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Preface

It has often been pointed out that there is a near absence of nutrition education during medical school.
If this deficiency is corrected during postgraduate medical training, it often owes more to accident
than design, or the personal interests of individual physicians. As a result most physicians presently
in practice have gaping holes in their knowledge of nutrition [1, 2]. This book is intended to help cor-
rect this deficiency.

Many advances took place in our understanding of basic nutrition during the twentieth century. In
the first half of the century the focus was largely on vitamins and minerals. Since the 1970s there has
been a flood of research studies on the role of diet in such chronic diseases as heart disease and cancer.
Today, we have a vastly greater understanding of the role of diet in causing various chronic diseases of
lifestyle. This evidence convincingly demonstrates that nutrition serves as an essential weapon for
physicians in the battle against disease and for the enhancement of human health. We know, for exam-
ple, that the risk of developing cancer, heart disease, obesity, and type 2 diabetes is affected by such
foods as whole grain cereals, fruits, and vegetables.

We can point to a great many examples of how dietary change can have a profound effect on health,
especially for the risk of chronic diseases. Here is one example. Poland went through a severe eco-
nomic and political crisis during the 1980s and into the 1990s. One of the results of this was a sharp
decrease in availability of meat and other foods of animal origin. At the same time there was an
increase in consumption of fruits and vegetables and a decrease in smoking. This was followed by a
40% drop in mortality from coronary disease during the period 1990-2002 [3]. Nevertheless, there are
still many gaps in our knowledge. For example, we cannot properly explain why taking a vitamin
supplement pill seldom delivers any health benefits.

To paraphrase Churchill, advances in the field of nutrition science in recent years represent “not the
beginning of the end but, perhaps, the end of the beginning.” In the opinion of the editors we are ready
to help physicians move their patients from the hors d’oeuvres to the main course.

Cultural change at a global, national, and regional level means that our nutrition habits and our
interpretation of them will change as time marches on. As George Bernard Shaw said...“Everything
I eat has been proved by some doctor or other to be a deadly poison, and everything I don’t eat has
been proved to be indispensable for life. But I go marching on.” His comments are a reflection of the
continued confusion in the public and among health professionals about what to eat and how much to
eat. A simple walk through the self-help section of a book store will confirm the existence of many
differing opinions of what “preventative nutrition” is all about, some verging on quackery and others
built upon solid facts. Physicians and other healthcare professionals need the best possible interpreta-
tion of nutrition so that they are empowered to provide accurate advice to their clients.

In the words of Confucius: “The essence of knowledge is that, having acquired it, one must apply
it.” But, ironically, despite overwhelming evidence that nutrition has such enormous potential to
improve human well-being —at modest cost—there is still a chasm between nutrition knowledge and
its full exploitation for human betterment. There is also an important chasm between evaluating the
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strength of the supporting science and understanding its true meaning. Once the true meaning of nutri-
tion is understood, the next hurdle is to bring dietary change to the public and the healthcare profes-
sionals who provide healthcare to the public.

As gatekeepers to the nutritional health of their patients, it is important that healthcare profession-
als have access to up-to-date nutrition resources—such as this handbook —as well as the nutrition
expertise of aregistered dietitian. Nutrition Guide for Physicians and Related Healthcare Professionals
endeavors to address the needs of those who would most benefit from up-to-date information on
recent advances in the field of nutrition. Accordingly, our book contains chapters by experts in a
diverse range of nutritional areas. Our aim is to present a succinct overview of recent thinking and
discoveries that have the greatest capacity to aid physicians and other healthcare professionals in
improving the nutritional health of their clients.

The opening six chapters (Part 1) address the nutrient requirements and special nutrition-related
issues for people across all stages of the lifespan —from pregnancy and infancy through the adolescent
years to the older adult years. Chapters 7—19 (Part 2) summarize the role of nutrition in the prevention
and management of chronic conditions frequently seen in clinical practice, including obesity, diabe-
tes, coronary heart disease, hypertension, cancer, gastrointestinal disorders, liver and pancreatic dis-
ease, chronic kidney disease, osteoporosis, eating disorders, inherited metabolic disorders, and food
allergies and intolerances. This is followed by Chaps. 20-27 (Part 3) that look at different aspects of
the diet, including vitamins, minerals, and dietary fiber, and recommendations for vegetarian diets,
organic food, and alcoholic and nonalcoholic beverages. Chapter 28 (Part 4) then summarizes our
current knowledge regarding the relationship between diet and health. That chapter concludes with an
overview of various food guides. This theme continues in Chaps. 29-31 (Part 5) that explore diverse
sources of information including Dietary Reference Intakes, food labels, and useful approaches for
persuading patients to make healthful behavior changes. The final five chapters cover several diverse
topics (Part 6). Chapter 32 examines issues related to dietary supplements, especially the problem of
dishonest marketing. Chapter 33 then looks at the widespread problem of misleading information in
the area of nutrition. Finally, Chaps. 34-36 consider three other topics: drug interactions with foods,
methods for assessing nutritional status, and bariatric surgery.

Some readers may disagree with particular opinions presented by the authors, but in nutrition, dif-
ferences of opinion are often unavoidable because nutrition is an ever-changing science that lives and
breathes debate and controversy. Readers are also reminded that nutrition is a fast evolving science.
Many ideas regarding nutrition that are widely accepted today may be discredited in coming years.
The following three quotes illustrate our changing understanding of what constitutes nutritional and
medical wisdom.

Herman Boerhaave (1668—1738) was a great Dutch physician. One story is that he left a book in
which he had set out all the secrets of medicine. After he died it was opened and all the pages were
blank except one on which was written: “Keep the head cool, the feet warm and the bowels open.”

It was not so long ago that vegetarians were seen as cranks. Here is what George Orwell had to say
on this in The Road to Wigan Pier, written in 1936:

I have here a prospectus [from a socialist summer school] which... asks me to say ‘whether my diet is ordinary
or vegetarian’. They take it for granted, you see, that it is necessary to ask this question. This kind of thing is by
itself sufficient to alienate plenty of decent people. And their instinct is perfectly sound, for the food-crank is by
definition a person willing to cut himself off from human society in hopes of adding five years on to the life of
his carcase; this is, a person out of touch with the common humanity.

Drummond and Wilbraham published a seminal book entitled The Englishman’s Food in 1939.
Jack Drummond was a major nutrition authority in the 1920s and 1930s. It would be foolhardy to
believe that we can be any more accurate today in our predictions than they were over 70 years ago.
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So much precise research has been done in the laboratory and so many precise surveys have been made that we
know all we need to know about the food requirements of the people....The position is perfectly clear-cut [with
respect to Britain].

Athabasca, AB, Canada Norman J. Temple
Winona, MN, USA Ted Wilson
Baton Rouge, LA, USA George A. Bray
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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 the 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 patients’ as well as health professionals’
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 Guide for Physicians and Related Healthcare Professionals, Second Edition,”
edited by Norman J. Temple, Ted Wilson, and George A. Bray is a very welcome addition to the
Nutrition and Health Series and fully exemplifies the Series’ goals. This volume represents a critical
updating of the chapters that were so well received when the first edition was published in 2010. The
volume is designed as an important resource for physicians in many clinical fields who see patients of
all ages, nutritionists and dietitians, research and public health scientists, and related health profession-
als who interact with clients, patients, and/or family members. The volume provides timely 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 all aspects of the role of nutrition in human health and disease. This
volume is especially relevant as the number of research papers and meta-analyses in the clinical nutri-
tion arena increases every year and clients and patients are very much interested in dietary components
for disease prevention. Certainly, the obesity epidemic remains a major concern especially as the
comorbidities, such as the metabolic syndrome, type 2 diabetes, hypertension, and hyperlipidemia, are
seen even in young children. The editors have made great efforts to provide health professionals with
the most up-to-date and comprehensive volume that highlights the key, well-accepted nutrition infor-
mation available to date. The editors have combined their broad backgrounds in research as well as
clinical practice to help the reader better understand the relevant science without the details of complex
discussions of in vitro and laboratory animal studies. Clear definitions and distinctions are made con-
cerning commonly asked patient questions such as what are the differences between the different types
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of fats and their negative and positive health aspects. An excellent explanation concerning the possible
reason for disparity between study findings is provided in the positing of insightful questions such as:
Were all serum measurements made within hours or weeks following dietary changes? Definitions are
provided for the numerous types of vegetable-based diets that are often discussed with health
professionals.

Unique to this volume are the in-depth chapters that explain the development of the dietary rec-
ommendations and how these are translated into information on food labels. Chapters concerning the
growing interest in organic foods and food safety are included. There is an extensive analysis of the
recommendations by nations on the contents of a healthy diet and suggestions for physicians and
other health professionals in helping patients reach the goal of understanding the value of consuming
a healthy diet. A separate chapter reviews the importance of certain dietary supplements as well as
two chapters that review the essential vitamins and essential minerals. This volume includes 36
review chapters that contain Key Points and Key Words as well as over 900 targeted references, 65
useful tables and figures, and a listing of recommended readings. In addition the volume contains an
extensive index and helpful Appendices. The volume chapters are organized in six parts that enhance
the reader’s ability to identify the areas most relevant for their needs. All chapters are available
online and are downloadable as is the entire volume.

The editors of this volume are experts in their respective fields and represent the medical profes-
sion as well as the academic research community. Norman J. Temple, Ph.D., is a member of the fac-
ulty of Centre for Science at Athabasca University, Athabasca, Alberta, and serves as Professor of
Nutrition. Dr. Temple has more than 100 peer-reviewed publications and book chapters. Since 2001,
he has coedited six volumes in the Nutrition and Health Series including “Nutritional Health:
Strategies for Disease Prevention” edited by Ted Wilson and Norman J. Temple; “Beverage
Impacts on Health and Nutrition” edited by Ted Wilson and Norman J. Temple and published in
2003; “Nutritional Health: Strategies for Disease Prevention, Second edition,” edited by Norman
J. Temple, Ted Wilson, and David R. Jacobs and published in 2006; “Nutrition Guide for Physicians”
edited by Ted Wilson, Norman J. Temple, George A. Bray, and Marie Boyle Struble and published in
2010; “Nutritional Health: Strategies for Disease Prevention, Third edition,” edited by Norman
J. Temple, Ted Wilson, and David R. Jacobs and published in 2012; and ‘“‘Beverage Impacts on
Health and Nutrition, Second Edition,” edited by Ted Wilson and Norman J. Temple and published
in 2016.

Dr. Ted Wilson, Ph.D., is Professor of Biology at Winona State University in Winona, Minnesota.
His research examines how diet affects human nutritional physiology and whether food/dietary sup-
plement health claims can be supported by measurable physiological changes. He has studied many
foods and dietary supplements including pistachios, low-carbohydrate diets, cranberries, cranberry
juice, apple juice, grape juice, wine, resveratrol, creatine phosphate, soy phytoestrogens, eggplant,
coffee, tea, and energy drinks. He has examined the associations between these dietary factors and the
development of heart failure, diabetes, and obesity. Diet-induced changes that have been studied
include physiological evaluations of plasma lipid profiles, antioxidants, vasodilation, nitric oxide,
platelet aggregation, and glycemic and insulinemic responses using in vivo and in vitro models. Dr.
Wilson is a member of the American Physiological Society, American Society for Nutrition, and
Institute of Food Technologists and serves on the editorial board of the Journal of Food Processing.
As mentioned above, Dr. Wilson has coedited the first and second edition of “Beverages in Nutrition
and Health,” the three editions of “Nutritional Health: Strategies for Disease Prevention,” and
“Nutrition Guide for Physicians.” He also enjoys teaching courses entitled Nutrition, Cardiovascular
Physiology, Cell Signal Transduction, and Cell Biology.

Dr. George C. Bray is a world-recognized expert in obesity research. He became the first Executive
Director of the Pennington Biomedical Research Center in Baton Rouge, Louisiana, in 1989 and
oversaw the growth of the facility from 25 employees and a million dollar budget to a flourishing
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research center with over 70 scientists, 350 employees, and an annual budget of nearly $20 million.
Dr. Bray is University Professor emeritus at Louisiana State University and the Boyd Professor at the
Pennington Biomedical Research Center of Louisiana State University in Baton Rouge, Louisiana. He
is Principal Investigator for the Diabetes Prevention Program Outcomes Study and the Look AHEAD
study, two multicenter NIH-funded clinical trials. He is a Master in the American College of Physicians
and a Master of the American College of Endocrinology. He is a member of numerous professional
societies including the Obesity Society, the Endocrine Society, the American Diabetes Association,
the American Association of Clinical Endocrinologists, and the American Physiological Society. In
1982 he founded the North American Association for the Study of Obesity (NAASO, now the Obesity
Society), and he was the founding editor of Obesity Research, as well as co-founder of the International
Journal of Obesity and the founding editor of Endocrine Practice. In recognition of his critically
important contributions to the fields of obesity and human metabolism research, Dr. Bray received the
Goldberger Award from the American Medical Association, was elected to the Society of Scholars at
Johns Hopkins University, and received the Osborne—-Mendel Award from the American Society for
Nutrition, the McCollum Award from the American Society of Clinical Nutrition, the Mead-Johnson
Award, the Tops Award, Stunkard Award, and the Presidential Medal from the Obesity Society. Dr.
Bray was also a coeditor of the first edition of “Nutrition Guide for Physicians.”

Part 1: Nutrition Across the Lifespan

The six introductory chapters in the first part provide readers with the basics of nutritional require-
ments during pregnancy, lactation and weaning, childhood nutrition, adolescent nutrition, unique
needs of the menstruating female, and healthy aging. The chapters describe investigations into the
mechanisms and factors affecting nutrient metabolism and the changes that occur at each life stage.
Descriptions of the nutritional and immunological value of breast milk are included as is a discussion
of the importance of protein, essential micronutrients, and balanced consumption of the other macro-
and micronutrients during childhood growth and during pregnancy. The introductory chapters also
provide reviews of the major clinical studies and national guidelines for each age and life stage. The
chapter on adolescence and young adults examines the development of eating disorders including
obesity, anorexia, bulimia, and binge eating. Healthy aging is particularly relevant as the population
is growing older. By 2030 one out of every five people in the USA will be 65 years of age or older.
Lifestyle changes and changes in body functions (sight, hearing, taste, digestion, bone, muscle, etc.)
can affect food choices and vice versa. This sensitive chapter provides a wealth of important advice to
health professionals.

Part 2: Nutrition in the Prevention and Management of Chronic Conditions

Part 2 contains 13 chapters that examine, in the first 4 chapters, the critical issues of weight manage-
ment and consequences including eating disorders, obesity and diabetes. Chapters examine the effects
of obesity and its comorbidities including insulin resistance, cardiovascular complications, lipid dis-
orders, hypertension, and hormonal imbalances. Separate chapters review the pathophysiology of the
metabolic syndrome, type 1 and type 2 diabetes, hypertension, and hyperlipidemia, and relate these to
the mechanisms behind the alterations in metabolism that increase chronic disease risk. Practice
guidelines and tools for obesity management including up-to-date information on medical nutrition
therapy and surgical obesity treatments and their implications for improving human health and
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reducing obesity-related diseases are tabulated for the reader. Two chapters examine the importance
of dietary intake in the prevention and treatment of cardiovascular disease and hypertension. The
chapters on coronary heart disease and blood pressure contain valuable information about salt intake,
plant stanols and sterols, homocysteine, and antioxidants and review the major clinical trials that
showed the power of diet to beneficially affect cardiovascular outcomes: the DASH study and the
Trial of Hypertension Prevention are but two examples.

There are separate chapters dealing with the gastrointestinal tract and the liver and pancreas. Topics
include malabsorption diseases, GERD, ulcers, constipation, diarrhea, diverticulosis, food allergies,
cirrhosis, nonalcoholic fatty liver disease, and acute as well as chronic diseases including cancers of
these organ systems. Renal function and its critical role in fluid balance as well as the value of a medi-
cal nutrition practice for patients with kidney diseases are discussed in Chap. 15. An important, clini-
cally related chapter examines the nutritional requirements of individuals who have the most common
forms of inherited metabolic disorders. The next chapter provides an in-depth look at the differences
between food allergies and food intolerance and the resultant differences in treatments. Bone health is
discussed with regard to age appropriate requirements for specific nutrients. The importance of cal-
cium, phosphorus, vitamin D, and parathyroid hormone to both kidney and bone health becomes
apparent after reading these chapters. The final chapter in this part deals with cancer and the nutri-
tional as well as physical activity needs for prevention as well as during treatment. The comprehensive
chapters are practice oriented and detailed and include a number of relevant tables and figures.

Part 3: Food, the Substances in Food, and Their Effects on Health

The eight chapters included in the third part review the major food categories of fat, fiber, vitamins
and minerals, alcoholic and nonalcoholic beverages and also examine the benefits and risks associated
with vegetarian as well as vegan diets. The last chapter in this part looks at the questions of food safety
and quality and emphasizes the importance of understanding the meaning of organic when used to
describe different types of foods. There are several comprehensive tables found in these chapters
including the in-depth tables concerning vitamins and minerals.

Part 4: Diet and Health: A Summary

The summary chapter by Dr. Temple encompasses the key information in the preceding chapters and
provides helpful information for health providers who are treating patients and/or clients who have
nutrition-related questions.

Part 5: Sources of Nutritional Information

Of importance to physicians and other health professionals who provide advice concerning diet,
foods, nutrition, and clinical management of nutritionally related conditions and/or diseases is identi-
fication of reputable sources of nutrition information. Part 5 provides chapters that review these rele-
vant resources. The first chapter examines the national food guides that review the components of a
healthy diet. These recommendations differ across nations and both the US and Canadian guidelines
are examined. In the USA, there are several national departments that oversee dietary guidelines
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including the US Department of Agriculture (USDA) and the Food and Drug Administration (FDA);
the government-independent National Academy of Sciences publishes the Dietary Reference Intakes
for essential nutrients. Thus, there are several sources of professionally generated recommendations
for health professionals as well as consumers. Moreover, many university nutrition departments have
posted their own evaluations on the Internet. Adding to the confusion, food labels and other informa-
tion on the label, such as claims statements, are reviewed by the FDA as well as the Federal Trade
Commission (FTC) in the USA. The three chapters in this section provide important guidance to
physicians and others who provide advice to patients and consumers.

Part 6: Other Selected Topics

The last six chapters in this comprehensive volume examine patient-related topics including chapters
that review the potential for physicians to alter patient dietary habits and a review of the many types
of dietary supplements, their contents and potential for containing unacceptable components espe-
cially in weight reduction and body-building products. Patients and consumers are concerned about
many claims that are made for common foods, such as juice drinks, soy products, novel fruits, genetic
modification of foods, and other areas of interest. Chapter 33 examines these and other provocative
areas of diet information. The final three chapters provide clinically relevant information on drug-
nutrient interactions, assessment methods of nutritional status, and nutritional effects of bariatric sur-
gery. These three chapters provide a wealth of timely information for any health professional.

Appendices

The volume includes three helpful appendices that include a table of aids for calculating nutritionally
related concentrations, and a list of books and websites that contain reliable nutrition and diet infor-
mation and a tabulation of the current Dietary Reference Intakes.

Conclusions

Drs. Temple, Wilson, and Bray are internationally recognized leaders in the fields of human nutrition
including obesity research and clinical outcomes. These editors are proven excellent communicators
and they have worked tirelessly to develop this volume that is destined to be the benchmark in the field
because of its extensive covering of the most important aspects of clinical nutrition including complex
interactions between diet, health, and disease. The editors have chosen 57 of the most well-recognized
and respected authors from around the world to contribute the 36 informative chapters in the volume.
Hallmarks of all of the chapters include complete definitions of terms with the abbreviations fully
defined for the reader and consistent use of terms between chapters. Key features of this comprehen-
sive volume include the informative Key Points and Key Words that are at the beginning of each
chapter and suggested readings as well as bibliography at the end of each chapter. The editors have
added three useful appendices including a detailed table of major conversions used in nutrient calcula-
tions, suggested sources of reliable nutrition information on the web, and a copy of the dietary refer-
ence intake tables from the US Institute of Medicine. The volume also contains more than 50 detailed
tables and figures, an extensive, detailed index, and more than 900 up-to-date references that provide
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the reader with excellent sources of worthwhile information about the role of diet, nutrition and exer-
cise, food intake, nutritional value of foods, human physiology, and pathophysiology of the diet-
related morbidities and comorbidities.

