
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Connell [33] convincingly argued that SRT cannot adequately account for homosexuality or 
explain the differences between men in any way other than eccentricity or idiosyncrasy. Problems 
exist too in a conceptual landscape of SRT where male dominance over women can be legitimated, or 
conceived as ‘natural’ in the sense of being biologically predetermined [26]. Added to this, debate 
over the relative influence of agency or free will over structure is left largely untheorised in 
SRT. Employing a nutritional example to illustrate this point, the recent changes in men’s cooking, 
caring responsibilities and body image ideals discussed later cannot be reconciled within an inflexi-
ble, static SRT framework which proposes historical stability within which masculinity becomes a 
singular and consistently defined construct (see [137]). Over recent years, a more nuanced literature 
on masculinities has emerged based on Connell’s [34] concept of multiple, dynamic and situated 
expressions of gender. These challenge the idea of singularly harmful masculinities by proposing that 
different situations may expect, value and warrant different social practices. This not only allows for 
a variety of masculinities across men, but also different presentations within the same man at different 
times and places. Robertson [122] discusses how this might create a tension between old and new 
masculinities in his ‘don’t care, should care’ dilemma for modern men. Here, the changing expecta-
tion (the ‘crisis of masculinity’) is one of moral responsibility to maintain health in a neoliberal, capi-
talist and consumerist society, but where traditional ideas that men should be seen not to care still hold 
some traction and import. For Robertson, the resulting compromise is a cycle of control and release 
where, for example, the hard labour of the working week is rewarded by ‘letting go’ at the weekend. 
Similarly, others [38, 39] discuss the influence of ‘healthism’ and a consumer-fuelled aesthetic health 
ethic of late modernity, which impacts on and sometimes conflicts with changing expectations of 
gender. In relation to food practices, this dissonance might become manifest in an emerging climate 
where the increasing prevalence of sexualised images of male bodies in the print media increases the 
pressure on young men to strive for ‘six pack’ abdominal muscles, while traditional values hold that 
vanity, excessive or overt concern over appearance encroaches into female terrain [118]. Here, the 
tricky balance for men is to care while maintaining the impression of ambivalence.

Connell [34] outlines a hierarchical structure of masculinities containing four configurations of 
practice. Briefly, hegemonic versions dominate over all other masculinities (and women). Hegemonic 
masculinities provide the exemplar for maleness, modelling valued ways in which ‘real men’ are 
expected to behave. Since few men are able to meet such exacting normative standards, many more 
exhibit ‘complicit’ masculinities, that is, they benefit from, support, compliment and contribute 
towards the patriarchal advantage (male power). ‘Subordinated’ masculinities hold the least power, 
most directly contrast and therefore threaten or challenge hegemonic ideals, and as a result are fre-
quently stigmatised. Gay masculinities offer an illustrative example of this category. Finally, ‘margin-
alised’ masculinities may also suffer discrimination and disadvantage with respect to social position 
and power, but typically in more subtle forms. Men living with disability might be described in this 
way.

Connell builds on West and Zimmerman’s [158] seminal idea of ‘doing gender’, where performing 
masculinity becomes a situated social practice and an ongoing achievement; something one does 
rather than something one is; a verb as opposed to a noun. It is in this repeated, everyday ‘doing’ of 
masculinity that men’s health behaviour and decision making can be observed, explored and explained. 
It is through the inherently social nature of gender identity construction, and the idea that masculinity 
must be constantly and consistently achieved and socially reinforced, that seemingly intransigent 
masculine attitudes toward food can begin to be understood. As some writers in gender studies sug-
gest, by not ‘doing’ health, cooking, dieting, slimming, etc., some men may in some situations be 
‘doing masculinity’ (see [56, 89, 129]). However, there is strong evidence to suggest that the context 
for shaping modern masculinities is changing. An ever more pervasive media saturated environment, 
the moralisation and commercialism of health and the relatively unquestioned acceptance of a neolib-
eral political context that prioritises individual choice and responsibility combine to make it increas-
ingly difficult to sustain irresponsible or unhealthy masculinities. These changing social expectations 
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have increased the requirement for men to attend to their health and appearance, adding a growing 
pressure to reconcile being masculine with being healthy. This creates new issues for men and new 
opportunities for the health promoter.

So what does this all mean for food practices and nutritional health? The following section 
explores these and other ideas using examples from the literature and concludes that food ‘choices’ 
for men, far from being a product of rational and linear decision making, are strongly directed by 
the ways in which men are required to behave in social situations. Further, the notion is put forward 
that many aspects of healthy eating are incongruent with prevailing ideals of masculinity. The con-
cept of risk can be defined and calculated for both health and for gendered identity, where threat 
may not be measured or valued equally. The consequences of losing masculine capital are signifi-
cant, immediate and social, where health is gained or lost individually, distally, privately and over 
much longer periods. It should come as little surprise then, when the ‘rational’ decision is not 
always the healthiest.

 Men, Food and Health

Men’s diets are typically worse than those of women. Men tend to be more ignorant of the cost and 
nutritional properties of food, spending little time in the kitchen and generally positioning themselves 
as consumers rather than caterers. Those who take an interest in the sociology of food may see this as 
an inevitable consequence of traditional gendered divisions of labour within the home, where duties 
and responsibilities represent status. The point here is that food has significant social meaning beyond 
its nutritional value and application as a means for improving health [35, 54, 111]. Health promotion 
interventions that neglect this consideration and take a purely educational or behavioural approach 
may fall short in their expectations of success [41]. Food is in many ways gendered and gendering; 
food establishes and secures social position and cements relationships; food is used to express a broad 
range of emotions and moods; food signals acceptance, membership, inclusion and exclusion from 
families, groups and colleagues. The utility of food as a symbol of gender can be categorised into 
three main areas: Who does the food work, what is eaten and how much is eaten?

Much has been written in the critical sociological literature of the feminisation of food practices, 
such as shopping, preparation and cooking [24, 79, 152]. Feminist authors put forward a convincing 
argument that these largely unquestioned social practices act to reproduce particular forms of eco-
nomic and social inequalities under the banner of ‘women’s special relationship to food’ [43, 79, 110]. 
Quantitative studies offer considerable support for these theoretical claims, demonstrating that, not-
withstanding some small recent improvements in terms of balance, women still undertake the vast 
majority of food work [10, 113, 147]. Even in an age where equality is becoming all but assumed, it 
is the wives or female family members that are most often called upon to provide for the men in the 
household [86, 121]. This is most commonly justified by appealing to a discourse of women’s supe-
rior competence, skill and time [84]. Reluctance to engage with food work is most common in older 
and married men, and with those who hold more strongly to traditional ideas of gender [45, 92]. 
Thankfully, this is not the whole picture. There are emerging indications of newer constructions of 
masculinity with regard to food preparation inspired in part by the modern media trend for celebrity 
male chefs such as Jamie Oliver and Gordon Ramsey. However, these developments have been criti-
cised for aligning to, or subtly and superficially changing the presentation of oppressive hegemonic 
masculinities, rather than rejecting them outright. For example, in this context, cooking is often cast 
as a male hobby or leisure pursuit, while the day to day drudgery of food work remains a woman’s 
responsibility. This might constitute ‘redoing’ in new ways, rather than ‘undoing’ unequal gender 
relations [69, 148]. Similarly, other sites of resistance to the feminisation of food practices exist 
where, for example, food work is read as independence and self-reliance in single men who reject the 
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stereotype of incompetent bachelorhood [56, 136]; where certain professional or class expectations 
override gender norms such as when fire-fighters actively and strongly discourage female presence in 
the kitchen as part of a site-specific masculine identity [42]. Equally, men in lower social classes may 
favour traditional gendered relationships with food, whilst middle-class men might adopt more egali-
tarian practices [128]. Such occasions point to the folly of homogenising men into a single social 
category, the importance of changing social attitudes over time, context and intersecting identity fac-
tors on food practices.

This social gendering of food roles often works to reinforce traditional ideas about women’s place 
and power, and there may be occasions where they themselves become complicit in reproducing 
patriarchal dominance through what Connell [34] calls ‘emphasised femininities’. The provision of 
food within the family unit has long been synonymous with a stereotypical view of ‘natural, nurturing 
femininities’ [28, 43], where male encroachment may be viewed as a challenge to established gender 
relations, even a threat to femininities. Mroz et al. [107, 108] illustrate the practical implications of 
this in a study of men with prostate cancer whose attempts to influence female partner’s cooking and 
provision of food are actively resisted by some women. One analysis of such gendered food practices 
is that the kitchen domain exists as one of the few places where women can acceptably exert power 
and control over men or, alternatively, where pleasure might be taken in providing for others [52]. 
Such assertions help to explain this potential arena of conflict where men’s ‘choices’ with regard to 
food might be limited (as may women’s opportunities to express and exert power). Is it possible, 
practical or ethical to ask men to put important relationships in jeopardy in prioritising nutritional 
over social health? Mroz et al. [107, 108] suggest that in such circumstances, the pragmatic solution 
might be to work within established gendered frameworks rather than attempt disruption.

Food as (feminine) affection might also manifest in different ways and in different conflicts which 
further problematise the notion that men’s choice is derived purely from individual cognitive risk 
calculation, unrestricted by structural or social factors. For example, food in quantity or as person-
alised treats (usually unhealthy) become difficult to refuse for fear of rejecting kindness, as an inter-
viewee from Rowland’s [130] study of male weight management observes:

…but when I look at what my Mum serves me up… when you watch these documentaries on channel five 
about… incredibly obese people and they’re being killed by kindness…It’s absolutely beautiful and there’s 
almost this sense that I don’t want to not, let her down by not eating it. (Tony)

Murcott [110] establishes that knowledge of, and catering for, personal preferences within the 
home signifies the woman’s status within this particular family rather than any other. Given this 
context, refusal or rejection presents immediate social risks to important, intimate relationships. 
Similar findings from Rowlands [130] show that rejecting food offered to men in kindness is more 
often taken as a sign of illness or a slight on culinary competence than a proactive attempt to eat more 
healthily:

It’s like I went to me daughters last night for me tea and everybody says are you feeling alright? Cause I’d left 
some potatoes on me plate. (Eric)

Equally, where food is used to celebrate, commiserate or strengthen family and friendship bonds, 
refusal on physical or nutritional health grounds may come at the expense of social health, as another 
participant from the same study notes:

But this is what the problem was though that two weeks ago my Mum and Dad came back from Pakistan and the 
baby boy was new and so we were going over to their house every bloody three days and we just eating none 
stop, celebrating and what not…It’s like, you know, hard to stop. It’s not straightforward. It’s bloody hard. 
(Ikram)

This raises issues of deference and asks, on balance, who concedes to whom with regard to how 
decisions about food are made in this important domestic setting? Much of the literature suggests that 
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it is women who put the needs and tastes of children and male family members before their own [10, 
16, 21, 37, 110]. This, and the notion that women have greater expertise and applied knowledge of 
healthy eating, is borne out in studies that point to the significant improvements in men’s diets after 
marriage, and again after starting a family [127, 135]. Such work cannot be ignored, but at the same 
time, very few studies have asked the same questions of men, leaving us bereft of one side of a rela-
tional dialogue. Indeed, the few researchers that have broached this area suggest there is a perception 
from men that it is they who defer to others in nutritional matters [45, 130]. DeBourdeaudhuij and Van 
Oost [16] helpfully remind us not to take at family value, as reflections of the absolute truth, subjec-
tive statements about family food decisions. While a more equal balance in whose opinions are sought 
in the research may not bring us any closer to knowing accurately where the power lies, it may help 
us to understand better how specific food practices are contested or reproduced.

Moving on from provision, there is a general consensus that individual food items can also be 
highly gendered [114], and so it follows that some men may enact their maleness through the things 
they eat, and sometimes through the things they do not. Potatoes and red meat are the clearest exam-
ples of this. Again, attention to the import of these symbolic foods within the sociological literature 
[1, 80, 129, 131, 142] is justified and consolidated by large-scale quantitative surveys’ which repeat-
edly show that women proportionally eat less of these ‘masculine foods’, replacing them instead with 
fish, fruit and vegetables [11, 49]. This has been linked to a perception of the strength and size build-
ing properties of masculine food choices [28, 145], which is discussed further in relation to portion 
size and the valorisation of large male bodies. The propensity to adhere to ‘masculine’ foods may be 
more pronounced in lower social classes [128]. In addition, feminist writers have explored a link 
between the sexual politics of a male rejection of vegetarianism and wider environmental issues as a 
mechanism for maintaining patriarchy through symbolic dominance and violence [1, 131]. The mod-
ern media in general have been shown to play into a narrative that ‘genders’ specific food items 
(Fernstein 1982; [69]), and male-targeted magazines in particular display a tendency to sanction ‘fem-
inine food choices’ and trivialise men’s efforts to eat more healthily [56, 145]. As Feirstein [48] points 
out in his guide to ‘all that is truly masculine’, ‘real men don’t eat quiche’. Rothgerber [129] takes 
this further in identifying vegetable, as opposed to any other type of quiche, as being most likely to 
offend ones sense of masculinity.

The third way in which food might be used by men for impression management relates to portion 
size, volume and food quantity [15, 68, 105, 152]. The popular appeal of television shows like ‘Man 
versus Food’ and ‘Hairy Bikers’ orients towards a traditional view of the need to distinguish ‘man 
sized meals’ from those of women and children. Food in volume has been historically justified as 
‘fuel’ for demanding outdoor masculine occupations – in binary opposition to the more sedentary, 
domestic indoor activities of women [24]. Similar forms of socialisation with regard to food volume 
are evident at each stage of the life course beginning in the early years where lusty appetites are 
viewed as healthful in boys, while ‘greediness’ is met with disapproval in girls. Here, young feminin-
ity is embodied at the dining table through ‘eating lightly’ [105, 114], and as women age, there is an 
expectation that their needs in terms of quantity may be sacrificed in order to cater for the require-
ments of the working men and growing children within the family [28, 43, 61]. In her seminal study 
of the significance of the cooked dinner in British (Welsh) culture, Ann Murcott [110] recognises the 
rituals that surround these shared eating occasions as fundamental to the physical and social health of 
the family. Murcott also eloquently describes the appropriate share each member is given, measured 
universally as ‘a plateful’, but distinct in that a man’s quota has the largest proportion of meat and 
vegetables (usually potatoes), and the shortfall for women and children is compensated for with gravy. 
These familial practices are compounded by a wider social pressure that dictates an expectation for 
women to restrict and control their calorie intake more generally [30, 115, 134, 146]. Later studies 
draw similar conclusions where healthy portions for men are described as robust (substantial) and 
women’s as virtuous (small and moralised) (Beardsworth 2002).
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 Men, Dieting and Slimming

Attempts by the health professional to encourage healthier eating habits can often be perceived by 
men as focusing on excluding many or all of the food products and practices that signify masculinity 
(traditionally conceived), and replacing them with less satisfying and tasteless substitutes. Dieting 
then becomes essentially reduced to eating feminine things in feminine ways [56].

There is some evidence to suggest that in general men take an interest in their nutritional health in 
ways that are distinct from the motivations expressed by many women. Studies show that men fre-
quently place greater emphasis on improving functional fitness or performance, either in a sporting or 
occupational context, as opposed to harbouring aspirations of health improvement per se. In addition, 
it is suggested repeatedly in the research that a more complex, often bidirectional relationship exists 
when male bodies are utilised as an expression of gender than the more straightforward associations 
between femininity and slenderness. Put plainly: men tend to not want to be too large or too little.

Subtle signs of these masculine notions of functional weight management (as distinct from weight 
loss) can be seen in health promotion resources geared towards the male market. A series of publica-
tions from the UK’s Men’s Health Forum illustrate how masculinising sporting, militaristic and 
mechanical metaphors have been adopted in order to reframe nutrition in ways that appeal more to 
hegemonic ideals and values. For example, ‘HGV Man’ [8] adopted the familiar publishing format of 
the Haynes car workshop manual in order to ‘reduce all large sizes’ for ‘all shapes and colours’. 
Chapter headings discuss the ‘right fuel’, encourage men to ‘Go for an MOT’ and ‘understand what’s 
under your bonnet’. Content includes sections covering work-related performance and nutrition for 
football (soccer). These themes are employed consistently throughout the series, linking strongly to 
ideals of masculine independence, autonomy and scientific rigour (contrasting feminine/emotional 
weight management). Rigorous individual commitment and will power (‘plan your attack’, section 
3.23), along with rational decision making, are encouraged as being all that is necessary to achieve 
your goals: ‘fight the insulin resistance’ (section 4.12) and win ‘the war of terror on fat’ (section 
4.14). While such approaches undoubtedly appeal to some men, there are wider debates concerning 
the harmful effects of reproducing and reinforcing stoic, dominating or aggressive stereotypes. Here, 
the influence of social context can be disregarded as unimportant and victims blamed for poor choices. 
Already marginalised men or those who do not conform to sporting ideals or car worship can be fur-
ther alienated. Emotional male responses become increasingly socially sanctioned and repressed, 
while specific forms of (strong and silent) masculinity become valued and promoted above health 
[57]. The risk here is of further emphasising gender difference and dichotomy, reinforcing narrow 
constructions and limiting further the possibilities for choice.

This brings the discussion around to the ideas of dieting and slimming, concepts which have been 
writ large as ‘something that women do’ and men do not [104, 133, 144]. Yet again hard statistics 
confirm the pervasiveness of these socially constructed gender binaries, where despite their higher 
rates of overweight than women [73, 74], men are outnumbered in weight management services at a 
ratio of 5 to 1 on average [121, 167]. In addition, weight management research is also dominated to a 
similar degree by studies that either fail to recruit or fail to disaggregate data for men. This has 
resulted in services based on research on women, built on the preferences of women [116, 159]. Men’s 
reluctance to reach out to services that promote weight loss is hardly surprising given the differential 
treatment of men and women by health professionals, who it seems are not immune from reflecting 
the social norms that frame fat as a feminine (sic) issue. Doctors spend 9 minutes less with overweight 
men than overweight women (Hebl et al. 2003); men’s BMI is recorded less frequently (Gibbs et al. 
2001), and when intervention is indicated, men are less likely to receive advice, information or discus-
sion of weight issues [14, 143, 156].

Beyond the health professional it might also be informative to consider the impact of the attitudes 
of men themselves towards the management of their weight in order to build a more rounded 
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explanatory picture. Weight perception tends to vary between the sexes where men most often under-
estimate and women over estimate their weight [22, 27, 31, 74, 75, 82, 93, 94, 156]. As the population 
BMI average increases, so does both the accuracy and threshold at which individuals self-assess as 
overweight, and this effect tends to be greatest in lower SES men [78]. Wardle and Johnson [156] 
argue that men’s self-expressed ideal weight is often a reflection of the statistical, cultural and social 
norm rather than medical guidelines – that is, men compare and judge themselves against those around 
them. More sociological understandings posit larger male bodies as a literal representation of power, 
strength and masculinity, and this is discussed below in relation to male body image ideals. As a 
result, men show less dissatisfaction with being overweight than do women [50, 83, 109], exhibit 
lower levels of related depression when overweight [25], assess the risk of obesity more positively 
and inaccurately than women and therefore are less likely to attempt remedial action [63, 82]. 
However, there is emerging evidence that such attitudes and perceptions of men and in men are 
changing. As Connell [34, page 45] notes:

Bodies do matter’ and ‘true masculinity is almost always thought to proceed from men’s bodies…

In a modern cultural context, the importance of image, presentation and appearance dominates. In 
this sense, male bodies are important as much for what they represent as what they can achieve and 
how they perform the functions of everyday life. Chris Shilling [139] describes how in a growing 
capitalist, consumerist society bodies have become commodified, identity projects to be worked on, 
whether that be in the gym, through food supplementation, cosmetic or bariatric surgery, etc. Turner 
[151] similarly considers the implications of a ‘somatic society’, while Crawshaw [39] and Crawford 
[38] discuss disciplined consumer-savvy ‘aesthetic health’ in which health, beauty and identity 
become conflated into a single embodied concept. Pierre Bourdieu [18] argues that class too can be 
written into the way identity is presented through the body.

When it comes to appearance, men frequently express a preference for bodies different to the ide-
als of women and those of medical or weight management professionals. This has implications for 
promoting nutritional health in men. Most researchers in the field agree that men’s concern over body 
image is increasing [95], and that as many men wish to gain weight as to lose it [17, 44, 51, 96, 100]. 
The increasing extent of male concern, and its relative lack of consideration in the female-dominated 
body image literature [7, 12], is reflected in statistics that show a recent increase to 3 % of men in the 
USA who admit to using anabolic steroids as a way of enhancing their appearance, while anorexia 
nervosa in women is stable at around 1 % [23, 53, 141]. Here, size is directly associated with mascu-
linity, and healthy male bodies are conceived as being both big and strong. Ideals represent the com-
bination of what is considered healthy and what is considered masculine. Such abstract conceptions 
can present practically in clinical situations as a commonplace male rejection of medically focused 
BMI measures, where both salience and science can be questioned [102], often creating a polarising 
and ultimately counterproductive tension between medical and masculine discourses. This highlights 
a gap in men’s body size between the statistical and cultural norms. Epidemiology tells us that fat men 
represent the former, but are paradoxically and morally judged against the latter as deviant, where soft 
fatness is coded as weak willed and feminine in comparison to hard and masculine muscularity [17, 
62, 104]. A general, but not universal desire for lean and muscular ideals reached a peak of hyper 
muscular bodybuilding proportions in the mid-1990s, with less extreme, more athletic physiques 
being more in vogue currently [87, 117]. It is interesting that this pattern coincided with a similar high 
point in the depiction of muscular and sexualised male body images in film and the media [20], and 
had less impact in those countries where such representations of masculine bodies have been less 
common [166]. Such evidence illustrates a positive potential for change over time, which may pro-
vide avenues to pursue for the health promoter. Equally, extensive studies of body image in gay men 
give some cause for optimism in terms of going beyond a single, narrowly defined ideal, offering 
instead an interesting and helpful variety of idealised body shapes. These range from extreme slender-
ness in ‘twinks’ (slim gay men), often feminised and ascribed vacuous characteristics (much like the 
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female ‘bimbo’ stereotype), to the hyper muscularity and exaggerated machismo favoured by some in 
the 1980s and 90s [96]. An interesting subculture relating to body weight and size within the gay com-
munity is that of ‘bears’ – sexually valorised as larger, more rugged, often hirsute men who mirror 
what might be considered strongly traditional heterosexual male attributes [60, 67, 101, 125, 163]. 
Simultaneously critiqued for reproducing a version of hegemonic masculinity and lauded for subvert-
ing and reconfiguring heteronormative maleness in the context of HIV associated weight loss, bigger, 
softer (fatter) bear bodies become, in this specific and situated milieu, the embodied epitome of 
healthy masculinity [67, 163]. This is important because it shows that multiple conceptions of healthy 
male bodies are possible and context-bound. As a result, those interested in promoting nutritional 
health might be able to develop both a broader palate in terms of what might be considered as the 
embodiment of masculinity and health, and also emphasis might shift away from (reducing) size 
towards a more direct consideration of health in its broadest sense. Thus, an appreciation of the ways 
in which some men might have different corporeal aspirations from women, from the medical profes-
sion and sometimes from other men is important for the practice of promoting nutritional health, as it 
must logically follow that each of these distinctly valued outcomes will require different approaches. 
One question is whether such approaches should attempt to correct lay perspectives or cultural influ-
ences that contradict the medical evidence and advice and thereby risk alienation and ineffective or 
irrelevant intervention – or work within existing value frameworks to increase the salience of health 
promotion messages. One example of the latter might be the ‘health at every size movement’ [2, 126], 
which questions the legitimacy and focus of purely weight-based programmes and concentrates 
instead on improving markers of health and fitness.

 Promoting Nutrition in Men’s Health

After considering the ways in which food and male bodies play a large part in constructing gender 
identity, thoughts may well turn to ‘what works’ with regard to promoting nutritional health. The 
research does not always give a consistent or conclusive answer to this question, and perhaps suggests 
two seemingly contradictory approaches. The first of these is to work within normative cultural frame-
works and utilise the common markers of masculinity as a ‘hook’ to draw men in. This technique, 
often based around a simplistic semantic reframing, is exemplified in the mechanistic metaphors of 
the HGV manuals already mentioned but also includes the sporting language employed within sport- 
based weight management programmes, such as Premier League Fitness (Pringle et al. 2011; 
Zwolinsky et al. 2012), Fit Fans [13], Football Fans in Training [72] and Motivate [132].

Tackle unhealthy habits. Avoid the Penalties of high sugar… Convert to a healthier lifestyle.
Excerpt from Fit Fans marketing leaflet (emphasis in the original).

Equally, the use of ‘male-friendly’ language and humour within weight management services that 
have successfully ‘targeted’ men takes a similar approach, as illustrated in the POWER project 
(Preventing Obesity Without Eating like a Rabbit) [106], and less subtlety in ‘Gutbusters’ [47] and 
‘The Fat Bastards Club’ [65]. Such interventions aim to overcome male scepticism over health pro-
motion food messages [58], a reluctance to seek help and resistance to being told what to do, by play-
ing on masculine themes such as independence and autonomy. Deploying these tactics makes sense 
from the point of view of appealing to gender norms, whilst also having the tendency to reduce nutri-
tional health to solitary decision making and neglecting the powerful social and structural influences 
discussed earlier.

Weight management is just a matter of choosing the right foods (Banks [8], section 4.11)
Knowing how powerful your thoughts are will give you another tool for your kitbag (Banks [8], section 2.6)
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Another related approach that builds on existing gendered social structures and institutions, and 
has met with some moderate success in engaging men in nutritional health, is the use of particular 
delivery settings beyond feminised healthcare that appeal as masculine spaces. For example, the 
workplace has shown some ability to attract men for nutritional intervention in places as diverse as 
Australia, Japan and the USA (Ferguson et al. 2009; Iriyama and Murayama 2014; Morgan 2011). 
Harrsion [66] is critical however of the potential to miss the most vulnerable unemployed, long-term 
sick or disabled men by adopting this strategy, while most studies concentrate on blue or white collar 
occupations, leaving a gap in our understanding of how the workplace influences lower paid working 
men. In recent years in the UK, professional sport settings have increasingly provided an acceptable 
social arena for men to show a legitimate interest in health and nutrition. Here, masculine capital can 
be enhanced just through ‘symbolic proximity’ to the highly valued position of professional sport, and 
masculine value is conveyed, even to behaviours that are feminised in other contexts (Hunt et al. 
2006). This can be usefully explored through Bourdieu’s concepts of field, analogous to setting in 
many ways as a space in which social actors are located; and habitus as the conventional social prac-
tices within a field, or ‘rules of the game’ [18]. Within this framework, different fields offer distinct 
rules, traditions and etiquettes, while habitus is gendered and can result in behaviours being sanc-
tioned or supported differently for men and women within a single field. This can help to explain, for 
example, why the firemen mentioned earlier might aggressively defend their communal cooking role 
in their workplace, but not their family setting [42]. Similarly, the group support eschewed as emo-
tional and feminine talking shops within a slimming setting [138] might be revised as team loyalty 
and acceptable homosocial support in the sport setting [130]. In this scenario, behaviours are contex-
tualised, and health promotion moves away from a focus on static traits and immutable behaviours, 
locating primacy instead on place and practice. Smith [140] describes sport as a ‘Building site for 
working class masculinity’. (Page 186). While Connell [32] argues:

Sport is, all considered, astonishingly important. It is the central experience of the school years for many boys, 
and something which even the most determined swots have to work out their attitude to. What is learned by 
constant informal practice, and taught by formal coaching, is for each sport a specific combination of force and 
skill… the combination of the two is power. (Page 18).

Such a historical legacy brings with it a risk of reinforcing unequal power structures and further 
alienating the most marginalised men and women with the least power and poorest health. The result 
may bring about an invocation of the inverse care law which states that those who most need interven-
tion will be least likely to receive it, and inequality is exacerbated [150]. Indeed, studies suggest some 
difficulties in recruiting BME, disabled, gay and ‘non-sporty’ men through these settings [72]. There 
are however notable exceptions that indicate when proactive measures are taken more marginalised 
men can be recruited through sport settings [168], which can protect against promoting masculinity 
over health [57]. The important lesson to be learnt from these exceptions is that in order to choose a 
strategy that does not aim to harvest the low hanging fruit, instead focusing on need over numbers and 
thereby addressing issues of equity, it is likely that some conscious targeting and marketing effort is 
required that does not occur ‘naturally’, at least when these popular masculinised settings are used. 
Again, this can be read through a Bourdieusian lens, where the concept of various forms of coping 
resources or ‘capital’ (economic, cultural, masculine, social) can impact on the range of ‘choice’ 
available. For example, well-educated, able-bodied, working men within strong social networks may 
have the greatest time, physical capacity, finances and emotional/social support to act on advice given.

The acceptability of these settings resonates with the literature that shows it is common for men 
to favour a pragmatic, action-orientated approach where emphasis is placed on what can be done 
(e.g. exercise) over what must be avoided (e.g. restrictive dieting). They offer a tangible connection 
between food and improved performance in work or sport, which in turn supports and reproduces a 
discourse of gender difference, and the contention that men’s interest in food is different to that of 
women. Watson [155] offers a convincing theory of male embodiment in which men express a 
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preference for pragmatic bodies that meet the demands of everyday tasks, and place less value on 
‘visceral’ aspects of the unseen biological body favoured in medical and health promotion discourse. 
This might go some way towards understanding a common rejection of (visceral) BMI by men in 
favour of larger (strong, pragmatic) body weights. Orienting towards the pragmatic and de-empha-
sising the visceral may again increase the salience of, and ultimately men’s adherence to, health 
promotion food advice.

It could also be useful to consider health promotion settings theory, and how this has or has not 
been applied to nutritional practice. Whitelaw (2001) describes a continuum of settings approaches, 
starting from a ‘neutral vehicle’, or ‘empty vessel’ model in which fairly standard, individually and 
educationally focused interventions are delivered in exotic or novel locations. Here, the responsibility 
to comply with advice lies with the patient, and the social environment is largely ignored. At the far 
end of the spectrum structural, institutional values mostly beyond the control of individuals are seen 
as hugely influential on social practice therein, where cultural challenge and change is the desired 
outcome. It could be argued that most settings are utilised at the neutral end of the scale, and might 
instead be employed in the second, more radical approach to promoting nutritional health in men 
which challenges, rather than works within contemporary rules of gender. For example, the methods 
by which sport has been used as a vehicle to challenge racism, sexism and homophobia may be repli-
cated to disrupt gendered ideas about food provision, preparation and consumption.

Promoting nutrition in men clearly requires consideration of gender/masculinity. Connell [34] 
argues that if gender is socially constructed, then it follows that it can be reconstructed. Gorley et al. 
[55] suggest that issues of power are resolved by interrupting or disrupting the habitus. This might be 
done through critical pedagogy and by challenging gender dichotomies, rejecting dualisms and ste-
reotypes within nutritional resources, advice and information. For instance, rather than reinforcing the 
notion that slimming is a feminine activity and sport is exclusively masculine in the design of osten-
sibly single-sex weight management services, some crossover might be encouraged and incorporated. 
Proactively modelling examples of men who challenge unhealthy masculine signifiers might offer 
alternative points of reference, such as the teetotal professional rugby player Johnny Wilkinson whose 
non-hegemonic masculine abstinence is compensated for by his physical prowess [154]. It might also 
be possible to build upon, but divert acts of caring through food from showing affection through vol-
ume or confection, to demonstrating social bonds by selecting and preparing healthful alternatives.

One practical example of disruption might capitalise on emerging research that indicates there can 
be particular points within a man’s life course where he is more open to reflecting upon his own 
health. This might occur at a crisis point where health is compromised, or when the consequences of 
illness present a greater threat to masculinity than admitting ‘vulnerability’ or ‘weakness’, such as 
when performance in masculine domains such as work are impacted. Research is also beginning to 
identify more proactive male motivations to improve health through diet that go beyond crisis man-
agement when, for example, couples are family planning, where issues of fertility arise or imminent 
fatherhood approaches. Equally, studies in older men show a similar interest in improving food intake 
when maintaining function and independence in retirement, responding to the death or caring for ill-
ness in spouses. This problematises the stereotype of the reluctant male help seeker by again indicat-
ing a more complex and nuanced reality, whilst also offering new avenues and opportunities to raise 
the issue of nutritional health with men in the fertility clinic, through midwives and health visitors, at 
the school gates, at the barbers or in men’s sheds.

This chapter has outlined some of the ways in which the nutritional health of men might be strongly 
influenced by social factors. The main thesis questions the current dominance of educational 
approaches that place emphasis on individual behaviours while neglecting the places, spaces and 
interactions that contribute to the construction of gender. It questions too, the propensity to regard 
men as an unsophisticated and homogeneous category to be targeted by singular approaches, and sug-
gests instead a combination of working within and challenging our ideas about what men are and what 
men do. Most of all, it is argued that a one size fits all approach is unlikely to succeed in improving 
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men’s nutritional health, and interventions that fail to consider the social as well as health enhancing 
potential of food may find themselves lacking any real relevance and salience in the day to day lives 
of men.
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 The Hispanic Population in the USA

As of 2014, 17.4 % of the US population was Hispanic, and about 40.0 % of all Hispanics residing in 
the USA were foreign-born [107]. Between 2010 and 2014, the USA experienced a 9 % increase in 
Hispanics. Further, the Hispanic population accounted for 49 % of the population increase between 
these 4 years; 26 % of the increase was due to migration, and 74 % was accounted for by birth in the 
USA [107].
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Key Points

• Hispanics are the largest ethnic minority group in the USA.
• Health disparities are apparent in this population, such as high rates of obesity and diabetes and 

low access to healthcare.
• Dietary behaviors are different across Hispanic subgroups.
• To effectively address Hispanics’ undesirable health behaviors, health practitioners must increase 

their understanding of the range of values, beliefs, knowledge, preferences, and attitudes of each 
Hispanic person or subgroup.

• The traditional Hispanic diet has often been considered healthier than the Western diet. However, 
in the midst of the global nutrition transition, many Hispanics have adopted Western dietary habits 
before migrating to the USA.

• A thorough assessment of each person’s or each subgroup’s dietary behaviors and influencing fac-
tors is essential in order to provide culturally appropriate nutrition education or therapy.

• Several nutrition interventions have been successful in positively influencing Hispanics’ dietary 
behavior.
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As defined by the US Office of Management and Budget [109], Hispanic is “a person of Cuban, 
Mexican, Puerto Rican, South or Central American, or other Spanish culture or origin, regardless of 
race.” (para. 14). Of the over 55 million Hispanics in the USA, the majority are from Mexico, repre-
senting about 64.3 %. Other populations represented in the USA include Puerto Rico (9.3 %), Cuba 
(3.5 %), Central American (8.1 %), South America (5.9 %), and other (8.9 %). Females represent 
approximately 50.8 % and males 49.2 % of all Hispanics in the USA [107].

Currently, the majority of Hispanics reside in the Southwestern states. However, all states are expe-
riencing increases in the Hispanic population. For example, New Mexico (47.3 %), California 
(38.4 %), Texas (38.4 %), Arizona (30.3 %), and Nevada (27.5) represent the top five states with the 
highest percentages of Hispanic residents [107]. In terms of the largest number of Hispanics, about 
14.7 million Hispanics reside in California, and Texas experienced the highest increase in number at 
213,000 since 2012 [107]. More state and county Hispanic population information can be found at 
www.census.gov.

 Hispanic Socioeconomic Factors

When compared to other ethnic groups residing in the USA, the Hispanic population at large experi-
ences more income and educational disparities. For instance, among ethnic groups, the Hispanic pop-
ulation has the highest number of non-high school graduates (35.0 %) and the lowest number of 
people (14.5 %) who have a bachelor’s degree or higher [108].

Hispanics are second lowest only to Blacks in income [25]. The median annual income for a 
Hispanic household in the USA is approximately $42,000, compared to the median US household’s 
annual income of about $53,657. In 2014, 23.6 % of Hispanics lived below the national poverty line. 
Interestingly, the median income increased between 2013 and 2014 for foreign-born Hispanics but 
decreased for native-born. Moreover, because 80.1 % of Hispanics in 2014 had governmental or pri-
vate health insurance, 19.9 % of Hispanics were uninsured – the highest percentage of uninsured 
among ethnic groups. Of those who were insured, native-born Hispanics were more likely to have 
health insurance at 91.3 %, compared to foreign-born Hispanics at 78.6 % [99]. One study reported 
only 10.5 % of undocumented Hispanics have health insurance [74].

The unemployment rate for Hispanics is slightly higher than that of the overall US population. At 
the end of 2014, the Hispanic population had a 6.4 % unemployment rate, compared to 5.1 % of the 
overall US population. Of those employed, the majority of Hispanics worked in service occupations 
[107]. When the percentages of Hispanic employees in different occupations are examined, statistics 
show that a high concentration of Hispanics work in construction, agricultural forestry, farming and 
fisheries, and hospitality, while Hispanics are underrepresented in the financial, information, and pub-
lic administration employment categories [107].

 Hispanic Culture

Culture can be defined as “the attitudes, feelings, values and behavior that characterize and inform 
society as a whole or any social group within it” (Collins English Dictionary def. 2). It is a collabora-
tion of ideas and behaviors shared and reinforced within a particular group or society. Regarded in this 
perspective, the Hispanic culture as a whole is complex and is comprised of various subgroups. For 
this chapter, however, the Hispanic culture will be discussed in a broad context and thus should not be 
generalized to particular Hispanic subgroups and individuals.
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 Cultural Characteristic

There are several inherent cultural differences between the general Hispanic and US cultures. It is 
important that health practitioners be aware of such differences to be able to understand and relate to 
a cultural context for certain behaviors. In general, the Hispanic culture is collectivistic while the US 
is individualistic. In a collectivistic culture, the focus is on the group; therefore, responsibilities and 
decision-making are shared, group activities dominate, and there is an emphasis on group harmony, 
not the individual. In comparison, the US cultural focus is on the individual’s functionality and his or 
her ability to work and live independently [44]. In light of such different emphases, it would not be 
uncommon for a Hispanic patient not only to bring several family members to a consultation, but also 
to allow the family members to determine the best care plan.

The Hispanic culture is also relationship-oriented, unlike the time-oriented US culture. Relationship 
orientation is clearly interconnected with the collectivistic culture, placing more emphasis on relation-
ships than on time considerations. Thus, for example, if a Hispanic male were helping a friend fix his 
car but was supposed to go to a doctor’s appointment at say, 4:00 p.m., he would not leave the friend 
and the friend’s car to ensure he arrived on time for the appointment. The relationship with the person 
he was with in that moment would take priority. In his mind, his arriving late to a party or an appoint-
ment is acceptable. Within the US culture, this may be seen as rude, disrespectful, and inconsiderate, 
while the Hispanic man would find it more inappropriate to leave his friend.

In fact, Hispanics’ time orientation leans more toward the present moment and is more reaction-
ary, compared to the time orientation of people within the US culture, who live in the future and 
reflect more proactive behavior. This reflects back on the hypothetical situation just presented. If 
the Hispanic male is helping his friend fix his car and he has another appointment, he is not thinking 
foremost of how important it is to arrive at his appointment on time; he is focusing instead on help-
ing his friend and finishing the task at hand, living in that present moment and concentrating on that 
more immediate task. Within the Hispanic culture, making appointments is simply not common. 
For medical visits in particular, it is more common for Hispanics to go to the practitioner’s office 
without an appointment at all, simply when needed, and then to wait until they can be seen. The 
culture is reactionary.

Communication is also different between the two cultures. In the US culture, direct and verbal 
communication is the norm and the accepted mode. In the Hispanic culture, indirect and nonverbal 
communication is most common. Again this may be stem from the cultural orientation toward 
relationships. Within a healthcare setting, the Hispanic patient may consider it rude if the practi-
tioner does not participate in small talk for a few minutes before the appointment or the examina-
tion. When working with Hispanics, therefore, healthcare practitioners need to adjust to such 
cultural tendencies in order to better relate to and better care for their patients. Along the same 
lines, Hispanics often utilize nonverbal cues to communicate. For example, if asked a direct ques-
tion, the Hispanic person may not answer directly or honestly but in a form he or she feels the 
person asking the question wants. And then if there is a language barrier and the Hispanic person 
does not understand the question, many times the Hispanic individual will just answer yes (or no) 
instead of asking for clarification. Thus it is advisable that health practitioners ask more open-
ended questions to their Hispanic patients. Further, if a Hispanic person wants something, he or 
she may ask for it indirectly. For example, if the person needs a ride to pick up a prescription at 
the pharmacy, instead of directly asking a friend for a ride, the person may say, “I can’t buy my 
medicine,” hoping the friend would then ask why and then ask if the individual needs a ride. As a 
result of being aware of such cultural approaches, a savvy health practitioner will no longer simply 
ask a Hispanic patient if there are any questions or if anything is needed; a more roundabout 
approach is called for.
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 Other Cultural Characteristics and Considerations in the Context 
of Health Care

Cuellar et al. [17] outlined five cultural characteristics in the Hispanic culture that may affect health 
behaviors: machismo, folk illness, familism, fatalism, and personalismo. Table 18.1 provides defini-
tions and context for each of these characteristics. Assessing whether an individual or subgroup 
reflects one of more of these characteristics is important so the practitioner can provide information 
or care that is appropriate. For example, if a client says, “I have diabetes because it is God’s will,” this 
comment may indicate the client does not believe his own actions contributed to the disease and is 
demonstrating the characteristic of fatalism. Picking up on this, a practitioner can then ask the client 
what specific actions (i.e., dietary changes) he or she believes might help control the disease, assess-
ing any ambivalence in the client’s answer to determine best methods for motivating the client to 
change negative health behavior.

Complicating the situation is the Hispanic culture’s division into different subcultures. Subcultures 
may be influenced by such factors as nativity, country of origin, or race (white, black, or indigenous). 
One study showed differences in the perception of health between Hispanics who were Mexican or 
American-born and those who identified as Mayan. Foreign-born Mexicans and Mayans perceived 
health as something a person has to work for and is seen as essential to work and provide for family. 
In contrast, US-born Mexicans saw health as a right, as something that should be available to every-
one, and as something that can be purchased [101].

It is important, of course, that health practitioners know the more particular cultural context of each 
patient or subgroup. Awareness of an overall Hispanic cultural context is good only to a certain extent; 
to avoid making overarching cultural assumptions, practitioners in the health field must always be 
alert for adjustments when subcultural differences come to light. Knowledge of and sensitivity to the 
various subgroups’ cultural tendencies is required.

Table 18.1 Characteristics associated with the Hispanic culture

Characteristic Definition Description

Machismo Strong adherence to manliness Can have positive or negative associations such as bravery, 
courageousness, womanizer, or dominant. Males often 
have a strong influence on the family’s decisions such 
as diet and types of service to seek

Folk illness Nonscientific culture specific 
illnesses

Illness believed to be caused by supernatural powers. For 
example, “susto” is a condition where an individual’s 
spirit is temporarily scared way post traumatic event

Fatalism The belief that an individual’s fate is 
out of his or her control

Since individuals believe that they have no personal control 
over their fate such as which illnesses he or she may 
experience, it can affect the degree of health care they 
seek

Famalism Core value of Hispanic culture that 
requires family members to 
support on each other

Family members have an obligation to support each other 
emotionally and physically and to abide by all of the 
family practices and tendencies. This impacts who/
when individuals seek health information

Personalismo Friendly way to relate to an 
individual

Respond better to human/personal contact than impersonal 
contact, for example health services that involve 
therapists instead of reading literature are often more 
effective

Cuellar et al. [17]
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 Acculturation

After examining different aspects of the Hispanic culture, we must then explore the acculturation 
process of Hispanics residing in the USA. Acculturation is a term used for the “psychological and 
social changes that groups and individuals experience when they enter a new and different cul-
tural context” ([11], p.128). The acculturation process includes the adoption of and interaction 
with the host culture’s attitudes, beliefs, values, and behaviors. Berry [9] suggested that accul-
turation was a process involving individuals and groups and was not stagnant. In such a view, 
each Hispanic individual, foreign- or native-born, has a different acculturation experience 
and adopts different attributes of the host culture (in this case, the US culture) at differing 
degrees. Figure 18.1 outlines individual, group, and mediating factors involved in the accultura-
tion process.

Fig. 18.1 A framework for acculturation research (Berry [9])
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 Acculturation Measures

Acculturation is not a linear process, even though is it often measured as such. Proxies such as language 
ability (written, spoken, and/or read), language use at an interview or an interview with friends, birth 
place, media preference, generation, length of time in the USA, age of immigration, and length of resi-
dence have all been used to assess acculturation in the nutrition and health literature [104]. Other multi-
dimensional acculturation scales have also been developed to measure the process nonlinearly, and these 
researchers argue that the nonlinear measurement provides a more comprehensive view of acculturation 
[9, 11, 17], warranting further research on the measurement of acculturation [104]. The challenge is in 
developing an instrument that truly reflects all attributes of the process. Figure 18.2 provides different 
measurements that are currently used in research and practice. More information relating to accultura-
tion measurements in health research and practice can be found at Thomson and Hoffman-Goetz [104].

 Acculturation Related to Behavior Change

Acculturation is related to different health behaviors. For instance, Marin [62], suggested three levels 
associated with the acculturation process. Level one is the superficial level and includes influenced 

Acculturation scales (n=87)

Authors Scale DomainsScale
type

Theory/ n
model (modified)b

Number
of items

Reliability
Cronbach’s alpha

Development/
testing

Validity

Cuellar et al.
(1980)

Cuellar et al.
(1995)

Acculturation
Rating Scale
for Mexican
Americans
(ARSMA)

Acculturation
Rating Scale
for Mexican
Americans II 
(ARSMA II)

Unidimensional Single scale
(0.81–0.88)
Generation status

5 week test-retest
(0.8 non-clinical)

Mexican
American

Mexican
American
Central
American
Mexican
American

1 Week test-retest
(0.72–0.96), relation
to ARSMA, generational
status

Mexican American
Orientation (0.86)
anglo Orientation
(0.88)
Marginality
(0.87)

Language use,
language preference,
ethninc identify,
ethnic classification,
cultural heritage,
ethnic behaviors,
ethnic interaction

Language use, media,
ethnic social
relations

4810(3)Multidimensional 

Unidimensional 

Bidimensional
Acculturation
Scale 

Yes

Multidimensional Yes

Marin &
   Sabogal
    (1987)

Marin &
   Gamba
    (1996)

Short
Acculturation
Scale for
Hispanics

No

Unidimensional No

No

24(4)

No 29(23) 20 Language use, language
preference, ethnic identity,
ethnic classifcation, 
cultural heritage,
ethnic behaviors
ethnic interaction

Mexican
American

Single scale
(0.92)

Generational status,
length residence, age
at arrival, perceived
acculturation level

Bidimensional

12

5(3) 24 Language, language
proficiency, electronic
media

Hispanic domain
(0.87–0.97)
Non-Hispanic
domain (0.97)

Generational status,
length of residence,
age at arrival
Proportion of life in US.,
ethnic identification Central

American
Mexican
American

Mexican
American

Mexican
American

Generational status,
differentiate between
Hispanic and
Non-Hispanic white
None reported

Acculturation
and structural
assimilation
(0.75–0.77)
Single scale2

Language, values,
attitudes, ethnic
interaction

314(2)Hazuda ScaleHazuda et al.
(1988)

Coronado
et al.

(2005)

Coronado Scale 1(0) 4

Unidimensional No 7(1) 17

Unidimensional No 5(0) 5

Unidimensional No 1(0) 37

Unidimensional No 1(0) 5

Language, ethnic
identification, nativity

Language, ethnic
interaction, ethnic values
and
attitudes, media

caetano
    (1987)

Caetano scale Single scale
(0.91)

Single scale
(0.82)

Nativity, number of
years lived in the U.S.,
age

Hispanic

Balcazar
    et al.
    (1995)
Anderson
    et al.
    (2004)

General
Acculturation
Index

Language, ethnic
interaction, cultural pride

Education in Latin
America education in U.S.

Puerto RicanLanguage preference,
television channel
preference

None reported Latino

Single scale
(0.8)

Single scale
None reported

Language, media, nativity,
ethnic values and beliefs,
ethnic interaction

Language, citizenship
status, years in U.S.

Anderson Scale

Mikolajezyk
et al.

(2007)

Mikolajezyk
Scale

a
b

Reliability testing completed using principal factor analysis.
In this case “modified” refers to scales that were changed from the original version.

Fig. 18.2 Acculturation measurements used in research and practice (Thomson and Hoffman-Goetz [104])
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behaviors such as diet and media. Within this level, practitioners may see dietary changes in people 
who still possess most of their traditional attributes. The second level, the intermediate level of the 
process, incorporates behaviors such as language use and social networks. The third level, referred to 
as the significant level, includes the adoption of norms and values of the host culture.

In Hispanics, health-related factors have been associated with acculturation. For instance, higher 
acculturation, as measured by language use, has been positively associated with higher income, 
employment, exercise, and education and negatively related to tobacco use and dietary intake [77]. 
Extensive research using various acculturation proxies has been completed to examine different diet 
and health behaviors and outcomes and their association with acculturation. Following parts of this 
chapter will thus discuss acculturation as operationalized by various measurements and definitions, as 
well as its association with certain behaviors and outcomes.

 Health in the Hispanic Population

 Diabetes

Hispanics in the USA face multiple health disparities. For example, Hispanic Americans had about a 
1.7 times higher prevalence of diabetes compared to non-Hispanic Whites in 2014 [14]. Diabetes in 
the Hispanic male population is currently 12.8 %, with the highest prevalence observed in Mexican 
males [14]. Moreover, it is estimated that more than 2 million Hispanics have diabetes but are undiag-
nosed and that a 111 % increase in prevalence will occur between 2011 and 2025 [51]. Research sug-
gests factors such as acculturation status and country of origin may affect prevalence and disease-related 
morbidity. For example, Hispanics from South America and Cuba have a lower prevalence compared 
to those from Central America, Mexico, the Dominicas, and Puerto Rico [94]. Acculturation may 
account for differences in disease risk factors among Hispanics; however, their relationship to disease 
is unclear [2, 22, 111]. This will be discussed later in this chapter.