In conclusion, “Nutrition Guide for Physicians and Related Healthcare Professionals, Second
Edition,” edited by Norman J. Temple, Ph.D., Ted Wilson, Ph.D., and George A. Bray, M.D., pro-
vides health professionals in many areas of research and practice with the most up-to-date, organized
volume on well-accepted, data-driven nutrition topics that are often discussed by patients with their
healthcare provider. This volume serves the reader as the benchmark in this complex area of interre-
lationships between food and body weight, diet and health, and the role of national organizations in
setting recommendations on dietary intakes. Moreover, the interactions between obesity, genetic fac-
tors, and the numerous comorbidities are clearly delineated so that practitioners can better understand
the complexities of these interactions. The editors are applauded for their efforts to develop this vol-
ume with their firm conviction that “nutrition serves as an essential weapon for all doctors in the battle
against disease and for the enhancement of human health.” This excellent text is a very welcome
addition to the Nutrition and Health series.

Adrianne Bendich, Ph.D., FACN, FASN
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Chapter 1
Pregnancy: Preparation for the Next Generation

Michelle C. McKinley, Jennifer J. Francis, and Jayne V. Woodside

Key Points

* Ideally, good nutrition practices begin in the preconception period.

*  Weight gain during pregnancy should be based on prepregnancy body mass index (BMI).

* Most nutrient requirements during pregnancy can be met through a carefully selected diet. However,
all women of childbearing age should take a folic acid supplement, and some high-risk women can
benefit from iron and/or calcium supplements.

e Nutrition remains an important concern during the postpartum period, especially for women who
choose to breastfeed their infants.

e Referrals should be made for women in high-risk pregnancies, low-income women with high risk
for poor nutrition, and women with concerns about breastfeeding.

Keywords Pregnancy ° Nutrient requirements ® Weight gain ® High-risk pregnancies ¢ Food safety ®
Breastfeeding

Introduction

Nutrition is a modifiable factor that has a tremendous impact on healthy pregnancy outcomes. Some
effects of good nutrition during pregnancy can be appreciated immediately, such as reduced risk of
maternal anemia and improved maternal glucose control. Others are evident upon the birth of the
infant, such as healthy birth weight and absence of congenital defects. Still other benefits of a healthy
diet during pregnancy may not be apparent for years to come.

More and more evidence is coming to light supporting the fetal-origins hypothesis which theorizes
that in utero conditions have profound and long-lasting effects on fetal DNA and the subsequent
health of offspring [1].
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Ideally, good nutrition practices should be encouraged beginning at the preconception period and
continue on through pregnancy, lactation, and the postpartum period.

Nutrition in the Preconception Period

Recent data indicate that 45% of live births were the result of unintended pregnancies [2]. In this light,
it is clear that issues pertaining to childbirth readiness should be discussed with all women of
childbearing age at primary-care visits.

Achieving and/or maintaining a healthy body weight is a goal that should be considered well in
advance of pregnancy. The Institute of Medicine recommends that obese women lose weight before
pregnancy to improve menstrual functioning, ovulation, and metabolic profile and reduce infertility
and that overweight women should receive preconception counseling to improve diet quality, increase
physical activity, and normalize weight. Women who enter pregnancy with a BMI in the overweight
or obese range have an increased risk of fetal death, stillbirth, and neonatal, perinatal, and infant
death, as well as gestational diabetes, preeclampsia, and other complications of pregnancy. However,
weight loss during pregnancy is not recommended [3].

Since eating habits can be difficult to change, it is essential to establish positive behaviors before
conception. Habits that promote optimal nutrition include

* Eating three meals and —two to three snacks per day

e Choosing minimally processed foods rather than foods with added salt, sugar, and fat

e Following the recommendations of the USDA Dietary Guidelines for Americans (www.choos-
emyplate.gov)

* Limiting caffeine to less than 200 mg/day

* Avoiding alcohol

In addition, the physician should screen for conditions, habits, and practices that might interfere with
good nutrition, such as lactose intolerance, iron deficiency anemia, vegan diets, pica, use of megadose
vitamin and mineral supplements, use of herbal supplements, and extreme weight loss/fad diets.

Women with preexisting disease conditions with a nutrition component should be referred to a
registered dietitian (RD) for medical nutrition therapy. These include diabetes, hypertension, HIV/
AIDS, and phenylketonuria. Gestational diabetes is a condition that sometimes develops as a result of
pregnancy and is discussed later in this chapter.

Folic acid has been proven to reduce the risk of neural tube defects when taken in the periconcep-
tion period. Since the neural tube is formed and closes within the first month of pregnancy, and many
women are not aware that they are pregnant until after this critical period, folic acid supplementation
is most effective at preventing defects when taken before conception. The current recommendation is
that all women of childbearing age take a supplement every day containing 400 pg folic acid [4] in
addition to consuming foods that are good sources of folic acid, including leafy green vegetables,
citrus fruits, and fortified cereals. Women in the lowest socioeconomic brackets deserve special con-
sideration as they tend to have the highest risk for neural tube defects [S] and may be least likely to
use supplements [6].

Nutrition During Pregnancy

The goal of nutrition during pregnancy is twofold to reduce adverse outcomes in the mother and in the
fetus. Maternal outcomes that can be affected by nutritional status include risk for maternal anemia,
gestational diabetes, preeclampsia, postpartum infections, and complications of labor and delivery.
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Table 1.1 Recommended total weight gain and rate of weight gain in pregnancy based upon prepregnancy BMI

Prepregnancy body mass Suggested total weight Rates of weight gain in second and third
index (BMI) gain (Ib [kg]) trimester (Ib/week [kg/week])*

<18.5 (Underweight) 28-40 [12.7-18.2] 1[0.45]

18.5-24.9 (Healthy weight) 25-35[11.4-15.9] 1[0.45]

25.0-29.9 (Overweight) 15-25[6.8-11.4] 0.6 [0.27]

>30 (Obese) 11-20 [5.0-9.1] 0.5[0.23]

Source of information: Ref. [3]
*Assumes a weight gain of 1.1-4.4 1b (0.5-2 kg) in the first trimester

For the infant, low birth weight (<2500 g), small for gestational age, prematurity, fetal death, infant
death, macrosomia, and some congenital defects are all poor birth outcomes that can be affected by
nutrition status.

Weight Gain in Pregnancy

Weight gain guidelines for pregnant women are dictated primarily by the woman’s prepregnancy
BMI. Weight gain guidelines are outlined in Table 1.1 [3]. These recommended weight gain ranges
apply to all women irrespective of height, and racial or ethnic group.

In addition to total weight gain, the pattern of weight gain is also important and the IOM has
indicated appropriate rates of weight gain during the second and third trimesters as summarized in
Table 1.1. Any sudden and drastic gain in weight should be investigated carefully, as this may indicate
fluid retention and possible hypertension.

Energy and Macronutrient Needs During Pregnancy

Calorie needs during pregnancy are not increased in the first trimester, but are increased by 340 kcal/
day in the second trimester and by 450 kcal/day in the third trimester. Individuals who engage in little
physical activity may need less, and the converse is true for individuals who are very active. The best
way to assess whether caloric intake is sufficient is by monitoring weight gain.

Protein needs are increased by approximately 25 g/day, for a total of 71 g/day. Protein-rich foods
include lean meat, poultry, fish (some fish should be limited or avoided during pregnancy as described
below), eggs, beans, nuts, and peanut butter. Protein supplements, such as high-protein drinks, are not
recommended.

Approximately 175 g/day of carbohydrate is required during pregnancy. Again, this amount is
adequately provided by a healthy diet, and most women have no difficulty achieving this. Carbohydrate
is necessary to provide energy to the fetal brain and to spare protein for tissue growth. Some women
who have adopted very low-carbohydrate diets should be counseled on the importance of including
complex carbohydrates in their meals and snacks as the safety of low-carbohydrate diets during pregnancy
has not been established.

Essential fatty acids (n-3 and n-6 fatty acids) are required for proper development of the fetal
central nervous system. Good sources of these fats include vegetable oils, seeds, nuts, and fish. Several
research studies have shown a clear positive association between fish intake during pregnancy and
indicators of neurodevelopment of the child, including cognition and visual acuity [7, 8]; however,
evidence from RCTs is inconclusive [9].
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Table 1.2 Recommended dietary allowance (RDA) and adequate intake (Al) for selected nutrients in pregnancy

RDA folate RDA vitamin RDA vitamin RDA vitamin RDA iron = RDA calcium

Life stage (pg/day) D (pg/day) A (ug/day) By, (ug/day) (mg/day)  (mg/day)
Pregnancy, 14-18 years 600 15 750 2.6 27 1300
Pregnancy, 19-30 years 600 15 770 2.6 27 1000
Pregnancy, 31-50 years 600 15 770 2.6 27 1000
Lactation, 14-18 years 500 15 1200 2.8 10 1300
Lactation, 19-30 years 500 15 1300 2.8 9 1000
Lactation, 31-50 years 500 15 1300 2.8 9 1000

Source of information: Refs. [10, 11]

Although fish are the richest source of n-3 fatty acids, intake of some fish should be limited, and
some fish should be avoided, during pregnancy due to concerns about mercury, as discussed below.

Fluid needs during pregnancy are generally accommodated for in response to increased levels of
thirst. Water, milk, and unsweetened beverages are the best choices for hydration.

Vitamin and Mineral Needs During Pregnancy

The requirements for many vitamins and minerals are increased during pregnancy. A carefully chosen
diet of nutrient-dense foods is sufficient to cover most vitamin and mineral needs. However, there are
some nutrients that remain a concern during pregnancy. See Table 1.2 for recommended intakes for
selected nutrients [10, 11].

Folate is essential in the earliest days of pregnancy for proper closure of the neural tube, and for
this reason folic acid supplements (400 pg/day) are recommended for all women who could become
pregnant in order to prevent neural tube defects such as spina bifida. In addition, adequate folate may
have a protective effect against the risk of a host of other adverse outcomes via its role in converting
homocysteine to methionine. Elevated levels of homocysteine throughout pregnancy have been linked
to the risk for rupture of the placenta, stillbirth, preterm delivery, preeclampsia, congenital defects,
and low birth weight. In this light, it seems wise to continue folic acid supplementation even after the
critical period for preventing neural tube defects. Women should also be encouraged to choose a diet
rich in folate including legumes, green leafy vegetables, and citrus fruits, as well as foods fortified
with folic acid (cereals, pasta, and breads).

For women who have previously been pregnant with a child affected by neural tube defects, a
supplement of 4 mg/day of folic acid is recommended for prevention of recurrence [4]. This amount
has not been shown to be harmful even though it exceeds the Upper Limit (UL).

Vitamin D plays an essential role in fetal growth and deposition of calcium in the skeleton and
teeth. Primary sources of vitamin D include exposure to the sun and milk fortified with vitamin
D. Women who have dark skin, use sunscreen, avoid sun exposure, live in northern latitudes, or avoid
milk may have low blood levels of vitamin D. In such cases, increased intakes of fortified dairy
products and supplementation at levels consistent with the RDA (Table 1.2) are the preferred methods
for increasing vitamin D status. However, in cases of actual deficiency, supplementation at higher
doses may be necessary to prevent osteomalacia in the mother, or rickets in her offspring.

Excess intake of vitamin A is a concern during pregnancy as it is a known teratogen and may cause
birth defects. In addition to avoiding supplements with more than 5000 IU of retinol or retinoic acid,
women should be warned against the use of oral acne medications, such as Accutane, which is derived
from vitamin A. Beta-carotene, the precursor form of vitamin A found in plant foods, is nontoxic.

Although the requirement for vitamin By, is increased during pregnancy, needs are easily met by a
mixed diet that includes foods of animal origin. Vegan diets may be deficient in vitamin B, and,
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therefore, women who consume no animal products must use a supplement or choose foods that are
fortified with vitamin B,.

Calcium metabolism changes dramatically during pregnancy. Absorption, bone turnover, excretion
increase, and the fetus and placenta accumulate calcium. By these mechanisms, calcium balance is
adequately maintained without increasing dietary intake over prepregnancy requirements. Women
with chronically low intakes of calcium should be encouraged to increase their intake of dairy foods
and/or other foods that are good sources of calcium, including fortified foods (such as cereals, juices,
and soymilk), dark green leafy vegetables, and legumes. The calcium in dairy foods is the most
bioavailable and calcium requirements can be met through 3—4 servings of dairy foods a day.

Iron requirements are increased during pregnancy to support increases in maternal and fetal hemo-
globin production. Although the maternal body compensates with increased absorption, fetal needs
appear to take precedence over maternal needs, leading to iron deficiency and/or iron deficiency ane-
mia. Iron deficiency anemia during pregnancy is linked to increased risk for preterm birth, low birth
weight, fatigue, and reduced resistance to infection in the mother, and lower intelligence quotients and
abnormal behavior scores in children born to anemic mothers.

Because plasma volume increases at a more rapid pace than red blood cell production, hemodilution
is common in pregnancy. Therefore, the cutoff values used for screening for anemia are different for
pregnancy. Hemoglobin values less than 11 g/dL (110 g/L) in the first trimester and less than 10.5 g/dL
(105 g/L) in the second and third trimesters indicate anemia.

Iron requirements are increased by a greater percentage during pregnancy than are calorie needs.
These increased needs are hard to meet through diet alone. For this reason, many healthcare practitioners
routinely prescribe supplements with 30 mg of iron for all pregnant women beginning at the second trimes-
ter. Others prefer to screen for anemia before recommending a supplement. Women diagnosed with anemia
may be prescribed larger dose supplements, with 60—180 mg iron. However, high doses of iron are associ-
ated with adverse gastrointestinal effects, including nausea, cramps, and constipation. A balance between
increased dietary intake from food and a tolerable level of supplemental iron must be sought.

It was formally believed that low-sodium diets help prevent water retention, edema, and hyperten-
sion. It is now known that adequate sodium plays an important role in fluid balance during pregnancy,
and women should not be advised to restrict their sodium intake.

Substances to Limit or Avoid in Pregnancy

Women who are pregnant or who could become pregnant should abstain from drinking alcohol to
prevent the array of birth defects associated with fetal alcohol spectrum. Women should be counseled
to quit smoking before becoming pregnant, but quitting at any time during pregnancy will confer
benefits. Moreover, as second-hand smoke can harm the infant after birth, infants should not be
exposed to cigarette smoke. Caffeine consumption should be limited to less than 200 mg/day or about
two 6 oz cups of coffee or four cups of tea. Artificial sweeteners such as aspartame, sucralose, and
saccharine are safe to use in moderation. The safety of many herbal supplements and remedies has not
been tested, and practitioners should question their patients about their use of these products.

Food Safety During Pregnancy

There are some basic steps that can greatly reduce the risk of foodborne illness during pregnancy:
washing hands often before and during food preparation and before eating; keeping raw foods sepa-
rate from cooked and ready-to-eat foods; cooking foods to proper temperatures; and promptly
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refrigerating leftover foods and cold foods brought home from the grocery store. Women should be
cautioned against eating raw or undercooked meat and eggs, including raw cookie dough, Caesar
dressing, soft cooked eggs, and rare hamburgers.

The bacteria Listeria monocytogenes can cause miscarriage, premature labor, and infant death. It is
unique because it can grow at refrigerated temperatures. For this reason, pregnant women should
avoid eating unpasteurized dairy products, including unpasteurized cheeses, deli meats, deli salads,
smoked seafood, and patés. Processed and cured meats like hot dogs must be heated until steaming.

The bacteria Toxoplasma gondii is commonly known to infect cat litter, but can also be present
in raw and undercooked meats and on the surface of fruits and vegetables. Avoiding touching cat
litter, thoroughly cooking meats, and rinsing fruits and vegetables before eating can reduce the risk
of exposure.

The mercury content of fish is also a concern for pregnant women [12, 13]. Advice for women who
are pregnant and breastfeeding is to eat 8—12 oz of a variety of fish each week from choices that are
lower in mercury, such as salmon, shrimp, pollock, tuna (light canned), tilapia, catfish, and cod.
Pregnant women should avoid eating shark, swordfish, king mackerel, and tilefish from the Gulf of
Mexico, and albacore (white tuna) should be limited to 6 oz/week [12].

Translating Nutrition Guidelines into Practical Advice About Food

Women do not eat grams of macronutrients or milligrams of minerals, they eat portions of food. It is
therefore reassuring to know that most nutrient needs will be met by a carefully selected, nutrient-
dense diet. If women are familiar with a few basic concepts, they can make their food choices wisely.
Food guidelines for pregnant and lactating women can be found at www.choosemyplate.gov.

Special Concerns During Pregnancy

Common Complaints

The hormonal changes that occur during pregnancy can cause a host of uncomfortable symptoms for
women, including morning sickness, heartburn, constipation, and food cravings. Women should be
discouraged from taking herbal or “folk” remedies for these ailments as the safety of many of these
treatments has not been tested.

Despite its name, morning sickness can strike at any time of the day. Many women suffer from
nausea and vomiting only in the early part of pregnancy, but for others, the symptoms can last for the
entire three trimesters. The following suggestions may alleviate the discomfort of morning sickness:
having something dry to eat like toast or crackers before getting out of bed in the morning, consuming
small frequent meals rather than three large meals, and consuming liquids separately from meals and
snacks. Food odors that cause queasiness are often less offensive if foods are eaten cold; often fresh
air can also help.

Heartburn can occur as the growing fetus pushes up on the mother’s internal organs, creating pressure
on the lower esophageal sphincter. Helpful suggestions are to avoid spicy or greasy foods, consume
liquids separately from meals, eat small frequent meals, and avoid lying down or exercising immediately
after meals. Antacid tablets may help as well.

The hormones of pregnancy can alter the muscle tone of the gastrointestinal tract and cause
constipation which may lead to hemorrhoids if there is much straining with bowel movements.
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Women should take care to consume adequate fiber during pregnancy, preferably from whole grain
foods, fresh fruits and vegetables, and legumes. Bulk-forming laxatives may also provide some relief.
Water intake must also be adequate.

While most cravings women experience during pregnancy are not harmful, neither do they have any
basis in physiological need. However, some women develop cravings for non-food items, a condition
known as pica. Clay, dirt, laundry starch, and freezer frost are some of the substances most often craved.
These items can cause toxicities, parasitic infection, or intestinal blockage. Women with diabetes can
experience blood sugar abnormalities if large amounts of starch are eaten. If non-food items replace
nutritious foods in the diet, nutrient deficiencies can occur. Women with pica are also often found to be
anemic. Whether pica is the cause of the anemia or if the reverse is true remains to be seen.

High-Risk Pregnancies

Gestational diabetes mellitus (GDM) is a condition of poor glucose tolerance diagnosed during
pregnancy. Although blood glucose control usually returns to normal postpartum, women diagnosed
with GDM are at higher risk for type 2 diabetes later in life. Other consequences of GDM include
increased risk for preeclampsia and complications during labor and delivery. Infants born to mothers
with GDM are at higher risk for some birth defects, macrosomia (larger than average birth weight),
and related outcomes such as shoulder dystocia (obstruction during labor).

Women at high risk for GDM include those with a family history of diabetes, overweight, age over
35, a previous pregnancy affected by GDM, or from high-risk ethnic groups, such as Hispanic, black,
Native American, south or eastern Asian, and Pacific Islanders. People from these groups should be
screened with a 50-g, 1-h, oral glucose challenge as early as possible in pregnancy. Other women are
usually screened between weeks 24 and 28 of gestation.

Medical nutrition therapy for GDM includes meeting calorie needs as appropriate for recom-
mended weight gain, carbohydrate control (40-45% of total calories coming from carbohydrates
spread out evenly through the day), avoidance of concentrated sweets, high fiber intake, avoidance
of excess weight gain, and moderate exercise. Regular blood glucose monitoring by the patient is
recommended. If diet and exercise fail to bring blood glucose levels under control, insulin may be
necessary. A team approach is required, including the patient, the physician, a registered dietitian,
and a diabetes educator.

Gestational hypertension is high blood pressure first diagnosed in pregnancy, usually around week
20 of gestation. This may progress to preeclampsia, a condition of hypertension and proteinuria.
Women with preeclampsia are at high risk for preterm delivery and progression to eclampsia, a life-
threatening condition characterized by convulsions, coma, and death. The exact cause of preeclampsia
is unknown though it seems to be related to abnormal implantation followed by oxidative stresses that
reduce blood flow to the placenta. In this light, preventive measures are limited, but women at their
ideal body weight with diets that include healthy amounts of antioxidants and minerals are best pre-
pared for pregnancy. The World Health Organization recommends calcium supplementation during
pregnancy in all women, at doses of 1.5-2.0 g elemental calcium/day, for the prevention of pre-
eclampsia in areas where dietary calcium intake is low, especially in those at high risk of developing
preeclampsia [14]. Low-sodium diets are not beneficial for preventing or treating preeclampsia. Once
preeclampsia is diagnosed, dietary measures are largely ineffective at controlling blood pressure, and
treatment usually relies on pharmaceutical methods.

A multifetal pregnancy requires weight gains higher than for a singleton pregnancy. The IOM have
provided provisional guidelines for gestational weight gain with multiple fetuses for normal, over-
weight, and obese women. They stated that there was insufficient information to develop guidelines
for underweight women. Guidelines for weight gain at term for multifetal pregnancy according to
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prepregnancy BMI are: normal weight—37-54 1b (17-25 kg); overweight—31-50 1b (14-23 kg); and
obese—25-421b (11-19 kg) [3].

More research is needed to determine the exact nutrient requirements consistent with healthy
outcomes.

Nutrition for Lactation

Breast milk is the gold standard for human nutrition [15]. The decision to breastfeed is often influ-
enced by external factors, such as the support, or lack thereof, by family, friends, and health profes-
sionals, by work, school, or family responsibilities, and by the woman’s knowledge of the benefits of
breastfeeding.

Women should be provided with information regarding the benefits of breastfeeding. They should
be given this information early in pregnancy and throughout the pregnancy. Benefits for the mother
include increased levels of oxytocin, leading to increased uterine contractions, reduced postpartum
bleeding, faster return of the uterus to prepregnancy size, and delayed return of menstruation. Women
who breastfeed their infants also have improved bone density, reduced risk of breast and ovarian can-
cer, and reduced risk of rheumatoid arthritis.

Many women are concerned that they may not be able to breastfeed but they should be assured that
the vast majority of women are physically able to produce enough milk for their infants, and that
breast milk is produced on demand, i.e., the more often they feed their infants, the more breast milk
they will produce. Breastfeeding is medically contraindicated in only a few conditions: active tuber-
culosis, illegal drug use, HIV or AIDS (in developed nations), and galactosemia in the infant.

Nutritional needs during lactation can be provided by a carefully selected diet. Energy needs are
increased by 500 kcal/day over prepregnancy needs, but some of these calories may be provided by
maternal fat stores. Once breastfeeding is established, moderate calorie restriction and moderate exer-
cise are acceptable ways to reduce postpartum weight without affecting the quality of breast milk
quality and volume or infant growth [16]. Vitamin and mineral status in the lactating mother generally
does not affect the quality of breast milk, unless deficiencies are prolonged and severe. There may be
increased need for some vitamins and minerals during lactation to support the mother’s nutrition sta-
tus. DRIs for selected nutrients are presented in Table 1.2. Women who are breastfeeding should, as
during pregnancy, avoid eating fish known to contain high levels of mercury.

Nutrition for the Postpartum Period

Practitioners can use postpartum visits as an opportunity to encourage women to develop strategies to
return to or achieve a healthy BMI. These visits are also the ideal time to discuss preparations for
future pregnancies, such as those described above for preconception.

Referrals for Services

There are some circumstances in which referrals for additional services should be made. Pregnant
women with poor weight gain, hyperemesis gravidarum (excessive nausea and vomiting), chronically
poor diets, phenylketonuria, chronic diseases such as hypertension and diabetes, or a history of substance
abuse may be referred to a registered dietitian for medical nutrition therapy [17]. Lactating women
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who are experiencing difficulty with the breastfeeding process should be referred to a certified
lactation consultant. In the USA, the Supplemental Food Program for Women, Infants and Children
(WIC) serves low-income pregnant, breastfeeding, and postpartum women, as well as children up to
5 years of age who are at high risk for medical or nutritional problems. Through WIC, women can
receive health referral services, supplemental food vouchers, and nutrition assessment, education,
and counseling.

Summary

For most women, good nutrition during pregnancy, including increased energy needs, can be achieved
through a carefully selected nutrient-rich diet. Good nutritional practices should begin in the precon-
ception period. Women are best prepared for pregnancy when they are at or near their ideal body
weight, eat a nutrient-dense diet, take a folic acid supplement, and abstain from tobacco and alcohol.
Weight gain during pregnancy should be based on prepregnancy BMI. Some women may benefit from
iron or calcium supplements. Pregnant women should take extra precautions to avoid any foodborne
illness. Common complaints of pregnancy may often be relieved through dietary measures. Herbal
supplements have not been shown to be safe. High-risk pregnancy conditions, such as gestational diabetes,
preeclampsia, and multifetal pregnancy, are best treated using a team approach. Maternal nutrition
continues to be important in the postpartum period, particularly for mothers who choose to breastfeed
their infants. Women with chronic disease, who are low income and at high risk for poor nutrition, or
who have concerns about breastfeeding should be given referrals for specialized services. Appropriate
weight gain, adequate nutrient intakes, and avoidance of harmful substances, such as alcohol and
tobacco, are the key components of optimal prenatal nutrition. Women in high-risk pregnancies should
be referred to a dietitian for medical nutrition therapy.
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Chapter 2
Infants: Transition from Breast to Bottle to Solids

James K. Friel and Wafaa A. Qasem

Key Points

* Exclusive breastfeeding is recommended for the first 6 months of life.

e Formula feeding is only recommended to mothers who cannot or choose not to breastfeed.

* Breast milk has a degree of bioactivity (effect on cell or tissue), antioxidants, immunological
defenses, minerals, and fatty acids not found in formula. These deficient elements may help explain
the health benefits associated with breast milk. Formula manufacturers are trying to introduce these
missing elements into formula.

* Complementary feeding should begin at 6 months of age with breast milk continuing until at least 1
year of age.

e Complementary feeding should help promote a positive association with hunger, food, appetite,
and the person feeding. Infants should also learn gross motor skills and form relationships.

Keywords Infants ¢ Breast milk ¢ Breastfeeding ® Complementary feeding ® Formula ¢ Growth

What Is the Best Milk for an Infant?

Breastfeeding is recommended for the first year of life [1, 2]. Exclusive breastfeeding is recommended
for the first 6 months of life. Formula feeding is recommended only for those women who choose not
to or cannot breastfeed. The consumption of whole or reduced-fat cow’s milk is not recommended
during the first year of life [3]. About two out of three mothers in the United States initiate breastfeeding
and one out of five continues to 6 months.

J.K. Friel, Ph.D.
Department of Human Nutritional Sciences, University of Manitoba,
196 Innovation Drive, Winnipeg, MB, Canada, R3T 6C5

Department of Pediatrics, University of Manitoba, Winnipeg, MB, Canada

W.A. Qasem, Ph.D., M.D. (0<)

Department of Human Nutritional Sciences, University of Manitoba,
196 Innovation Drive, Winnipeg, MB, Canada, R3T 6C5

e-mail: gasemw @myumanitoba.ca

© Springer International Publishing AG 2017 13
N.J. Temple et al. (eds.), Nutrition Guide for Physicians and Related Healthcare
Professionals, Nutrition and Health, DOI 10.1007/978-3-319-49929-1_2


mailto:qasemw@myumanitoba.ca

14 J.K. Friel and W.A. Qasem

Breastfeeding is rarely contraindicated. Infants who have galactosemia or whose mother uses
illegal drugs, has untreated active tuberculosis, or has been infected with HIV should not breastfeed.
However, neither smoking nor environmental contaminants, moderate alcohol consumption, and the
use of most prescription and over-the-counter drugs should preclude breastfeeding.

With all the best intentions and technological expertise, “humanized” infant formulas cannot be
compared with mother’s own milk. It is therefore logical and appropriate for health professionals to
encourage the consumption of human milk whenever possible. However, once the information is
presented, there is no justification for attempting to coerce women into making a feeding choice [4].
Sometimes a formula-fed child and rarely a breastfed infant develop sensitivity to cow’s milk,
either cow’s milk allergy (CMA) or lactose intolerance (due to lactase deficiency). While primary
lactase deficiency develops as a result of genetic mutation of the intestinal enzyme lactase, secondary
lactase deficiency does occur due to lactase shortage most often following surgery or a gastrointes-
tinal disorder.

While human milk is “uniquely superior” for infant feeding and is species specific, the most
acceptable alternative is commercial formulas. Manufacturers do their utmost to mimic human milk.
A “formula” is just that: an equation that is proprietary, consisting of a composite mix of nutrients,
emulsifiers, and stabilizers. Formulas in North America that are marketed for term infants are based
on one of the following: (a) cow’s milk (casein or whey predominant), (b) soy protein, or (c) protein
hydrolysate. The use of soy-based formulas, special formulas, or formulas for the feeding of the pre-
mature infant is beyond the scope of this review.

The success of formula manufacturers is due to (a) aggressive marketing, (b) lack of support for
breastfeeding from family, friends, and the medical profession, (c¢) cultural and public perception, (d)
convenience, and (e) some government programs giving infant formula away for free. With the
increase in working mothers, formula feeding becomes a practical and attractive alternative. Guidelines
for formula composition have evolved over the years to provide not only what must be in a formula
but minimum and maximum levels as well. Standards may vary between countries.

Nutrient Content of Breast Milk and Infant Formula

The composition of a formula depends on many factors and differs between manufacturers. For exam-
ple, cholesterol exists in human milk but is not added to formula because the public perceives it as
“bad.” Human milk has a caloric density of 670 kcal/L. Most term formulas are designed to have the
same caloric density. Low-iron formulas are marketed even though health professionals do not recom-
mend their use as a standard feed. They remain on the market because the public and some health
professionals perceive them as beneficial in dealing with problems such as colic and constipation.

The nutrient composition of milk changes over time. The composition of human milk also changes
during feeding so that most of the fat in human milk is concentrated in the latter part of feeding, probably
saturating the infant and providing a signal for terminating feeding. It appears that breastfed infants have
more control over the amount consumed at a feeding than do formula-fed infants [4]. Frequent feedings
with small amounts at each feeding, as is seen in infants who are breastfed ad libitum, may lead to
favorable changes in metabolism [5]. These differences may affect feeding habits later in life.

The protein content of human milk is high during early lactation (colostrum) and then gradually
declines to a low level of 0.8—1% in mature milk. The high protein concentration of colostrum is
largely due to very high concentrations of secretory IgA and lactoferrin. These proteins provide
protection against bacteria giving benefits in early life beyond the role of building blocks for tissue
synthesis. Indeed, human milk is truly the first and foremost “functional food.”

Milk proteins are separated into various classes, mainly caseins (10-50% of total) and whey
(50-90% of total) proteins [6]. Milk fat globule membrane proteins and protein derived from cells
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present in milk comprise 1-3%. For some years, manufacturers prepared their formula with either a
whey or casein base. For the term infant, there appears to be no advantage nutritionally of whey
predominant over casein-predominant formulas. Interestingly, digested fragments of human casein,
but not bovine, may exert physiological effects such as enhancing calcium uptake by cells and playing
a role in infant sleeping patterns [6]. Little is known about the role of hormones that are present in
human milk; they may play a role in the developing infant.

Human milk contains significant amounts of polyunsaturated fats. These include 10-12% linoleic
acid (18:2, n-6), 1-2% linolenic acid (18:3, n-3), and a small but significant amount of other long-chain
(n-3) and (n-6) fatty acids such as docosahexaenoic acid (22:6, n-3) and arachidonic acid (20:4, n-6) [7].
While the level of total polyunsaturated fats in human milk varies with the intake of the mother, it is
generally 13-20%. Long-chain fatty acids present in human milk, and recently in some formula, may
confer some developmental advantage. Formula contains more of the shorter-chain fatty acids.

The primary carbohydrate source in formula and human milk is lactose with very small amounts
of other sugars. No minimum or maximum level of carbohydrate is set for North America. Corn syrup
solids and/or maltodextrin may be used in certain formulas [4].

Minerals can be divided broadly into macro, micro, and ultra-trace elements. Mineral concentra-
tions differ in human milk over the first 3 months of lactation [8]. The levels of Zn, Cu, Rb, and Mo
decrease over time, suggesting homeostatic regulation and possible essentiality for human infants [8].
In general, the mineral content of human milk is not influenced by maternal diet, parity, maternal age,
time of milk collection, different breasts, or socioeconomic status [9].

The ultra-trace elements (<1 pg/g dry diet) exist naturally in human milk but depend on protein
sources in formulas where they occur as contaminants. Although many of these elements have no
specified human requirement, we believe that recommendations for ultra-trace elements need to be
established.

Human milk has all the essential vitamins required by the infant but is low in vitamins D and K.
Vitamin K is given to all infants at birth and vitamin D (also considered to be a hormone) is usually
recommended as a supplement for breastfed infants and infants receiving less than a liter of formula.
Minimum and maximum levels of vitamins are regulated for formulas so that they are complete. Formula
labels state the amount of all nutrients, including vitamins, which must be present when the shelf life
expires. Because of this, “overage” is necessary as some vitamins will break down over time. Thus, as
much as 60% over label claim might be present for different nutrients, primarily vitamins [10].

The use of supplements for human milk-fed infants is controversial. Some see supplements as
undermining the integrity of human milk and implying that milk is not adequate. Nonetheless, human
milk is neither a perfect nor a complete food [11]. There are good data to support the administration of
vitamin K soon after birth to prevent hemorrhagic disease of the newborn and vitamin D supplements
during early infancy to prevent rickets [2, 11].

Current practice is for iron supplements to be deferred until 4—6 months of age. Some authorities
[11] recommend iron supplements of 7 mg/day, beginning in the first few weeks of life. A significant
increase in iron status has been documented in infants receiving a modest iron supplement (7.5 mg/day)
[12]. Fluoride supplements once recommended for all infants are no longer recommended during the
first year of life [11].

Formulas that conform to specification of Canadian/American guidelines are complete and there-
fore do not require supplementation with any minerals or vitamins. A controversial nutrient is iron.
The amount of iron fortification required is not yet certain; however, formulas have a low content of
iron (<4 mg/L) which may lead to anemia. It was believed that consuming iron-fortified formulas
would result in intolerance and gastrointestinal distress, but these theories have been discredited [13].
See Fomon [4] for a review of regulations for the nutrient content of infant formulas.

In general, the content of protein, lipid, carbohydrate, energy, minerals, and most water-soluble
vitamins in human milk is not affected by poor maternal nutrition [14]. But fat-soluble vitamins and
fatty acids are affected by the maternal diet [14]. It appears that there are mechanisms to ensure
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constant supply and stability of nutrients to the breastfed infant. The major difference between a
breastfed and a formula-fed infant is that many of the components of human milk also facilitate the
absorption of nutrients and have a function beyond nutrient requirements. Adding more of a nutrient
to formula is not necessarily as good as having a bioactive component in human milk, even if only
present in small amounts (e.g., lactoferrin for both iron absorption and as a bactericide). There are
many properties of human milk that attend to such details for the benefit of the infant.

Bioactivity of Human Milk and Formulas

Human milk is “alive,” meaning it has functional components that have a role beyond simply the
provision of essential nutrients. Bioactive compounds in human milk can be divided into several
broad categories: (1) those involved in milk synthesis, nutritional composition, and bioavailability and
(2) those compounds that aid in protection and subsequent development of the infant. To date many
bioactive compounds have been identified in human milk including cytokines, immune factors, growth
factors, hormones, antimicrobial agents, nucleotides, antioxidants, and enzymes (see review [15]).
Hormones, enzymes, cytokines for immunity, and cells present in milk have physiologically active
roles in other tissues so it is reasonable to assume that they play a role in infant growth and develop-
ment. Indeed, many bioactive compounds can survive the environment of the neonatal stomach
thereby potentially exerting important physiological functions [15, 16].

Early postnatal exposure to flavor passed into human milk from the mother’s own diet can predis-
pose the young infant to respond to new foods. The transition from the breastfeeding period to the
initiation of a varied solid food diet can be made easier if the infant has already experienced these
flavors. Cues from breast milk can influence food choices and make safe new foods with flavors
already experienced in breast milk [17]. Again, this does not happen with formula feeding.

Until recently, human breast milk was thought to be sterile and the only time that bacterial organ-
isms could be identified was when a woman develops “mastitis.” But recent research has shown that
breast milk contains various bacterial genera including Bifidobacterium and Lactobacillus with
greater diversity in intra-phylotypes than previously thought, forming the microbiome [18, 19]. It is
believed that the human milk microbiome plays a major beneficial role in shaping the development of
the infant’s intestinal microbiota and their immune system, and may also play a role in other aspects
of short- and long-term infant and maternal health [20]. Formula-fed infants have different microbiota
profiles compared to breastfed infants; this may favor intestinal pro-inflammatory status thereby lead-
ing to negative health outcomes [21].

A variety of other cells exist in human milk. Macrophages, polymorphonuclear leukocytes, epithe-
lial cells, and lymphocytes have been identified in human milk and appear to have a dynamic role to
play within the infant gut. These cells may offer systemic protection after transport across the “leaky
gut,” particularly in the first week of life [22]. Antiviral and antibacterial factors exist in human milk
with secretory IgA produced in the mammary gland being one of the major milk proteins [6]. There
may even be a pathway from the infant back to the mother, which tailors production of antibodies
against microbes to which the infant has been exposed.

Hamosh [15] classified enzymes in human milk into three categories: (1) those that function in the
mammary gland, (2) enzymes that might function in the infant, and (3) enzymes whose functions are
unclear. It is only recently that the physiological significance of enzymes in human milk has started to
become appreciated. More than just protein, and not present at all in infant formulas, enzymes are
another example of why human milk must be seen as alive. These enzymes appear to have a more highly
organized tertiary structure than enzymes from other tissues, which may be to protect function by resist-
ing denaturation in the gut [15]. We think that as well as serving an immediate function in the intestine,
some enzymes may be transported across the gut or act within the body to offer protection to the infant.
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Interestingly, amylase digests polysaccharides that are not present in human milk. Amylase is important
after the initiation of starch-containing foods such as cereals [15]. It is as if the mammary gland is
“thinking ahead” and assisting the infant gut in the transition to weaning. Milk digestive lipase assists
the newborn whose endogenous lipid digestive function is not well developed at birth.

Recent interest has focused on the antioxidant properties of human milk. Several groups have
reported the ability of colostrum [23] and mature milk [24] to resist oxidative stress using a variety
of end points. This feature of human milk appears to be heterogeneous rather than attributable to a
specific compound. Infant formulas appear to be less resistive to oxidative stress than is human milk.
This is noteworthy since formulas always have considerably more vitamin E and vitamin C, consid-
ered to be two of the more important antioxidants, than are found in human milk. Some have sug-
gested that the attainment of adult levels of some antioxidants during infancy is dependent on human
milk feeding [16].

Health Benefits of Human Milk

The health benefits of human milk are significant. Breastfeeding protects against a wide variety of
illnesses, particularly the incidence and severity of diarrhea, otitis media, upper respiratory illnesses,
botulism, and necrotizing enterocolitis [14, 25]. Prior to advancements in hygiene, infants who were
not breastfed did not fare well and mortality rates could be as high as 90% [4, 14]. Even with the use
of current formulas, breastfed infants have lower incidences of many illnesses and are generally sicker
for shorter times than formula-fed infants [26]. Previous work demonstrated that later in life breastfed
infants have decreased risk of diabetes, cancer, and cardiovascular disease [26]. However, the recent
results from the National Longitudinal Survey of Youth (NLSY) showed that longer duration of
breastfeeding may not necessarily lead to long-term healthier childhood and well-being [27].

The most practical measure of overall infant health and well-being is growth. One would expect
that with all the advantages of human milk, a breastfed baby would gain more weight. It is a puzzling
phenomenon that growth of the exclusively breastfed infant is lower in weight-for-age than a formula-
fed infant. Likely there is more energy intake by a formula-fed infant. However, the relevance of less
growth in breastfed infants is questionable as no negative effects on functional outcomes have been
observed. We found infants who had consumed home-made formulas of evaporated milk grew more
than either formula-fed or breastfed babies [28], yet they did not perform as well as breastfed infants
on tests of visual function [29].

There is controversy in the area of cognitive development as it is difficult to carry out the ideal
study. Breastfed infants appear to have enhanced cognitive and neurological outcomes in comparison
to formula-fed infants [30]. Small differences have been seen even in later childhood [30]. Increased
duration of breastfeeding is associated with higher verbal 1Q scores. In addition, increasing the period
of exclusive breastfeeding appears to enhance infant motor development [31]. We found enhanced
visual acuity in full-term breastfed infants compared to formula-fed infants which was related to
blood fatty acid levels [29]. The explanation for these consistent observations is highly controversial.
Possibly, there are components of human milk that enhance cognitive development. Other factors that
may be responsible are the act of breastfeeding itself, maternal education, and social class.

A paper by Allan Lucas [30] reporting improved neurological development in breastfed infants
sparked a major debate on which factors really explained increased cognitive development. It is
reasonable to assume that the long-chain polyunsaturated fatty acids, enzymes, hormones, trophic
factors, peptides, and nucleotides present in breast milk may enhance brain development and learning
ability. Further, it would be sensible to feed human milk whenever possible if any or all of the above
differences turn out to be true. Whether a breastfed infant has better development because of maternal
factors or biological factors does not lessen the value of enhanced development to the infant.
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Transition to Solid Foods

During the second 6 months of infancy, breast milk no longer meets all the nutritional needs of the infant.
Solid foods should therefore be introduced. However, continuation of breastfeeding is recommended for
the first year of life and can be continued until the mother and infant decide to cease. The introduction
of solid foods is known as complementary feeding. A proper transition between a liquid diet and a diet
with solids is crucial for the development of infants. The WHO gives four goals of complementary feed-
ing: it should be timely, adequate, safe, and properly administered [32].