 Overweight and Obesity

In comparison to all other ethnic groups, Hispanic children and men have the highest percent of over-
weight and obesity. According to Ogden and colleague [79], 77.1 % of Hispanics, males and females, 
are overweight or obese; the highest among non-Hispanic Whites, Blacks, and Asians. Hispanic chil-
dren and adolescents ages 2–19 had the highest rate of overweight or obesity, at 38.9 %, compared to 
non-Hispanic groups [79]. Research suggests overweight and obesity is positively related to time 
spent in the USA and nativity and negatively associated with age of migration. A recent study indi-
cated that Hispanics from lower income levels did not differ in terms of moderate obesity from 
Hispanics with higher income levels, but that they did have a higher rate of extreme obesity from those 
with higher income levels [53]. Another study showed income to be negatively associated with BMI 
in children; however, in Hispanic immigrant families income was positively associated with BMI in 
children. The lower-income families had a lower incidence of overweight and obese children, whereas 
higher-income immigrant families had a higher incidence. Culture may be a factor in the high inci-
dence of overweight and obesity within this population. For instance, New et al. [77] found Hispanics 
of lower acculturation, independent of income, perceived overweight and obesity as more accepted. 
Studies suggest Hispanic parents lack understanding of short-term consequences or health issues 
associated with overweight or obese children and are less likely than parents of other ethnicities to 
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perceive their children as overweight or obese. Further, these parents see “skinny” as undesirable and 
related to illness [87, 100]. As foreign-born Hispanics are more exposed to unhealthy behaviors in the 
USA, such as less physical activity and poorer diets, the risk of overweight and obesity increases and 
is possibly confounded by cultural acceptance.

 Other Chronic Diseases

In 2012–2013, 8.0 % of Hispanics in the USA had heart disease, compared to 11.0 % of non- Hispanics. 
For stroke, the prevalence is similar to non-Hispanic Whites but lower than non-Hispanic Blacks [75], 
with a lower rate of hypertension compared to non-Hispanics Whites and Blacks. Although this popu-
lation has a lower rate of hypertension and heart disease compared to other ethnic groups, Hispanics 
experience high rates of diabetic complications such as heart disease, stroke, kidney disease, blind-
ness, amputations, and mortality [47, 110].

In terms of cancer, Hispanics have a lower risk compared to all other ethnic groups except Asians. 
About 3.6 % of Hispanics over 18 were diagnosed with cancer between 2012 and 2013 [75]. The most 
prevalent cancers in the Hispanic population are of the prostate, breast, lung, and liver; the lowest 
prevalent cancers are skin, testicular, and ovarian [97].

 Healthcare Access and Health Literacy

Acculturation is positively associated with health literacy in Hispanics, but Hispanics have the lowest 
health literacy among ethnic groups in the USA [40, 56]. Health literacy and numeracy literacy show 
the degree that an individual can access, process, and understand basic health and numerical informa-
tion [52]. Specifically, Hispanics with limited English ability have lower health literacy and are less 
likely to communicate with health professionals, providing a barrier to healthcare access [40]. In 
terms of dietary literacy, increased use of food labels and nutrition knowledge has been associated 
with better dietary intake in this Hispanic population [38, 95].

Other Hispanic-related health disparities include discrimination, legal status, language use, and 
lack of healthcare access or insurance [35]. For example, research indicates Hispanics who lack 
English ability report a lack of healthcare access and preventative care and perceive their health as 
worse [28]. Health disparities may be associated with acculturation or legal status. For instance, New 
and colleagues [77] reported a positive association between acculturation and the following: health 
insurance, routine place of care, visits to healthcare provider, self-rated health status, and obesity- 
related comorbidities. A study by [74] reported that 89.5 % of the undocumented Hispanic partici-
pants had health insurance and that only 36.5 % had access to a regular healthcare provider.

Positive and negative associations between acculturation and health are documented. Research 
reports Hispanics who are more acculturated have more access to health care and do more structured 
physical activity but have unhealthier diets, smoke more, and have more negative pregnancy outcomes 
compared to their lower acculturated counterparts [57]. Further, obesity is positively associated to the 
time an immigrant has spent in the USA or being US-born [23].

 Hispanic Paradox

The previous information delivers the stark statistics relating to factors affecting Hispanics’ health 
and mortality. In the USA, this population has a low educational attainment and income, a higher 
unemployment rate when compared to the overall population, an almost two-fold higher prevalence 
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of diabetes when compared to non-Hispanic Whites, and the highest rate of obesity when compared 
to all other ethnic groups. In further comparisons, Hispanics show a lower health literacy, a lower 
access to health care, and a lower perception of overall health.

Yet in spite of these factors, Hispanics overall have a lower mortality rate compared to non- 
Hispanic whites and a lower rate of death from cancer and cardiovascular disease [63, 71]. This phe-
nomenon is referred to as the “Hispanic Paradox.” Possible reasons for this paradox are an increase in 
social support within the Hispanic society, a decreased prevalence of smoking, and better overall 
dietary behaviors. Other reasons may be due what is called the “Salmon bias”. The Salmon bias sug-
gests immigrants migrate back to their country of origin and are not represented in the US mortality 
statistics. Another possible reason for the paradox is the health migrant effect. The healthy migrant 
effect states data may be missing or undocumented for many immigrants and again to total population 
and thus are not reflected within the overall health and mortality data [3], [12].

Teruya and Bazargan-Hejazi [103] examined recent literature on this paradox. They found the 
phenomenon very complex, with factors such as birthplace, documentation status, and nationality 
confounding the paradox still more. For example, there are differences in mortality rate when com-
pared to non-Hispanic Whites dependent on nationality and gender. Older Mexican American women 
have a higher mortality age compared to non-Hispanic Whites, but contrarily Mexican American men 
had a higher death rate. Younger non-Mexican Hispanics and Cubans had a lower mortality rate com-
pared to non-Hispanic whites. Clearly, the paradox is complex and not completely understood.

 Dietary Behavior and the Hispanic Population

 Dietary Attributes of the Hispanic Diet

The Hispanic diet is diverse due to the various regions and cultures of the people within the popula-
tion. For example, the foods in Mexico and Central America are heavily influenced by native indige-
nous and Spanish ingredients. The traditional Latino diet, specifically in Mexico and Central America, 
consists of chili, lard, cactus, coffee, rice, poultry, fish, meat, beans, cocoa, tomatoes, corn, peas, and 
squash, and it is typically high in fiber, fruits, and vegetables [42, 55, 68], [60].

In South America, there may be areas influenced by other European states. In Argentina, for exam-
ple, there is an Italian influence in the dishes, and Chile is influenced by German cuisine. Then, too, 
there are vast differences not only between countries, but also between the regions within countries: 
indigenous versus Spanish and urban versus rural. Table 18.2 provides information regarding tradi-
tional foods from each Latin American region.

The traditional Hispanic diet has been correlated with lower mortality from chronic diseases, 
including heart disease, breast cancer and other cancers, and a lower prevalence of obesity when com-
pared to the diet of US-born Hispanics [50, 73]. However, diets throughout Latin America continue to 
change and be influenced by other cultures.

 The Nutrition Transition

Over the past 20 years, countries throughout Latin America have been influenced by foods and ingre-
dients from the USA. More processed and refined foods and beverages and more fast food chains are 
entering Latin American countries due to the increase in foreign-direct investment and transnational 
food companies. This change from a traditional diet to a more Western diet is referred to in the field 
as the nutrition transition [85]. The nutrition transition is defined as a shift in dietary patterns from 
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Table 18.2 Traditional food and beliefs in Latin America

Region
Stable 
foods

Common 
ingredients Common dishes Traditional beliefs Religion

Mexico Maize
Beans

Chili Peppers
Cocoa
Corn
Tomatoes
Plantains

Hearty soups and 
stews

Casseroles
Stuffed foods

Elements of Indian supernatural 
rituals

European folk medicine
Health is a gift from God
Illness is almost always due to 

outside forces
Health care is usually advised 

by mothers, grandmothers, 
or other older women

Home remedies are tried before 
outside help is sought

Curanderos are consulted for 
serious illnesses

Roman Catholic,
Protestant

Central 
America

Rice
Beans
Corn
Cassava

Cabbage
Beets
Carrots
Flowers
Tomatoes
Avocado

Tortillas
Enchiladas
Soups and stews

Fruits and vegetables are 
important for maintaining 
good health

Health is a balance between 
spiritual and social worlds

Hot-cold theory

Roman Catholic,
Protestant

Caribbean Cassava
Avocado
Legumes

Lard
Salt
Onions
Sweet peas
Tomatoes
Coconut Milk
Sugar

Rice and peas
Starchy 

vegetables 
with meat

Prayer important for good 
health

Guardian angels
Healing practices closely 

related to African beliefs
Mild conditions treated by older 

women
Serious conditions treated with 

supernatural powers
Hygiene is important

Roman Catholic
Protestant
Voodoo
Santaria

South 
America

Corn
Chili
Beef
Beans
Fish
 Potatoes

Tomatoes
Pumpkins
Bananas
Plantains
White root
Peanuts
Cashews
Peppers

Grill meats
Slow cooked 

organ meats
Stuff foods

Bad health attributed to liver 
problems

Hot and cold theory
Health advice from mothers/

friends
Faith associated with health
Patron saints for medical help
Herbal teas for health care
Plants used for treatment

Roman Catholic, 
Protestant

Kittler and Sucher [55]

traditional diets to a diet that mimics the western diet as a result of changes in environmental and 
social factors [85]. The nutrition transition has led to a shift in disease, such that chronic diseases have 
increased and are now the primary causes of mortality in many developing countries, such as in 
Mexico [85]. The diet of many Mexicans and Central Americans have seen a transition from a diet 
high in corn, tortillas, and beans to one high in fast food, processed foods, and high-calorie beverages 
over the past 10–40 years [7, 8, 86]. With this transition, there has been a change in disease rates for 
chronic diseases such as heart disease, cancer, and diabetes – on the rise throughout Latin America. 
Martínez [65] argues that, when assessing dietary behaviors in Hispanics residing in the USA, it is 
important to explore pre-migration dietary practices to establish whether Western food intake was 
already part of the daily diet and not only acculturation.
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 Dietary Attributes of the Western Diet

The Western diet is defined as a diet high in refined and/or processed sugar, grains and oils, fatty 
meats, dairy, and sodium. Usually foods that are part of the western diet are relatively inexpensive and 
convenient. And the Western diet is associated with diet-related chronic diseases, such as obesity, 
diabetes, cancer, and heart disease [16]. The industrial age throughout the 1900s influenced the rapid 
development of the Western diet [16].

 Dietary Acculturation

The process a person goes through when adopting the diet of his or her new culture is referred to as 
dietary acculturation [91]. Satia-Abouta [91] outlined factors that influence the degree to which a 
person of a different culture adopts to the dietary practices of his or her new culture in a dietary accul-
turation model (Fig. 18.3). In general, studies show acculturation is negatively associated with dietary 
behavior within the Hispanic population [27, 32, 72, 76]. Higher consumption of whole milk, fried 
foods, fruit, and vegetables and lower intakes of sugar, desserts, snacks, and eating outside the home 
is associated with lower acculturated Hispanics [32, 76, 78, 82–84].

Recently, Van Hook and colleagues [112] developed a dietary acculturation scale. The scale com-
pares foods consumed to those common in a Western diet. The scale can be utilized to assess to what 
extent a person is consuming or has adapted a Western diet.

Socioeconomic and 
demographic factors
-Sex
-Age
-Age at immigration
-Years in US
-Education
-Income
-Employment
-Household 
composition 

-Fluency with host 
language 

-Area of residence
-Country of origin
-Rural verses Urban 
residence  

-Voluntary verse non- 
voluntary migration

Cultural Factors
-Religiosity
-Cultural beliefs, 
attitudes, and values 

-Ethnic enclave

Changes in psychosocial 
factors and taste 
preferences 
-Diet and disease-related 
knowledge, attitudes, 
beliefs  

-Value ascribed to 
traditional eating patterns 
vs. assimilation  

-Taste preference

Changes in 
environmental 
factors, leading to 
changes in food 
procurement and 
preparation     

- Shopping
-Restaurants
-Food purchasing and 
preparation 

Different patterns of 
dietary intake 

-Maintenance of 
traditional eating 
pattern 

-Adoption of host 
country eating patterns 

-Bicultural eating patterns

Exposure
to 
Host 
Culture  

Fig. 18.3 A dietary acculturation model (Satia-Abouta [91])
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 Dietary Intake in Hispanics

 Fruit and Vegetable Intake

Recent studies suggest Hispanics have a higher intake of fruits and vegetables compared to non- 
Hispanic Whites and Blacks [48]. In general, Hispanics have a high intake of tomatoes and potatoes 
[96]. However, there are differences between Hispanics from different Latin American regions in 
terms of their fruit and vegetable intake. For example, comparisons between people from the 
Dominican Republic, Cuba, Puerto Rico, Mexican, Central America, and South America showed 
Dominican Americans and South Americans had the highest consumption of fruits between groups. 
Puerto Rican Americans had the lowest. Further, Cuban Americans had the highest vegetable con-
sumption and Dominican Americans the lowest.

Other factors such as socioeconomic status (SES) and acculturation contribute to differences in 
fruit and vegetable intake. Acculturation has consistently been negatively related to consumption [20, 
21, 29–31, 43, 76]. Proxies for acculturation in these studies included time in the USA, nativity, and 
language use. Acculturation confounds the relationship between SES and intake of fruits and vegeta-
bles. In lower SES households, lower acculturation is protective (higher fruit and vegetable intake), 
but in higher SES households, higher acculturation is protective [21, 67]. Hispanic children show a 
fruit-and-vegetable intake that is lower than recommended [21, 36]; however, their intake is higher 
compared to other ethnic groups’ intake [26].

 Dairy

Hispanics have a high rate of lactose intolerance, at an estimated 50 % of the population [93]. However, 
true intolerance is not known and is thought to be overestimated [6]. Intake of dairy products is below 
the recommended level of about three servings/day as set by the Dietary Guidelines for Americans. 
Data from the 2009–2010 National Health and Nutrition Examination Survey (NHANES) reported 
Hispanics averaging about 1.5 servings of dairy per day. Furthermore, research suggests Hispanics 
less acculturated or who have immigrated to the USA have higher intakes of whole milk and less of 
low-fat dairy compared to native born or more acculturated Hispanics [24, 32].

Dairy intake is associated with calcium intake, bone density, obesity, and chronic disease [6]. 
Overall, within the Hispanic population, calcium intake is just below the daily recommendation at 
992 mg/day (NHANES, 2009–2010). Bone density is similar to that of non-Hispanic Whites and 
other ethnic groups. Research suggests that about 18.5 % of Hispanic have osteopenia [114]. Other 
factors may contribute to calcium intake, such as vegetables, beans, and tortillas made with calcium. 
Although dairy intake has been associated with obesity and higher blood pressure, limited research 
has been specific to the Hispanic population.

 Processed Foods, Meats, and Sugar

Research consistently associates consumption of processed foods and refined sugar with a more 
highly acculturated Hispanic population, a population that has lived in the USA for a longer time, 
nativity, and those with lower socioeconomic status and nutrition knowledge [32, 76, 78]. As previ-
ously pointed out, the availability of such foods is becoming more common throughout Latin America 
due to the nutrition transition. Therefore, understanding the pre-migration diet is important to assess 
dietary acculturation post-migration more correctly.

Meat consumption is limited in a traditional Hispanic diet; however, in the USA Hispanics have a meat 
consumption lower than non-Hispanic Blacks but similar to non-Hispanic Whites [33]. Unlike other 
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ethnic groups, the majority of their meat intake comes from beef, with poultry as the second- highest 
source. As reported, Hispanics view meat as more affordable in the USA, and its consumption is associ-
ated with social status [19]. Average consumption is approximately 6.1 ounces per day [96].

Research suggests a link between consumption of processed meat and diabetes as well as heart 
disease [5]; however, the connection between red meat and such diseases is uncertain [4, 58, 69]. 
Correlations between certain types of cancer and meat consumption are apparent, but certain cooking 
methods and processing may increase the risk still more [89, 117]

 Sugar-Sweetened Beverages

Compared to all other ethnic groups, the Hispanic population shows the highest consumption of 
sugar-sweetened beverage (SSB) [54]. Further, when examined within the population, Hispanics who 
have resided in the USA longer and who speak Spanish have a higher consumption [80]. Unlike the 
research on other dietary factors, research shows low-acculturated Hispanics have a higher intake of 
sugar-sweetened beverages [113]. This possibly may be due to the nutrition transition, for intake of 
sugar-sweetened beverages is common throughout Latin America and higher compared to US con-
sumption [98]. SSBs are associated with obesity and diabetes [61, 116]. Therefore, this is an impor-
tant dietary factor to address with Hispanic clients and groups with high consumption.

 Alcohol Consumption

Alcohol consumption is common in the Hispanic population and may be linked to the rate of liver 
disease and cancer in the population. However, use varies among subpopulations. For example, a 
recent study showed that Mexican Americans and Puerto Rican Americans were two to three times 
more likely to have an alcohol-use disorder compared to other Hispanic subpopulations and non- 
Hispanic Whites [88]. Another study showed that among Spanish-speaking Hispanics, 20 % indicated 
drinking beyond control and were at risk for alcohol disorder [59]. Hispanic men reported drinking 
more than Hispanic women, and the effect of acculturation here is unclear [10, 64, 90, 118].

 Eating Outside the Home

Consumption of fast food is now common in urban areas throughout Latin America [66] and therefore 
may be a normal part of the diet of an immigrant or native-born Hispanic. Furthermore, research does 
indicate acculturation is positively associated with eating outside the home and with Hispanic adoles-
cents ([78, 106]; Ayala et al. 2005). Other factors that are associated with eating outside of the home are 
work schedule, female employment, and living structure [19]. Further, in a sample of Hispanic children 
from different subgroups, between 70.2 and 72.6 % indicated consuming fast food at least once per week 
[45]. In fact, children’s preference for fast food may drive family consumption [19].

 Dietary Influencing Factors

 Psychosocial Factors

Within the Hispanic population, multiple factors influence dietary intake such as the aforemen-
tioned income, education, and acculturation status. In addition, psychosocial factors such as 
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dietary-related beliefs, attitudes, values, knowledge, perceptions, and preferences can influence 
intake. Within the traditional Hispanic culture, family meals and fresh and organic foods are valued, 
traditional foods are preferred, and foods can be seen as medicinal [15, 19, 81, 92, 115]. Moreover, 
social status is positively associated with foods such as meat and with eating at a restaurant [18, 19, 
81, 105].

Lack of acculturation plays a role in psychosocial factors relating to dietary intake. For instance, 
a Hispanic person reflecting more of the traditional culture may express characteristics such as 
machismo, fatalism, and familismo within his or her dietary behavior. These cultural characteris-
tics may appear within the beliefs, attitudes, and values about diet. For example, a more traditional 
Hispanic may expect the woman to procure and prepare the food (attitude, machismo), believe 
disease is not related to food intake but to natural and supernatural factors and powers (belief, 
fatalism), and value eating meals in a social setting with friends and family (value, familismo). 
And a more traditional Hispanic may have a higher preference and intake of traditional foods 
(preference, intake).

In the USA, studies suggest Hispanic males have the lowest diet-related knowledge among ethnic 
and gender groups [95]. Nutrition interventions appropriate for this male subpopulation are limited 
yet warranted due to not only to the high rates of obesity, diabetes, and associated negative dietary 
behaviors found in Hispanic males (i.e. high consumption of meat and SSBs), but also to the overall 
male influence within the household.

 Environmental Factors

Environmental factors that influence diet include food cost, food availability, living structure, 
social interaction, time, and market style. Hispanics attempting to continue a traditional diet indi-
cate it is hard to find fresh, traditional ingredients. More canned and frozen ingredients and foods 
are available, compromising the taste and flavor of the food. However, food availability may be 
dependent on the area of residence within the USA. There are higher Hispanic populations in the 
Southwestern USA, and therefore traditional food items may be easier to find in these areas. The 
cost of certain foods also affects intake. For example, the higher cost of fresh produce in the USA 
is seen as a barrier to Hispanics’ consumption of fruits and vegetables. But, in a contrasting 
example, the cheaper cost of meats increases post-migration consumption of meats by foreign-
born Hispanics [13, 19, 81, 92].

Other environmental factors affecting consumption patterns include living structure and time 
allotted for food procurement and preparation. Women working outside of the home influence 
dietary intake, particularly traditional food consumption [19, 46, 105, 115]. Many male immi-
grants may come to the USA without their spouses and/or without their parents and children, and 
they are not accustomed to procuring and preparing food [19]. Another influential change in the 
USA is a different work schedule. The altered living structure and work schedule may affect 
dietary intake and meal patterns. The traditional patterns of eating three meals a day and of lim-
ited snacking changes over to more snacking, more consumption of food outside of the home, 
more consumption of convenience foods, and more meals eaten alone [13, 19, 39, 105, 115].

Another important element to recognize is the role that children play in dietary behavior. 
Children’s exposure to food associated with a Western diet, as well as their increased physiologi-
cal desire for foods high in fat and sugar, influence their preference for nontraditional, processed 
foods [19, 34, 41, 49, 102]. Children are exposed to more foods associated with the Western diet 
at school, at daycare facilities, through other social occasions, and through food advertising 
[1, 19, 37].
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 Nutritional Considerations and Practical Implications

 Assessing and Addressing Dietary Behaviors

After gaining a fuller understanding of the Hispanic population in the USA and their health and 
dietary attributes, healthcare professionals better appreciate the complexity addressing dietary issues 
and thus can better intervene with appropriate responses. Grasping the overall Hispanic culture and 
then the respective cultures of subgroups (i.e. country of origin, nativity, acculturation) leads to more 
careful assessment of idiosyncratic health behaviors and diet and more effective treatments.

The guide in Box 18.1 outlines steps for completing an initial dietary assessment for a Hispanic 
client or groups (Box 18.1). When working with the Hispanic population, a healthcare worker needs 
to ascertain current and past intake as well as diet-related influencing factors, recognizing the impor-
tance of understanding the individual differences within the group. Hispanics residing in the USA 
come from such a variety of backgrounds (i.e. country of origin, religion, race, educational level), and 
this variety in turn demands more thorough study on the part of those in the healthcare profession. But 
assessing each individual’s diet (see Box 18.2) or a random number’s diet from each subgroup within 
the larger group can inform culturally appropriate intervention, adaptation, and development.

Box 18.1 Indicators for Assessment

The following provides a guide to better understanding dietary behavior in a Hispanic 
individual.

• Social indicators: Assess nativity, socioeconomic status, primary language, and employment 
status. If an immigrant is foreign-born, inquire regarding the type of area – urban or rural – in 
which that person resided in the country of origin and time spent in the USA. Determine the 
client or groups interaction with the host culture and maintenance of traditional Hispanic 
norms and behaviors.

• Dietary behavior: Determine what natural protection has accrued from traditional dietary 
behaviors that have been retained, and then encourage the continuation of these behaviors. 
Such protective behaviors include consumption of fresh fruits and vegetables, consumption 
of beans, and consumption of homemade foods. Identify negative dietary behaviors such as 
consumption of high-fat dairy products or cooking with lard. Next, find out what dietary 
behaviors are occurring, such as increased consumption of refined sugars and processed 
foods, high intake of meat intake, high intake of fast food, increased consumption of sugar-
sweetened beverages. Dietary evaluation methods include food screeners, 24-h recall or a 
dietary acculturation scale.

• Dietary-influencing factors: Identify different psychosocial and environmental factors that 
may be related to positive or negative dietary acculturation behaviors. In the psychosocial 
arena, discover the person’s food beliefs, attitudes, preferences, values, and knowledge. For 
the environmental factors, determine the individual’s living and social structure, food access 
and availability, time/schedule, and abilities in food procurement and preparation.

An assessment tool such as the Psychosocial and Environmental Dietary Questionnaire 
can help to determine relevant factors [18]. Once the practitioner has a complete view of 
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influencing factors and their relationships to one another, he or she can better understand 
the connection between diet and health outcomes and determine the best route to address 
dietary influencing factors that may be detrimental to one’s health. Some routes may be to 
link the individual with a nutrition course or intervention offered in the community that 
addresses an identified influencing factor, refer him or her to a registered dietitian for nutri-
tion counseling or contact a social worker to help provide and identify certain resources. 
Cuy Castellanos [132].

 Current Dietary Interventions

Multiple dietary interventions for various Hispanic subpopulations have been developed to address 
different dietary behaviors and health-related outcomes. Table 18.3 provides an overview of nutrition 
interventions developed for and completed within a Hispanic population. The majority of the inter-
ventions have been conducted with Hispanic women and/or children, have targeted a specific disease, 
and were completed in the southwestern USA or New England [70, 83]. Several interventions used 
trained lay promotores de salud (health promoters) or abuelas (grandmothers) to provide the nutrition 
intervention. Other factors incorporated in the interventions to ensure cultural appropriateness 
included the following: interviews and information that was provided in both Spanish and English, 
inclusion of family members, friends, and children for social support, and use of hands-on activities. 
Such culturally tailored interventions have been successful in positively affecting dietary behavior 
and health outcomes. Of course, if used with different Hispanic subgroups, such interventions should 
be adapted to ensure cultural appropriateness.