The timely introduction of complementary foods should begin at 6 months of age. Most infants
start consuming complementary foods at 3—4 months. Early introduction of complementary foods was
once believed to promote a healthy appetite, food acceptance, and a full night of sleep; however, those
theories have been discredited. Delaying the introduction of solid foods till 6 months and thereby
extending formula or breastfeeding has been shown to decrease gastrointestinal infections and mor-
bidity rates in infants [14, 26]. Delaying complementary feeding allows for the infant to gain more
benefits from breast or formula feeding.

Complementary foods need to meet the infants’ growing nutritional needs. These foods need to be
nutritionally adequate to provide enough energy, macronutrients, and micronutrients to support nor-
mal development [32]. Traditionally, the first solid foods a baby consumes are cereals and other grain-
based products. Fruits and vegetables are normally the next food groups introduced, with meats and
other protein-rich foods being introduced later. Breast milk is a poor source of iron and zinc; the ideal
complementary food would be rich in both of these micronutrients. Some have suggested that iron-
rich foods like meat should be one of the first solids consumed [33]. Currently, meats are not con-
sumed regularly until 7-8 months of age, with other food groups starting at 4-6 months.

The physical act of feeding is important to a developing infant. As they age, infants become more
aware of feeding methods and eventually learn how to self-feed by mimicry. Development of gross and
fine motor skills is encouraged through self-feeding. Formation of emotional connections with other
people is facilitated through feeding. Many of the infant’s attitudes about food, hunger, and appetite can
be affected by the type of relationship the infant forms with his or her feeder. The frequency of feed-
ings should start with 2-3 meals a day from 6 to 8 months and then increase to 3—4 meals per day to
the end of toddlerhood. Feeding should promote a positive correlation with food, appetite, hunger, and
emotional relationships. Food safety is also a concern for infant nutrition. Food must be prepared in a
hygienic environment including clean water, utensils, and storage facilities for the food.

The proper transition to solid foods is key to the growth and development of infants. The type of
foods and feeding methods presented to the infant have an impact on food preferences and future eat-
ing habits [34]. There have been correlations made between unbalanced diets in infancy and being
overweight or obese later in life [35]. The protein content of the infant’s diet is of concern for obesity
risks. Diets high in protein in infancy have been shown to be associated with obesity in childhood.
A balanced amount of all the macronutrients and micronutrients is critical to the health and growth of
the infant. Stunting is often the result of inadequate micronutrient intakes and can result in growth and
developmental retardation.

Summary

There is no doubt that human milk is the best food for a human infant. The reasons are endless and
convincing. However, it is a challenge for the formula industry to make the best alternative to human
milk. There are, were, and always will be some women who are unable or choose not to follow recom-
mendations to breastfeed for whatever reason. We have a responsibility to those mothers and their
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infants to produce a formula that meets their needs. Future changes in infant formulas are likely to be
designed to have a positive effect on physical, mental, and immunological outcomes. Our hope is that
formula will include bioactive ingredients that perform some of the same functions found in that
exemplary fluid, human milk.

When breast milk is no longer adequate, the correct approach needs to be taken for complementary
feeding. Incorporating the themes of timely feeding, nutritionally sound and safe meals, and properly
administering meals into complementary feeding will prompt appropriate development and growth
[33]. The importance of proper complementary feeding practices is not normally stressed; however,
several incentives have been proposed to address the current practices. The lengthening of exclusive
breastfeeding to 6 months and delaying complementary feeding until then is recommended for the
majority of infants. Benefits for this are similar to the benefits of breastfeeding. Molding the infant’s
diet to include appropriate amounts of micronutrients, especially iron and zinc, is a primary concern for
parents. A suitable transition to a diet of solid foods sets the pace for the rest of the infant’s life.
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Chapter 3
Young Children: Preparing for the Future

Jennifer J. Francis and Kathryn Alp

Key Points

* A carefully chosen diet can provide the energy and nutrients that children need to grow, learn, and
play.

* The Centers for Disease Control and Prevention (2000) growth charts are typically used to monitor
growth.

e The Dietary Guidelines for Americans and the MyPlate resource are appropriate tools to support
healthy food choices for children.

e Childhood overweight is a multifactorial problem which requires a very broad approach, including
diet, physical activity, psychological support, behavior modification, and caretaker involvement.

* Food insecurity, iron-deficiency anemia, and food allergies are all issues which may affect dietary
quality and may require referrals to registered dietitians or food assistance programs.

* Nutritional and vitamin supplements are not necessary for well-nourished children.

Keywords Children ¢ Growth charts ¢ Child obesity * Dietary guidance ¢ Physical activity ® Food
allergies * Iron-deficiency anemia ® Food insecurity

Introduction

Early childhood nutrition is essential for growth and development and can establish dietary habits that
last into adulthood. It is important for children to receive a balanced diet that provides a variety of
foods in order to ensure that their energy and nutrient intake are adequate. Parents and caregivers play
an important role in modeling healthy eating behaviors, and care should be given to delineate the role
of the adult and that of the child during mealtime [1]. Poor nutrition in childhood can increase the risk
of illness and obesity and can affect intellectual and physical capacities [2].
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Monitoring Growth

The Centers for Disease Control and Prevention [3] recommends that healthcare providers in the
United States use the World Health Organization (WHO) growth standards to monitor the growth of
children under 2 years of age and the CDC growth charts for children age 2 years and older [3].
Children under 2 years should be weighed without clothes or diapers and measured in a recumbent
position. Children over the age of 2 should be weighed and measured in light clothing without shoes,
standing for measure of stature. The growth charts plot trends in weight for age, height for age, head
circumference for age, weight for height, and body mass index (BMI) for age. Trends for these mea-
sures should be monitored and can be used to determine whether there is an indication of nutritional
risk [4]. It is important to note that single data points should not be used, but, rather, trends should be
monitored, and other factors, such as gestational age, chronic illness, and the biological parents’ stat-
ure, should also be taken into account [4].

BMI is measured in children over the age of 2 years and can be used as a screening tool to deter-
mine underweight, overweight, or obesity; however, it is not a diagnostic tool, and additional assess-
ment is necessary to evaluate the child [5]. A BMI below the 5th percentile for age indicates
underweight, between the 85th and the 95th percentile indicates overweight, while a BMI greater than
the 95th percentile indicates obesity [4].

Nutrition Guidance

Energy and Nutrient Needs

Total estimated energy requirements are based on the age, weight, height, sex, and level of physical
activity. Table 3.1 states the estimated energy requirements for different age and gender groups. The
table also states the Recommended Dietary Allowance amounts and Adequate Intakes for selected
nutrients. Requirements for energy and most nutrients steadily rise with age.

A diet rich in fiber provided by fresh fruits and vegetables, whole grains, and legumes is essential
for preventing constipation [7]. Several studies have indicated that a diet rich in fiber is also associated
with better nutrient intake, reduced risk of obesity, and better cognitive function in children [8—10].
These improved health outcomes are associated with the fact that whole grains and legumes are excel-
lent sources of fiber, protein, B vitamins, and minerals including potassium and magnesium [11]. The
USDA 2015-2020 Dietary Guidelines now recommend that fiber intake is 14 g/1000 kcal. For chil-
dren this can range from approximately 14 to 20 g/day [12].

Table 3.1 Recommended dietary allowance (RDA) and adequate intake (Al) for selected nutrients in childhood based
on the estimated energy requirements (EER) for age, weight, height, and sex at a sedentary level of activity

Gender and EER energy RDA protein Al fiber RDA iron Al calcium RDA vit D
age (year) (kcal/day) (g/day) (g/day) (mg/day) (mg/day) (IU/day)
Male (1-3) 1000 13 14 7 700 600

Male (4-8) 1400 19 19.6 10 1000 600

Male (9-13) 1800 34 25.2 8 1300 600
Female (1-3) 1000 13 14 7 700 600
Female (4-8) 1200 19 16.8 10 1000 600
Female (9-13) 1600 34 22.4 8 1300 600

Source: Institute of Medicine [6]
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Fluids in the diet should be provided primarily by water and milk. Children should be offered
approximately 500 mL of milk or a fortified soy beverage a day [13, 14]. This provides several micro-
nutrients including calcium, vitamin D, and protein. Fluid requirements can be calculated based on
the weight of the child, calculating 100 mL of fluid/kg of body weight under 10 kg (22 1b), and adding
50 mL/kg up to 20 kg (44 1b), and another 20 mL/kg above 20 kg [13, 14]. The requirement for fluid
is increased with physical activity, fever, vomiting, diarrhea, and other medical conditions as well as
hot, dry, or humid weather.

Sugar-sweetened beverages, including soft drinks and artificial fruit beverages, are an increasing
concern in children’s diets. Evidence suggests that consumption of these beverages is associated
with overweight and obesity in children, as well as increased dental caries [15—17]. The WHO [16]
recommends limiting sugars added to food and beverages, as well as those naturally occurring in
fruit juice, honey, and other syrups to less than 10% of total energy intake.
Much the same recommendation is made in the USDA 2015-2020 Dietary Guidelines. Parents
should be encouraged to offer children water or milk when they are thirsty and to limit other
beverages offered.

Children consuming a diet in compliance with the Dietary Guidelines for Americans (see below)
are likely to consume adequate amounts of vitamins and minerals. However, iron, calcium, and vita-
min D intakes are often below the RDA in the diets of children. Dietary strategies for increasing iron
intake and absorption include limiting milk or soy beverage intake to less than 750 mL/day, consum-
ing meat and meat alternatives with a source of vitamin C to increase absorption, and including forti-
fied breakfast cereals in the diet. Calcium can inhibit iron absorption; calcium-rich products should
therefore be consumed at a different time than foods containing iron.

If calcium intake is a concern, intake can be increased by offering a variety of low-fat dairy prod-
ucts and calcium-fortified foods such as cereal. Children who do not consume 500 mL of milk or forti-
fied alternative a day should be given a supplement that supplies 400 IU of vitamin D a day in order
to ensure adequate intake [18].

Dietary Guidance

The Dietary Guidelines for Americans are applicable for children aged 2 years and above [19].
The recommendations include:

e Half of all grains consumed should be whole grains
e For children aged 2-3 years, fat should comprise 30-40% of calories and for older children fat
intake should be reduced to 25-35% of calories, primarily from unsaturated fats.

The fat content of the diet should be provided by whole foods and should come primarily from
monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs), such as those found
in fish, nuts, and seeds.

The MyPlate Daily Checklist can be personalized for children and adolescents by entering
their age, sex, and physical activity level. The USDA also offers Supertracker that can provide a
personalized plan based on age, sex, physical activity level, height, and weight. Following the
personalized recommendations can help children meet their energy and nutrient needs and
encourage physical activity.

Recommendations for exercise are also of major importance, including:

e Children age 1-4 should engage in at least 180 min of activity per day
e Children age 5-11 should do at least 60 min of energetic play per day [20].
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Healthy Eating Behaviors

As children enter their toddler years, the rate of growth slows and there is a corresponding decrease in
appetite. This can be a great source of worry to parents who may become overwhelmed with the task of
achieving nutritional recommendations with a toddler who has suddenly become less interested in food.

This decrease in appetite coincides with developmental stages in which asserting independence
and establishing self-control are central to the child. Evidence shows that the more pressure parents
use to coerce their children to eat or to try new foods, the less likely they are to succeed [21]. Likewise,
being overly restrictive about certain foods can increase the desirability of those foods. Parental tac-
tics regarding food intake (e.g., requiring that a child “clean their plate”) can diminish the child’s
internal cues about hunger and satiety, leading to a decreased capacity for food self-regulation [22].
Research is still limited on the effect of parental feeding and childhood weight; however, pressuring
children to eat has been associated with increased fussiness and food refusal [21, 23].

Ellyn Satter’s work on eating competence recommends a division of parental and child responsibil-
ity. It is the parent’s responsibility to offer a variety of healthy foods at meals and snacks, and the
child’s responsibility to decide how much they will eat, and even whether they will eat at all. Research
by Fildes et al. [24] has shown that exposure to a variety of foods in infancy can increase acceptance
in toddler years, and it is established that children with repeated exposure to different foods have
increased acceptance of those foods [25].

The following suggestions may help to encourage children to eat a variety of healthy foods:

e Eat regular mealtimes together as a family as much as possible. Mealtimes should be social and
pleasant, not a time for television, arguing, or conducting work.

*  Model good food choices; do not expect children to eat a better diet than their parents.

* Discourage “grazing” throughout the day. Rather, offer three meals and two or three snacks each
day, giving the child a chance to build up an appetite between eating occasions.

* Snacks should be chosen from the major food groups, i.e., whole grains, fresh fruits and vegeta-
bles, dairy, and protein-rich foods.

e Children should be seated and supervised any time that they eat.

* Encourage children to participate in food selection at the grocery store, food preparation, and serv-
ing of the meal.

e Serve appropriate portion sizes. A reasonable portion size for children up to 2 years of age is one to two
tablespoons. For children up to 4 years, portion sizes are about two-thirds the size of adult portions.

* Be tolerant of infant and toddler-feeding skills. Self-feeding and food exploration allows the child
to become familiar with new tastes and textures.

e Serve new foods in small portions, along with familiar foods, at the beginning of the meal when
the child is hungry. A new food may need to be offered up to 15 times before it is accepted.

e Offer a variety of foods from infancy onwards.

e Never force a child to eat.

* Avoid using food as a reward, and never withhold food as a punishment.

Nutrition Concerns During Childhood

Childhood Obesity

The prevalence of overweight in children has been rising steadily over the past three decades.
According to CDC data for 2014, 10.2% of children aged 2-5 and 17.9% of those aged 6-11 are
overweight, defined as a BMI for age greater than the 95th percentile [26]. Besides the social and



3 Young Children: Preparing for the Future 25

emotional problems associated with overweight, these children are also at higher risk for chronic
diseases, including hypertension, the beginnings of atherosclerosis, and type 2 diabetes [27].

The causes of overweight are multifactorial, and approaches for prevention and treatment must
address not only diet and physical activity but also psychological support, behavior modification, and
caretaker involvement. The goal of treatment is to slow the rate of weight gain and allow growth in
height to catch up to weight. In children with severe overweight, moderate weight loss may be advised
but should be overseen by a physician and registered dietitian. When calories are restricted, it becomes
more difficult to achieve sufficient intake of vitamins and minerals; nutrient-dense foods must there-
fore be emphasized.

Parents should be encouraged to follow the suggestions outlined above for improving intake of a
variety of healthy foods. In addition, three factors have a pronounced impact on overweight in chil-
dren: physical activity, consumption of sugar-sweetened beverages, and television viewing.

The importance of exercise for children was emphasized above. Children should be encouraged to
go outside, participate in sports, and engage in active play throughout the day. Sedentary activities,
such as screen time, video games, sitting in a stroller, and being in a car, can contribute to overweight
and obesity in children. Sedentary activities that use very little energy above basal metabolic rates,
and time spent viewing television replaces physical activity in the daily schedules of children. Screen
time should be avoided in children under two, limited to an hour or less in children 2—4, and limited
to 2 h or less in children 5-11 [19]. Screen time can also contribute to exposure to food advertising
and encourage mindless snacking.

Sugar-sweetened beverages have been shown to be a significant factor in the development of obe-
sity in children [15, 27]. These beverages, including soft drinks and artificially sweetened fruit bever-
ages, offer little or nothing in the way of nutrition and should be offered in child-sized portions on
special occasions; they are not appropriate for daily use.

Food Insecurity

An estimated 20% of American children aged under age 17 live in households that are food insecure,
that is, households in which there is no access at all times to enough food for active, healthy lives for
all family members [28]. Characteristics of households more likely to be food insecure include:
incomes below the poverty level; education of parents less than high school diploma; headed by a
single mother; and black, Hispanic descent, or American Indian/Alaska Native descent. Chronic food
insecurity can result in poor nutrition, poor academic performance, and behavioral problems. Children
from low-income, food-insecure households are at increased risk of iron-deficiency anemia (see
below). Children from food-insecure households should be referred for food assistance programs such
as the National School Lunch and Breakfast Programs, Food Stamps, and Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC).

Food Allergies and Sensitivities

True food allergies involve an antibody response to large molecules in the blood; therefore, the only
way to make a diagnosis is to test for antibodies. The foods that most commonly cause allergies are
peanuts, tree nuts, milk, eggs, wheat, soybeans, fish, and shellfish, with peanuts being the most com-
mon. Children may outgrow allergies to milk, eggs, and soy. When a true food allergy is present, the
only remedy is strict avoidance of the food. Children with food allergies must be taught skills to
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recognize and refuse foods to which they are allergic and to recognize symptoms of an allergic attack,
such as tingling of the mouth and throat. Children who have serious food allergies should carry a
supply of epinephrine in case of accidental ingestion of the offending food. If whole food groups, such
as dairy, must be eliminated, a dietitian should work with the family to ensure that all nutrient needs
are met. See Chap. 17 for more about food allergies.

In contrast, children with food sensitivities or intolerances may experience symptoms, including
nausea, vomiting, headache, or hives, but without an antibody response. Foods that are commonly
implicated in intolerances include monosodium glutamate (MSG) and lactose-containing dairy
products.

Iron-Deficiency Anemia

In the United States, 3.4% of children between birth and age 5 years have iron-deficiency anemia, and
this number increases up to 64% in Africa [29]. Low-income children are at greater risk [29]. Studies
have shown associations between iron-deficiency anemia and poor motor and mental development
[30]. Strategies to increase iron intake were discussed earlier. When dietary measures to increase iron
intake do not resolve the problem, iron supplements may be necessary. If iron deficiency is suspected,
it is important to evaluate serum markers before suggesting iron supplementation.

Vitamin and Mineral Supplementation

When children consume a carefully selected nutrient-dense diet, vitamin and mineral supplements are
not necessary. Some children may benefit from iron or vitamin D supplementation, as noted above.
When supplements are given, parents should be cautioned to use a brand that is specifically formu-
lated for children and to make sure that the doses given do not exceed the tolerable upper intake for
the child’s age/weight. Care must be taken to keep iron supplements out of children’s reach as iron
from supplements is a major cause of poisoning in children. Herbal supplements are not tested for
safety in children and are therefore not recommended.

Conclusion

Childhood nutrition has a major impact on growth and development. It also affects health outcomes
and habits much later in life. It is therefore important to ensure that children are offered a variety of
nutrient-rich unprocessed foods early on. Energy-dense foods, such as refined carbohydrates and
sugar-sweetened beverages, should be limited as they displace nutrients and can lead to adverse health
outcomes. Furthermore, developing healthy eating habits is also important, and parents/caregivers
should be encouraged to practice Ellyn Satter’s division of responsibility, where “parents are respon-
sible for deciding what, and children are responsible for deciding how much” [31]. In addition to a
healthy diet, children should also be encouraged to play and engage in physical activity every day, and
television viewing should be limited. Ultimately, parents/caregivers should act as role models and
should model healthy living behaviors for their children.
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Chapter 4
Nutrition in Adolescence

Jamie S. Stang and Brittany Stotmeister

Key Points

* Rapid changes in body weight, shape, and composition due to pubertal growth place adolescents at
high risk for body dissatisfaction, disordered eating, and health-compromising eating behaviors.

* Many adolescents skip meals but frequently snack.

* A stepped approach to obesity treatment is recommended for adolescents, with strategies in each
step based on the degree of obesity and the presence of comorbid conditions.

* Screening for body mass index and hypertension should be performed at least annually.

* Screening for hyperlipidemia and insulin resistance is recommended only for obese adolescents or
those with a family history of cardiovascular disease and/or type 2 diabetes.

Keywords Adolescent ® Adolescent nutrition ® Disordered eating ® Adolescent obesity

Nutrition, Growth, and Development

Adolescence is a time of dramatic physical, social, and cognitive development, which directly affects
nutritional status. Since chronological age of sexual maturation varies dramatically, Tanner stages are
generally used to describe periods of adolescent growth and development based on the assessment of
secondary sexual characteristics. Approximately 15-25% of adult height is gained during early to
middle adolescence (typically within stages 2 and 3 of the Tanner stages of sexual maturation); the
average gain among females is 9.5 in. (24.1 cm) with up to 12 in. (30.5 cm) gained by males [1]. Up
to half of adult body weight is gained during the growth spurt. In females, gains in height precede
weight gain by about 3—6 months, dramatically slowing around the onset of menses. Girls will gain
an average of 18 pounds (8.1 kg) per year during the active growth spurt, with up to 14 1b (6.3 kg)
gained after menses [1]. Body fat levels rise among females throughout adolescence as a result.
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Consequently, body composition changes tremendously within females which places them at risk for
body dissatisfaction, dieting, and disordered eating [2]. In males, peak weight and height accretion
occur simultaneously [1]. Males will gain about 20 1b (9 kg) per year during the peak of growth; how-
ever, body fatness decreases due to the larger percentage of lean body mass which is gained reflecting
the increase in testosterone.

Approximately half of adult bone mass is gained during adolescence, with more than 90% of adult
bone mass formed by age 18 [1, 3]. Adolescence is a critical time for bone development, and bone accre-
tion is sensitive to adequate intakes of many nutrients including calcium, vitamins D and K, phosphorus,
boron, strontium, magnesium, iron, and protein [3]. Nutrient and energy needs are higher during adoles-
cence than at any other period in life as a result of the velocity of physical development. The growth
spurt ceases by age 16 in females but may continue in small increments in males until age 20 [1].

Social and cognitive development also occurs rapidly during adolescence. The teenage years are a
time during which individuals develop a sense of personal identity and a moral and ethical value sys-
tem [4]. Self-esteem is critical during adolescence and can be dramatically affected by changes in
body shape and size and the timing of development in comparison to other adolescents. Peer pressure
peaks between the ages of 14 and 16; thus teens are very self-conscious about their appearance and
strive to adopt behaviors consistent with their peer group [4]. In terms of nutrition, this can alter eating
habits in ways that place adolescents at risk of nutrition deficiencies. Some of the common behaviors
are described below. A more detailed description of nutritional recommendation to treat eating disor-
ders is included in the chapter by Allison and Hopkins.

Nutrition Behaviors and Their Effects on Nutritional Status

US adolescents do not consume adequate amounts of many nutrients including: folic acid; vitamins
A, B6, C, and E; and iron, zinc, magnesium, phosphorus, and calcium [5]. Dietary fiber intake is gen-
erally low while teens exceed recommendations for total and saturated fats, sodium, and added sugar.
Only about 17% of male and 14% of female teens meet recommendations for vegetable intake
(excluding fried potatoes), while 24% of males and 20% of females meet recommendations for fruit
intake [6]. Alarmingly, more than 5% of teens consume no fruit and up to 8% consume no vegetables
on an average day [6].

Meal skipping is common among adolescents and increases with age. More than 27% of teens skip
breakfast on an average day, with less than 40% reporting daily breakfast consumption [6—8]. Almost
one in every four teens skips lunch and about 8% skip dinner on any given day [9]. Skipping meals
can reduce intakes of many nutrients. As a result of skipped meals, adolescents frequently snack.

Snacking is reported by 83% of teens with almost half reporting three or more snacks per day [10].
Snacks provide about 25% of daily energy intake, but up to 39% of daily added sugar intake [11-15].
Soft drinks are the most common snack reported by adolescents and are the single largest source of
energy and added sugar in their diets [15]; soda accounts for 9% of daily calories and 45% of daily
sugar intake alone [15]. It is imperative that teens be encouraged to consume snacks wisely and that
parents be advised to provide easy access to healthy snack foods, such as flavored or sparkling water,
baked chips with salsa, crackers and low-fat cheese, whole grain ready-to-eat cereal and low-fat milk,
or hummus with vegetables or pita chips.

For the purpose of dieting and weight-control, adolescents may consider the use of diet beverages.
Consumption of these artificially sweetened beverages typically increases with age and is more com-
mon among females [16]. While diet beverages contain little or no calories, using them as a tool for
weight loss remains controversial [16—18]. Research has demonstrated inconsistent findings regarding
the association of artificially sweetened beverages with obesity and other health risks [16—18]. Health
professionals should talk with adolescents to ensure diet beverages are not used as an overly
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restrictive dieting tool or as a means of justifying the consumption of alternative calorie dense foods
that are of poor nutritional quality such as potato chips.

The prevalence of disordered eating behaviors among adolescents, and in particular among adoles-
cent girls, tends to be alarmingly high. In fact, the Youth Risk Behavior Surveillance Survey (YRBS)
suggests that 67% of Hispanic, 63% of white non-Hispanic, and 55% of black non-Hispanic girls diet
during any given month [19]. Dieting is also common among males, with 42% of Hispanic, 26% of
black, and 31% of white males reporting dieting. This is particularly concerning given unhealthy food
patterns that are often associated with dieting such as fasting (not eating for 24 h or longer) and
severely restricting energy intake which may result in fatigue, impaired growth and sexual maturation,
irritability, poor concentration, impulse to binge, and increased risk for disordered eating.

Dieting is a known risk factor for developing eating disorders and disordered eating patterns.
Eating disorders are defined by the frequency, intensity, and individual patterns noted below [20, 21].
They are discussed in more detail in Chap. 7.

* Anorexia nervosa: An eating disorder characterized by extreme weight loss, poor body image, and
an irrational fear of weight gain and obesity.

* Bulimia nervosa: A disorder characterized by repeated bouts of uncontrolled rapid ingestion of
large quantities of food (binge eating), followed by self-induced vomiting, fasting, vigorous exer-
cise in order to prevent weight gain, or use of laxatives or diuretics.

* Binge-eating disorder: A disorder characterized by periodic binge eating, which normally is not
followed by vomiting or the use of laxatives. People must experience eating binges twice a week
on average for over 6 months to qualify for this diagnosis.

Disordered eating behaviors is a term that encompasses many health-compromising behaviors seen
with actual eating disorders, such as binge eating, purging, fasting, and excessive exercise to burn
calories, but are present at a level that does not meet with full classification for eating disorders [22].
It is estimated that such unhealthy and extreme weight-control behaviors are used by approximately
10-20% of the adolescent population; however, estimates for some behaviors can exceed 40% [19,
22]. Although not all disordered eating behaviors meet the formal criteria needed to be defined as an
eating disorder, they can still negatively impact adolescents’ health and development. Therefore, ado-
lescents who have been found to have a nutrition-related health risk, such as an eating disorder, should
be referred for in-depth medical assessment and nutrition counseling.

Nutrition Concerns of Athletes

Sports nutrition enhances the athletic performance of adolescent athletes and enables them to opti-
mize their training and recovery. Therefore, dietary intakes of athletes should follow the general
healthy eating recommendations while also recognizing that high levels of physical activity, com-
bined with growth and development, increase adolescents’ needs for energy, protein, and select vita-
mins and minerals. Athletes should be encouraged to eat a pre-event meal at least 2-3 h prior to
exercise but should not consume foods high in fat, protein, and/or dietary fiber for at least 4 h prior to
exercise as those foods may bring about indigestion and physical discomfort [23, 24]. Post-event
meals should contain approximately 400—600 kcal and should comprise high-carbohydrate foods and
adequate amounts of non-caffeinated fluids [23]. Teen athletes should consume at least 6—8 oz (180—
240 mL) of fluid prior to exercise, 4—6 oz (120—180 mL) every 15-20 min during physical activity,
and at least 8 oz (240 mL) fluid following exercise to maintain proper hydration [23].

In certain instances, the use of ergogenic aids to improve energy availability (such as sports drinks,
carbohydrate, creatine, caffeine) and promote recovery (carbohydrate, protein, and essential amino
acids) may be justified [25]. However, they are not always necessary, safe, or effective. Common
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ergogenic aids used by teens include creatine; amino acids or protein powders; caffeine; carnitine;
anabolic steroids; anabolic steroid precursors such as dehydroepiandrosterone (DHEA) and andro-
stenedione; beta-hydroxy-beta-methylbutyrate; growth hormone; and Xenadrine [19, 26-30]. The
Youth Risk Behavior Surveillance Survey (YRBS) and other US data reveal that steroids are used by
up to 6% of male and 5% of female adolescents; their use appears to peak during ninth grade and then
decreases [19]. Steroids and other ergogenic aids are administered orally, injected, or absorbed
through transdermal patches; they are often supplied by coaches [19, 26-30]. Substances are often
used during training but not during active competition to avoid detection in situations where urine
testing may be used. Steroids and precursors are often “stacked” over a period of several months so
that the peak dose of one supplement overlaps the introduction of another [28]. Steroids and ergogenic
aids including high (physiologically active) doses of caffeine from supplements are forbidden by
national and the National Collegiate Athletic Association (NCAA) regulations, yet few high school
athletic programs test athletes for their use. The use of steroids has been linked to infertility, hyperten-
sion, physeal closure, depression, aggression, and increased risk of atherosclerosis [28, 30].

DHEA and androstenedione are testosterone and estrogen precursors. Androstenedione is a con-
trolled substance used by up to 4% of teens, while DHEA is widely available as an over-the-counter
supplement [28-30]. The advertised effects include increases in lean body mass with decreases in
body fat, increased insulin sensitivity, and increased immune response; however, little reputable sci-
entific evidence support such claims. Androstenedione and DHEA may induce similar side effects to
steroids including irreversible gynecomastia and prostate enlargement among males and hirsutism
(increased hairiness) among females [28-30].

Growth hormone (GH) is purported to decrease subcutaneous body fat while strengthening liga-
ments and tendons and is often used to improve performance while decreasing injuries [28—30]. Side
effects of use by teens may include physeal closure, hyperlipidemia, insulin resistance, and myopathy
[28-30]. The extent of illegal use of GH among adolescent athletes is unknown.

Creatine is widely sold as a supplement to increase lean body mass. It is one of the most commonly
used sports supplements: use of it is estimated at 11% among adolescent athletes and may be as high
as 51% for male athletes [28-30]. Creatine use is most prevalent among those participating in foot-
ball, gymnastics, hockey, wrestling, and baseball. It appears to be a safe and effective way to enhance
performance and increase muscle mass among high volume/intense training athletes [25]. However,
for the typical adolescent who is not participating in high volume/intense training, more than adequate
amounts of creatine are formed in the liver and kidney through the consumption of meat.

Nutrition Management of Chronic Health Issues

Overweight and Obesity

Appropriateness of weight status for teens is best assessed by calculating body mass index (BMI).
BMI is a measure of a person’s weight (kg) divided by their height* (m?). The Centers for Disease
Control and Prevention BMI calculator is available online at http://nccd.cdc.gov/dnpabmi/Calculator.
aspx. This is an accurate and quick way to calculate BMI values for youth. These values must be
compared to age- and gender-appropriate percentiles to determine the appropriateness of weight sta-
tus. Adolescents with a BMI greater than the 85th but lower than the 95th percentile are considered
overweight while those with a BMI above the 95th percentile are considered obese [31]. Growth
curves based on BMI values for children and adolescents are available from the National Center for
Health Statistics and should be incorporated into the medical records of all teens.

More than one-third of adolescents in the USA are overweight and one-fifth are obese [32]. There
are dramatic differences by race and ethnicity (Table 4.1). A range of medical and psychosocial com-
plications accompanies overweight among adolescents, including hypertension, dyslipidemia, insulin
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Table 4.1 Prevalence of at-risk for overweight and
overweight by race and gender among 12- to
19-year-olds in NHANES 2009-2010

Overweight Obese

Males

White 32.2 17.5
Black 37.4 22.6
Hispanic 42.9 239
Male Total 34.6 19.6
Females

White 27.6 14.7
Black 45.1 24.8
Hispanic 41.9 19.8
Female Total 32.6 17.1

Source: All data taken from Ogden CL, Carroll MD,
Kit BK, Flegal KM. Prevalence of obesity and
trends in body mass index in US children and ado-
lescents, 1999-2010. JAMA 2012;307:483-90

Table 4.2 Recommended indices for common chronic health issues in adolescents

Acceptable Borderline Unacceptable

Total cholesterol (mg/dL) <170 (<4.4 mmol/L) 170-199 (4.4-5.15 mmol/L) >200 (>5.18 mmol/L)
Non-HDL cholesterol (mg/dL) <120 (<3.11 mmol/L) 120-144 (3.11-3.73 mmol/L)  >145 (>3.76 mmol/L)
LDL cholesterol (mg/dL) <110 (<2.85 mmol/L) 110-129 (2.85-3.34 mmol/L)  >130 (>3.37 mmol/L)
HDL cholesterol (mg/dL) >45 (<1.17 mmol/L) 40-45 (1.04—-1.17 mmol/L) <40 (>1.04 mmol/L)
Triglycerides (mg/dL) <90 (<2.33 mmol/L) 90-129 (2.33-3.34 mmol/L) >130 (>3.37 mmol/L)
Apolipoprotein A-1 (mg/dL) >120 (>1.2 g/L) 115-120 (1.15-1.2 g/L)) <115 (<1.15 g/L)
Apolipoprotein B (mg/dL) <90 (<0.9 g/) 90-109 (0.9-1.09 g/L) >110 (>1.1 g/L)
Hemoglobin (g/dL)

Males >12.5 (12-15 years) (>125 g/L)

>13.3 (16-18 years) (>133 g/L)
>13.5 (>18 years) (>135 g/L)
Females >11.8 (12-15 years) (>118 g/L)
>12.0 (16+ years) (>120 g/L)
Hematocrit (%)
Males >37.3 (12-15 years)
>39.7 (16—-18 years)
>39.9 (> 18 years)
Females >35.7 (12-15)
>35.9 (16-18 years)
Source: Based on: Bright futures nutrition. 3rd ed. Holt K, Wooldridge N, Story M, Sofka D, eds. Elk River, IL:
American Academy of Pediatrics; 2011

resistance, type 2 diabetes mellitus, sleep apnea and other hypoventilation disorders, orthopedic prob-
lems, hepatic diseases, body image disturbances, and lowered self-esteem [33, 34]. Longitudinal stud-
ies of obesity and chronic disease risk among youth suggest an increased risk of morbidity and
premature mortality from coronary heart disease, stroke, hypertension, diabetes, and asthma among
adults who were overweight or obese during adolescence [34].

All adolescents should be screened for appropriateness of weight-for-height on a yearly basis, or
more frequently if there are concerns about excessive weight gain (or loss). Teens with multiple risk
factors for obesity require an in-depth medical assessment to diagnose potential comorbid complica-
tions [31]. Adolescents who are assessed as overweight should have their blood pressure and fasting
lipid panels measured; those with a family history of premature cardiovascular disease or diabetes
should also have AST, ALT, and fasting glucose levels measured [35]. All teens found to be obese
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Table 4.3 Assessment and screening recommendations for health promotion among adolescents

Health concern Screening and assessment recommendation
Anthropometric e Measure and plot height, weight, and BMI
measurements * Review weight status with teen and family.

e Overweight teens: Provide Step 1 counseling or refer to a registered dietitian/
nutritionist for weight management counseling; schedule follow-up appointment.
e Obese adolescents: Refer to a comprehensive weight management program for Step

2 counseling.
Family history of premature ¢ Assess for risk factors for chronic health conditions (hypertension, hyperlipidemia,
cardiovascular disease, diabetes) based on family history and weight status as necessary.
diabetes, or obesity
Blood pressure e Review blood pressure with teen and family.

* In presence of elevated blood pressure, counsel adolescents and caregivers to follow
DASH dietary pattern based on energy needs to achieve ideal body weight.

* Assess changes in blood pressure at follow-up and institute management with
medication as needed, if dietary changes have not been successful.

e Refer overweight and obese adolescents to appropriate weight management program.

Blood lipids e Review blood lipid indices with teen and family.

*  Order blood lipid panel for overweight or obese adolescents.

e Overweight adolescents: Provide counseling regarding DASH diet based on energy
needs to achieve ideal body weight or refer to a registered dietitian/nutritionist for
medical nutrition therapy.

e Obese adolescents: Refer to a comprehensive weight management program.

e Up to 2 g/day of plant sterols or stanols can be recommended for use by adolescents.

* Manage dyslipidemia with medication if dietary changes and weight loss are not

effective.
Dietary intake and eating e Assess usual food intake using 24-h recall or 3- to 7-days food diary.
behaviors e Provide appropriate nutrition counseling or refer to a registered dietitian/nutritionist
for medical nutrition therapy as needed.
Physical activity and — Review usual daily physical and sedentary behavior patterns.
sedentary activity — Discuss recommendation for at least 60 min/day of moderate-to-vigorous physical
activity.

— Emphasize importance of limiting sedentary activity, with no more than 2 h/day of

screen time
Diabetes — Assess for family history of diabetes, presence of acanthosis nigricans, and
symptoms consistent with diabetes among overweight or obese adolescents.

— Review fasting blood glucose levels with teens and caregivers or refer to primary
care provider for treatment and measurement of a fasting blood glucose level if
laboratory data are not available.

— Provide medical nutrition therapy and nutrition counseling as appropriate.

— Refer overweight and obese teens to a comprehensive weight management program.

Adapted from: U.S. Department of Health and Human Services, National Institutes of Health, National Heart, Lung and
Blood Institute: Expert panel on integrated guidelines for cardiovascular health and risk reduction in children and ado-
lescents. Summary report. NIH Publication No 12-7486A, October 2012. Available at http://www.cdc.gov/diabetes/
pubs/pdf/ndfs_2011.pdf. Last accessed February 1, 2016

should have the previously mentioned laboratory values measured with the addition of microalbumin.
Table 4.2 lists cut-points for common indices of chronic disease, while Table 4.3 provides an overview
of assessment and referral recommendations based on an adolescent’s personal risk factors.
Treatment for overweight and obesity among adolescents is based on the degree of excessive body
fat and the presence of comorbid health conditions [35]. Overweight teens with no personal risk fac-
tors or significant family history should follow Step 1 treatment guidelines which includes advice to:

e Consume five or more servings of fruits and vegetables each day (excluding French fries and other
fried potato products)

e Remove sugar-sweetened beverages from the diet including soft drinks, sports drinks, energy
drinks, fruit drinks, lemonade, and fruit punch

e Limit fruit juice to 6 oz. (180 mL) per day or less and only consume 100% fruit juice
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e Participate in 60 min of moderate to vigorous physical activity, which can be done in four to six
10—15 min intervals or in 1 or 2 longer intervals. Teens should be able to carry on a conversation
but not sing when they are participating at an appropriate level of intensity.

e Limit discretionary screen time to 2 h/day or less

* Limit intake of fast foods, convenience foods, and foods with added fats and/or sugars.

If Step 1 has not resulted in weight maintenance or modest weight loss within 2-3 months, teens
should move on to Step 2 treatment. All overweight adolescents with personal risk factors should
begin treatment at Step 2 as should all obese teens. Recommendations for Step 2 include all of those
in Step 1 plus:

e Limit discretionary screen time to 1 h/day rather than 2 h/day

e Introduce a structured meal plan of 1400—1800 kcal/day that follows DASH dietary guidelines (see
Table 4.4)

* Monitor daily food intake and physical activity to assure that adolescents are meeting their goals.

Step 2 should be implemented for 6-8 weeks to determine if weight is maintained or modest
weight loss has occurred. If necessary, teens should move to Step 3 (as should all obese teens who
have significant risk factors), which includes all recommendations from Step 2 plus:

*  Weekly visits for at last 8-12 weeks that include structured behavior modification techniques;
more frequent contact may be desired or required by some teens and their families.

Table 4.4 DASH Eating plan to reduce hypertension and other chronic diseases: servings per day by food group and
total energy intake

Food group Serving size 1400 kcal 1600 kecal 1800 keal 2000 kcal
Grains (with whole 1 slice bread 6 6 6 6-8
grains the majority 1 oz. (28 g) dry cereal
of choices) 1/2 C (0.12 L) cooked rice, pasta, or cereal
Vegetables 1 C (0.24 L) raw leafy greens 34 34 4-5 4-5

1/2 C (0.12 L) raw or cooked vegetable
1/2 C (0.12 L) vegetable juice
Fruits 1 medium fruit, 1/4 C (0.06 L) dried fruit 4 4 4-5 4-5
1/2 C (0.12 L) fresh, frozen, or canned fruit
1/2 C (0.12 L) fruit juice

Milk and milk 1 C (0.24 L) milk or yogurt 2-3 2-3 2-3 2-3
products (fat-free 1 C (0.24 L) soy, almond, rice, or other milk
or low-fat choices) substitute
or substitutes 1.5 0z. (42 g) cheese

Lean meats, poultry, 1 oz. (28 g) cooked meats, poultry, or fish 34 34 <6 <6
or fish 1 egg

Nuts, seed, and 1/3 C (0.08 L) or 1.5 oz. nuts 3/week 3—4/week 4/week 4-5/weeks
legumes 2 Tb (30 mL) peanut or other nut butter

2 Tb (30 mL) or 0.5 oz. (14 g) seed

1/2 C (0.12 L) cooked legumes
Fats and oils 1 tsp. (5 mL) margarine 1 2 2-3 2-3

1 tsp. (5 mL) vegetable oil

1 Tb (15 mL) mayonnaise

2 Tb (30 mL) salad dressing
Sweets and added 1Tb (15 mL) sugar <3 oz./ <3 oz./ <5 o0z./ <5 oz./

sugars 1 Tb (15 mL) jelly or jam week week week week

1/2 C (0.12 L) sorbet or gelatin

1 C (0.24 L) lemonade
Source: Based on the U.S. Department of Health and Human Services, National Institutes of Health, National Heart,
Lung and Blood Institute: Expert panel on integrated guidelines for cardiovascular health and risk reduction in children
and adolescents. Summary report. NIH Publication No 12-7486A, October 2012. Available at http://www.cdc.gov/dia-
betes/pubs/pdf/ndfs_2011.pdf. Last accessed February 1, 2016
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e Supervised physical activity may be provided to assure that teens are safely able to exercise
vigorously.

e Mental health screening with referral for depression or other identified issues.

e Further structure to meal plans or reduction to 1400 kcal/day may be required; teens should be
monitored weekly when on low-calorie diets.