Box 18.2 Examining Dietary Factors and Behavior in Hispanic Individuals and Groups Cuy 
Castellanos [132]

Social indicators Dietary behavior
Dietary-related  
environmental factors

Dietary-related 
psychosocial factors

Nativity, socioeconomic 
factors, language, time in 
the USA, employment, 
acculturation

Traditional vs. 
nontraditional

Food access and availability, 
cooking skills, social 
interaction, living 
structure, time/schedule

Beliefs, attitudes, 
preferences, values, 
and knowledge
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 Conclusions

The Hispanic population is the largest minority population in the USA, but it consists of people from 
various cultural, religious, geographical, acculturation, and socioeconomic backgrounds. Overall, this 
Hispanic population has lower SES, lower health and nutrition literacy, and lower access to health 
care compared to non-Hispanic Whites. The population has high rates of nutrition-related diseases, 
such as diabetes and obesity, but lower rates of heart disease and cancer. To meet the spectrum of 
dietary behaviors within the Hispanic population, healthcare professionals must become more famil-
iar with the various dietary-related psychosocial and environmental factors. Understanding these fac-
tors in all their permutations is important for addressing poor dietary behaviors that lead to negative 
health outcomes.
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 Introduction

In 2015, approximately 14.9 % of the U.S. population, or 47.8 million people, was over 65 years of 
age. This percent is expected to increase to approximately 21.6 %, or 82.3 million, in the next 25 
years. In 2015, approximately 2.0 % of the U.S. population, or 6.3 million people, was over 85 years 
of age, sometimes referred to as the oldest-old. This percent is expected to almost double, to 3.8 %, in 
the next 25 years. Similar trends are seen in other populations globally. Evidence suggests that within 
a population, older adults who score in the higher categories for diet quality and measures of physical 
activity have the lowest mortality rates, particularly, for cardiovascular disease, cancer, and type 2 
diabetes mellitus [1–5]. As an increasing proportion of the world population enters the older age cat-
egories, more emphasis needs to be placed on optimal dietary guidance to enable these older adults to 
stay healthy and active. This emphasis should be provided within the context of the biological and 
psychological changes known to occur with advancing years.
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Key Points

• Dietary guidance specially targeted to older adults is intended to promote the maintenance of opti-
mal health and forestall the onset of chronic diseases.

• With advancing years, energy needs decline and nutrient needs either remain the same or increase, 
necessitating the need to choose nutrient-dense foods frosm all food categories.

• Changes in social situations with advancing years may result in the need to reassess eating patterns 
and when appropriate make modifications to ensure nutrient adequacy.

It is never too early in the life cycle to adapt eating patterns consistent with optimal health 
outcomes.
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 Current Recommendations for Older Adults

The Recommended Dietary Allowances (RDA), established by the Food and Nutrition Board of the 
Institute of Medicine, has not been revamped since the late 1990s and early 2000s [6–12], with the 
exception of calcium and vitamin D [13]. Of note, prior to that time, no distinction was made for the 
nutrient requirements among adults above the age of 50 years. That category was expanded to include 
specific guidance for adults age 51–70 years and greater than 70 years [14].

RDAs and Adequate Intakes (AI) for most nutrients, including vitamin A, vitamin C, vitamin E, 
vitamin K, thiamin, riboflavin, niacin, folate, vitamin B12, pantothenic acid, biotin, choline, chro-
mium, copper, fluoride, iron, magnesium, manganese, molybdenum, phosphorus, selenium, and zinc, 
do not differ between adults above and below the age of 70 years. The nutrient recommendation for 
three nutrients, vitamin D, calcium, and vitamin B6, is higher for adults greater than 70 years 
(Table 19.1) [14]. The nutrient recommendations for two nutrients, chromium and sodium, is lower 
for the older age group. Emerging evidence suggests future revisions in the DRIs for individuals over 
the age of 70 years may be necessary [15, 16].

Although the RDAs or AIs for most nutrients do not increase for adults above the age of 70 years, 
it can become increasingly difficult to achieve the recommended intakes. In general, total energy 
requirements decreases with advancing years to compensate for the diminished basal metabolic rate 
associated with a higher proportion of fat mass relative to lean muscle mass and lower levels of physi-
cal activity [17–19].

Nutrient needs must be met within the context of lower energy intakes. This can be accomplished 
by judiciously choosing foods with a relatively high nutrient density (amount of nutrient/calorie). A 
version of the USDA MyPlate, MyPlate for Older Adults, has been developed specifically to provide 
guidance to achieve this goal (Fig. 19.1). Modifications made to the original USDA MyPlate specifi-
cally for older adults include the addition of food icons in the different sectors of the plate to provide 
illustrative examples of nutrient-dense choices such as deeply colored vegetables, fruits, and whole 
grains; shift of the dairy sector into the protein sector; fusion of the vegetable and fruit sectors; cre-
ation of a fluid sector on the top right of the plate to emphasize the importance of adequate hydration 
with advancing years; construction of a physical activity panel to emphasize the importance of engag-
ing in regular physical activity; insertion of a sector in the center of the plate containing “healthy fats” 
(liquid vegetable oil and soft margarine) to emphasize the importance across the diet of using these 
fats in place of animal fats in food preparation; and depiction of a broad range of different forms of 
foods particularly useful to older adults such as bags of frozen fruits, pre-cut and pre-washed vegeta-
bles, and canned low sodium foods.

 Special Dietary Considerations for Older Adults

Approaches to maintaining optimal nutritional status in older adults should be considered in terms of 
both physiological and psychological factors. Consideration of both is critical to ensure optimal food 
intake and health outcomes.

 Physiological Changes

The way the body handles nutrients can change with advancing age. These changes are generally 
attributed to alternations in the functioning of organ systems, which impact the utilization of some 
nutrients. Those systems most likely to be altered with advancing years include the stomach and small 
intestine, liver, heart, kidneys, skin, immune and oral cavity (Table 19.2).
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Of concern in older adults is that many individuals experience a decline in gastric hydrochloric acid 
secretion [20]. The resulting hypochlorydria causes a decline in the bioavailability of vitamin B12 [21]. 
Due to a decline in the skin’s capacity to synthesize vitamin D from 7-dehydrocholesterol and less expo-
sure to sunlight, older adults may be at a compromised status for vitamin D, and consequently, for cal-
cium nurture. Changes in body composition (decreased lean muscle mass and increased fat mass) result 
in decreased basal metabolic rates, hence energy needs, and capacity for physical activity. Increased use 
of prescription and nonprescription medications, chronic drug therapy, and decreased capacity of the 
liver to metabolize drugs can compromise nutrient unitization. Health care providers need to be vigilant 
about identifying any changes that are of a sufficient magnitude to compromise nutrient status.

 Taste, Smell

Retaining the desire to eat a variety of foods is fundamental to ensuring optimal nutritional status for 
older adults (Table 19.3). This is of particular concern because diminished taste and smell acuity 
associated with aging can lead to poor appetite. Changes that may occur include a decrease in taste 

Table 19.1 Recommended dietary allowances for older adults age 31–50 years, 51–70 years and greater than 70 years

Nutrient

Females Males

(years)

31–50 51–70 >70 31–50 51–70 >70

Vitamin A (μg/d)a 700 700 700 900 900 900
Vitamin C (mg/d) 75 75 75 90 90 90
Vitamin D (μg/d) 15 15 20 15 15 20
Vitamin E (mg/d) 15 15 15 15 15 15
Vitamin K (μg/d)b 90 90 90 120 120 120
Thiamin (mg/d) 1.1 1.1 1.1 1.2 1.2 1.2
Riboflavin (mg/d) 1.1 1.1 1.1 1.3 1.3 1.3
Niacin (mg/d) 14 14 14 16 16 16
Vitamin B6 (mg/d) 1.3 1.5 1.5 1.3 1.7 1.7
Folate (μg/d) 400 400 400 400 400 400
Vitamin B12 (μg/d) 2.4 2.4 2.4 2.4 2.4 2.4
Pantothenic Acid (mg/d) 5 5 5 5 5 5
Biotin (μg/d) 30 30 30 30 30 30
Choline (mg/d) 425 425 425 550 550 550
Calcium (mg/d) 1000 1200 1200 1000 1000 1200
Chromium (μg/d) 25 20 20 35 30 30
Copper (μg/d) 900 900 900 900 900 900
Fluoride (mg/d) 3 3 3 4 4 4
Iodine (μg/d) 150 150 150 150 150 150
Iron (mg/d) 18 8 8 8 8 8
Magnesium (mg/d) 320 320 320 420 420 420
Manganese (mg/d) 1.8 1.8 1.8 2.3 2.3 2.3
Molybdenum (μg/d) 45 45 45 45 45 45
Phosphorus (mg/d) 700 700 700 700 700 700
Selenium (μg/d) 55 55 55 55 55 55
Zinc (mg/d) 8 8 8 11 11 11
Potassium (g/d) 4.7 4.7 4.7 4.7 4.7 4.7
Sodium (g/d) 1.5 1.3 1.2 1.5 1.3 1.2
Chloride (g/d) 2.3 2.0 1.8 2.3 2.0 1.8
aStandard font – Recommended dietary allowance values
bItalic font – Adequate intake values
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Fig. 19.1 MyPlate for older adults (http://hnrca.tufts.edu/my-plate-for-older-adults/)

Table 19.2 Potential physiological changes that may contribute to altered nutrient status in older adults

System Potential changes

Digestive system ↓ Hydrochloric acid secretion
↓ Digestive juice secretion (pancreas and small intestine)
↓ Absorptive capacity (malabsorption)
↓ Muscles tone large intestine (↓ gastrointestinal motility)
↓ Chronic blood loss due to ulcers and hemorrhoids

Liver ↓ Hepatic and biliary function
↓ Rate detoxification

Heart ↓ Cardiac output
↓ Strength and flexibility of blood vessels

Kidneys ↓ Blood flow
↓ Glomerular filtration

Skin ↓ Synthesis vitamin D
Body composition ↓ Lean muscle mass and ↑ fat mass

↓ Physical activity
Immune system ↓ T cell-mediated function

↑ Susceptibility to infection and malignancy
Oral cavity ↑ Peritoneal disease

↑ Ill-fitting dentures
↓ Salivary gland secretions
↑ Altered bite pattern due to tooth loss

Phamacokinetics ↑ Prescription and nonprescription drug use
↑ Chronic drug therapy
↓ Capacity to metabolize drugs
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sensitivity, primarily to salt and sweet. This, in turn, may result in greater sensitivity to acid and bitter 
[22]. Another change that may occur with advancing years is diminished sense of smell. Older adults 
with poor odor perception have lower nutrient intakes than those with more acute odor perception 
[23–25].

 Vision, Dexterity, and Mobility

Diminished vision, dexterity, and mobility can make food accusation and preparation challenging 
(Table 19.3). Difficulty opening jars, cans, or packaged foods due to arthritis or diminished strength 
can lead to decreased variety and the ability to consume preferred foods. Small accommodations to 
an individual’s environment such as ergonomically designed kitchen aides (e.g., can openers and 
scissors), kitchen reorganization (e.g., eliminating clutter and shifting frequently used items to 
most accessible places), and shifts to the use of partially prepared foods can minimize a decline in 
diet quality. For example, re-sealable bags of frozen vegetables and fruits are particularly good 
choices because they allow for easy apportioning of single or double servings, minimize pre-prep-
aration which can be difficult or even painful, eliminate waste due to spoilage, reduce the need for 
frequent trips to the market, and provide variety during inclement weather. Likewise, purchasing 
boneless chicken breasts can decrease preparation and cooking times, and is adaptable to prepara-
tion of individual small portions. Older adults may not automatically take advantage of newer forms 
of common food items (e.g., pre-washed and cut salad, shredded cheese) and require some regular 
guidance in this area.

 Social Factors

In addition to dealing with declines in physical capacity associated with the aging process, there are 
also changes in the social environment that can have an impact on nutritional status (Table 19.4). With 
advancing years, the loss of a spouse or other family members with whom an individual shared and 

Table 19.3 Activity of daily life factors potentially contributing to compromised food intake in 
older adults

Factor Change

Senses ↓ Acuity vision and hearing
↓ Taste (loss taste buds, mainly salt and sweet)
↓ Smell

Mobility ↓ Physical activity
↓ Respiratory capacity
↓ Lean muscle mass (strength, physical disability)
↑ Physical isolation

Dexterity ↑ Sarcopenia
↑ Arthritic involvement in finger and hand joints
↑ Tremor
↓ Manual dexterity
↓ Gait
↓ Balance

Energy needs ↓ Energy requirements
↑ Geriatric cachexia
↓ Volume capacity
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prepared meals is common. This can lead to social isolation, especially during mealtime, and dimin-
ished desire to prepare balanced and varied meals. Due to deterioration in mental or economic status, 
older adults are frequently faced with having to adapt to a new living environment. This can result in 
dramatic changes in meal times, food preparation, and foods available. The onset of chronic disease 
can further limit food choices and make older adults susceptible to the lures of food fads or dietary 
supplements that promise a fountain of youth. At worst, these claims risk draining scarce resources 
available for food purchases and overconsumption of individuals nutrients which can interfere with 
prescription drug actions or the utilization of other essential nutrients. Depression can accompany the 
aging process, particularly, in individuals without adequate support to make the necessary adaptations 
that come with advancing years. Older adults may be at increased risk of alcohol abuse. All of these 
factors may contribute to poor food consumption patterns [26].

 Nutrition Knowledge/Susceptibility to Food Fads and Nutrient Supplement 
Claims

Nutrient supplement use is more common in older than younger adults [27–31]. The primary reasons 
cited by older adults for taking nutrient supplements are to improve health and delay the onset of 
chronic disease [32–34]. This issue is of particular concern because, in general, older adults who 
choose to use nutrient supplements are least likely to have biomarkers of nutrient inadequacy or diets 
rated as a poor [31, 35]. In light of the widespread availability of fortified foods, this group may be 
particularly vulnerable to excess nutrient intakes and drug-nutrient interactions [28, 30, 36–38]. The 
latter issue is of particular concern given the limited amount of information available on the topic [39]. 
General characteristics of individuals using supplements, in addition to being older [27–31], include 
being female [29–31], non-Hispanic white [30, 31], college educated or beyond [27, 29–31], and 
affluent [31]. In addition, nutrient supplement users are more likely to have body mass indices within 
the normal range [27, 30], engage in regular physical activity [27, 30], have optimal chronic disease 
biomarkers [31], have low rates of smoking [27], achieve nutrient requirement recommendations, and 
hold strong attitudes about the importance of a good diet [33, 35, 38]. Recent work on the potential 
adverse effects of excess vitamin A intake and risk of bone fracture in older women highlight the 
importance of this issue [40].

Table 19.4 Potential psycho-social factors contributing to compromised nutrient status in older 
adults

Factor Change

Companionship ↑ Loss of spouse
↑ Social isolation
↑ Loss of contemporaries
↓ Social interaction secondary to ↓ mobility
↓ Social interaction secondary to ↓ change in domicile

Mental state ↑ Depression
↑ Mental deterioration (dementia)
↑ Alcohol abuse

Economic ↑ Fixed income
↓ Choice, variety, and availability of foods

Nutrition knowledge ↑ Susceptibility to food fads
↑ Susceptibility to dietary supplement claims

Housing ↑ Change in status (loss of home)
↑ Change in availability of preferred foods
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 Chronic Diseases of Particular Concern in Older Adults Related to Lifestyle 
Behaviors

Nutrient-related chronic diseases, particularly prevalent in middle and later years, include disorders of 
dentition and associated senses, cardiovascular disease, osteoporosis, Type 2 diabetes, hypertension, 
immune, and cancer. In some cases, the goals of nutrient recommendations for older adults are aimed 
at delaying the onset of chronic disease while in others it is aimed at treatment or accommodating the 
disorder.

 Dentition and Associated Senses

Salivary secretions decrease with increasing age. Changes in bite pattern from partial or complete 
tooth extraction/loss are common. Poorly fitted dentures can make eating painful and distasteful. The 
prevalence of root canals is higher in older than younger adults [41, 42]. Increased incidence of tooth 
disease in older adults has been related, in part, to high levels of sugar consumption [43]. Any one or 
combination of these factors can restrict the type and variety of foods consumed. For example, chew-
ing and swallowing fibrous foods may be difficult due to poor dentition, resulting in a shift towards 
highly processed foods or juices that are low in fiber [44]. It is critical when evaluating dietary intakes 
of older adults to consider possible concerns regarding food textures and preparation methods and to 
assess dentition.

 Cardiovascular Disease

The rate of cardiovascular disease increases with age, especially after menopause in females [45]. 
Higher saturated fat coupled with lower polyunsaturated fat intakes has consistently been associated 
with higher rates of cardiovascular disease [46, 47]. The American Heart Association (AHA) [48], 
the AHA/American College of Cardiology [49], and the 2015 Dietary Guidelines Advisory 
Committee [50] recommend dietary patterns that are higher in vegetables, fruits, whole grains, low- 
or nonfat dairy, seafood, legumes, and nuts; moderate in alcohol; lower in red and processed meat; 
and low in sugar sweetened foods and drinks and refined grains. Individuals should be encouraged 
to adapt this general dietary pattern to personal and cultural preferences to enhance enjoyment of 
their food. No specific recommendations for dietary change are made for adults as they age. The 
response to these recommendations in terms of plasma lipids appears consistent for both genders and 
age groups [51, 52].

 Osteoporosis

Age-related or type II osteoporosis (bone loss) is positively associated with the aging process. It has 
been estimated that osteoporotic fractures affect 50 % of females and 30 % of males over the age of 50 
years [53]. Age-associated bone loss is attributed to diminished estrogen production, decreased cal-
cium absorption from the gastrointestinal tract, decreased calcium resorption by the kidney, decreased 
rates of physical activity, compromised vitamin D status, and decreased calcitriol production second-
ary to hyperparathyroidism [53, 54]. In older adults, calcium balance is favorably affected by attaining 
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adequate vitamin D nutriture and negatively affected by high sodium, protein, alcohol, and caffeine 
intakes [54]. Supplemental calcium and vitamin D in postmenopausal women living in northern lati-
tudes (42°N) may minimize bone loss [55]. Because serum osteocalcin, calcidiol, and vitamin D 
fluctuate seasonally due to sun exposure, vitamin D intake is particularly important during the periods 
of winter and spring in this group. These data strongly support routine screening of older adults for 
vitamin D status.

 Glucose Intolerance/Type 2 Diabetes

The incidences of glucose intolerance and Type 2 diabetes mellitus increase with age [56, 57]. The 
increased incidence has been strongly associated with weight gain in later years. Lifestyle interven-
tions have been shown to be efficacious in preventing or delaying the onset of Type 2 diabetes mellitus 
in some but not all studies [58–61]. These include regular daily physical activity, weight loss, and 
dietary modification consistent with that advocated to the prevention and treatment of cardiovascular 
disease.

 Hypertension

The incidence of hypertension, particularly increases in systolic blood pressure, occur with age [45]. 
This increase is associated with changes in the vasculature and kidneys, and is exacerbated by weight 
gain. A number of clinical trials have demonstrated clear benefits of dietary modification to treat 
hypertension in older adults. The Dietary Approaches to Stop Hypertension (DASH) type dietary pat-
tern, rich in vegetables, fruits, and fat-free and low-fat dairy products, decreases blood pressure in a 
wide range of individuals [62]. Further coupling this dietary pattern with sodium restriction can lead 
to an additional decrease in blood pressure [63].

 Immune Function

The most commonly associated age-related change in the immune response is cell-mediated function 
[64, 65]. Vitamin E supplementation may be beneficial in decreasing the incidence of respiratory 
infections in older adults [66].

 Cancer

The incidence of cancer shows tremendous variability on the basis of worldwide distribution, type, 
and site in the body. The incidence of all types of cancer increases with age. Support for a diet/cancer 
incidence link comes from data suggesting associations between markedly divergent food consump-
tion patterns and incidence rates of cancer among populations worldwide [67]. Some data has sug-
gested a positive association with cancer incidence and alcohol intake (laryngeal) and total fat intake 

A.H. Lichtenstein



363

(breast, colon, prostate); and negative association with cancer incidence and calcium and vitamin D 
intake (stomach, colon, breast), fiber intake (breast), antioxidant vitamin and/or orange and dark green 
vegetable intake (rich in vitamin A and beta-carotene, vitamin C, vitamin E), and trace elements (wide 
range of sites) [67–71]. Results from randomized controlled trials are limited [72]. At this time, the 
general dietary guidance to reduce cancer risk is consistent with the dietary guidance to prevent the 
onset of chronic diseases of concern in the twenty-first century.

 Dietary Guidance for Older Adults

 Current Intake Patterns

Older adults (>70 years) have a Healthy Eating Index of approximately 65, higher than that of their 
younger counterparts (Fig. 19.2). Nevertheless, there is room for improvement. Although older adults 
consume approximately 90 % of the recommended servings for total fruit, whole fruit, total protein 
foods and seafood/plant proteins, and 80 % of the recommended servings for total vegetables, they 
consume under 60 % of the recommended servings for greens and beans and dairy and under 50 % of 
whole grains.
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Fig. 19.2 Average HEI-2010 scores for Americans by age group (Source: What we eat in America NHANES 
2007–2010)
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 Conclusions

The aim of dietary guidance specifically targeted for older adults is to maintain optimal health and 
forestall the onset of chronic disorders. The actual dietary recommendations, for the most part, are 
consistent throughout the adult lifecycle. Diet quality can have an important effect on the ability to 
perform activities of daily life and survival rates. Due to lower levels of physical activity, decreased 
metabolic rates secondary to increased proportions of fat to lean muscle mass, energy requirements 
decline with advancing years yet nutrient requirements remain unchanged, or in some cases increase. 
This situation requires a greater emphasis on choosing nutrient-dense foods within each food cate-
gory. With advancing years special attention needs to be given to adapting living environments to 
retain the ability to acquire and prepare food. Changes in social situations that could impact on food 
intake should be monitored on a regular basis. Evidence suggests that diet and lifestyle interventions 
can forestall the onset of cardiovascular disease, osteoporosis, diabetes, hypertension, immune func-
tion, and possibly cancer. There are no data to suggest a person is too old to benefit from improve-
ments in diet quality. The definitions for old age and expectations for the period of time individuals 
can remain active, productive, and live independently are expanding. Efforts towards improving diet 
quality and levels of physical activity as individuals get older should keep up with this trend.
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 Introduction/Background

The potential health consequences of consuming added sugars have resulted in considerable contro-
versy and debate, particularly over the past decade [1–14]. Numerous research studies both in humans 
and animals have been published related to the effects of added sugars in the diet on various health 
issues [15–17]. Human studies have included epidemiologic and cohort studies as well as randomized 
controlled trials and meta-analysis. It should be noted that many research studies have compared pure 
fructose to pure glucose, assessing metabolic and health effects despite the fact that these two 
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monosaccharides are rarely consumed in isolation in the human diet [15–17]. The commonly con-
sumed fructose-containing sugars, namely, fructose itself, high fructose corn syrup (HFCS) (also 
known as isoglucose in Europe), and sucrose, have been the subject of multiple misconceptions and 
are some of the most poorly understood nutrients in all of nutrition.

The potential health effects of added sugars raise not only important scientific questions but are 
considerable interest to the media, the public, and regulatory bodies. Added sugars have been blamed 
for contributing to the worldwide obesity epidemic [4–6] and contributing to or even causing diabetes 
[18, 19], increasing the likelihood of coronary artery disease [19], and contributing to the rise of the 
metabolic syndrome [20], non-alcoholic fatty liver disease (NAFLD) [7], hypertension [20], and vari-
ous lipid disorders [21]. All of these findings and assertions have been challenged by other investiga-
tors relying on high-level evidence to the contrary from randomized controlled trials (RCTs), 
prospective cohort studies, and meta-analyses.

It has even been asserted that added sugars may be “addictive” and lead to the overconsumption of 
calories [7, 8, 22, 23]. This concept has been strongly disputed by researchers who have challenged 
the assertion that sugars are addictive and challenged the fundamental concept of whether “sugars 
addiction” or even more broadly, “food addiction” even exists except under narrowly restricted exper-
imental conditions and in small population groups [24–26].

There is considerable debate among scientific organizations about what the proper recommended 
upper limit of sugars should be. The American Heart Association (AHA) [27], World Health 
Organization (WHO) [28], and the Scientific Advisory Committee on Nutrition (SACN) in England 
[29] have all recommended significant restrictions in the amount of calories consumed from added 
sugars and recommended an upper limit of no more than 10 % of calories from all added sugars com-
bined. This is the same recommendation made by the Dietary Guidelines for Americans 2015 [30] and 
is the basis for the Food and Drug Administration (FDA) proposed recommendation of no more than 
10 % of calories from added sugars and a proposed rule calling out added sugars as a separate line 
item on the nutrition facts panel and establishing a 10 % recommended upper limit [31]. Other orga-
nizations including the Institute of Medicine (IOM) Carbohydrate Report [32] and the Dietary 
Guidelines for Americans 2010 (DGA 2010) [33] as well as the European Food Safety Authority 
(EFSA) [34] have not found any harm in added sugars below the 25 % of calories consumption level.