Step 4 treatment is implemented when Step 3 is not effective or for significantly obese teens who
have comorbid conditions that require intensive intervention. This level of care is provided only in a
tertiary care center that specializes in pediatric obesity and may include medication management,
meal replacement, very-low-calorie or protein-sparing-modified fast diets, or bariatric surgery.

Hypertension

Screening for hypertension is recommended at each medical visit [24, 36]. Classification of blood
pressure based on the average of three readings are:

e Normal blood pressure: <90th percentile for age, gender, and height

e Prehypertensive: >90th and <95th percentiles for age, gender, and height

e Stage 1 hypertension: >95th and <99th percentile + 5 mmHg for age, gender, and height
e Stage 2 hypertension: >99th percentile + 5 mmHg for age, gender, and height.

Adolescents with a family history of hypertension or hyperlipidemia, who are overweight or obese,
who use tobacco, and who report a poor dietary intake and inactive lifestyle should be considered at risk
for hypertension [36]. Nutrition counseling according to the DASH diet which encourages teens to
decrease sodium intake, to limit fat intake to 35% or less of calories, to reduce the intake of added sugars,
and to consume adequate amounts of fruit, vegetables, whole grains, and low-fat dairy products should
be provided when hypertension is diagnosed (Table 4.4). Weight loss according to national guidelines
(outlined previously in this chapter) should be recommended for teens that are overweight or obese.

Hyperlipidemia

About 25% of US teens have hyperlipidemia [24, 36]. Table 4.2 outlines suggested cut-points for
blood lipid and other biomarkers for cardiovascular disease (CVD) specific to teens. Total and LDL
cholesterol levels drop by up to 20% during the growth spurt, thus screening for hyperlipidemia at age
10 and after age 17 will provide the most accurate measures [36]. Youth who have a family history of
premature CVD or who are overweight or obese should be screened for blood lipids and CVD bio-
markers; however, routine screening for all adolescents is not necessary [36].

The National Institutes of Health, National Heart, Lung and Blood Institute (NHLBI) has developed
the CHILD 1 (Cardiovascular Health Integrated Lifestyle Diet) diet and nutrition guidelines which
integrate dietary approaches to prevention hypertension, hyperlipidemia, and obesity [36]. These
guidelines include the DASH dietary guidelines (Table 4.4) as well as recommendations for dietary
fiber (14 g/day/1000 kcal), limited intake of juice (4—6 oz or 120—180 mL/day), limited sodium intake,
limiting fast food meal and salty/savory snacks (such as chips and crackers), and eating breakfast daily.
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Diabetes and the Metabolic Syndrome

It is estimated that 215,000 people aged 20 years or younger have diabetes with the majority of the
cases being type 1 (arate of 1.7 per 1000 youth) [37]. Type 2 diabetes is harder to detect in adolescents
due to the lack of obvious symptoms, thus prevalence data are not available. The majority of adoles-
cents treated for type 2 diabetes are obese with a family history of the disease. The disorder among
teens appears to be highest among 15-19-year-old American Indian youth (5.4/1000 among all tribes
and 50.9/1000 among Pima Indian teens) [37]. Prevention of type 2 diabetes among youth includes
early intervention for overweight or obesity, 60 min of daily activity, and following the DASH diet or
the Diabetes Prevention Program approach with careful attention paid to removing sugar-sweetened
beverages and sugar-rich foods from the diet (Table 4.4).

The metabolic syndrome, the clustering of risk factors for CVD, affects between 2 and 9% of US
adolescents; rates are much higher among obese youth, estimated at 12-44% [36]. Overweight and
obese teens and those with a strong family history of CVD and/or diabetes should undergo screening
for the metabolic syndrome. Females who are diagnosed with polycystic ovary syndrome may also be
at higher risk for the metabolic syndrome. Dietary recommendations to prevent CVD should be
encouraged for teens that show evidence of developing the metabolic syndrome.

Nutrition Education and Counseling of Teens

Adolescents make many of their own food choices outside of the home, thus nutrition counseling
should focus on the busy lives of teens and should incorporate strategies for eating at school and other
venues away from home. Adolescents should be encouraged to engage in decision-making processes
during nutrition counseling. Setting too many goals may seem overwhelming to the adolescent and
may reduce the likelihood of following through with changes in behavior. Accordingly, no more than
two goals should be set during a counseling session. The MyPlate Supertracker (available at http:/
www.choosemyplate.gov/tools-supertracker) is an online tool that teens can use to measure the impact
of changes in their diet and physical activity patterns and to monitor their progress over time. The use
of technology to facilitate nutrition education and counseling for adolescents should be implemented
whenever possible to engage adolescents and to provide nutrition information. Communication meth-
ods such as text messaging, podcasts, YouTube, and social media (e.g., Instagram, Twitter, and Tumbler)
are popular with adolescents and can be a highly engaging way to convey nutrition information.

Summary

Adolescence is a period of rapid physical and mental growth and development, which requires impor-
tant nutritional consideration. Health professionals should appropriately educate and counsel teens in
healthy eating behaviors, achieving and maintaining a healthy weight, and screen for chronic health
issues. Addressing the physical and psychological changes that take place during the adolescence life
stage can positively impact current health and wellness, as well as shape health in later stages of the
life cycle.
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Chapter 5
Nutritional Challenges of Girls and Women

Margaret A. Maher

Key Points

Physical demands of females for reproductive function and child-bearing affect nutrition, appetite,
and weight regulation.

Most chronic diseases in women, like men, have diet associations that affect health risk, manage-
ment, and outcomes. Lifestyle modification, including nutritional intervention, should be consid-
ered a first-line intervention when applicable.

Cultural and social factors that emphasize gender-specific roles, body shape, and weight in females
increase their risk of disordered eating and their need for weight management assistance.

Neural and hormonal regulation of appetite varies by gender and among females at different stages
of the life span; these differences may affect success of nutritional and medical management of
weight and appetite.

The female athlete triad, a condition involving inadequate energy intake, menstrual dysfunction,
and lowered bone mineral density, is most often recognized in female athletes due to activity-
associated pain and stress fractures, but also occurs in more sedentary girls and women.
Polycystic ovary syndrome (PCOS) is associated with carbohydrate craving, disordered eating,
and other metabolic anomalies including the metabolic syndrome which includes overweight or
obesity, insulin resistance and associated glucose intolerance. Weight and drug management and
attention to carbohydrates in the diet may improve insulin sensitivity and reduce negative out-
comes (lowered fertility, type 2 diabetes, and cardiovascular disease).

Women may seek nutritional and medical management strategies for age-related weight and body
changes and for relief of premenstrual, peri- and postmenopausal symptoms.

Keywords Reproductive stages ® Female athlete triad ¢ Polycystic ovary syndrome © Weight manage-
ment ® Disordered eating
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Introduction

There are long-recognized associations between female gender, fertility, and food, reflected in imag-
ery of iconic goddesses and mothers. Nutrients may impact, and be impacted by, menstrual cycling,
fertility, pregnancy, labor and delivery, lactation, and peri- and postmenopausal adaptations [1]. In
addition, reproductive function in women has long-lasting effects on other body systems, such as the
skeletal system. It follows, therefore, that clinicians providing care for girls and women need a solid
understanding of nutritional issues specific to females. Thus, this chapter examines the unique
nutrition-related challenges for girls and women to complement Chaps. 1 and 2 on pregnancy and
infants, respectively.

It should also be emphasized that the leading causes of death in women—heart disease, stroke,
cancer (especially breast cancer)—are all associated with diet and other lifestyle factors [2].
Recommendations related to prevention of chronic disease put forth in the Dietary Guidelines for
Americans 2015 [3] are applicable to girls and women. Key elements include: limiting daily calories
from sugars and saturated fats each to less than 10% of total calories; limiting sodium to less than
2300 mg/day; and limiting alcohol intake to one drink per day for women. A notable difference from
previous recommendations is the absence of defined limits for intake of total fat and cholesterol [3].
Consumption of a high quality nutrient-dense diet (calcium, vitamin D, n-3 fatty acids, antioxidants),
fewer and less processed foods, and emphasis on plant-based foods are generally recommended to
lower chronic disease risk and adverse outcomes [3]. Risk is also lowered with maintenance of a
healthy weight (body mass index <25 with waist circumference <35 in.) [2].

Specific Nutrient Challenges for Females

Dietary Fat

While no significant associations of total dietary fat with cardiovascular disease risk are present in the
dietary current recommendations, types and sources of dietary fat are still of great interest. While
reduction of total fat leads to reduced intake of saturated and trans-fats, which have been related to
higher risk, it may also lead to reduced intake of unsaturated fats, which are related to lower risk.
Women’s cohort and intervention studies do not support a significant association between total fat
intake and risks of breast and colorectal cancers [4]. Consumption of vegetable fats has been associ-
ated inversely with diabetes development in women [4]. However, a recent systematic review of stud-
ies of high-fat dairy consumption reported either no association or an inverse association with obesity
and associated cardiometabolic risk [5]. A recent cohort study revealed that higher fat dairy consump-
tion was associated with less weight gain in middle-aged and older women [6].

Iron

Women of reproductive age are at greater risk of anemia due to iron loss during menstruation and
reduced dietary iron intake. Added concerns include especially heavy or frequent menses, frequent
blood donation, and athletic-induced hemolysis and anemia [7]. Signs and symptoms of non-anemic
iron deficiency may include fatigue, restless legs, sleep disturbance, and fingernail breakage. Routine
iron supplementation for those without iron deficiency is not recommended. When iron deficiency is
present, supplementation is recommended as well as education on the difference between heme- and
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nonheme iron sources with regard to bioavailability. Nonheme iron is better absorbed in the presence
of meat protein and should be consumed in the same meal with foods rich in vitamin C so as to
enhance absorption [7]. Iron deficiency in women who are not menstruating may merit exploration of
nutrition intake or occult bleeding from gastrointestinal sources [8].

Folate and Vitamin B,

Adequate periconceptional and pregnancy intake of folate is well known to decrease the risk of neural
tube defects and may also help prevent other complications of pregnancy including preeclampsia and
miscarriage [9]. Repeated miscarriages and infertility have been linked to insufficient amounts of
vitamin B, and folate. Pregnancy and lactation increase the need for both of these micronutrients.
Women who are vegans or vegetarians with a history of limiting animal protein sources during preg-
nancy or lactation are at higher risk of vitamin B, deficiency and may need supplementation. In older
women, vitamin B, deficiency has also been associated with increased hip bone loss [10].

Calcium

Adequate calcium is recommended for women of all ages, but especially during adolescence and in
young women; this is because peak bone mass is developed during the growing years, up to age 30
[2], as is more thoroughly discussed in Chap. 4. Because of common preoccupation of girls and
women with body weight they may consume low levels of foods that are typically rich in calcium; for
instance, replacing milk with diet drinks. Promotion of three servings per day of low-fat dairy prod-
ucts that provide both calcium and vitamin D is recommended. If a vegetarian lifestyle or lactose
intolerance are considerations, other calcium-fortified beverages or foods, such as orange juice, or a
calcium and vitamin D supplement may be warranted. The daily recommendations for calcium, vita-
min D, and other nutrients are listed in Appendix C. Increased dietary calcium or calcium supplemen-
tation, beyond general recommendations, is unlikely to be beneficial for increasing bone mineral
density (BMD) in persons over age 50 years [11].

Premenstrual Symptoms, Dysmenorrhea, and Nutrition Associations

Premenstrual Symptoms and Nutrition Associations

Premenstrual symptoms, both physical (breast tenderness, bloating, headache, etc.) and mental
(depression, mood swings, irritability, sleep disturbance, etc.), can range from mild to debilitating.
Dietary modifications for preventing premenstrual symptoms have, in the past, included reductions in
salt, sugar, caffeine, and meal sizes. Individual nutrients, including vitamins B4 and E, calcium, and
magnesium, and herbal remedies, have been suggested for the management of premenstrual symp-
toms (PMS —premenstrual syndrome and PMDD —premenstrual dysphoric disorder) [12]. A review
of this area concluded that calcium supplementation (1200 mg/day in divided doses), vitamin By in
doses up to 50-100 mg/day, and 20—40 mg/day of chasteberry (Vitex agnus castus) show limited evi-
dence for reduction of one or more premenstrual symptoms [12]. Well-controlled studies have not
demonstrated much improvement over placebo and may not merit the potentially harmful side effects
of routine use. Additional lifestyle interventions with limited evidence base include regular exercise,
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relaxation, and stress reduction interventions for ameliorating mild to moderate symptoms. Certain
selective serotonin reuptake inhibitors (SSRIs) are considered first-line pharmacotherapy for more
severe PMS or PMDD [13].

Dysmenorrhea and Nutrition Associations

Dysmenorrhea, the most common gynecologic complaint in females, has varied levels of severity and
comorbid conditions. A small number of studies have explored thiamin, magnesium, vitamin E, or n-3
fatty acids for their effectiveness at alleviating painful menses with limited or inconclusive results [12].

Females, Body Dissatisfaction, and Nutrition

Girls and women of all ages, many ethnicities, and environments report struggling with body dissat-
isfaction that may affect nutrition [14]. This dissatisfaction may lead females or their loved ones to
express concern and seek healthy or unhealthy ways to change their bodies [15]. While girls and
women of all ages can report dissatisfaction with their bodies, as women age, the self-reported impor-
tance of their body shape and size declines [14]. While both boys and girls undergo major body
changes during adolescence, and sometimes into early adulthood, that can impact body image [15],
females have monthly body changes associated with menstrual cycling, enormous changes in physical
size and shape associated with pregnancy and postpartum, as well as changes in body composition
and fat deposition associated with midlife hormonal changes. Referral of girls and women (as well as
boys and men) for counseling to explore and resolve body image as well as aging issues may improve
nutritional outcomes and mental and physical health. The passage of mental health parity legislation
should improve treatment options for individuals and families struggling with disturbances in eating
and body image.

Weight Management in Females

Weight issues should be addressed with women who are underweight or overweight; this is necessary
for both health and reproductive reasons. Help should also be offered to women who have significant
anxiety about weight and shape changes associated with various life stages. However, women should
be assessed for disordered eating before they are advised to gain or lose weight; this assessment
should continue while they are gaining or losing weight. Risks and management of overweight and
obesity are discussed further in Chap. 8 by Bray and Champagne.

Both obesity and eating disorders (as a group) are more common in females than males in devel-
oped countries. Although there is a well-known difference in body fat distribution between women
and men, the interaction of factors dictating gender-specific fat storage and mobilization are not clear.
Multiple appetite-regulating hormones are currently under investigation for their roles in energy bal-
ance and inappropriate imbalance [16]. Weight management and appetite regulation in girls and
women are complicated by gender-specific roles as family meal preparers, menstrual cycle fluctua-
tions, major changes in sex hormone levels at the onset and end of the reproductive years, and body
weight and shape changes associated with pregnancy and lactation [16]. For example, consumption of
beverages containing carbohydrates has been associated with reduction in premenstrual symptoms, an
effect linked to carbohydrate craving and related to tryptophan and the serotonin system [17].
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When weight reduction is indicated, recommendations with a strong evidence base include pre-
scription of individualized nutritionally adequate diets designed with regard to patient preferences and
other health considerations. Caloric intakes from 1200 to 1500 kcal/day or energy deficit of approxi-
mately 500-750 kcal/day for women are recommended. Choosing a nutritious diet that is most likely
to be adhered to is more important than macronutrient composition (low fat, low carb, etc.) [2, 18].

Success rates for weight-loss maintenance in overweight women and recovery from eating disor-
ders are not encouraging. Eating disorders are explored in more detail in Chap. 7. It is important for
clinicians to recognize that a one-size-fits-all approach to treatment of disordered eating issues and
weight management, in both males and females, may be less effective than individualized nutrition
assessment and management approaches. Evidence is mixed with regard to whether reasonable calo-
rie restriction is effective in the long term or if it predisposes to eating disorders; however, any dieting
should be done with caution, supervision, and with adequate dietary carbohydrate and protein to
preserve lean body mass. There is also evidence that a size-acceptance approach (health at all sizes)
that emphasizes attention to internal hunger, satiety, and appetite cues may improve health and self-
esteem more than dieting [19].

Body Weight and Reproduction

A very high or low body mass index (BMI >35 or <20, respectively) is associated with reduced prob-
ability of conceiving; this is related to leptin and gonadal axis dysregulation [20]. Pregnancy and
peripartum complications as well as the health of prospective children [21] are affected by prepreg-
nancy weight and maternal weight gain. A history of dieting and dietary restraint has been associated
with increased weight gain during pregnancy in all but underweight women [21]. The health benefits
of a normal body weight for both mother and prospective children should be emphasized.

The Female Athlete Triad

The female athlete triad (TRIAD) is a spectrum of disorders that involves three interrelated condi-
tions, which may profoundly affect the skeletal and reproductive health of girls and women: inade-
quate energy intake, menstrual dysfunction, and lowered bone mineral density (BMD) [22, 23].
Inadequate energy intake leading to promotion of the other two conditions may occur with or without
eating disorder and in girls and women in all weight categories. The conditions may occur with or
without eating disorders and in girls and women prevalence of the TRIAD varies depending on the
age group, number, and definition of components [22]. Athletes with the TRIAD are at significantly
higher risk of sports-related injuries and declining performance. Screening for the TRIAD should
occur at physical examinations. Detection of any one of the TRIAD components with screening or
patient presentation of amenorrhea, stress fractures, or low body weight indicates assessment for the
other two components. It is recommended that diagnosis of the TRIAD should be followed by com-
prehensive evaluation and intervention, including a primary care provider, a behavioral health profes-
sional, and a registered dietitian [22, 23]. Detailed considerations for assessment of the TRIAD and
for intervention planning are shown in Table 5.1.

The goals of TRIAD treatment are normalization of eating patterns and weight, nutrition education
and oversight to ensure energy balance (caloric intake > caloric expenditure), restoration of regular
menses, and elevation of BMD. BMIs for resumption of regular menses may be higher in athletes than
that required in more sedentary females. Rest (exercise restriction) may also be required for restora-
tion of normal physiological and reproductive function. Behavioral health support may be needed to
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Table 5.1 Assessment for diagnosis, monitoring, and evaluation of the female athlete triad

Assessment category  Key tools

Screening and Use a questionnaire such as EDI, EAT-26, SCOFF. [24]
Behavioral Interview to assess body image, food, and/or exercise focus

History Body weight, diet, physical activity, social, medical (evidence of bone injuries, pain)

Anthropometrics Height, weight*, BMI calculation, application to ideal body weight (IBW) range and % IBW,
% usual body weight (UBW) if recent weight loss

Dietary Use 24-h or usual day recall, dietary log, direct observation, and/or interview of parents as
applicable

Laboratory Glucose, protein, iron status, CBC, gonadal axis hormones

Body Composition Bone density (whole body and regional), % fat mass®

Care should be taken with sharing this information with the patient, given fears and obsession with some numbers

help athletes deal with associated feelings of guilt or loss because of not exercising. Protein, calcium,
and vitamin D consumption should also be monitored for adequacy. Oral contraceptive therapy to
replace estrogen with amenorrhea is controversial and has not been effective in preserving BMD as
intended. Hormone challenge may be helpful for jump-starting menses following weight restoration.
Noncompliance with the treatment plan and/or continued amenorrhea indicates the need for more
intensive behavioral and medical therapy to prevent poor present and future health outcomes [22, 23].

Polycystic Ovarian Syndrome

Polycystic ovarian syndrome (PCOS), also known as Stein—Leventhal syndrome, is associated with an
array of clinical features and management options shown in Table 5.2. The prevalence of the condition
is estimated to be 5—15% of women of reproductive age, and there is often family history of PCOS or
its signs [28]. Besides the well-known difficulties with fertility that women with PCOS can experi-
ence, the metabolic disturbances significantly increase the risk of developing type 2 diabetes and
cardiovascular disease [29].