The concern about sugars sweetened beverages (SSBs) potentially contributing to multiple adverse 
health consequences has even caused some schools to eliminate chocolate milk from their school 
lunch menu thereby creating a host of unintended consequences including significant reduction in 
overall milk consumption and attendant reductions in three of the four “shortfall” nutrients cited in the 
DGA 2010 and 2015 reports [35]. Several state legislators have explored potentially banning added 
sugars from school lunch menus, and the former Mayor of New York advocated prohibiting certain 
size SSBs from restaurants regulated by the Department of Health in New York City based on his 
belief that this could make a meaningful contribution to obesity prevention. This concept was disputed 
by many scientists and ultimately struck down by the courts.

Several prominent scientists have also suggested taxation or other regulatory measures to limit 
consumption of added sugars [36, 37], although very little evidence exists suggesting a link between 
taxation and consumption.

Over the past 4 years, the amount of fructose-containing sugars consumed in the USA and world-
wide has increased along with other major sources of calories in the diet including fat, flours, and 
cereal products [13]. While several epidemiologic studies have linked consumption of SSBs with risk 
of heart disease [38, 39], obesity [4, 6, 9], hypertension [40, 41], and a decrease in dietary quality, 
others have disputed these findings, leading to an intense scientific debate [3, 42].

With all this as background, the current chapter will attempt to provide basic facts concerning 
composition, production, and consumption of added sugars as well as the health effects of these 
sweeteners. While there are numerous types of added sugars, this chapter will focus on fructose- 
containing sugars including sucrose, HFCS, and fructose itself since the first two are predominant 
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sources of added sugars in the human diet and have been the center of controversy related to potential 
adverse health consequences and it is the fructose moiety of these sugars which has been blamed for 
these adverse consequences. It is important to note, however, that additional fructose-containing 
sweeteners in the diet may include honey, fruit juice concentrate, and agave nectar.

 Composition of Fructose, HFCS, Sucrose, and Other Nutritive (Caloric) 
Sweeteners

The compositions of the most common nutritive sweeteners are listed in Table 20.1. The major sweet-
eners used in commerce include HFCS-42 and HFCS-55 as well as sucrose. Occasionally HFCS is 
confused with common corn syrup or pure fructose, but as illustrated in Table 20.1, the proper com-
parison is between HFCS-42 or HFCS-55 and sucrose since they are very similar in composition. All 
three of these sweeteners contain roughly 50 % of glucose and fructose. The same 1:1 ratio of glucose 
and fructose is found in over 50 fruits and fruit juices as well as vegetables and nuts.

The major differences between sucrose and HFCS pre-digestion is that the glucose and fructose in 
sucrose is bound together in a covalent bond whereas fructose and glucose reside as monosaccharides 
in HFCS. However, it is important to recognize that in many instances the bond between fructose and 
glucose has already been hydrolyzed (broken) prior to ingestion. This process is called inversion and 
can be catalyzed by either warm temperature or low pH (many carbonated soft drinks, for example, 
have a pH of 3.5 and are often stored in warehouses at ambient temperature sometimes for weeks). 
Thus, in many instances all of the sucrose in sucrose-sweetened soft drinks may already have hydro-
lyzed to invert sugar where fructose and glucose are not bound together. In addition, any remaining 
bonds between fructose and glucose in sucrose are rapidly hydrolyzed by the enzyme sucrase within 
the human intestine. Once either sucrose or HFCS is metabolized, there are essentially no distinctions 
between the products that are actually experienced by the human body since both are absorbed into 
the bloodstream as pure fructose and pure glucose.

 Consumption of Sugars

There are many misconceptions about the consumption of added sugars. These have contributed to a 
misguided focus on added sugars as the driving force for obesity and other public health concerns. 
Figure 20.1 shows trends in consumption of sugars, HFCS, added sugars, and fructose. This figure is 

Table 20.1 Sugars composition of common nutritive (caloric) sweeteners, as consumed

Component HFCS-42 % HFCS-55 % Corn syrup % Fructose % Sucrose % Invert sugara % Honey %

Fructose 42 55 0 100 50 45 49
Glucose 53 42 100 0 50 45 43
Others 5b 3b 0 0 0 10c 5d

Moisture 29 23 20 5 5 25 18

Adapted from references White [17], Buck [118], Chen and Chou [119], Clarke [120]
HFCS high fructose corn syrup
aTotal invert sugar – nearly completely hydrolyzed (inverted) sucrose using acid or enzyme (invertase)
bReadily hydrolyzable oligomers of glucose
cUnhydrolyzed sucrose
dSucrose and minor amounts of other carbohydrates
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derived from USDA-ERS per capita availability data, adjusted for loss [43]. It provides a reasonable 
estimate for the actual amount of sugars per capita ingested for the years 1970–2012.

Several issues are important to emphasize about the data presented in this Figure. First, sucrose and 
HFCS consumption curves are nearly mirror images. In other words, when HFCS consumption started 
assuming more importance in the beverage industry, there was a corresponding fall in sucrose consump-
tion. Secondly, HFCS consumption grew rapidly after 1985 and peaked in 1999 and has been in con-
tinual decline for the past 15 years. Consumption in 2012 was comparable to that in 1987. Third, 
individuals in the USA consume about 1.5 times as much sucrose as HFCS. Fourth, the consumption of 
fructose, which has claimed to be an important contributor to many significant diseases, has been rela-
tively constant for the past 40 years. Fifth, per capita sugars consumption in the USA has significantly 
declined since 1999. In contrast, obesity rates rose throughout the decade from 2000 to 2010 [44]. Thus, 
a reported correlation between sugars consumption and obesity should be interpreted with caution.

The emphasis on added sugars suggesting that consumption of these nutritive sweeteners has 
increased disproportionally in the US diet is almost certainly incorrect. Between the years 1970 and 
2010, it has been estimated that there was an increase of 449 kcals/day in daily energy intake per 
capita in the USA. Of that energy increase, calories from all added sugars accounted for just 34 cal – 
about 7 % of the increase [43]. Over 90 % of the increase came from increased consumption of added 
fats and flour/cereal products. Thus, it appears more reasonable to conclude that Americans are not 
overweight and obese because of added sugars consumption, Americans are overweight because they 
eat too much of everything.

 Metabolism of Fructose, HFCS, and Sucrose [1, 12, 14, 45–49]

Several issues are important to emphasize when considering the metabolism and metabolic effects of 
fructose-containing sugars. First, humans rarely consume fructose alone. It is found together with roughly 
equivalent amounts of glucose in nearly every dietary source, including added sugars (e.g., sucrose, 
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HFCS, honey, fruit juice concentrates) and natural sources (e.g., fruits, vegetables, nuts). A minor excep-
tion exists in crystalline fructose, which is, as the name suggests, 100 % fructose but this is a specialty 
sweetener used in very limited quantities making it insignificant compared to other sources.

It has been argued by some that the metabolic consequences of sucrose and HFCS are different. 
However, from a post-digestion standpoint, this argument is not based on good scientific ground. As 
illustrated in (Fig. 20.2), there is no difference in terms of what is delivered to the portal blood when 
either HFCS, honey, fruit juice concentrates, or sucrose are metabolized. In each of these instances, 
free fructose and glucose are delivered to the portal circulation. It is also important to view the conse-
quences of sugars consumption in the context of the whole diet, not as isolated nutrients. Sugars are 
only one nutrition group contributing to the overall net body metabolism, particularly in a diet rich in 
fat, complex carbohydrates, and proteins.

Absorbed fructose and glucose pass to the liver via portal blood. It is estimated the liver metabo-
lizes up to 90 % of absorbed fructose, but only 20 % of absorbed glucose. This is a major distinction. 
However, there is much more glucose in the diet (on the order of 3–5× more glucose than fructose). 
Thus, the liver, in all likelihood, processes comparable levels of each. Moreover, even though the 
pathways for fructose and glucose are distinct, they are interactive, as illustrated in (Fig. 20.3). It has 
been estimated that 50 % of ingested fructose is converted directly into glucose while another 15 % is 
converted and stored as glycogen. Approximately 25 % of ingested fructose is converted to lactate and 
a few percent to carbon dioxide. As illustrated in (Fig. 20.4), 1–5 % of fructose may be converted into 
free fatty acids through the process of de novo lipogenesis. Investigators who have argued that fruc-
tose, through this final pathway, can create fatty liver, ignore the relatively minor quantity of fat gener-
ated though the metabolism of fructose. It has been estimated that approximately 1 g of fat in human 
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beings is produced via this mechanism on a daily basis compared to the 100–125 g of fat that human 
beings typically ingest on a daily basis.

 Sugars and Energy-Regulating Hormones

Confusion about metabolism related to fructose, sucrose, and high fructose corn syrup was com-
pounded by early studies in animals and humans, which often utilized a model comparing pure fruc-
tose to pure glucose, and often at very high dosages, to compare their effects on energy-regulating 
hormones such as insulin, leptin, and ghrelin [15, 16]. The scientific rationale for this approach came 
from the well-known differences in hepatic metabolism between these two monosaccharides which 
were outlined in the previous section of this chapter. It should be noted, however, that this type of 
experimentation creates a very artificial environment since neither of these monosaccharides is con-
sumed to any appreciable degree in isolation in the human diet.

Teff et al. compared fructose-sweetened to glucose-sweetened beverages when both were con-
sumed at 25 % of calories [15]. These investigators demonstrated increased 24 h circulating insulin, 
glucose, and leptin and decreased post-prandial suppression of plasma ghrelin when comparing these 
two monosaccharides. Other investigators have also utilized a similar model comparing fructose to 
glucose and demonstrated that post-prandial triglycerides increased following fructose consumption 
particularly in overweight or obese subjects [16].

Given that insulin, leptin, and ghrelin interact with each other and play important roles in energy con-
sumption, these data have been extrapolated to speculate that prolonged consumption of energy from 
fructose could contribute to increased caloric intake and ultimately weight gain and obesity. However, 
these experiments were repeated in our research laboratory and others utilizing similar levels of the more 
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commonly consumed sugars, namely, HFCS and sucrose (each of which consists of approximately 50 % 
fructose and 50 % glucose). These “real world” studies showed no difference with respect to energy-reg-
ulating hormones, appetite, or ad libitum energy consumption [50] either the day of consuming, either of 
the two commonly consumed sugars, or the day after. These findings have been duplicated by another 
research group. In addition, a prospective, blinded study also in our research trial compared 8 % of calo-
ries (25 % percent population consumption level of fructose) to 18 % of calories (the 50th percentile popu-
lation consumption level of fructose) to 30 % of calories (95th percentile population consumption level of 
fructose) and demonstrated no differences between HFCS and sucrose with regard to energy-regulating 
hormones either in an acute setting or following 10 weeks of consumption at these levels [51].

Thus, the initial findings which compared the monosaccharides fructose and glucose and found 
differences with regard to energy-regulating hormones must be treated with great caution since stud-
ies that reflect the more real world situation where fructose and glucose are consumed together have 
not shown any differences between the major sources of added sugars in the human diet and have not 
yielded adverse metabolic consequences.

 Sugars and Obesity

One of the most controversial areas related to sugars consumption and their potential health effects 
relates to their putative relationship to weight gain and obesity. In retrospect, modern concern about 
this issue can be traced back to a commentary in the American Journal of Clinical Nutrition by Bray, 
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Neilson, and Popkin in 2004 [6]. In this article, the authors argued there was a temporal association 
between the rapid increase in obesity prevalence in the USA and the use of HFCS in the food supply. 
They argued that the metabolism of fructose compared to glucose differed in such a way that energy 
consumption could be increased following fructose consumption, and thereby, increase the risk of 
obesity. Subsequent research showed that there was nothing unique about HFCS and that the meta-
bolic effects were no different from sucrose.

The arguments of Bray, Nielson, and Popkin were not new since they were similar to the issues 
raised in 1972 by John Yudkin in his book Pure, White and Deadly: How Sugar Is Killing Us and 
What We Can Do to Stop It (updated in 1986 and 2012) [52]. In his book, Yudkin suggested that 
the nutritional differences between simple sugars and complex carbohydrates were such that sug-
ars had adverse effects when consumed at levels typical in the Western diet. Scientific papers at 
that time from Sheldon Reiser (USDA, Beltsville, MD) and Gerald Reaven (Stanford University) 
also focused on the fructose component of sucrose and HFCS as a potential cause of obesity. Many 
of these arguments were addressed in the 1993 Fructose Nutrition monograph edited by Alan 
Forbes and Barbara Bowman (published in the American Journal of Clinical Nutrition), which 
concluded that “on the basis of currently available information there is little basis for recommend-
ing increase/decrease use of fructose in the general food supply or in products for special dietary 
use [53].”

Following the Bray/Nielson/Popkin commentary, a number of research organizations have con-
ducted studies which have failed to support a unique link between HFCS and obesity [50, 54]. 
These studies have now shown that HFCS and sucrose are virtually identical with regard to calo-
ries, sweetness, and absorption and that when these sweeteners as well as fructose itself when 
substituted isocalorically for other carbohydrates were not uniquely related to weight gain or 
obesity [55–57].

Once the equivalence of HFCS and sucrose was established, focus turned to whether or not 
fructose- containing sugars in general might be uniquely linked to obesity [42, 58, 59]. Three system-
atic reviews and meta-analyses of randomized controlled trials explored specifically SSBs and body 
weight. All of these meta-analyses demonstrated that replacing sugar with other energy-equivalent 
macronutrients had no effect on body weight. Some evidence from these studies suggested that 
increasing overall energy consumption by adding sugars to a normal diet could lead to modest weight 
increase. However, this increase does not appear due to any unique property of sugars but an increase 
in energy consumed in hypercaloric trials.

Recent summary articles have also drawn the same conclusion – that there is a lack of evidence 
uniquely linking sugars to obesity. A systematic review by Te Morenga et al. [58] commissioned 
by the World Health Organization, reported that in ad libitum trials added sugars were associated 
with an increase in weight on average of 0.75 kg. However, when fructose-containing sugars were 
substituted isocalorically for other carbohydrates, no weight gain occurred. The authors concluded 
that the likely cause of weight gain in ad libitum was not due to sugar per se, but increased caloric 
consumption. Nonetheless, the WHO concluded that a linkage between added sugars and increased 
weight was “moderate” and recommended an upper limit of no more than 10 % of calories from 
added sugars in the diet. The SCAN report in England, however, found no unique link of added 
sugars to obesity [29].

Thus, the evidence suggesting an association between added sugars consumption and weight gain 
and obesity should be viewed with considerable caution. Furthermore, in a disease as complicated as 
obesity it is highly unlikely that one single nutrient would be a unique cause. This view is also consis-
tent with the recent scientific statement from the American Society of Nutrition emphasizing that 
energy regulation and weight are complicated and cautioned against isolating a single component of 
the diet as a primary cause of weight gain or obesity [60].
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 Sugars and Risk Factors for Cardiovascular Disease

Some epidemiologic studies have linked SSB consumption to increased risk of CHD which remains 
the leading cause of mortality worldwide [38, 39, 61]. In the USA, CHD and stroke account for 37 % 
of all mortality on an annual basis. The number of risk factors for cardiovascular disease relate to 
nutritional practices. Fructose-containing sugars have recently been singled out as a potential cause of 
cardiovascular disease by the American Heart Association. In a Scientific Statement on sugars [27], 
the AHA advocated that adult males consume no more than 150 kcals/day from added sugars and 
females consume no more than 100 kcals/day from added sugars. The AHA acknowledged that these 
recommendations were not based on randomized controlled trials, but based largely on epidemiologic 
studies. Over 80 % of all adults in the USA consume more added sugars on a daily basis than recom-
mended in these guidelines.

There are no reported RCTs examining the effects of fructose-containing sugars on CHD itself. 
Thus, most information in this area comes from risk factors for CHD rather than CHD itself.

Prospective cohort studies have focused on an association between SSBs consumption and inci-
dence of CHD. The Male Health Professionals Follow-up Study [38] and also the Nurses’ Health 
Study found a significant association between CHD events and the highest quintile of SSB consump-
tion [39]. However, another large prospective study reported by Eshak et al. found no association 
between SSBs and myocardial infarction [62]. All of these studies, of course, are subject to the limita-
tions of prospective cohort studies which do not establish cause and effect.

Consumption of added sugars and risk of dyslipidemias has been reported in a number of studies. 
In particular, elevations in triglycerides in response to fructose-containing sugars have been the sub-
ject of numerous systematic reviews and meta-analyses. However, the findings have been mixed and 
variable [63–73]. There seems to a threshold effect at 20 % of calories or more from added sugars 
where increased triglyceride levels may occur.

The AHA has recommended restricting consumption of fructose-containing sugars as one mecha-
nism for controlling triglycerides [74]. Several recent reviews, however, have found no link between 
fructose consumption and either fasting triglycerides or post-prandial triglycerides when they are 
substituted isocalorically for other carbohydrates [63, 64]. Several research studies in our laboratory 
have yielded mixed results. In one research trial, at average levels of fructose-containing sugars (18 % 
of calories from either HFCS or sucrose), no significant increase in triglycerides was found [68]. In 
another study comparing 8, 18, and 30 % of calories from added sugars, however, a 10 % increase in 
triglycerides was found [73].

Studies looking at the effects of added sugars on total cholesterol and LDL cholesterol have been 
similarly mixed with some studies supporting an increase in cholesterol and LDL cholesterol while 
others have not.

With regard to blood pressure, a meta-analysis by Te Morenga et al. found no increases in systolic 
blood pressure but a slight (1 mmHg) increase in diastolic pressure [75]. A recent meta-analysis of 13 
randomized and non-randomized trials performed by Ha et al., however, did not show any increases in 
blood pressure with isocaloric exchange of fructose-containing sugars for other carbohydrates. A recent 
RCT in our research laboratory showed no adverse effect on blood pressure in response to fructose-
containing sugars consumed up to the 90th percentile population consumption level for fructose [76].

Taken as a whole, these studies suggest that increases in risk factors for CHD based on fructose- 
containing sugars are small and mixed. Nonetheless, the Dietary Guidelines Advisory Committee 2015 
reported “moderate” evidence for recommending an individual consume no more than 10 % of calories 
from added sugars to lower risk of CHD [30]. This recommendation, however, was based largely on 
overall dietary modeling rather than specific RCTs related to sugars and risk of cardiovascular disease.
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 Sugars and Diabetes

Diabetes has increased dramatically worldwide in the past 30 years [77]. It has been estimated that 
6.4 % of the population of the world currently has diabetes, and this is expected to rise to 7.7 % world-
wide by the end of 2030 [78]. This increase in diabetes has largely paralleled an increase in obesity 
and insulin resistance [79]. This has led to the exploration of a variety of dietetic factors related to the 
etiology of diabetes.

To our knowledge, there are no randomized controlled trials related to added sugars consumption 
and diabetes. Thus, most of the studies have focused on risk factors for diabetes. Several epidemio-
logic studies have linked consumption of SSBs to increased risk of diabetes [80, 81]. Two recent 
ecological studies also linked the rise of fructose availability (either from HFCS or sucrose) to an 
increase in prevalence of diabetes [18, 19]. These ecological analyses, however, are considered a weak 
form of evidence. Moreover, there are also ecologic studies which have failed to show a positive cor-
relation between sugar intake and diabetes. In Australia, for example, there has been 10 % decrease in 
caloric consumption from SSBs yet significant increases in obesity and diabetes over the past 10 years 
[82]. This has been called the “Australian Paradox.” Similar “paradoxes” have been seen in the USA 
and the United Kingdom.

Prospective cohort studies provide mixed evidence concerning sugars consumption and diabetes 
[80]. In one meta-analyses of cohorts related to SSBs and incidence of diabetes, eight studies were 
analyzed; four did not find any significant effect of SSBs on incidence of diabetes and five did not 
adjust findings for energy intake and body weight. One large cohort study reported no association 
between diabetes risk and SSB consumption once data were adjusted for total energy intake [81]. 
Other prospective cohort studies have also failed to find significant associations between sugars intake 
and diabetes [83–85].

Meta-analyses of RCTs also did not support an association between sugars intake and diabetes. In 
one report by Cozma et al. involving controlled feeding studies, fructose had no impact on fasting 
insulin and glucose or glycosylated blood proteins (including HbA1C) [86]. Most RCTs in nondia-
betic patients which have substituted fructose-containing sugars for other carbohydrates in an isoca-
loric fashion have also not yielded effects on multiple risk factors for diabetes including insulin, 
post-prandial glucose, and fasting glucose [87–91].

Taken together, there is little direct evidence for sugars consumption as a unique cause for increased 
risk for diabetes. However, it should be noted that most diabetes organizations recommend decreased 
sugars consumption as part of an overall strategy for controlling blood sugar. Moreover, since added 
sugars are energy dense, it would seem prudent to decrease consumption of added sugars as a strategy 
for controlling both weight and blood glucose.

 Sugars and the Risk of the Metabolic Syndrome

The metabolic syndrome (MetS) represents a constellation of factors including abnormal glucose 
handling, dyslipidemia, and high blood pressure [92]. The prevalence of MetS has risen considerably 
in the USA in the past 20 years. Reports utilizing NHANES data have suggested the prevalence of 
MetS is up to 39 % in adults [93]. MetS is a significant risk factor for both diabetes and CHD. The 
National Cholesterol Education Program guidelines (NCEP) recommend that individuals who have 
MetS be treated as though they already have CHD [92].

It has been postulated that the consumption of fructose-containing sugars may increase the risk of 
developing MetS. Johnson et al. have proposed a model where fructose metabolism in liver may lead 
to ATP depletion and ultimately increases in uric acid through the degradation to AMP [20]. According 
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this model, these increases in uric acid could lead to endothelial dysfunction and increase the risk of 
MetS to increased blood pressure, insulin resistance, and inflammation.

Excess accumulation of abdominal fat has been strongly associated with MetS [94]. Several inves-
tigators have published data suggesting that consumption of fructose or fructose-containing sugars 
may increase abdominal fat. In one, study Stanhope et al. reported increases in abdominal fat when 
comparing fructose at 25 % of calories to glucose at 25 % of calories [95]. Maersk et al. reported that 
daily consumption of a liter of sucrose-sweetened cola compared to a liter of diet cola, milk, or water 
resulted in an increase of abdominal fat and other risk factors for MetS [71]. RCTs conducted in our 
research laboratory, however, have not yielded increases in abdominal fat. In one study of 116 indi-
viduals who consumed fructose-containing sugars at the 25th, 50th, and 90th percentile population 
consumption, no increase in abdominal fat was found [73]. In another study involving 123 individuals 
who consumed HFCS and sucrose at 18 % of calories compared to glucose and fructose at 9 % of calo-
ries, slight decreases in HDL and increase in triglycerides occurred although no increase in abdominal 
fat occurred [96].

As already indicated, multiple other research trials have not yielded an association between added 
sugars consumption and elevated blood pressure, triglycerides, or post-prandial triglycerides when 
fructose-containing sugars are substituted isocalorically for other carbohydrates. In addition, a 
research trial conducted by our laboratory demonstrated no increase in uric acid levels under the curve 
following a 10 week consumption of up to 30 % of calories from added sugars [76]. Thus, if fructose- 
containing sugars increase risk factors for MetS, the effects must be very small, if present.

 Sugars and Liver Fat Accumulation Including Non-alcoholic Fatty Liver 
Disease (NAFLD)

Fatty infiltration of the liver leading to NAFLD now represents the leading cause of chronic liver 
failure and the need for liver transplantation around the world [97]. Because of the differences in 
metabolism between fructose and glucose, some investigators have argued that fructose consumption 
could increase the risk of NAFLD through accumulation of fat in the liver [98–100] (See Fig. 20.5).

However, it should be noted that various investigators have reported that only 1–5% of ingested 
fructose is converted to triglycerides through the process of de novo lipogenesis [101]. The amount of 
fat generated in this process is estimated to be 1 % of fat typically consumed in the human diet. 
Moreover, multiple RTCs in humans have not demonstrated that fructose-containing sugars lead to 
increased fat in the liver. Studies reported that hypercaloric glucose and fructose similarly increased 
intrahepatic fat while isocaloric substation of fructose for carbohydrates did not [102]. These studies 
suggest that increases in liver fat appear to be energy mediated rather than a specific macronutrient- 
mediated effect. Moreover, a relationship between NAFLD and obesity is well established [97].

A study performed in our research laboratory comparing 8, 18, 30 % of calories from added sugars 
showed no increased accumulation of liver fat over a 10 week period of added sugars consumption at 
these levels [103].

 Sugars and Neurologic Response

Some animal experiments have suggested differences in brain responses comparing fructose to glu-
cose [104, 105]. These experiments, however, must be treated with great caution because animal 
brains (particularly rodents, which have been used in many of these studies) differ in significant ways 
from the human brain.
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Technologies are now available employing functional magnetic resonance imaging (fMRI) to 
explore potential differential neurologic responses to various sugars in human beings [106]. Page 
et al. compared 75 g oral bolus of fructose to 75 g oral bolus of glucose in 20 healthy, young volun-
teers in a randomized, blinded fashion [22]. These investigators reported differences in hypothalamic 
blood flow with glucose suppressing blood flow assessed by arterial spin labeling while fructose did 
not suppress this blood flow. Purnell et al. explored the neurologic response to 25 g of either fructose 
or glucose delivered as an intravenous bolus [23]. This team of investigators reported no changes in 
blood flow to the hypothalamus, but differences between fructose and glucose in blood flow to the 
cerebral cortex.