Indications of hyperandrogenism in women include hirsuitism (male pattern hair growth in
females) acne, dysmenorrhea, and alopecia (head hair loss). The presence of insulin resistance and
hyperinsulinemia are suggested by episodic hypoglycemia and related carbohydrate craving, acantho-
sis nigricans (dark patches on the skin), and unexplained weight gain. Other symptoms that may also
be present include significant mood disorder, body image disturbance, and disordered eating, second-
ary to attempts to control weight gain. Results of sex hormone tests, standard diagnostics for diabetes
(fasting glucose and insulin, oral glucose tolerance test, HbAlc), and transvaginal pelvic ultrasound
may provide differential diagnosis [28, 29].

Dietary management of PCOS should emphasize foods low in saturated fat and high in fiber. In
addition, specific nutrients, plant extracts, and supplements have been shown to improve some clinical
features of PCOS. Counseling may also be indicated for mood disorder, help with body image and
acceptance, and disordered eating if present [19, 28]. Regular exercise, including both strength-
building (resistance) and endurance components, will assist with weight loss, improve insulin sensi-
tivity, and increase self-esteem. Medical management of sex hormone dysregulation may involve
drugs to regulate menses, stimulate ovulation, and inhibit masculine hair patterns and acne.

Medical management of metabolic dysregulation may involve drugs to improve insulin secretion
and sensitivity, reduce hepatic glucose output, improve dyslipidemia, and promote weight loss. Early
detection and management of PCOS can improve physical and mental health outcomes and reduce the
risks of chronic diseases and infertility later in life [28, 29].
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Table 5.2 Clinical features and related medical or lifestyle and dietary interventions for PCOS

Clinical feature Medical or surgical intervention Lifestyle/dietary intervention
Hyperandrogenism Spironolactone Phytochemicals
Dysmenorrhea Contraceptives Phytochemicals

Ovulatory induction with
clomiphene citrate or letrazole

Android pattern Anti-obesity drugs [25] Support for achievement and maintenance of lower body
Overweight/obesity weight through dietary and exercise interventions.
Screening and support for BED/NES eating disorders.
Insulin resistance Metformin Focus on carbohydrate amount and type, inclusion of
Thiazolidinediones cinnamon [26].
Ovarian cysts Phytochemicals

Hirsuitism— Alopecia Topical 5-alpha reductase inhibitors Zinc supplementation [27]

Peri- and Postmenopause

The peri- and postmenopausal periods may pose challenges for women’s health and well-being that
may be influenced by nutrition [12]. Until recently, hormone replacement therapy was a mainstay of
treatment for health problems associated with this period of a woman’s life, but is not preferred for
some women with concerns of increased cancer risk. Up to 80% of women turn to non-hormonal
treatments including herbal remedies and use of supplements [30]. However, a recent North American
Menopause Society review provides guidance and evaluation of the evidence base for non-hormonal
treatments [30]. Multiple studies have reported that isoflavones, which may have differential agonist,
partial agonist, or antagonist actions at estrogen receptors, may relieve menopausal vasomotor symp-
toms, better known as hot flashes [12, 30]. The most robust evidence related to isoflavones is with soy
foods and extracts. There is insufficient evidence to recommend that consuming isoflavone-rich foods
or supplements will provide relief from hot flashes in most women. The isoflavone source, bioavail-
ability, and response of each consumer and her microbiome impacts effectiveness. Several studies
have also suggested that soy isoflavones have cancer-preventing properties in multiple organs includ-
ing the mammary gland. However, recent studies have shown that the cancer-preventing properties
may be related to soy consumption earlier in life [31]. In general, isoflavone administration is not
recommended in women without childhood exposure to isoflavones due to its inconsistent effects on
the mammary gland and uterus, which may increase the risk of developing malignancies [31]. Caution
should be taken in application of these findings due to limitations in these studies. Women who have
had or are at increased risk of breast, uterine, or ovarian cancer, uterine fibroids, or endometriosis
should be aware of the potential risks of using phytoestrogens [12, 30, 31].

Black cohosh is another nutritional supplement that has been reported to reduce menopausal-
related hot flashes and improve mood [32, 33]. However, a 12-month study showed benefit for reduc-
ing hot flashes with estrogen therapy, but no benefit of black cohosh [34]. This study also reported no
benefit with a multibotanical, either alone or with dietary soy. Other supplements commonly used to
reduce menopausal symptoms include flaxseed, gingko biloba, and red clover. Moreover, St. Johns
Wort may be taken and is mildly effective for mood improvement [34]. Though there are a growing
number of studies that have been completed on the safety and efficacy of these complementary and
alternative medicine treatment options, the body of evidence is often not sufficient to provide specific
recommendations [12]. Of importance, women taking supplements may not inform their healthcare
providers and may thus risk drug interactions or unrecognized adverse reactions. Encouraging women
(but without being judgmental) to reveal their supplement use and referring them to reliable sources
to explore the evidence base for supplement use will empower them to make informed decisions.
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Women represent 80% of those affected by osteoporosis. During menopause, there are yearly bone
losses of 3-5%. Adequate calcium and vitamin D intake during childhood and the early reproductive
years promote bone formation that will extend the time until postmenopausal signs of osteoporosis
appear [2]. A European study found that postmenopausal women consuming fortified dairy products
with 1200 mg calcium per day for 12 months had more positive changes in biochemical indices of bone
metabolism and bone mineral density (BMD) than those women taking the same amount of calcium in
supplement form [35]. Reasons for greater bioavailability of calcium from dairy products may be due
to the role of magnesium and milk protein in bone metabolism. Soy isoflavones have shown potential
to promote bone formation and reduce bone loss [36]. However, lack of studies informing dosage, as
well as contraindications for some women, prevent specific recommendations for intake. A healthy
diet, weight-bearing exercise, avoiding smoking, and limiting alcohol intake can reduce bone loss as
well as promote healthy body weight and image in the postmenopausal period [2, 37].

Summary

The unique physiology of females and significant changes in anatomy and physiology directed by sex
hormones across the life span pose nutritional challenges that may require assessment and intervention.
Helping girls and women navigate the vast, often contradictory, nutrition information related to female-
specific issues is a challenging task that may be asked of primary care providers. Anthropometrics, diet
and eating pattern analyses, and questions about body image and satisfaction should be routine aspects
of annual physical examinations, especially coincident with puberty, pregnancy, and postpartum and
perimenopausal periods. These may help detect and monitor conditions that warrant nutritional, medi-
cal, and/or exercise interventions that will improve girls’ and women’s health and well-being.
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Chapter 6
Healthy Aging: Nutrition Concepts for Older Adults

Eleanor D. Schlenker

Key Points

e A lifestyle that includes a healthy diet and regular physical activity, including strength training,
delays the appearance of age-related changes and slows the development of chronic disease and
disability.

e Age-related changes in nutrient requirements increase or decrease depending on the nutrient;
energy needs decline underscoring the importance of nutrient-rich foods.

e Both inappropriate weight gain and debilitating weight loss add to chronic disease and disability;
loss of muscle can be prevented or reversed with strength training.

* Nutrient supplements may be needed as energy intake declines, but attention to individual needs,
current medications, and food intake avoids toxicity or dangerous interactions.

e Community nutrition programs providing congregate or home-delivered meals help maintain
nutrient intake when loneliness, anorexia, limited resources, or disability interfere with obtaining
or preparing adequate meals.

Keywords Aging * Anorexia of aging ® Sarcopenia ® Physiological changes of aging

Introduction

By 2030, one in five persons in the United States will be aged 65 or over [1]. The aging population
carries implications for health providers, policy-makers, and programs such as Medicare. The rising
prevalence of obesity and the growth in diverse populations, especially those vulnerable to hyperten-
sion and diabetes, accentuate the need for lifestyle intervention at all ages. Optimal nutrition and
physical activity represent the golden key to good health in a patient’s later years. Appropriate amounts
and types of food slow the aging process and improve both short- and long-term outcomes. New dis-
coveries continue to affirm the interaction of nutrients with the biology of aging.
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Physiologic Aging and Nutrition

Age-related changes in physical vigor become more pronounced after age 70. Changes in body com-
position, gastrointestinal function, and renal function follow a similar progression across the popula-
tion, but occur at different rates within each individual and influence nutrient needs. Accordingly,
patients may require individualized nutrition recommendations.

Body Composition

Loss of lean tissue influences health. Loss of muscle (sarcopenia), and to a lesser extent organ tissue,
lowers basal needs. A sedentary lifestyle accelerates muscle loss, promoting the risk of physical dis-
ability and frailty. Conversely, strength training can restore muscle mass in persons as old as 98 years,
giving renewed ability for self-care [2]. Muscle serves as a repository for amino acids for producing
immune factors or acute phase proteins or rebuilding tissue following illness or stress. Replacing
muscle (75% water) with fat (15% water) lowers total body water, based on their relative water con-
tent, and adds to the risk of dehydration. Loss of bone mineral mass contributes to risk of falls and
fractures. Increased protein intake coupled with strength training blunts age-related muscle loss.

Gastrointestinal Function

Except for gastric acid, gastrointestinal secretions remain adequate to digest and absorb protein, fat,
and carbohydrate. Atrophic gastritis, affecting 30% of older adults, likely results from Helicobacter
pylori infestation, not normal aging [3]. Reduced gastric acid adversely affects the absorption of vita-
min B,, folate, iron, and calcium and permits bacterial overgrowth further lowering vitamin B, avail-
ability. If gallbladder dysfunction interferes with fat absorption, fat-soluble vitamin absorption also
declines. Intestinal microflora change in number and composition in older versus younger individuals,
as influenced by diet, degree of inflammation, and institutionalization [4]. These microorganisms
regulate nutrient absorption, modulate gastric motility, and control the growth of pathogenic bacteria.
Specific bacterial populations have been linked to chronic disease; prior treatment with antibiotics
appears to predispose older individuals to Clostridium difficile infection with gastroenteritis.
Alterations in gastric hormone activity, a decline in nitric oxide, and the loss of the stomach’s ability
to stretch when food is received lead to early satiety and anorexia among frail elders [5].

Renal System

Loss of nephrons and changes in the renin—angiotensin—aldosterone system lower the conservation of
water and sodium. The renal conversion of vitamin D to its active form is less effective, adding to
the risk of bone loss. High protein intakes mandate additional fluid to excrete added nitrogenous
waste. Renal changes further heighten the risk of dehydration in patients with reduced thirst and
limited fluid intake.
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Nutrient Requirements of the Older Adult

Normal aging coupled with chronic disease and medications adds uncertainty to nutrient require-
ments. The Dietary Reference Intakes (DRI) define two age categories for older adults (51-70 and
over 70), addressing the cumulative physiologic and functional changes that occur over adult life [6].
Although food intake and energy needs decline, other nutrient needs do not, emphasizing the need for
nutrient-rich foods.

Energy Requirements

Energy intake presents a delicate balance between unwanted weight gain and inappropriate weight
loss. Basal calories fall 1-2% per decade over adult life, and for sedentary older adults, basal needs
may equal 75% or more of total energy expenditure. Energy intake drops by about 450 kcal in women
and 750 kcal in men between ages 20 and 70 [7]. Estimated energy needs for people over age 50 are
2000-2800 kcal for men and 1600-2200 kcal for women, depending on activity level [8], but many
persons fall below 1600 kcal, making it difficult to supply required amounts of essential nutrients. At
least 130 g of carbohydrate is needed each day to provide glucose for optimum brain function [6]. Fat
should make up 20-35% of total energy, with the upper range supplying additional energy if food
intake declines. While some patients need to lower fat and energy intake to prevent unwanted weight
gain, others are influenced by public health messages directed toward younger overweight individuals
and reduce energy and fat to inappropriately low levels.

Protein

Dietary protein supports tissue repair and replacement and counters the progression of sarcopenia.
Both the amount of protein consumed and its distribution across all meals are important for preserving
muscle. Studies suggest the current DRI of 0.8 g/kg is insufficient to prevent muscle loss in older
adults and an intake of 1.0-1.5 g/kg is more appropriate [9]. To stimulate on-going muscle protein
synthesis, 25-30 g is needed at each meal. Although protein intake usually reaches or exceeds this
amount at lunch and dinner, older adults often consume less than 15 g at breakfast, and, frequently,
this is plant rather than animal protein. Adding a serving of milk or yogurt along with an egg or slice
of cheese could raise protein intake at breakfast. Protein intakes over two times the DRI can tax the
nitrogen and urea removal capacities of less efficient kidneys and are best avoided.

Micronutrients

Micronutrients play a significant role in aging and the etiology of chronic disease. In this section, we
discuss selected new aspects and functions of these nutrients.
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Fat-Soluble Vitamins (A, E, D, and K)

Preformed vitamin A (retinol) is supplied in animal foods such as milk, butter, and liver, whereas
provitamin A, converted to retinol in the liver, is found in fruits and vegetables. Traditionally associ-
ated with vision, vitamin A also supports immune function and cell differentiation. Preformed vitamin
A is well-absorbed and toxicity can occur with high potency supplements and/or excessive intakes of
fortified foods. Excessive vitamin A has been shown to accelerate bone mineral loss [6]. In contrast,
provitamin A (e.g., beta-carotene, cryptoxanthin) consumed in food is nontoxic.

Vitamin E, the major body antioxidant, helps prevent the oxidation of LDL cholesterol and neutral-
izes free radicals from both internal and external sources. However, vitamin E supplements exceeding
the DRI are not beneficial and indeed increase mortality risk [10]. Those anticipating surgery need to
be alerted to the anticlotting action of vitamin E supplements.

Vitamin K-dependent proteins, required for normal blood-clotting, also help form bone matrix and
facilitate its mineralization. Green leafy vegetables are good sources. Patients taking anticoagulants
should monitor their intake of vitamin K, as too high an amount can neutralize the action of the drug.

Roles of vitamin D—the “sunshine” vitamin—have expanded from regulation of bone health to
cancer prevention, immune response, and muscle metabolism; recent evidence suggests a role in men-
tal function, as older persons with poorer vitamin D status exhibit more rapid decline in memory and
cognitive function [11]. Normally, skin synthesis can meet body needs, but changes in skin cells, use
of sunscreen, and limited sun exposure put older adults at risk. Those with darker skin produce vita-
min D at about one-sixth the rate of Caucasians. Current recommendations for persons aged 30 and
over are noted in Table 6.1. Vitamin D-fortified dairy foods, soy milk, juices, and cereals supply about
100 IU (2.5 pg) per serving, but portions are often inadequate to meet the DRI, creating need for a
supplement. According to national survey data, mean vitamin D intakes from food and beverages for
persons age 60 and over are 5.3-5.6 pg/day for men and 3.9-4.7 pg/day for women [7]. African
American and Hispanic elderly have lower serum vitamin D levels than Caucasians [11]. (Further
information on vitamin D can be found in Chap. 25)

Water-Soluble Vitamins

Requirements for thiamin, riboflavin, and niacin do not change with age; yet intakes can be low as
food intake declines. Alcohol interferes with thiamin absorption and long-term use of diuretics can
result in thiamin depletion. Milk and cereals are major sources of riboflavin and intake suffers if these
foods are not consumed regularly. Optimum protein supplies both niacin and the amino acid trypto-
phan for niacin synthesis. Vitamin C as an antioxidant may help prevent senile cataract and preserve
immune function.

Vitamin B4 requirements increase after age 50 and inadequate intake adversely affects immune
function and synthesis of neurotransmitters. Vitamin Bg acts with folate and vitamin B, to modulate
plasma homocysteine levels. Megadoses of B¢ (2000-fold the DRI) impair muscle coordination and
lead to irreversible neural damage if prolonged.

Table 6.1 Dietary Reference Intakes for vitamin D
and calcium

Age Vitamin D Calcium

31-50 600 IU (15 pg) 1000 mg (males)
1000 mg (females)

51-70 600 IU (15 pg) 1000 mg (males)

1200 mg (females)
Over70 800 IU (20 pg) 1200 mg (males)
1200 mg (females)

From Ref. [12]


http://dx.doi.org/10.1007/978-3-319-49929-1_25

6 Healthy Aging: Nutrition Concepts for Older Adults 55

Current folate (folic acid) fortification policies directed toward the prevention of neural tube
defects have implications for older adults. Folic acid (the form added to grain foods) is better absorbed
than naturally occurring folate in plant foods (85% vs. 50%), which requires acid for best absorption [6].
High levels of available folate, however, can substitute for vitamin B, in the production of red blood
cells. As a result, it delays the appearance and diagnosis of pernicious anemia and B, deficiency,
while irreversible neural damage continues [6].

Vitamin B, status is precarious for those with low gastric acid, as acid is needed to release B, from
animal food proteins and enable its absorption. Synthetic vitamin B, used in food fortification does not
require acid for absorption, so it is best that fortified foods be consumed two to three times a week. Older
adults are vulnerable to the harmful effects of B, deficiency based on its effect on cognitive function.

Minerals

In older adults, calcium intakes are well below the recommended amount (see Table 6.1). Dairy foods
and calcium-fortified juices, cereals, and soy milk supply 300 mg per serving, and 3—4 servings per
day of these foods will adequately meet calcium needs. Increasing evidence points to the risk of inap-
propriate calcium supplements with reported incidence of gastrointestinal distress, related hospital
admissions, and development of renal calculi. Calcium supplement users, when compared with sub-
jects given placebos, had a 27% increase in myocardial infarctions and greater risk of stroke [12].
Older adults should avoid aluminum-containing antacids that bind with phosphorus, leading to phos-
phate depletion and adult rickets (osteomalacia). It is suggested that calcium helps control blood pres-
sure [11], yet another reason to eat calcium-containing foods.

Based on its role in opposing the pressor action of sodium on blood pressure, the DRI for potas-
sium was set at 4700 mg [6]; however, low food intake, limited resources, and chewing problems can
make it difficult to include the five to nine servings of fruits and vegetables needed to reach this goal.
Unless kidney function is severely compromised, adding potassium in the form of food does not pose
a risk. Potassium supplements require on-going medical supervision.

The optimum intake of sodium continues to prompt debate. As a means of controlling blood pres-
sure, individuals over age 55, African Americans, and persons with heart disease were urged to lower
their sodium intake from the Upper Tolerable Intake Level (UL) of 2300 mg to the Recommended
Dietary Allowance (RDA) of 1500 mg [13]. A recent report by the Institute of Medicine concluded
that sodium intakes below 2300-2400 mg are associated with higher mortality and hospitalization of
heart patients and recommended that these individuals follow the guideline of 2300 mg set for the
general population [13]. However, many older adults consume well over this amount. About 77% of
sodium intake comes from processed foods; about 11% is added in home preparation or at the table;
and only 12% is naturally occurring [6]. Elderly persons with limited mobility depend on canned or
frozen items that are often high in sodium. Salt substitutes often exchange potassium for sodium.

Magnesium has an important role in forming bone mineral crystals. Dairy products are a major
source and persons avoiding those foods can have low intake. Poor magnesium status has been associ-
ated with renal wasting related to diuretic therapy [6]. Hypermagnesemia is a threat for those abusing
magnesium-containing antacids or cathartics.

Iron needs are minimal in older adults (8 mg daily), but risk of deficiency is increased by poor
absorption related to low gastric acid, chronic use of aspirin, or other pathological conditions resulting
in blood loss [6]. Once iron is absorbed, it is poorly excreted, so iron overload is a danger with regular
use of iron supplements. Highly fortified cereals containing 18 mg of iron per serving pose a risk if
multiple servings are eaten regularly. Alcohol enhances iron absorption.

Zinc deficiency causing loss of taste and impaired wound healing sometimes occurs in older peo-
ple. Normal function is dependent on adequate zinc, but age-related changes or other nutrient defi-
ciencies may play a part.
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Fluid and Electrolyte Homeostasis

Changes in hormonal secretion coupled with cardiovascular disease and medications can upset a deli-
cate fluid balance, increasing the risk of dehydration or fluid retention. Reduced ability of the kidneys
to conserve fluid and changes in the hypothalamus that lower voluntary fluid intake increase risk of
dehydration. Various medications interfere with thirst, and incontinent elderly may self-limit fluid
intake. Dehydration can result in drug toxicity and heat stroke in uncontrolled environments. Conversely,
inappropriate secretion of antidiuretic hormone leads to water intoxication or hyponatremia.

Electrolyte disorders are not uncommon among community-living older adults [14]. Hyponatremia
is associated with changes in postural balance, falls, and bone fractures. Thiazide, loop diuretics such
as furosemide, and potassium-sparing diuretics require special attention to electrolyte balance.

Current fluid recommendations call for 9 cups/day for women and 13 cups/day for men and include
fluid from all beverages and high-fluid foods such as soup [6]. The debilitated older adult following
the mandate to “drink eight cups of water a day”, in addition to other fluids, is at risk of water intoxica-
tion. Elderly individuals should monitor their fluid intake and not depend on thirst as a guide.