Already noted in this chapter, both of these experiments compared highly artificial conditions with 
large doses of pure fructose or pure glucose, neither of which is consumed any appreciable degree in 
the human diet. Moreover, in the Purnell model, these monosaccharides were supplied through an 
atypical route (intravenously).

A pilot study conducted in our research laboratory compared average levels (18 % of calories from 
HFCS or sucrose versus 9 % of calories from either fructose or glucose alone) in the context of a 
mixed nutrient diet and found no differences in blood flow to the hypothalamus [107].

The issue of putative effects of fructose-containing sugars on the brain is very important since 
several investigators have suggested that the sweetness inherent to fructose-containing sugars creates 
the potential for individuals to become “addicted” to sugar. The research to support this, however, has 
been largely based on animal models. Several recent reviews have called into question the fundamen-
tal concept of either “food addiction” or “sugars addiction” except in very limited situations, such as 
binge eating disorder [24–26].
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 Public Health/Public Policy Considerations

Considerations related to the metabolism and health consequences of consuming sugars carry both 
important public health and public policy implications. For example, as already indicated, there 
are at least three different recommendations for appropriate upper limits for sugars consumption 
in the diet.

The World Health Organization (WHO) recommended an upper limit of consumption of 10 % of 
calories [28]. The SACN in England adopted the same guidelines [29] as did the DGA 2015 [30]. 
However, the IOM carbohydrate report [32], the EFSA report [34], and the DGAC 2010 [33] all found 
no increase in chronic disease risk at up to 25 % of calories. In this confusing environment, regulatory 
bodies in a variety of countries have struggled with how to make appropriate recommendations for 
added sugars consumption. Approximately 60 different countries in seven global geographic regions 
recommend consumers limit intake of added sugars; however, many of these recommendations are 
qualitative, while others specify quantities based on percent total sugars. The specific guidelines from 
various regions of the world are beyond the scope of this chapter but have been reviewed extensively 
elsewhere [108].

One approach intended to decrease SSBs consumption under the guise of global obesity reduction 
and promotion of weight loss and improved health is taxation [109, 110].

A number of policymakers in various countries favor such an intervention, yet multiple challenges 
exist including the determination of the amount of taxation needed to change consumption as well as 
the financial burdens which may ensue from such taxation. Moreover, taxation from added sugars 
may be politically difficult to achieve. A recent national survey on this issue in the USA involving a 
web-based survey among 50,000 participants indicated a lack of political trust (58 %), and consider-
able opposition (52.5 %), related to a proposed tax of a penny-per-ounce (for SSBs) [111]. Factors 
influencing the majority opposition to such a tax included that it would hurt the poor (51.2 %) and 
upset the economy (48.9 %).

A potential impact on taxation of SSBs NHANES data (1989–2006) suggested that such an 
approach may yield only moderate reduction of SSBs consumption among children and adolescents 
[112]. This study indicated a daily 6–8 kcal reduction associated with a soft drink tax, with a concomi-
tant increase, albeit it slight, in consumption of juices and whole milk, which may be more nutritious 
alternatives. However, the same study did not find evidence for changes in population BMI, obesity, 
or overweight.

Investigations among adolescents have reported weak economic impact and no significant change 
in BMI following implementation of vending machine soda taxes (4.51 % decrease in BMI) or gro-
cery store soda taxes (~4.25 % decrease in BMI) at the state level [113]. Despite these findings, several 
states and communities in the USA continue to advocate or legislate a tax on SSBs.

The argument that a tax on SSBs consumption may benefit public health may be complicated 
by both personal and political issues. For example, consumption tax would be considered a form 
of income tax and a regressive tax, particularly, on lower socioeconomic status individuals and the 
elderly.

This issue is further complicated by attempting to determine what level taxation would be required 
to change consumption. A small Internet supermarket study among 306 adult consumers in the 
Netherlands indicated that a tax on high-energy dense foods (50 % tax or price increase) might lead to 
a reduction in consumption [114]. Furthermore, estimates of changes in BMI and obesity as a result 
of even 20–40 % of taxation (0.5–1.0 cents per ounce) on SSBs suggest the impact on BMI would be 
marginal [115]. Mathematical models have suggested this level of taxation could reduce energy intake 
by 34–47 kcal/d among adults, which may translate into significant weight loss in 1–5 years [116]. 
However, other statistical estimates suggest that these figures may only relate to consumers who pur-
chased a great amount of these products [117]. Thus, desired outcomes from taxation do not appear 
to be supported by numerous studies in various populations.
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 Summary/Conclusions

Evidence from multiple sources including RCTs, systematic reviews, and meta-analyses suggest there 
is nothing unique with regard to sugars consumption and adverse health consequences, provided the 
sugars are substituted isocalorically for other carbohydrates and consumed within the normal range of 
human consumption. Questions remain about whether or not when sugars are added to the normal diet 
in hypercaloric trials adverse health consequences may occur. Future research trials will be necessary 
to settle this issue.

For now, we believe it is reasonable to conclude that current scientific evidence does not support a 
unique relationship between sugars consumption and changes in energy-regulating hormones, obe-
sity, diabetes, NAFLD, or risk factors for cardiovascular disease. Neurologic responses to sugars 
remain an area of active research; however, concepts such as sugars “addiction” do not appear to be 
currently supported by research trials in human beings or by expert opinion. It should be pointed out, 
however, that added sugars are energy dense, and it would appear prudent to limit all energy-dense 
food as one strategy to help control weight gain and obesity and the associated metabolic risk factors 
for CDH, diabetes, MetS, and NAFLD.
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 Introduction

For a number of years, many health organizations have advocated for a reduction in the intake of satu-
rated fat (SFA) as a means to prevent coronary heart disease (CHD). These recommendations were 
based on what was believed to be most convincing evidence relating SFA to heart disease. Yet, we 
have seen over the last 10 years or so a surge of research challenging this concept, which had gone 
essentially uncontested for almost 60 years. The resulting debate on the association between dietary 
SFA and heart health is highly polarized within scientific circles, and as a result the population is 
confused. Is it possible that nutrition researchers have been wrong for so many years regarding the ill 
effects of SFA? The press and social media is, of course, enjoying all of this, creating even more stir 
and confusion by publicizing the results of new emerging research on the topic, either way it goes. 
This chapter intends to shed light on the current status of knowledge regarding this now controversial 
association between dietary SFA and CHD risk. A brief historical perspective will first be provided to 

Chapter 21
Saturated Fat: Friend or Foe?

Benoît Lamarche

B. Lamarche, PhD 
Institute on Nutrition and Functional Foods, Laval University,  
2440, boul. Hochelaga, Québec, QC, Canada, G1V 0A6
e-mail: Benoit.Lamarche@fsaa.ulaval.ca

Key Points

• There is currently no absolute consensus regarding the association between dietary saturated fat 
(SFA) intake and cardiovascular health.

• Consumption of dietary SFA raises LDL-C but may have relatively neutral effects on several other 
cardiometabolic risk factors, especially when consumed as dairy foods.

• Observational cohort studies have generally reported neutral association between dietary SFA and 
the risk of CHD.

• Data from large randomized intervention studies in which SFA have been replaced by unsaturated 
fatty acids have yielded inconsistent results.

• More research is warranted to address some of the unanswered questions on this topic and to better 
inform future dietary guidelines.

mailto:Benoit.Lamarche@fsaa.ulaval.ca


388

put the debate into context. A short review of the significant literature on this topic will then be pre-
sented. The complexity of investigating the association between any given nutrient, including SFA, 
and health will be discussed. The chapter concludes with an overview of what should be considered 
research-wise and from a public health perspective to come to a close on this subject, for the benefit 
of the population.

 SFA and Cardiovascular Health, a Long Story…

We have come a long way since any form of dietary guidelines was crafted. In the USA, the first food 
guide issued in 1916 included five “food groups,” two of which were defined as “fatty foods” and 
“sugars.” The recommendation on fat specifically was that it should represent approximately 30 % of 
daily calories [1]. These recommendations were based much more on perceptions and feeling than on 
rigorous research.

The food environment reality over the following years has been influenced quite significantly by 
events such as the two World Wars (WW) and the Great Depression. Organizations such as USDA and 
also the US Food Administration (USFA), which was created during WW1, proposed new dietary 
recommendations and implemented restrictions to accommodate the reality of those hard times [2]. 
The Great Depression was a period during which government and policy makers focused primarily on 
providing enough food to the population, rather than on healthy nutrition [2]. WW2 again saw a time 
of food rationing with particular emphasis on meat, which was promoted as a “fighting food” and 
therefore targeted primarily to the troops on the field [3]. In 1941, the Food and Nutrition Board 
(FNB), created to prepare recommendations for wartime food policies, released “A Yardstick for 
Good Nutrition,” which included the first minimum dietary requirements [4]. These are considered as 
the precursor of what we now refer to as recommended daily intakes (RDIs).

The Seven Countries Study in the early 1950s was really the first major research effort to address 
the complex relationship between food and health. It provided among others the first evidence sug-
gesting that dietary SFA intake is associated with an increased risk of CHD death [5]. The ecological 
evidence that countries surrounding the Mediterranean Sea with a dietary SFA intake <7 % of calories 
also had a very low rate of CHD death was enough to draw all attention on what is considered the 
“bad” fat of the diet [6]. The Seven Countries Study had an immense impact on how and which nutri-
tion research questions were being addressed thereafter, by propelling research towards demonstrat-
ing and understanding this “ill” effect of SFA. But the inherent limitations of the Seven Countries 
Study due to the ecological nature of its design have also become more apparent over the subsequent 
years, with emergence of new research tools and more robust methodologies. Early studies by Keys 
et al. [5] have also been criticized for not having used all data available to them at the time of analysis, 
thereby potentially exaggerating the true association between SFA and CHD risk [7]. It is, of course, 
unthinkable in our modern days of nutrition research that dietary guidelines be based on evidence 
from studies such as the Seven Countries Study. And thankfully they are not.

Towards the end of the 1970s, the US Senate Select Committee on Health and Human Needs and 
the USDA engaged on a rather hostile debate regarding the impact of dietary fat and SFA on health. 
The position of the US Senate Committee was that there was a relatively unanimous perception within 
the research and health professional communities that intake of fat and SFA were probably the most 
important nutritional risk factors for chronic diseases including CHD [8, 9]. The USDA argued that 
there was no absolute scientific proof of the danger and risk posed by dietary fat and SFA [2]. In their 
report, the US Senate committee emphasized that dietary guidance provided by the USDA to date had 
not proved to be efficient in influencing the growing rates of chronic diseases associated with poor 
nutrition. This led the USDA to release their first dietary guidelines in 1980, which are revised every 
5 years since then. The US Senate committee and USDA obviously did not agree on the wording of 
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their dietary recommendations. The USDA until 1990 used wording such as “avoid too much fat and 
SFA” [2] whereas recommendations from the US Senate Committee were more directive with speci-
fied targets for total fat (from 40 % to about 30 % of daily calories) and SFA (from 16 % to about 10 % 
of daily calories) [9]. The senatorial report ended up having a lot of influence in years to come, and in 
1990, the USDA identified for the first time the target of <30 % of calories as total fat and <10 % of 
energy as SFA. It must be stressed that such numbers were not based on empirical data, at least there 
is no trace nor reference of robust and rigorous research to support these numbers specifically. The 
2010 DGAC report was criticized for having included an incomplete body of relevant science, par-
ticularly regarding SFA [10]. Hence, the committee behind the 2015 DGAC revisions has determined 
that a reexamination of the evidence relating dietary SFA to health was necessary to determine whether 
revisions to the guidance were warranted. These most recent revisions in the dietary guidelines for 
Americans will be discussed later in this chapter. But before that, what evidence is causing this stir 
within nutrition circles to revisit the impact of dietary SFA on cardiovascular health?

 Dietary SFA and CHD Risk

The association between SFA and the risk of CHD can be assessed using a variety of experimental 
approaches. These include purely mechanistic research based on cellular and animal models, clinical 
intervention research based on surrogate markers of CHD such as LDL-C concentrations and blood 
pressure, and epidemiological research, from which associations between a nutrient or food and a 
health outcome can be derived. While all such approaches are important, they often lead to incongru-
ent results, thereby contributing to the general confusion on any particular topic. This chapter will 
focus on intervention as well as epidemiological research, as this is the evidence that has the most 
weight when dietary guidelines are being crafted.

 Evidence from Intervention Trials

 Dietary SFA Versus Cardiometabolic Risk

There is very little debate regarding the LDL-C raising effects of SFA. A very influential meta- analysis 
of RCTs published prior to 2003 has shown that isocaloric substitution of carbohydrates for SFA 
increases plasma LDL-C significantly and linearly [11]. Dietary SFA also raise LDL-C compared 
with monounsaturated and polyunsaturated fats [11]. This is perhaps the most evoked evidence sup-
porting the importance of reducing SFA intake, considering that elevated LDL-C concentrations are 
the cardiometabolic hallmark of a high CHD risk. But the etiology of atherosclerosis and consequent 
CHD is not only reliant on variations in LDL-C concentrations. Indeed, there is now undisputable 
evidence that other cardiometabolic risk factors, particularly those associated with the metabolic syn-
drome (MetS), also play a key role in determining one’s risk to have CHD [12].

Although MetS is a state associated with an increased risk of CHD, it does not necessarily comprise 
elevated LDL-C concentrations. The typical dyslipidemic state associated with MetS includes elevated 
TG levels (in fasting and postprandial states), increased number of small dense LDL particles and low 
HDL-C concentrations [13]. Pro-inflammatory and pro-thrombotic states, insulin resistance, hyperten-
sion, vascular dysfunction, and abdominal obesity also often co-segregate in MetS [12, 13]. All of these 
cardiometabolic risk factors have been associated with an increased risk of CHD individually or in 
combination with one another. Ascribing the impact of dietary SFA on CHD to its sole effect on LDL-C 
concentrations is therefore likely to be an oversimplification of a much more complex problem.
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The impact of dietary SFA intake on a wide spectrum of cardiometabolic risk factors other than 
LDL-C concentrations has been less well documented. But in general, available evidence suggests 
neutral effects of dietary SFA and perhaps even “beneficial” effects in some instances. In the meta- 
analysis by Mensink et al. [11], intake of dietary SFA has been shown to increase plasma HDL-C 
concentrations compared with most of the other nutrients. The inverse association between HDL-C 
concentrations and CHD risk is undisputable [14–16]. In that context, the HDL-C raising effect of 
SFA compared with dietary carbohydrates appears as paradoxical when considering the recommenda-
tions to lower SFA intake. However, it is unclear if this increase in HDL-C counteracts the LDL- 
raising effects of SFA compared with dietary CHO. The research that has documented the effect of 
having very high HDL-C levels through CETP inhibition on CHD risk has also been deceiving [17, 
18], raising the possibility that HDL-C may not be such an important risk factor after all. Nevertheless, 
the neutral effect of dietary SFA on the Chol/HDL-C ratio, a powerful lipid risk factor for CHD [14], 
implies neutral effects in terms of CHD risk.

The impact of dietary SFA on TG concentrations is variable, depending on the comparator nutrient. 
Specifically, SFA tend to increase TG compared with polyunsaturated fat but tend to reduce TG com-
pared with carbohydrates [11]. Accumulating evidence suggests that serum apoB concentration may 
be superior to LDL-C in predicting the risk of CHD [19]. The concentration of apoB reflects the 
number of atherogenic particles in the blood (not just LDL but also VLDL) because there is only one 
apoB molecule per lipoprotein [20]. Data from Mensink et al. suggested that replacing dietary carbo-
hydrates by SFA had no significant impact on apoB concentrations [11]. Chiu et al. [21] have recently 
shown that a high-fat DASH diet (14 % of calories as SFA from dairy) resulted in significantly lower 
plasma triglycerides, large and medium VLDL concentrations, and significantly larger LDL particle 
size compared with a low-fat DASH diet (8 % of calories as SFA). There were no differences between 
diets in LDL-C, apoB and HDL-C concentrations.

Dietary SFA come from a variety of sources, not just one single food. Cheese is one of the most 
important sources of dietary SFA in the US diet, followed by beef, milk, and other fats and oils [22]. 
Butter and margarine come in seventh place on that list. This is an important consideration because 
individuals do not consume SFA alone, but rather as part of complex foods that also contribute other 
nutrients. There is emerging evidence that the foods from which SFA are derived may influence their 
impact on cardiometabolic risk. In a meta-analysis of five RCTs, Goede et al. [23] have summarized 
the effect of hard cheese vs. butter consumption on blood lipids and lipoproteins in healthy adults. 
Despite similar P/S ratios between the two foods, consumption of hard cheese led to significantly 
lower LDL-C and HDL-C concentrations (−6.5 % and −3.9 %, respectively) when compared with 
consumption of butter. Neither cheese nor butter was shown to have an impact on TG concentrations 
[23]. As expected, consumption of tofu or reduced fat cheese led to lower LDL-C levels compared 
with regular fat cheese due its lower content in SFA. This, of course, does not imply that SFA are a 
safe and sound nutrient in terms of cardiovascular health. It does imply, however, that we need in the 
future to be mindful of the complex interaction among nutrients and how these interactions may influ-
ence their impact on health. In that regard, focusing dietary guidelines solely on nutrients, which has 
been the case until recently, certainly does not address these complex interactions. The most recent 
2015 DGAC Guidelines do put more focus on whole foods and dietary patterns [24].

It is beyond the scope of this chapter to provide an extensive review of the association between 
dietary SFA and cardiometabolic health. Nevertheless, research so far seems to be pointing towards a 
relatively neutral effect of SFA on many cardiometabolic risk factors [25], while its LDL-C raising 
effects may be attenuated depending on dietary sources [23]. This information is important because a 
large trial on SFA (vs. any other nutrient) is very unlikely, and future guidelines will need to be 
informed based on clinical data from surrogate markers, while also weighing the importance of 
changes in LDL-C and other cardiometabolic risk features. In that regard, the Institute of Medicine 
(IOM) has expressed concerns regarding the extrapolation of epidemiological data and data from 
RCTs of statins to nutrition research. While the lowering of LDL-C with statin certainly represents a 
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valid surrogate of clinical outcomes, IOM stated that that the effects of food on LDL-C should not be 
used alone to predict CHD risk change [26]. It is currently only speculated that a diet-induced change 
in plasma LDL-C will yield cardiovascular benefit similar to those yielded by statin therapy. Although 
probably highly disputed, the evidence from the Minnesota Coronary Experiment do provide an 
example where replacement of SFA with a vegetable oil rich in linoleic acid, which did reduce serum 
cholesterol levels, did not in turn yield evident cardiovascular benefit [27].

 Evidence from Epidemiology and Large Clinical Trials

Epidemiological research is informative as it provides further insight into the relationship between 
nutrients, foods, and complex dietary patterns and clinical outcomes per se. This strength also becomes 
its greatest weakness. Indeed, despite sophisticated mathematical modeling and adjustment for the 
largest possible array of concurrent risk factors, epidemiological research only reflects associations 
between a risk factor and a disease outcome [28]. The nature of nutrition makes this particularly dif-
ficult, because as indicated above, individuals consume whole foods, not nutrients, as part of even 
more complex dietary patterns. This complexity is furthered by the fact that epidemiological studies 
are for the most part based on self-reports of dietary intake, which can be on its own a significant 
source of bias and uncertainty [28]. This context makes it particularly hard to dissect out the associa-
tion between one single nutrient, such as SFA, and the risk of CHD. This also partly explains why 
results from epidemiological research on SFA have been so inconsistent and controversial. The next 
paragraphs summarize some of this research over the last 10 years or so.

The meta-analysis of epidemiological cohort studies published in 2010 by Siri-Tarino et al. [29] 
has been particularly influential in stimulating the debate on SFA and cardiovascular health. It was 
based on data from more than 340,000 individuals followed up over a period ranging from 5 to 23 
years and concluded that higher intakes of dietary SFA were not associated with an increased risk of 
CHD, stroke, or CVD. The meta-analysis of prospective cohort studies by Chowdhury et al. [30] 
came to similar conclusions and provided further evidence on this “apparent” neutral association 
between dietary SFA and CHD risk. Indeed, using data from studies in which fatty acid levels in 
blood had been reported, they showed again a null association between total SFA concentrations and 
CHD risk. It should be stressed that SFA concentrations in the plasma or in red blood cells are not 
an accurate indicator of dietary intake because concentrations are confounded by endogenous syn-
thesis of SFA, for which dietary carbohydrates are a significant determinant. Interestingly, however, 
plasma concentrations of the 17:0 fatty acid, which is found primarily in dairy fat and therefore a 
marker of dairy fat intake, showed inverse association with CHD risk [30]. This was further evidence 
that specific SFA may show different associations with CHD risk depending on food source. 
Accordingly, analyses of data from the MESA cohort study also suggested inverse associations 
between SFA from dairy specifically and risk of CVD in a population of approximately 5200 indi-
viduals followed over a period of 10 years [31]. SFA from meat showed a nonsignificant trend 
towards an increased risk of CVD in this population.

Of course, the meta-analyses on this topic can be criticized for a number of considerations, includ-
ing for over-interpreting the data and for having excluded important studies on the topic [32]. 
Nevertheless, data from large interventions studies in which SFA were replaced by other fats, mostly 
n6-PUFA, are also at odds. In a meta-analysis of eight randomized clinical trials (RTC), Mozaffarian 
et al. have shown that a 5 % isocaloric replacement of SFA by PUFA significantly reduced the inci-
dence of CHD events by 19 % but not of all-cause mortality [33]. The majority of these RCTs were 
conducted before 1980 and there have been criticisms that the cardiovascular benefits of substituting 
SFA for n6-PUFA was overestimated to some extent because of missing data in the analysis and due 
to the fact that trans fat consumption was also reduced in the intervention groups in some of those 
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studies [34]. More recent meta-analyses on this topic provided conflicting results. For example, 
Ahmadi-Abhari et al. [35] summarized the association between dietary fatty acids from self-reported 
records as well as in blood and risk of CHD based on observational studies as well as RCTs of fatty 
acid supplementation [35]. Consistent with previous observational studies, they have shown no sig-
nificant association between dietary intake of SFA and risk of CHD based on data from 20 studies 
comprising 283,963 subjects. Data also revealed no association between total SFA concentration in 
blood and CHD risk (8 studies; 15,590 subjects). More recently, Ramsden et al. [27] have reassessed 
the diet-heart hypothesis by amalgamating retrieved data from the Minnesota Coronary Experiment 
and data from RCTs that lowered serum cholesterol by providing vegetable oil rich in linoleic acid in 
place of SFA, without confounding by concomitant interventions. The meta-analysis, which com-
prised five RCTs including 10,808 participants, showed no benefit of replacing SFA by n6-PUFA 
(mostly linoleic acid) on total mortality and on mortality from CHD, despite reductions in blood 
cholesterol by 6–13 % [27]. This study has just been published and will most likely be closely scruti-
nized. In a Cochrane-type review of the RCTs on fat reduction and fat modification and their impact 
on CVD-related outcomes, Hopper et al. [36] have shown that reducing SFA intake by reducing and/
or modifying dietary fat was associated with a significant reduction in the risk of CVD, based on stud-
ies with 24 comparisons and 65,508 participants followed for a minimum of 6 months [36].

This brief, nonsystematic review of the literature reveals the rather inconsistent conclusions that 
researchers have reached while analyzing essentially the same pool of cohort and intervention trials. 
Methodological considerations, such as study selection criteria and also data analysis, can obviously 
lead to different observations and conclusions. Nevertheless, such discrepant results have generated a 
lot of confusion within the population as well as the scientific community. It is fair to say that the 
association between dietary SFA and CHD risk is not a matter a consensus.

 SFA: Friend or Foe? Conclusions

This question remains plagued with some degree of controversy. On the one hand, there is limited data 
to indicate that SFA are in fact a “friend.” Dietary SFAs may be better than trans fat – or not as bad 
depending on one’s perspective on the topic. SFA may overall also be “better” than dietary carbohy-
drates [37]. However, SFAs represent an enemy nutrient if one considers LDL-C lowering as the main 
target in preventive nutrition. In that context, replacement with unsaturated fat is certainly to be privi-
leged. Data from clinical outcome studies have been inconclusive, but then again this depends on 
one’s perspective on this topic. On the other hand, if one considers that the etiology of CHD involves 
many other risk factors than just raised LDL-C, then SFA may be considered as being a relatively 
neutral nutrient (neither friend nor foe). The picture gets blurrier because as indicated above SFA are 
not consumed in isolation. Its impact on cardiovascular and cardiometabolic health therefore needs to 
be contextualized as part of more complex food patterns. For example, a recent systematic review by 
our group has shown no evidence of harmful effects of high-fat dairy consumption on cardiovascular- 
related clinical outcomes [38]. Cheese intake, which does contribute significantly to SFA intake in the 
US population, even showed inverse association with risk of stroke and T2D. This apparent paradox 
emphasizes the importance to consider the impact of foods rather than individual nutrients on health, 
as in the most recent 2015 DGAC [39].

Will we ever reach consensus regarding the impact of dietary SFA on cardiovascular health? That 
is doubtful. Many researchers have strong opinions in both camps of the debate. Nevertheless, more 
research will be informative in solving some of this controversy. For example, we currently do not 
have data on the differential association of the low vs. regular fat versions of a dairy product, say 
cheese, with the risk of CVD [38]. This is important because consumption of low-fat dairy is advo-
cated in current dietary guidelines. This question and several others currently go unanswered. In the 
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meantime, dietary guidelines that focus on whole foods and dietary patterns, without overly empha-
sizing the importance of SFA in the diet, seem entirely reasonable and appropriate.
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Key Points

• The Healthy People 2010 goals for the USA were not met; in order to meet the Healthy People 
2020 goals, the built environment can make the difference for this accomplishment. Built environ-
ment means the existence and affordability of health foods in a neighborhood.

• Due to the residential segregation in the United States, it is likely that there is a difference in food 
choices as a result of the environment. Neighborhoods that have large-chain food stores or medium- 
sized non-corporate-owned food stores have only 21 % obesity level, while the neighborhoods that 
have no access have 32–40 % obesity level.

• It has been recommended by the state and local governments to require nutrition and calorie labels 
on restaurant menus; the 2010 Health Care Reform Law requires chain restaurants to label their 
menus.

• Foods high in calories such as fats, sugar, and sugary drinks should be taxed, and the tax money 
should be used for programs to promote good nutrition and to subsidize healthy foods to low- 
income populations.

• ChooseMyPlate is an online dietary assessment tool that provides information on one’s diet serv-
ing portions, nutritional messages, and links to nutrient information.

Chapter 22
Public Policy and Environmental Supports for Healthy 
Eating
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 Introduction

According to the Centers for Disease Control and Prevention (CDC), more than one-third, 78.6 mil-
lion, of US adults are obese; obesity is common, serious, and costly [7, 10]. In 2014, the mean total 
fat intake for men and women were larger than the mean protein intake, that is, 33.0 % kcal of fat 
versus 16 % kcal of protein intake for men and 32.9 % kcal of fat versus 15.5 % kcal of protein intake 
for women [8, 9]. Approximately 17 % or 12.7 million of children and adolescents aged 2–19 years 
are obese [8, 9]. Most young US people do not meet the recommendations for eating 2.5 cups to 6.5 
cups of fruits and vegetables each day, but rather eat more than the recommended maximum daily 
intake of sodium, 1,500–2,300 mg each day. Currently, research suggests childhood dietary habits are 
influenced by various environmental factors that include the availability of fast foods and soft drinks, 
availability of soda and unhealthy foods on school campuses, and limited access to healthy foods 
compared to the ready availability of unhealthy foods [41].

Although most Americans know the relationship between diet and health, due to environmental 
barriers, low-income communities have constraints (or difficulties) to maintain a healthy and afford-
able diet [16]. Consequently, public policy and environmental behavior change, and not just individ-
ual behavior, have become a major focus to improve healthy eating. To increase a healthy nutrient 
diet, environmental and public policy favor an increase in fruit and vegetable food security, provide 
more access, and target healthcare and worksite settings.

 Overview of Healthy Eating Trends

 Morbidity and Obesity

Twenty-nine million Americans have diabetes, and the number is significantly rising particularly 
among Hispanics. Currently, African-American and Hispanic adults are 1.3–1.9 times more 
likely to have diabetes than non-Hispanic white adults [31]. Currently, childhood obesity is at 
epidemic levels in the United States. Nearly a third of youths are overweight or obese [34]. In the 
past 20 years, there has been twice as much increase in childhood obesity. African-American and 
Hispanic children are twice as likely to be obese than non- Hispanic white and non-Hispanic 
Asian children [27].

The current evidence shows that the traditional ways to prevent and treat obesity, which focus on 
behavioral change, have not been successful in controlling the epidemic of obesity. In 1980, the US 
Public Services proposed that by improving nutrition and physical fitness, there would be a reduced 
rate of overweight among men and women by 10 and 17 %, respectively, in 1990. The goal made in 
1990 for the Healthy People 2000 was no more than 20 % of overweight and obesity for adults. In 
2000, the aim for 2010 was to increase healthy weight among adults to 60 %. None of these goals 
were reached according to the image below. By 2010, 70 % of the population was overweight and 
obese (Fig. 22.1) [35].

There is good news, however. Growing evidence has shown that one factor may give good results, 
the built environment. Increasing the opportunities for exercise in the community and increasing the 
availability of fresh fruits and vegetables could have some impact. Also, making fast food availability 
more difficult or more expensive could also be another promising strategy.
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 Availability and Affordability of Healthy Foods

Healthy eating recommendations, such as substituting “lite” bread and diet soft drinks, made by asso-
ciations such as the American Diabetes Association, do not mean that healthier eating choices are 
available to all neighborhoods. There is evidence that shows that grocery stores in low-income and 
non-white neighborhoods have limited supply of healthy eating choices. The lack of availability of 
healthy foods makes it challenging for clinicians to prevent and control chronic diseases such as dia-
betes, that requires an increased intake of healthier foods, fruits, and vegetables [28]. The affordability 
of these foods is also a concern as refined grains, sugar, and fats are more affordable than the recom-
mended diets based on lean meats, fish, and fresh vegetables and fruits [16].

Furthermore, grocery stores in predominantly black and lower-income population place the food 
behind glass storages making it harder to be accessed by the costumers. As a healthcare professional, 
it is important to understand that environment support is necessary for the change in dietary practices 
to occur. Statistics show that obesity and overweight prevalence is higher in lower-income neighbor-
hoods [45]. Similarly, the growing number of fast food restaurants is alarming. McDonald’s goal is 
that every person in the United States should be at a 4-min distance to one of its restaurants [4].

 Health Behavior in Healthy Eating

A study conducted in 2007 found that “the health concern of consuming too many calories from food 
has a greater effect on healthy eating attitudes than did health concern of developing diseases” [42]. 
This study showed that food choice motives are not associated with healthy eating attitude. It also 
indicates that health concern affects the food choice motives of mode and familiarity. It is important 
that healthcare professionals take a practical approach in encouraging healthy eating by focusing on 
the importance of health and calorie control instead of weight control. The eating behavior of an 
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*Data for 1960-1980 are for adults ages 20 to 74: data for 1988-2010 are for adults age 20 and older.

Fig. 22.1 Trends in overweight and obesity among adults in the United States, 1962-2010 (Image: NIDDK (National 
Institute of Diabetes and Digestive and Kidney Diseases))
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adolescent is important in the maintenance of their health and in their physical development, which is 
why the intake of nutrients needs to be higher than in any other growth period. Similarly, adolescence 
is a time where behavior patterns are developed and consequently have an impact on their behaviors 
in the future, as there is an increase of independence and autonomy. Studies show that the eating prac-
tices one develops as an adolescent have long-term effects on health status in adulthood. It is critical 
as a healthcare professional that one incorporates healthy eating behaviors into the daily routines of 
adolescence to reduce the risk of chronic diseases such as heart disease, diabetes, and particularly 
obesity in adulthood. Although there are standards and guidelines set out by nutrition professionals of 
a diet low in saturated fat and cholesterol and high in of fruits, vegetables, and whole grains, adoles-
cents are having a nutritional problem due to their inconsistent eating behavior and unhealthy 
eating.

Studies show that adolescents have a lack of concern for healthy eating patterns, which is attributed 
to their perception of healthy eating recommendations and the health implications. In 2001, a study 
was done to determine the perception of healthy and unhealthy foods, eating behaviors, and the 
importance of healthy eating. Most adolescents associated unhealthy eating with their peers, but 
healthy foods were associated with eating at home with their families. However, despite their aware-
ness of healthy eating, adolescents are not consistently following nutrition recommendations, and this 
may be due to barriers that prevent them from developing healthy eating practices. It is important to 
understand that peer norms play a role in the healthy eating choices of adolescents. For instance, a 
study in California revealed that 85 % of teen girls had a health concern for weight control, but only 
8.5 % had a concern about healthy eating. This data was then compared to the National Health 
Interview Survey and Teenage Attitudes and Practice Survey, which showed that weight was the sec-
ond most important concern, whereas healthy eating was ranked last as a concern [13].

These findings suggest that the healthy eating messages based on the Dietary Guidelines for 
Americans are reaching the adolescents, but interventions are needed to assist adolescents with the 
translation of this knowledge into healthy behaviors. Interventions should help make healthy eating 
easy for youths to apply and explain the consequences of unhealthy eating in terms that they value, 
stressing meaningful short-term benefits [13]. “Eating behavior is carried out with little regard to 
intention or self-regulation. However, deliberating over a menu seems to be an occasion when cogni-
tion plays a role and thus when rational food decisions might be made” [39].

 Disparities/Inequities in Healthy Eating

In 2005, the Dietary Guidelines for Americans took note of the low intake of fresh fruits and vegeta-
bles, low-fat dairy products, and whole-grain food in the US population. It noted that race and income 
might be contributing factors to the level of healthy food intake. Due to residential segregation in the 
United States, it is likely that there is a difference in food choices as a result of their environment. For 
example, the type and amount of food stores in a neighborhood vary by race and income. A study 
conducted in 2008 found that there were more supermarkets that carried healthy food in predomi-
nantly non-Hispanic white and high-income neighborhoods compared to non-Hispanic black low- 
income neighborhoods. There are disparities in obesity rates existing among ethnic groups. 
Non-Hispanic black, Hispanic, and Native American children and adolescents have higher rates of 
diabetes and obesity than do non-Hispanic white children and adolescents [28].

According to a recent study in 2010, there is no statistically significant difference in obesity preva-
lence between 2001 and 2007. However, the income disparity in obesity prevalence more than dou-
bled between 2001 and 2007 when adolescents with family incomes below the poverty line were 
compared with those with family incomes at or above 300 % of the federal poverty line. It also found 
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that male adolescent obesity rates were higher than female rates across the income groups, especially 
among Hispanic adolescents in the United States [3]. Currently, the increasing disparity in obesity 
prevalence by Socioeconomic Status (SES) places lower-income adolescents at a disproportionate 
risk for adulthood obesity as well as related conditions such as diabetes, hypertension, heart disease, 
stroke, and cancer. It is important to point out that physical inactivity, sweetened beverages, and skip-
ping breakfast are targets of intervention to reduce the disparities in obesity prevalence.

Breaking down the barrier of accessing resources for those who have a low SES, particularly 
African-Americans and Latinos, would require environmental and public policy support. Without 
which, eating healthier will remain a challenge, ultimately preventing the reduction of childhood 
obesity [3]. Nonetheless, studies show that there are disparities in neighborhood access to healthy 
foods based on income, race, ethnicity, and urbanization [33].

 Environmental Factors

Food environment is affected by many different factors, including the price of food, food distribution 
channels, the awareness and knowledge of store managers, and policies concerning the location of 
various types of stores [45]. The physical environment has an effect on the individual weight status by 
impacting both energy intake and energy expenditure. The two most important environmental influ-
ences are the availability of food retail and food establishment [21].

 Availability of Full-Service Grocery Stores

A study conducted in East Harlem, Barriers to Buying Healthy Foods for People with Diabetes: 
Evidence of Environmental Disparities, explored the difference in availability and cost of healthy 
food in low-income, minority neighborhoods and affluent all-white neighborhood in New York 
[28]. The results showed that although East Harlem had twice as many food stores per capita than 
the Upper East Side, only 18 % of the food stores carried recommended food items such as fruits, 
vegetables, and whole grains compared to 58 % of the food stores on the Upper East Side of 
New York [28].

In areas that have a smaller population, there are food stores that are conveniently located in the 
neighborhood. In neighborhoods that have small grocery stores, the average amount of shelf for fruits 
and vegetables is smaller than the shelf space for snack food. Furthermore, the quality of the fruits and 
vegetables tends to be poor in food stores in lower-income areas. Consequently, it is difficult to eat 
healthier if there are not many quality food options. Research has shown that small grocery stores are 
prevalent in poorer urban areas, making access to healthy food more difficult [21].

There was a revision of studies and abstracts by Papas et al. in 2007 about the built environment 
and obesity [38]. About 1,500 articles were analyzed, and 84 % of them reported a significant positive 
association between some aspects of the built environment and obesity. However, most of the studies 
were cross-sectional, there was inconsistency in the methods to assess the built environment, and the 
measures for behaviors were not used comprehensively; one study will use diet only and another 
exercise only. “While there is a strong intuitive appeal to the notion that the built environment must 
be contributing to the obesity epidemic, existing scientific evidence does not tell a clear story” [18]. 
There are individual studies that clearly show the influence of the built environment, but others do not, 
and also, most of the studies have different designs. Therefore, it is not easy to conclude that the built 
environment really affects behavior. Suggestions were made to improve the research design of studies 
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mostly by having a better understanding of environmental metrics, more longitudinal studies, more 
interdisciplinary cooperation, and a better understanding of places [18].

 Food Purchasing Options

 Retail Food Stores

Supermarkets tend to have the most variety of high-quality food at the lowest cost, whereas conve-
nience stores typically sell high-calorie, prepared food and are limited in fresh fruits and vegetables 
which are at a higher cost. Studies have shown that having the option of a supermarket where you can 
buy high- quality, low-cost fresh produce is associated with increased daily intake of healthy food. It 
has been shown that purchasing food at a convenience store is associated with lower intake of fresh 
fruits and vegetables. Neighborhoods that have large-chain food stores or medium-sized non-corpo-
rate-owned food stores have only a 21 % obesity level compared to neighborhoods that have no access 
at 32 –40 % obesity level. Low-income and rural residents often have limited access to supermarkets 
or chain grocery stores that provide healthy food options. Rural and farm areas have 14 % fewer chain 
supermarkets compared to urban areas [33].

Similarly, some findings showed that a greater number of convenience stores were located in sec-
ondary schools in lower-income neighborhoods.

 Restaurants

Currently, the majority of our meals and snacks are purchased at restaurants, which tend to serve food 
high in calorie and low in quality. Food that is eaten at restaurants typically does not provide nutri-
tional information to encourage healthy eating choices. Studies show that frequently eating outside 
the home leads to a higher intake of fat, sodium, and sugary beverages and lower intake of fruits and 
vegetables. However, full-service restaurants offer lower food prices, encourage higher food con-
sumption, yet have shown to be associated with fruit and vegetable intake. Full-service restaurants in 
affluent neighborhoods have more healthy options on the menu. For example, a study conducted in 
South Los Angeles showed that 40 % of restaurants in high-income areas provide at least five healthy 
food choices. In fact, there was a study that showed proximity to fast food restaurants increases the 
likelihood of gaining more than 20 kg during pregnancy [21].

Frequent consumption of fast foods is related to an increased intake of calories, mostly from fat 
and sugary drinks, and inversely related to the intake of fruits and vegetables. Even though there is no 
clear connection with weight gain, the relationship between fast food consumption and the risk factors 
for obesity is real [19].

Several mechanisms have been proposed to control the influence of fast food restaurants. One of 
them was to provide nutrition labels. This was implemented by the Patient Protection and Affordable 
Care Act in 2010, whereby all chain restaurants having 20 or more locations must provide nutrition 
information of their foods. Whether the Patient Protection and Affordable Care Act method really 
produced less calorie consumption was not clear. However, Swartz et al. [43] made a review studies 
and concluded that nutrition labeling has not been successful in reducing caloric intake.

Another method would be to develop a restaurant labeling similar to what is done with the ABC 
system used to check for food-borne diseases. As Americans consume 41 % of their food outside of 
their homes, and both adults and children consume one-third of their calories from eating out [48], it 
is imperative that restaurants, especially fast foods, be controlled by the healthy quality of their foods.

The Health Eating Index would be a good way to promote this. Today, most of the fast food restau-
rants claim that they are improving their menus and having much more healthy options. However, a 
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study by Hearst et al [25] concluded that after 14 years of follow-up, the fast food restaurant menus 
had little change in them. The Health Eating Score of the restaurants started with 45 in 1997–1998 
and increased to 48 in 2009–2010, based on a total score of 100, representing the healthiest score. 
They checked eight fast food restaurants and figured out that there was an increase in the meat and 
beans and a decrease in saturated fats and sugar. The authors concluded that the improvement was 
small and that further improvements are needed.

The Health Eating Index 2005 was calculated for each restaurant menu and is based on the Dietary 
Guidelines of America. They found the score of 48 being lower than the average American score for 
individuals using the index, which is a score of 55; this was considered not optimal by the United 
States Department of Agriculture (USDA). We propose that the Health Eating Index be applied to 
restaurants across the country and publicized in their front window, similarly to what is being done by 
the ABC Food Safety System.

Just to illustrate the issue, there was a study that evaluated children’s hospitals with fast food res-
taurants compared to hospitals without those restaurants. The researchers confirmed that the clients 
from the fast food restaurants would more likely purchase fast food from the hospital, thinking that 
the fast food restaurant supporting the hospital and that food from those restaurants was very healthy. 
This is the impact that health professionals and institutions have in the community when they associ-
ate their practice with services that do not provide healthy options. There are those who are waking 
up, however, such as the Cleveland Clinic that closed down its McDonald’s restaurant when its lease 
contract ended. On September 18, 2016, the McDonald’s restaurant at the Cleveland Clinic, the 
world’s most renowned heart clinic, was closed as the restaurant was not allowed to renew the lease 
contract [2].

There are still 26 hospitals in the country that have fast food restaurants in their building, but 
the trend is decreasing. “This has to happen. We know about the causes, effects, and costs of over-
weight and obesity. So it is indefensible for hospitals to continue to provide space for a restaurant 
chain that serves food linked to the health problems clinicians are treating just a few steps away. 
It’s not just a mixed message. It’s the wrong message” (John Commins, Senior Editor at 
HealthLeaders Media) [12].

List of Other Hospitals that Ousted Fast Food Restaurants in Recent Years

• Children’s Hospital of Philadelphia, Philadelphia, PA
• Lurie Children’s Hospital of Chicago, Chicago, IL
• Kosair Children’s Hospital, Louisville, KY
• Children’s Mercy Hospital, Kansas City, MO
• Thomas Medical Center, Kansas City, MO
• Parkland Hospital, Dallas, TX
• Mount Sinai Hospital, New York, NY
• University of California San Francisco, San Francisco, CA
• Vanderbilt Medical Center, Nashville, TN [6, 17, 22, 26]

 Food Vending

Studies show that the number of vending machines present at school is negatively associated with 
healthy eating as “preferred food” like sweetened drinks and high-fat foods are being provided to the 
students. With more machines in schools, the low-nutrient snack selections and an easier opportunity 
to purchase such items become available for the students [32]. Similarly, this relationship is noticeable 
with mobile food vendors, though they sell a much smaller range of food options.

The mobility of the vendor means that it can reach areas that otherwise would not have access to 
food stores and establishments. However, mobile vendors are more prevalent in rural and low-income 
communities, especially in large Latino immigrant-populated neighborhoods. Rather than selling 
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nutritious food, more high-fat, energy-dense foods are sold, contributing to the low intake of five serv-
ings of fruits and vegetables. Historically, food vendor catered the poor and foreign immigrants by 
offering affordable prices, while indoor retail stores catered the middle- and upper-class customers. 
Since the 1800s, mobile vendors face challenges of competing with local business and being prohib-
ited to sell in upscale neighborhoods. Currently, efforts are being made to change permits, fees, and 
regulations to encourage “healthy food” vendors to meet the nutritional needs of the residents [44].

 Healthy Food Policy

 School

Studies show that there is an association between school “à la carte” programs and the average daily 
consumption of fruits, vegetables, and saturated fats. Those who do not have an à la carte program tend 
to eat more closely to the dietary recommendations, and thus, the quality and variety of food in à la carte 
programs have been in need of attention. Schools have become more dependent on the revenue of “à la 
carte” sales, and students enjoy the tastiness and convenience of fast food, making it challenging to 
improve healthy eating. School food programs are being encouraged to provide more fruits and vegeta-
bles [32]. In 2005, the California Endowment’s Healthy Eating, Active Communities Program was 
established to prevent childhood obesity and diabetes in low-income communities. There was a set of 
policies proposed that targeted improving the availability and quality of healthy foods.

The following are some of the policies adopted as a result of the California Endowment’s Healthy 
Eating, Active Communities Program [28]:

 1.  Setting standards for quality of nutrition and physical education on campus
 2.  Regulations on food and beverage marketing and advertisement
 3.  Quality of food offered at fundraisers and classroom parties
 4.  Eliminating sports drinks
 5.  Eliminating sale of trans-fat foods

Currently, policy makers and public officials are focused on sustainable environmental improve-
ments despite the fact that the current economic state has limited the number of resources in public 
school’s access to improve healthy eating. However, there is an increasing demand for effective envi-
ronmental and policy strategies that focused on mobilizing more efforts in community-based inter-
vention strategies to improve healthy eating.

Moreover, organizational policy, such as policy changes in a school or work environment, has been 
shown effective through the Students Today Achieving Results for Tomorrow program (Sacramento 
Start). The program targeted high-risk populations and low-income and ethnic minority children to 
increase fruit and vegetable intake during snack time. The snacks contained (1) a dairy product, (2) a 
serving of meat, (3) a serving of vegetables or fruits or vegetable or fruit juice, and (4) a serving of 
whole grain. By using what was called “five-a-day” guidelines, they were able to increase the intake 
of five daily servings of fruits and vegetables by 83 % [40]. This was accomplished by changing the 
food vendor at their school.

 Geographic Availability of Full-Service Food Stories

Studies show that neighborhoods that have a density of small groceries are significantly related to 
obesity and body mass index of its residents in urban areas. This raises the question of whether 
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policies that offer incentives for food retail stores to increase the availability of healthy food or other 
policies that foster the creation of neighborhood stores specializing in healthy food would be expected 
to improve food choices and health outcomes for neighborhood residents [21]. There have been poli-
cies proposing a tax on high-fat foods at grocery stores to decrease the purchase of high-fat foods and 
to increase the intake of fresh fruits and vegetables (see the “Food Taxation” section).

 Food Labels

It is recommended that food and beverage manufacturers limit levels of saturated fats, trans-fatty 
acids, free sugars, and salt in products sold. It is also recommended that they develop new products 
with more nutritional value and limit the amount of promotion and marketing of processed products. 
For instance, PepsiCo permits advertisement of its products to children of all ages although its prod-
ucts are high in fat, saturated fat, cholesterol, sugar, and sodium that exceeds the limits recommended 
by the World Health Organization. Food and beverage advertisement is encouraging the consumption 
of high levels of calories in soft drinks, overeating, and snacking instead of eating a full balanced meal 
and eating while in front of the television. Rather, there needs to be an effort in encouraging cooking 
and discouraging the fact that happiness does not equate to spending.

 Restaurant Menus

The United States is spending nearly half of food expenditures in meals in restaurants, which tend to 
be higher in calories and fat. Unfortunately, the food descriptions provided on menus do not enable 
the consumer to make healthier food choices. It is becoming increasingly difficult to determine which 
food items on the menu contain the most calories, and in fact most tend to underestimate calorie con-
tent, specifically in high-calorie items. Although nearly half of the chain restaurants in the United 
States publicize nutrition information, customers typically do not notice where they are displayed. It 
has been recommended by the state and local governments to require nutrition and calorie labels on 
restaurant menus; the 2010 Health Care Reform Law requires chain restaurants to label their menus.

A study was conducted to see if labeling menus influenced eating choices in restaurants. The 
results showed that restaurant menus were associated with calorie, fat, and sodium reduction [39]. 
Menu labeling would permit health-based food choices in restaurants, but its absence makes such 
choices virtually impossible. However, menu descriptions alone are inadequate for guiding nutrient- 
based food decisions. People are typically biased in judging which food items on the menu are 
unhealthy. There is a need for healthy nutrition information together with description of menus.

It is also important to take into consideration that, for instance, a Reuben sandwich can range from 
480 to 1,730 calories, 19 to 83 g of fat, and 39 to 182 g of carbohydrates. The variation comes from 
the differences in the side dish, portion size, and ingredients [39].

According to the CDC State Indicator Report on Fruits and Vegetables 2009 National Action 
Guide, the following are key policy recommendations [15]:

 1.  Promote the availability of healthier food retail in communities
Strategies and policies to improve the food environment can aid fruit and vegetable access, 

availability, and affordability. The indicators in the subsequent text represent key areas in which 
policy and environmental support can help make changes in people’s community by having access 
to fruits and vegetables.

 2.  Promote the availability of healthier foods and nutrition services in schools
Schools are uniquely positioned to model and reinforce healthful eating behaviors such as 

increasing knowledge of and access to fruits and vegetables on the school campus and at school- 
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related activities. Schools have the ability to provide fruits and vegetable not only to youth but also 
to teachers, other school staff, parents, and community members.

 3.  Encourage food system support
A systems approach to food considers the many factors involved in getting fruits and vegetables 

from farm to the consumer including aspects of food production, processing, and distribution. Also 
included in a food system approach are the participants in that system, including farmers, proces-
sors, industries, workers, governments, retailers, institutional purchasers, communities, and 
consumers.

 Food Taxation

Other strategies to curtail the consumption of fast foods and promote healthy foods include taxation. 
Foods high in calories such as fat, sugar, and sugary drinks should be taxed, and the money should be 
used for programs to promote good nutrition and to subsidize healthy foods to be affordable to low- 
income populations. This has a high potential to be successful as it is similar to what was done with 
smoking, and as a result, there was a reduced rate of smoking in the country.

“A significant increase in tobacco product taxes and prices has been demonstrated to be the single 
most effective and cost-effective intervention for reducing tobacco use, particularly among the young 
and the poor” [29]. Increasing taxes on cigarettes by 10 % resulted in decreased consumption of ciga-
rettes by 4.5 % [20], and more recent studies confirmed this decrease to be between 2 and 6 % [29]. 
The increase in smoking taxes has been applied to promote health activities to help people stop smok-
ing and campaigns to prevent children from starting smoking. Rates of smoking that were around 
33.7 % in 1970 dropped to 17.8 % in 2013. Cigarette prices increase because taxation has been one of 
the main factors implicated on dropping those rates (Fig. 22.2).

A similar increase in taxation could be developed for unhealthy foods and being directed to develop 
prevention and treatment programs to curtail the obesity epidemics or to subsidize the costs of healthy 
foods [4]. States are taxing some unhealthy foods such as California that have 7.25 % sales tax on soft 
drinks which brings about $200 million per year [36]. However, most of the taxes do not go for obe-
sity prevention.

Nestle and Jacobson [30] estimated that each of the those strategies below for taxation would gen-
erate revenues of 1 billion per year:

• A 2/3 cent tax per 12 oz. can of soft drink
• A 5 % tax on new televisions and video equipment
• A $65 tax on each new motor vehicle
• A penny tax per gallon of gasoline

There was a tentative plan of doing so with the California tax on soft drinks that the money from 
the tax should go to the below activities; however, the bill was passed without the tax provisions [37]:

• 50 % to school districts that stop selling soft drinks on school campuses
• 25 % to the state health department for programs to promote nutrition and physical activity
• 25 % to hospitals, emergency and trauma care, and clinics

Six states impose special taxes or fees on soda and soft drinks, and ten states, including Connecticut, 
exclude certain high-fat and high-sugar edibles, junk food or soda, and other soft drinks from their 
sales tax exemptions for food [30]. So there is a concern and states are moving forward with 
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Fig. 22.2 Trends in state and federal cigarette tax and retail price – United States – 1970–2013 (Image: CDC, 
Economics Infographics (CDC [11]))
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legislation on junk foods. What is needed is that the revenues from these taxes go to promote more 
preventive activities in the community. Also, food taxation should be accompanied by policies to 
decrease the price of healthy foods; otherwise, low economic classes will be severely affected by the 
general high-price foods.

 Food Affordability

 Food Subsidy

Foods that are subsidized directly or indirectly by the government, in general, are animal foods or 
foods consumed in its processed forms. The commodity crops are the foods the government describes 
as fundamental for consumption and, therefore, the most subsidized. This is done to maintain its 
prices at a level that the population can purchase that is still profitable for the producers. Commodity 
products in the United States are corn, wheat, soybeans, cotton, and rice. Between 1995 and 2009, the 
government spent 246 billion dollars subsidizing this and other commodity products (Agriculture and 
Health Policies in Conflict) [1].

However, if we take a closer look at these crops, we will notice that corn and soybeans are mostly pro-
duced for the livestock to produce meat and dairy products. Wheat and rice are main products consumed 
mostly in its processed forms, being devoid of vitamins, minerals, and fiber. Only regarding dairy products, 
the government spent 4.8 billion dollars between 1999 and 2009 to subsidize its production allowing pro-
ducers to have lower costs in their production to maintain milk prices stable and affordable.

Special crops are mostly fruits and vegetables, and they do not get any subsidy, and even the farm-
ers who deal with the commodity crops are forbidden to plant special crops so as not to use the sub-
sidy money for other types of crops not approved. Having in mind the current disease crisis and the 
obesity epidemic in the country, we suggest that authorities should consider changing those policies 
to make provisions for special crops. If farmers are given subsidy, maybe the same as what they get 
from producing dairy products and milk, there would be a bigger production of fruits and vegetables 
in the country with affordable prices – prices that would be controlled by the government just like 
milk is (Agriculture and Health Policies in Conflict) [1].

 Food Losses

About six billion pounds of fruits and vegetables are wasted every year in the United States because 
they do not reach the patterns of beautiful food, according to a report by the Natural Resources 
Defense Council. About 20–40 % of the produce grown for human consumption goes uneaten because 
of its appearance. A company called “Imperfect” is trying to decrease this waste by working with the 
farmers in order to get and sell these wasted foods in a lower price to the community. The California- 
based start-up began its service in Oakland and Berkeley in the summer of 2015. This is something 
that could be developed or amplified around the country, as the waste of food is enormous [5].

“Farmers should profit, making money off crops that would have otherwise been trashed in land-
fills. Customers benefit because the fruit and veggies cost 30–50 % less than they would at the grocery 
store, and tastes exactly the same as its physically attractive counterparts, the company pledges” [5] 
(Fig. 22.3). This something that should be done in the rest of the country to favor communities that 
cannot afford the high prices of fruits and vegetables. This would also help the farmers to keep up with 
their profits and everybody will be happy.
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Other initiatives that have helped farmers to save money and offer more produce to the population are 
the farmer’s markets – in the last 10 years, they have doubled in number, selling more high-quality pro-
duce that might not meet the supermarket criteria of size, appearance, and shelf life. Another initiative 
was the recently approved California bill that gives growers to receive a tax credit when they donate their 
leftovers to food banks. Arizona, Oregon, and Colorado have already those bills in place [23].

 Healthy Eating Recommendations

 Self Nutrition Assessment

In addition to fruits and vegetables, a healthy diet also includes whole grains, fat-free or low-fat milk 
and milk products, lean meats, poultry, fish, dry beans, eggs, and nuts and is low in saturated fats, 
trans-fats, cholesterol, salt, and added sugars (CDC) (Fig. 22.4) [46]. An effective tool to help people 
integrate the practical eating guide is ChooseMyPlate developed by the US Department of Agriculture; 
visit http://www.choosemyplate.gov for more information on this project.

ChooseMyPlate is an online dietary assessment tool that provides information on one’s diet serv-
ing portions, nutritional messages, and links to nutrient information. Once one provides a day’s worth 
of dietary information, one will receive an overall evaluation by comparing the amounts of food eaten 
to current nutritional guidance. It gives a better understanding of diet over time, which can be tracked 
using their Super Tracker app.

 Sales Promotion at Grocery Stores

It is important to understand that food is marketed to consumers, which influences their dietary 
behavior, for instance, “buy-one-get-one-free” foods that are displayed in the front of the store, 
free samples provided while grocery shopping, or even “reduced price with purchase” and 

Fig. 22.3 Logo of the imperfect produce company that works with produce that are not perfect to be marketable to 
usual vendors (Picture given and authorized by Imperfect Produce)
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“bonus-size” packages. These sale promotion strategies are having more of an impact on what 
foods we buy and how much we eat. This makes behavior modification more challenging since the 
sales typically are not on low- fat, healthy food items [24]. Low-income individuals tend to be 
attracted to the sales and advertising and more often choose these forms of dietary behaviors rather 
than fresh fruits and vegetables.

Fig. 22.4 Eat the ChooseMyPlate way (Image: USDA, ChooseMyPlate (USDA))
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 Conclusion

Given the obesity epidemic, more attention has been given to how the food environment plays a role. 
There is a need for better access to healthy food and limits on energy-dense, high-fat food with poor 
nutritional value. The availability of healthy food in local food stores is associated with a higher intake 
of fresh fruits and vegetables and a limit on processed food. While there are methods to increase the 
purchase of fruits and vegetables within large corporate supermarkets and grocery stores, sales pro-
motions and food advertisements make it challenging by encouraging overeating. Although super-
markets typically sell fresh produce, they are less available and affordable in low-income and ethnic 
minority neighborhoods. Similarly, residents in rural areas have even less access to healthy food at 
supermarkets compared urban neighborhoods. Areas without supermarkets instead have convenience 
stores and corner stores that typically do not carry food with high nutritional value. It is unreasonable 
to expect behavior change in eating healthier when there are social, cultural, and environmental fac-
tors that do not support such change [14].
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 Introduction

“Food, glorious food! Is it worth the waiting for?” [1] Yes, when it is both healthful and safe. The 
2015 Food and Health Survey found that these qualities are important to the vast majority of 
Americans – with about half putting a great deal of thought and effort into controlling the healthful-
ness and safety of the foods they eat [2]. Yet, according to estimates from the Centers for Disease 
Control and Prevention (CDC), about one in every six US residents suffers a bout of foodborne illness 
every year. Of the estimated 48 million Americans who are victims of foodborne illness annually, 
128,000 become so seriously ill they require hospitalization and 3000 die [3, 4].
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 Incidence of Foodborne Illness

Total US population estimates of foodborne illness are based on Foodborne Diseases Active 
Surveillance Network (FoodNet) data from ten states. FoodNet is a collaborative program among the 
CDC, ten state health departments, and US Department of Agriculture’s Food Safety and Inspection 
Service that actively observes about 15 % of the US population (currently more than 48 million peo-
ple) with regard to key bacterial and parasitic pathogens commonly transmitted through food [5]. As 
shown in (Fig. 23.1), FoodNet data indicate that the incidence of culture-confirmed bacterial infec-
tions and laboratory-confirmed parasitic infections cases has averaged about 40 cases per 100,000 
people since 2000.

Of the 19,542 culture-confirmed bacterial infections and laboratory-confirmed parasitic infec-
tions cases identified in FoodNet surveillance during 2014, nearly one-quarter resulted in hospital-
ization. The likelihood of hospitalization is associated with both the type of foodborne pathogen and 
the age of the individual. For example, Table 23.1 shows that Listeria infection is far more likely to 
result in hospitalization than infection with other pathogens. Salmonella and Listeria were respon-
sible for 42 % and 25 %, respectively, of the 71 deaths caused by foodborne illness in 2014 [6]. 
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Fig. 23.1 Incidence of culture-confirmed bacterial infections and laboratory-confirmed parasitic infections cases per 
100,000 people* [9]. *Infections include Campylobacter, Listeria, Salmonella, Shigella, Shiga toxin-producing 
Escherichia coli (STEC) 0157 and non-0157, Vibrio, Yersinia, Cryptosporidium, Cyclospora
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Table 23.2 reports that older adults were far more likely to be hospitalized as a result of foodborne 
illness than other age groups [7]. Similarly, the incidence of death from foodborne illness is highest 
among adults age 65 years and older, accounting for 56 % of the confirmed foodborne illness deaths 
in 2014 [6].

Compared to data from the mid-1990s, the relative combined rates of confirmed infections from 
monitored foodborne pathogens (i.e., Campylobacter, Shiga toxin-producing Escherichia coli (STEC) 
O157, Listeria, Salmonella, Vibrio, and Yersinia) were lower throughout the 2000s [8]. However, 
when examined individually, Vibrio is currently much higher than in the mid-1990s and is on an 
upward trend while Salmonella incidence has remained fairly unchanged over time.

A comparison of the incidence of culture-confirmed bacterial infections and laboratory-confirmed 
parasitic infections cases to Healthy People 2010 objectives (Fig. 23.2) shows that the incidence of 
STEC O157 and Listeria were closely congruent with objectives whereas both Salmonella and 
Campylobacter incidence exceeded goals [9]. The most recent incidence data (i.e., 2014) compared 
to the newer Healthy People 2020 objectives in (Fig. 23.3) indicates close agreement for Yersinia and 

Table 23.1 Hospitalizations in 2014 resulting from culture-confirmed bacterial infections and laboratory-confirmed 
parasitic infections cases [7]

Pathogen Hospitalizations (N) Percent hospitalized

Campylobacter (n = 6486) 1080 17
Listeria (n = 118) 108 92
Salmonella (n = 7452) 2141 29
Shigella (n = 2801) 569 20
STECa O157 (n = 445) 154 35
STEC non-O157 (n = 690) 104 15
Vibrio (n = 216) 40 19
Yersinia (n = 133) 30 23
Cryptosporidium (n = 1175) 217 18
Cyclospora (n = 26) 2 8
aShiga toxin-producing Escherichia coli (STEC) 0157

Table 23.2 Hospitalizations by age group in 2014 resulting from culture-confirmed bacterial infections and laboratory- 
confirmed parasitic infections cases [7]

Pathogen Percent hospitalized

Age <5 years 
n = 3557 total 
cases; 544 
hospitalizations

Age 5–9 years 
n = 1738 total 
cases; 274 
hospitalizations

Age 10–19 years 
n = 1976 total 
cases; 350 
hospitalizations

Age 20–64 
n = 9754 total 
cases; 2249 
hospitalizations

Age ≥65  
n = 2517  
total cases; 1028 
hospitalizations

Campylobacter 7 11 12 16 30
Listeria 100 100 100 89 90
Salmonella 21 22 23 28 50
Shigella 9 12 19 31 36
STECa O157 35 30 34 32 50
STEC non-O157 7 9 12 17 37
Vibrio 0 11 0 15 37
Yersinia 17 20 13 20 35
Cryptosporidium 6 12 10 22 36
Cyclospora 0 0 0 11 0
Total 15 16 18 23 41
aShiga toxin-producing Escherichia coli  (STEC)  0157
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Listeria while Vibrio and STEC O157 need improvement and Salmonella and Campylobacter inci-
dence need considerable reductions to meet the objectives [9].

Although strides have been made toward reducing foodborne illness, greater and more concen-
trated efforts are warranted. Indeed, the suffering caused by foodborne illness is largely needless 
because nearly all foodborne illness is preventable [10]. Knowing foods frequently associated with 
foodborne illness and applying safe food-handling practices at every point in the food chain can help 
reduce the incidence of foodborne illness.
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Healthy People 2010 Incidence per 100,000 people in 2010
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Fig. 23.2 Comparison of Healthy People 2010 objective targets for incidence of foodborne infections per 100,000 
people to incidence in 2010* [9]. *Shiga toxin-producing Escherichia coli  (STEC) 0157
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Fig. 23.3 Comparison of Healthy People 2020 objective targets for incidence of foodborne infections per 100,000 
people to incidence in 2014 * [9]. *Shiga toxin-producing Escherichia coli (STEC) 0157
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 Foodborne Illness Pathogens and Common Food Sources

There are over 250 foodborne illness pathogens. FoodNet monitors key foodborne bacteria (i.e., 
Campylobacter,STEC O157, STEC non-O157, Listeria, Salmonella, Yersinia, Vibrio) and parasites 
(i.e., Cryptosporidium, Cyclospora). In addition to these, there are numerous other pathogenic bacte-
ria (e.g., Staphylococcus aureus, Clostridium perfringens, Clostridium botulinum), parasites (e.g., 
Toxoplasma gondii, Trichinella spiralis, anisakis, and tapeworms), viruses (e.g., norovirus, hepatitis 
A), prions, and toxins (e.g., mycotoxins, seafood toxins, plant toxins) that can cause foodborne ill-
ness, hospitalizations, and deaths. Table 23.3 describes the foods most frequently associated with 
common foodborne illness pathogens and toxins.

Knowing the food types most commonly associated with foodborne illness can help food produc-
ers, food processers, transporters, wholesalers, retailers, consumers, and regulators target efforts to 
safeguard the food supply. However, it is important to remember that any food can become contami-
nated with disease-causing agents at any point in the food chain.

In the decade spanning 1998–2008, produce was the food commodity most commonly implicated 
in foodborne illness outbreaks – accounting for 46 % of all foodborne illnesses and 23 % of deaths 
from foodborne illness [11]. Produce includes fruits, vegetables, nuts, sprouts, and mushrooms. 
Nearly all of the other cases of foodborne illnesses were caused by contaminated animal products as 
were about 50 % of related deaths. That is, more than one in five foodborne illnesses and almost one- 
third of deaths were attributable to meat and poultry. Dairy and eggs contributed to 20 and 15 % of 
foodborne illnesses and deaths, respectively. About 6 % of foodborne illnesses were attributed to fish 
and shellfish as well as 6 % of foodborne illness deaths. Very low percentages of foodborne illnesses 
and deaths were caused by foods other than produce, meat, poultry, dairy, eggs, fish, and shellfish. 
However, one in four foodborne illness-related deaths were not attributed to commodities and were 
mostly caused by pathogens Toxoplasma and Vibrio.

 Safe Food-Handling Responsibilities

Food safety is the responsibility of everyone in the food chain. Laws and good manufacturing prac-
tices help protect the food supply from field to food retailer. For example, the US Department of 
Agriculture created standards to help industry reduce contamination of chicken with Salmonella and 
Campylobacter [12]. The US federal government passed extensive food safety legislation known as 
the Food Safety Modernization Act (FSMA) in 2011 intended to protect the US food supply [13, 14]. 
The FMSA gives FDA the responsibility for requiring food facilities to create plans for identifying 
and minimizing food safety hazards for food for humans and animals, establishing standards for USA 
and foreign farms growing and handling produce, requiring importers to verify foods entering the 
USA were produced according to US standards, accrediting foreign facilities producing human and 
animal food entering the USA, requiring sanitary practices for transporting food, and mandating USA 
and foreign facilities have procedures for preventing intentional adulteration of food [15].

Although food safety laws typically do not extend into private homes, home food preparers are the 
last line of defense. In fact, 15–33 % of foodborne illness cases originate in the home [16, 17]. The 
incidence of foodborne illness from foods prepared at home is likely because more food is prepared 
at home than eaten out [18]; home kitchens are used for many activities not related to food preparation 
(e.g., pet care, laundry, house plants) which increase risk of contamination of kitchen areas with 
Salmonella, Campylobacter, and other foodborne pathogens [19–22], and many home food preparers 
are not handling food as safely as they could be [23–29] (e.g., 39 % thaw raw meat or poultry on the 
kitchen counter; 16 % do not wash hands with soap and water before food preparation; 25 % do not 
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Table 23.3 Common food sources of key foodborne bacterial, viral, parasitic, and toxin causes of foodborne illness

Foodborne illness causes Common food sources

Bacterial
  Campylobacter Raw or undercooked poultry, unpasteurized (raw) dairy products, contaminated 

water
  Escherichia coli Food or water contaminated with human or animal feces, unpasteurized milk 

and juice, soft cheeses made from unpasteurized milk, raw fruits and 
vegetables (e.g., sprouts), undercooked meat, especially ground meat

  Listeria Deli meats, hot dogs, meat spreads, unpasteurized dairy products, soft cheeses 
(e.g., queso fresco, Brie, Camembert), smoked seafood, raw sprouts

  Salmonella Raw or undercooked poultry, eggs, meat; unpasteurized milk or juice, 
contaminated produce, spices, and nuts

  Yersinia Raw or undercooked pork, especially chitterlings (intestines); contaminated 
water, unpasteurized milk

  Vibrio Raw or undercooked seafood, especially oysters (Vibrio naturally occurs in 
ocean waters and multiplies when water warms up in summer months)

  Staphylococcus Foods prepared with hand contact and not further cooked (e.g., moist salads 
like egg, tuna, ham, chicken, potato, and macaroni salad), cream-filled 
bakery items (e.g., pastries, eclairs), sandwiches

  Clostridium perfringens Foods prepared in large quantities and kept warm for more than 2 h; beef, 
poultry, gravy

  Clostridium botulinum Home-canned vegetables and fruits, home-canned or fermented fish, herb- 
infused oils, cheese sauce

Infants: corn syrup and honey
  Shigella Water contaminated with human or animal feces; unwashed fruits and 

vegetables, foods handled by infected person
  Bacillus cereus Rice, leftover foods, sauces, soups
  Brucella Raw meat, unpasteurized dairy products
Parasites
  Cryptosporidium Water contaminated with human or animal feces; unwashed fruits and 

vegetables
  Cyclospora Water contaminated with human or animal feces; unwashed fruits and 

vegetables
  Toxoplasma gondii Raw or undercooked contaminated meat, contaminated water
  Trichinella spiralis Raw or undercooked contaminated pork, horse, dog, wild animals
  Giardia intestinalis Contaminated water, raw or undercooked contaminated meat
  Anisakis Raw or undercooked contaminated seafood
  Tapeworms Raw or undercooked contaminated beef or pork
Viruses
  Norovirus Produce, shellfish, foods prepared by an infected person
  Hepatitis A Contaminated water, raw or undercooked shellfish from contaminated water, 

raw produce, foods prepared by an infected person
  Astrovirus Contaminated water and shellfish, food prepared by an infected person
  Rotavirus Contaminated water, food prepared by an infected person
  Sapovirus Contaminated water and shellfish, food prepared by an infected person
Prions Meat/tissue from animals prion disease (e.g., infected cattle, sheep, deer, elk)
Toxins
  Mycotoxins
   Aflatoxin Molded peanuts, nuts, corn, wheat, cottonseed
   Ergot Molded rye
  Seafood toxins
   Ciguatera Large warm water contaminated fish (e.g., predatory fish like barracuda)
   Scombroid Certain fish when they start to decompose (e.g., tuna, bonito, mackerel, marlin, 

herring, sardines)

(continued)
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wash cutting boards with soap and water or bleach) [2, 30]. Unsafe food handling at home may be 
because consumers are not concerned about food safety issues (e.g., one in ten have no food safety 
issue concerns), lack equipment (e.g., 40 % lack food thermometers) or do not use it regularly (e.g., 
70 % do not use a food thermometer to check meat and poultry doneness), lack awareness of food-
borne pathogens (e.g., 89 % have not heard of Campylobacter), lack knowledge of how to prevent 
foodborne illness (e.g., 12 believe washing Salmonella-contaminated food would make it safe to eat) 
[31], and six in ten are confident in the safety of the food supply and believe their chance of getting 
foodborne illness is extremely low [32].

 Food Safety Education and Practices

Knowledge of safe food handling is requisite to keeping foods safe at home. Audits of home kitchens 
based on criteria applied in retail food establishments indicate that the average home would fail the 
inspection [28, 33–35].

Several resources are available to help consumers quickly and easily develop the knowledge and 
skills needed to reduce their foodborne illness risk. Mostly all food safety education campaigns focus 
their messages on keeping hands and kitchen surfaces clean, cooking foods sufficiently, refrigerating 
foods promptly, and preventing cross-contamination. For example, the US Department of Agriculture 
campaign is Cook, Clean, Chill, and Separate [36]. The World Health Organization has five keys to 
safer food: Keep clean, Separate raw and cooked, Cook thoroughly, Keep food at safe temperatures, 
and Use safe water and raw materials [37, 38].

Hands are a primary vehicle for transferring pathogens to foods and kitchen surfaces [39, 40]. 
Washing hands with soap for 20 s before food preparation, after handling raw produce and raw animal 
proteins (e.g., meat, eggs, poultry), after using the toilet or changing diapers, and after handling gar-
bage is critical to preventing foodborne illness [41, 42]. The vast majority of individuals report wash-
ing their hands before preparing food and after handling meat, however research indicates consumers’ 
handwashing practices are often insufficient to prevent cross-contamination with pathogenic bacteria 
[23, 32, 40, 43–46].

Kitchen counters, food preparation equipment (e.g., knives, cutting boards), handles on sinks and 
refrigerators, and cleaning cloths and sponges also are primary vehicles for cross-contamination [27, 
47–51]. Pathogenic bacteria identified on these areas include Campylobacter, Salmonella, Staph, E. 
coli, and Listeria. In one study, more than one in eight foodborne illnesses were traced to insuffi-
ciently washed knives and cutting boards [24]. Insufficient cleaning of kitchen equipment has been 
observed in numerous studies [26–29].

Controlling the temperature of food is a key strategy for preventing foodborne illness. Temperature 
includes those associated with cooking food as well as temperatures of foods stored and held for later 

Table 23.3 (continued)

Foodborne illness causes Common food sources

   Tetrodotoxin Pufferfish (fugu) liver, skin, ovaries
   Paralytic, diarrheic, neurotoxin 

and amnesic shellfish toxins
Contaminated shellfish

  Plant toxins
   Safrole Sassafras, nutmeg, mace
   Solanine Green potatoes
   Herbal preparations Senna, comfrey
   Lectins Undercooked legumes
   Mushrooms Some mushrooms, such as amanita
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consumption. Consumers realize that undercooked foods pose great risk for foodborne illness and are 
aware the meat and poultry should be cooked to sufficiently high temperatures, yet many do not cook 
these foods to high enough temperatures, do not realize that color is unsuitable for detecting adequate 
doneness, and do not use a cooking thermometer to check doneness [25, 30]. On the plus side, most 
consumers indicate they do not let prepared foods sit at room temperatures for more than 2 h and tend 
to thaw foods in the refrigerator [25, 46]. However, home refrigerator temperatures often are too 
warm, few consumers check refrigerator temperatures regularly or even have a refrigerator thermom-
eter available [24, 46].

As discussed previously, handwashing practices often are inadequate to prevent cross- contamination. 
Other cross-contamination prevention practices, however, tend to be somewhat better. For example, 
the majority of consumers report they keep raw meat, poultry, and seafood separated from foods that 
are ready to eat and nearly all indicate they use different plates for raw and cooked meat [25].

 Conclusion

The incidence of foodborne illness is needlessly high. All food handlers – at every stage in the food 
chain – share responsibility for protecting the safety of the food supply. At the home level, there is 
considerable room for improving food safety practices. Most consumers are interested in food safety 
and want to learn how to keep their food supply safe which bodes well for the success of food safety 
education efforts and progress toward national food safety goals [23, 52, 53].
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