Nutrition and Dementia

The role of nutrients other than vitamin B, in preventing age-related cognitive decline is poorly
understood. However, a recent report suggests that fish and its n-3 polyunsaturated fatty acids
(PUFAs), particularly docosahexanoic acid, lower the risk of future cognitive impairment [15]. A
meta-analysis of 21 studies involving nearly 182,000 participants revealed that one serving of fish per
week reduced the risk of dementia and Alzheimer’s disease; increased intakes may lower the risk of
mild cognitive impairment and Parkinson’s disease. Fatty fish such as herring, sardines, mackerel,
trout, salmon, and tuna are good sources of these fatty acids. Two servings of fish per week may also
help prevent cardiovascular disease.

Special Benefits of Plant Foods

The dietary fiber found in whole grains, fruits, and vegetables helps lower blood cholesterol, prevent
constipation, and improve intestinal health. Older adults with diets low in fiber should be encouraged
to gradually increase their fiber along with additional fluid. Phytochemicals (plant chemicals) such as
lycopene and polyphenols act as antioxidants and may protect against chronic disease; however, to be
effective, they must be consumed in food, not supplements, suggesting they interact with each other
or other unidentified substances in food.

Dietary Supplements

Individual requirements and circumstances govern the need for dietary supplements. When energy
intake is low, it is less likely that all vitamin and mineral requirements can be met from food alone. In
that case, a multivitamin—mineral supplement, with a composition approximating the DRIs, is helpful
[16]. Supplements containing more than 100% of the DRI of any nutrient can lead to adverse interac-
tions or total intakes that exceed the ULs. Iron and folic acid supplements require medical supervision.
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To the extent possible, food is the preferred way to supply nutrients. Unfortunately, herbal, botani-
cal, and other supplements are being marketed to older adults who need to be aware of potentially
dangerous interactions with medications. The problem of dishonest marketing of supplements is dis-
cussed by Temple in Chap. 32.

Body Weight in the Older Adult

Body weight management poses particular problems in the elderly. Involuntary weight loss and
decreasing muscle mass lower functional capacity, whereas ill-advised weight gain aggravates any
existing disabilities and chronic disease. Age-related changes in food intake regulation preclude
appropriate responses to short-term changes in food intake [17]. Weight lost during serious illness or
emotional distress is unlikely to be regained; conversely, weight gain associated with short-term over-
eating is likely to become permanent.

Low Body Weight

The anorexia of aging is complex in nature. Age-related changes in the hypothalamus controlling the
food drive and delayed gastric emptying lead to early satiety. Many common medications, such as
digoxin, influence appetite. ACE inhibitors bring changes in taste such that even favorite foods become
unpleasant. Various diuretics result in dry mouth, affecting taste and making swallowing more diffi-
cult. Cachexia arising from chronic inflammation and the subsequent release of cytokines is resistant
to even aggressive nutritional intervention. A body mass index (BMI) which falls from a higher level
to <21 might indicate a need for intervention [18].

Overweight/Obesity

The optimum body weight for a person of a given height appears to differ between older and younger
individuals, resulting in a U-shaped curve with excess mortality at very high or low body weights.
Although the BMI range of 18.5-24.9 represents normal weight, a recent meta-analysis of deaths in
persons aged 60 and over indicated that hazard ratios were higher at BMIs below <23, were lowest
between 23 and 32, and rose again at a BMI >33 [19]. Weight-loss interventions should balance any
functional benefits with the need for appropriate intakes of nutrients. It is vital that weight loss does
not bring about loss of muscle tissue that further compromises mobility and self-care. Rapid weight
loss likely reflects an occult medical problem rather than a successful weight-loss regimen.

Factors Influencing Food Intake in Older Adults

Socioeconomic Factors

Changes in social relationships influence food intake. Eating alone can be a difficult adjustment for a
widow(er). Loss of close friends or nearby family, changes in the neighborhood, or fear of the future
reduce interest in eating. Financial losses and rising prices present difficult choices on a fixed income
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that must cover living expenses and medications. Food choices can be dictated more by available
money than need for nutrients. Many older adults are eligible for the Supplemental Nutrition
Assistance Program (the food stamp program), but relatively few apply.

Health Factors

Physical infirmity makes food shopping challenging, and if transportation or food delivery is infrequent,
access to fresh produce and milk is curtailed. Severe arthritis interferes with food preparation and open-
ing packages of pre-prepared foods. Attempting to manage chronic conditions with a highly restrictive
diet is most often counterproductive. Meal patterns including familiar foods with attention to frequency
and portion control are more successful. Chewing is painful for edentulous elderly with ill-fitting
dentures or periodontal disease, and left untreated, periodontal disease leads to systemic infection.

Loss of taste and smell or distorted taste related to normal aging, radiation therapy, or medications
discourage eating. Bitter medications delivered to the taste receptors via the blood may flavor the saliva
and affect appetite. The interaction of nutrition and drugs is discussed more completely in Chap. 34.

Dry mouth (xerostomia) makes eating and swallowing difficult. The loss of saliva associated with
this condition enables rapid bacterial growth with ulceration if continued. Dysphagia or difficulty
swallowing and fear of choking influence the types of food that can be handled comfortably.
Swallowing can be troublesome for those with neurological impairment as occurs with Parkinson’s
disease, diabetes, or radiation treatment.

Evaluating Nutritional Risk

Community programs providing congregate meals in a social environment or delivery of meals to the
homebound provide nutritional support and promote independent living. Most are subsidized with
local and federal funds and target elderly persons who have limited resources. Questions in Table 6.2
can assist in identifying those at risk who could benefit from such programs. For an expanded assess-
ment tool that can be self-administered (SelfMNA® Mini Nutritional Assessment), see Suggested
Further Reading. Contact information for community food programs can be found on web sites or
telephone listings of county and state departments for the aging.

Health Promotion for the Older Adult

Positive changes in the quality or amount of food consumed are never without benefit, regardless of
age or physical status. Increased intakes of fruits, vegetables, and whole grains, and good food sources
of calcium, protein, and vitamin D add important nutrients and phytochemicals for resisting chronic

Table 6.2 Identifying risk factors for inadequate food intake

Do you ever have problems obtaining the food you need? (could relate to problems with shopping or lack of money
to buy food)

Do you have any problems that make it difficult to eat? (may involve chewing, loss of taste, problems with
swallowing)

Do you eat at least two meals every day? (amount of food eaten)

Have you gained or lost 10 pounds over the last 6 months? (involuntary weight loss or unwanted weight gain)
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disease and enhancing immune response. Regular physical activity to the extent possible, including
walking and strength training, helps maintain bone and muscle mass and extend independence. Small
changes add up to make a significant difference in the well-being of the aging adult.
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Chapter 7
Eating Disorders: Disorders of Under- and Overnutrition

Kelly C. Allison and Christina M. Hopkins

Key Points

Eating disorder diagnoses consist of anorexia nervosa (restricting type and binge-eating/purging
type); bulimia nervosa; binge eating disorder; and otherwise specified feeding or eating disorder
(including atypical anorexia, subthreshold bulimia nervosa and binge eating disorder, purging dis-
order, and night eating syndrome).

Physical complications of anorexia nervosa affect most major systems in the body and are caused
by starvation and the effects of purging. Most physical complications of bulimia nervosa are due to
purging.

Overweight and obesity are linked with binge-eating disorder and night eating syndrome. Patients
typically request that weight loss be addressed with treatment.

Anorexia nervosa is difficult to treat and may need initial inpatient treatment for refeeding.
Subsequently, family therapy is recommended for patients still living with their families.
Cognitive behavioral therapy is the first line of therapy recommended for bulimia nervosa, binge-
eating disorder, and night eating syndrome. Interpersonal therapy has also been shown effective for
bulimia nervosa and binge-eating disorder with similar efficacy as cognitive behavioral therapy at
12 months post-treatment.

Selective serotonin reuptake inhibitors have been shown effective for treating bulimia nervosa,
binge-eating disorder, and night eating syndrome, as has topiramate. Lisdexamfetamine is also
effective for binge-eating disorder. Medication trials have not identified a drug that effectively
addresses the inability to maintain a healthy body weight, the core symptom of anorexia nervosa.
Prevention studies are in their infancy, but dissonance-based programs have shown promise.
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Introduction

Eating disorders represent extremes in nutrition. These extremes of under- and overnutrition can exist
within the same person, as in anorexia nervosa, binge-eating/purging type, where an individual
severely restricts daily caloric intake while periodically consuming extremely large amounts of food.
Alternatively, the extremes can be found by definition, as in anorexia nervosa, restricting type, and
binge-eating disorder. Current diagnostic criteria for eating disorders are outlined in the Diagnostic
and Statistical Manual-5th Edition (DSM 5) from the American Psychiatric Association [1] and
include anorexia nervosa, bulimia nervosa, binge-eating disorder, and otherwise specified feeding or
eating disorder (OSFED). There are several clinically significant forms of disordered eating that are
included in the OSFED category that are growing in recognition, including night eating syndrome and
purging disorder.

This chapter will provide diagnostic criteria for each of these forms of disordered eating and a brief
overview of prevalence, assessment issues, treatment, and prevention efforts.

Anorexia Nervosa

Anorexia nervosa was first noted in the scientific community in the late seventeenth century and first
appeared in the DSM-III in 1980 as a diagnostic entity. According to the DSM 5 definition, there are
four key attributes. The first, a core feature, is significant weight loss or a persistent failure to gain
weight, leading to a significantly low body weight for age and height. While there is variability across
individuals by body type, ethnicity, and gender for what is a “significantly low weight”, it is generally
defined as weighing less than 85% of expected weight for height, or at or below a body mass index
(BMI) of 17.5 kg/m*. However, with the change of wording in the DSM 5, if a patient’s weight is fall-
ing precipitously, the clinician does not have to wait until the BMI falls below these markers to diag-
nose anorexia nervosa, hopefully allowing patients access to treatment sooner, which typically
increases odds for recovery. For adolescents and children, lack of weight gain, rather than active
weight loss, would also be an appropriate measure of this criterion. Centers for Disease Control
growth charts [2] should be reviewed to assess if a child or adolescent has fallen significantly below
his or her original weight trajectory.

The second criterion describes an intense fear of gaining weight despite being underweight, or if
patients are unable to express this fear (e.g., young children or adolescents may not be able to recog-
nize such a fear), they show persistent behaviors that interfere with weight gain. The third criterion
requires a distortion in the way that body weight and shape are viewed or a denial of the seriousness
of the condition. Persons with anorexia nervosa evaluate their self-worth almost entirely by their per-
ceptions of their body weight and shape, and these distorted beliefs help maintain the severe caloric
deficits necessary to sustain their low weight. Amenorrhea, the absence of menstrual cycles for at least
3 months, is no longer included as a required criterion, but it remains a useful marker of recovery
among postmenarchal females.

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

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

Paradoxically, excessive exercise and movement are observed in anorexia nervosa, perhaps due to
lowered leptin levels that increase the drive for movement once associated with food-finding behav-
iors to avoid starvation. When excessive movement subsides and fatigue sets in, this may indicate
severe depression, electrolyte imbalance, or severe dehydration. Cardiac functioning may also be poor
at that point. One recent study in Germany followed patients for between 10 and 30 years after inpa-
tient treatment at a large hospital. The investigators reported a 6% mortality rate; two-thirds of these
occurred from natural causes, e.g., circulatory collapse, cachexia, organ failure, or infection. Of those
who died from non-natural causes, two-thirds were attributable to suicide [3]. For these reasons,
anorexia nervosa is considered the deadliest psychiatric disorder.

Bulimia Nervosa

The core features of bulimia nervosa are binge eating and subsequent use of inappropriate compensa-
tory behaviors. These behaviors are used in an attempt to attain a low body weight or prevent weight
gain. As with anorexia nervosa, there is undue influence of weight and shape on self-evaluation and
self-concept. Diagnosis requires that the binge-eating episodes and inappropriate compensatory
behaviors occur at least once per week for at least 3 months.

Inappropriate compensatory behaviors with bulimia nervosa may consist of purging and non-
purgative methods, and patients often use a variety of methods. Purging behaviors most often consist
of vomiting, used in 80-90% of cases [1], followed by laxative abuse. Many persons with bulimia
nervosa become skilled at inducing vomiting so that they no longer need to use their fingers or another
instrument and can vomit at will. Four common signs associated with vomiting include “Russell’s
sign” (scarring on the back of the knuckles due to self-induced vomiting), swollen cheeks associated
with parotid gland enlargement, dental enamel erosion, and receding gums. Laxative abuse is com-
monly associated with peripheral edema and bloating. Constipation results when laxatives abuse is
discontinued, but it generally resolves in less than a month with exercise and gradual increases in
fluids and fiber. Both vomiting and laxative use are associated with electrolyte imbalance, fatigue,
heart arrhythmias, and gastrointestinal problems, such as gastroesophageal reflux disease (GERD).
Other compensatory behaviors are fasting (i.e., going without food for longer than 8 h) or excessive
exercise [4, 5]. Driven exercise, or excessive exercise with the specific purpose of controlling weight
and shape, is a common compensatory strategy in patients with bulimia nervosa. This excessive exer-
cising is often described as obligatory and may occur even if the patient is experiencing pain during
exercise or if exercising is disrupting social routines. If, for some reason, the patient is prevented from
exercising, extreme guilt can follow.

Most persons with bulimia nervosa have a BMI in the healthy weight range, with some in the over-
weight and obese ranges. Individuals with bulimia nervosa feel free of their binge food after purging
and consequently experience psychological relief (if only temporarily), but, in reality, many of the calo-
ries from their binge episodes are absorbed and metabolized. They may also restrict food intake
between binge episodes and exercise, but not to the extent that is observed with anorexia nervosa,
binge-eating/purging subtype. Malnutrition may still occur in bulimia nervosa, but most of the medical
complications in this disorder are caused by the purging behaviors. While these medical complications
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are not as severe as those observed in anorexia nervosa, persons with bulimia nervosa generally are less
tolerant of their physical symptoms. Those with bulimia nervosa typically have more insight into their
disorder than those with anorexia nervosa, often feeling guilt and shame related to their binge-eating
and purging behaviors. The binge cycle is often part of a coping strategy to regulate emotions and acts
as a focus for the patient’s distress about other difficult issues he or she would rather avoid in life.

Binge-Eating Disorder

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

Most individuals with binge-eating disorder are overweight or obese, and many present primarily
for weight loss. Persons with bulimia nervosa typically restrict more consistently between binges than
do persons with binge-eating disorder, but in laboratory studies those with bulimia nervosa consume
more energy during binges than those with binge-eating disorder. Persons with binge-eating disorder
typically engage in binge eating in addition to eating normal to large-sized meals throughout the day.
This general pattern of overeating coupled with the lack of compensatory behaviors contributes to
weight gain and also seems to contribute to weight-related comorbidities, such as chronic pain condi-
tions, diabetes, and hypertension.

Otherwise Specified Feeding or Eating Disorder (OSFED)

There are many forms of disordered eating that are serious and cause psychological and physical
distress that do not fit the diagnostic criteria for anorexia nervosa, bulimia nervosa, or binge-eating
disorder. These are captured in the OSFED category. Two of these disorders have been gaining more
attention: night eating syndrome and purging disorder, while others are variations of the other eating
disorders. Each of these is described below.

Night Eating Syndrome

The night eating syndrome was first described in 1955 as a disorder of morning anorexia, evening
hyperphagia, and insomnia, usually accompanied by a depressed mood and stressful life circum-
stances [6]. Night eating syndrome did not receive much research or clinical attention until the 1990s.
This renewed attention was likely influenced by the rise of the prevalence of obesity and the search
for correlates and contributors of excessive weight gain. In 1999, awakenings with ingestions (noctur-
nal ingestions) were added to the provisional set of criteria [7]. However, as research advanced our
understanding of night eating syndrome, different criteria sets were increasingly used, making com-
parisons across studies difficult.

The following diagnostic criteria were reached by consensus at the First International Night Eating
Symposium in 2008 [8]. First, the daily pattern of eating must show greatly increased intake in the
evening and/or night time, as manifested by one or both of the following: (a) at least 25% of food
intake is consumed after the evening meal and/or (b) at least two eating episodes occur each week
upon awakening during the night. Second, the clinical picture is characterized by at least three of five
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of the following features: (a) a lack of desire to eat in the morning and/or breakfast is omitted on four
or more mornings per week; (b) the presence of a strong urge to eat between dinner and bedtime and/
or during the night; (c) sleep onset and/or sleep maintenance insomnia are present four or more nights
per week; (d) presence of a belief that one must eat in order to get to sleep; and (e) mood is frequently
depressed and/or mood worsens in the evening.

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

One epidemiological and two clinical studies have shown a link between night eating syndrome
and obesity. However, other studies have failed to verify this. Average caloric intake consumed during
nocturnal ingestions is similar to regular snacks (approximately 300—400 kcal). An early report [7]
suggested that carbohydrates dominate nocturnal food choices, but a subsequent report has shown no
difference in the proportion of macronutrient content of foods consumed during the night vs. the day [9].
However, the repeated and persistent nature of the disorder likely contributes to weight gain among
its sufferers and has been linked to poor diabetes control.

Purging Disorder

Purging disorder is generally defined as the regular occurrence of inappropriate compensatory behav-
iors (e.g., vomiting, laxative use, or diuretic misuse) in the absence of regular binge-eating episodes
and with a body weight greater than 85% of that expected [10]. The frequency used for the purging
criterion has varied between greater than once per week to greater than twice per week. Some studies
have also included undue influence of weight and shape on self-evaluation. Thus, persons with purg-
ing disorder generally feel distressed after eating anywhere from a typical meal to a small snack and
have an overwhelming urge to purge afterward.

The effects of purging are the same as those presented for bulimia nervosa. The impact of purging
disorder can therefore be dangerous and debilitating. A feeding study showed that women with the
disorder reported more postprandial fullness and gastrointestinal discomfort after a standardized meal
than those with bulimia nervosa and greater release of cholecystokinin (CCK) [11], suggesting that
physiological cues may contribute to the purging behavior.

Atypical Anorexia Nervosa

In atypical anorexia nervosa, the patient has lost a significant amount of weight, and all of the criteria
for anorexia nervosa are met, with the exception of reaching a significantly low body weight. These
patients remain normal weight, overweight, or obese based on their BMI, but they may be compro-
mised medically by the pace of their weight loss and/or by the psychological symptoms that accom-
pany their weight loss. This may occur after a behavioral weight-loss effort that started purposefully
initially or after bariatric surgery where fear of weight regain turns into a pathological issue.

Bulimia Nervosa (of Low Frequency or Limited Duration)

In this iteration of bulimia nervosa, all diagnostic criteria are met except that the frequency of the binge
episodes and compensatory behaviors is, on average, less than once per week for the past 3 months.
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Binge Eating Disorder (of Low Frequency or Limited Duration)

All criteria for binge eating disorder are met in this category except that the binge episodes occur, on
average, less than once per week for the past 3 months.

Unspecified Feeding or Eating Disorder

This diagnosis may be used when there are subthreshold symptoms for the previously mentioned
disorders, but there is significant impairment in functioning, such as in occupational, familial, or
social arenas, or distress present in relation to the eating issues. This category may also be used when
there is not enough information known to make a full diagnosis (e.g., in an emergency situation).

Prevalence of Eating Disorders

Comprehensive lifetime prevalence of the eating disorders has been studied most comprehensively
using DSM-IV criteria: anorexia nervosa occurred in 0.9% of women and 0.3% of men; bulimia ner-
vosa in 1.5% of women and 0.5% of men; and binge-eating disorder in 3.5% of women and 2.0% of
men [12]. Furthermore, subthreshold binge-eating disorder, which did not include the five descriptors
(e.g., eating more rapidly than usual) or the distress criteria, was assessed, yielding prevalence esti-
mates of 0.6% of women and 1.9% of men.

An estimate of night eating syndrome in the general population of the United States is 1.5% [13].
Epidemiological studies among women of purging disorder reveal rates of 5.3% in an Australian twin
cohort, 1.1% in an Italian cohort, and 0.85% in an adolescent Portuguese cohort [for review see Keel,
[10]]. The relative frequency of these estimates, as compared to the other eating disorders, has varied,
with some studies finding purging disorder more common and others less common than bulimia ner-
vosa and anorexia nervosa.

Treatment of Eating Disorders

Much progress has been made in treating bulimia nervosa, binge-eating disorder, and night eating
syndrome. However, treatments for anorexia nervosa that have long-term effectiveness are still sorely
lacking. Table 7.1 provides an overview of effective treatment modalities. The first step in assigning
treatment is to assess how medically compromised a patient is. With anorexia nervosa, inpatient hos-
pitalization may be warranted for refeeding. The next step down is residential treatment, followed by
partial-hospitalization or day-treatment programs. These treatments typically involve a multidisci-
plinary team of professionals, including physicians, dietitians, psychologists, and in some cases, art
therapists and occupational therapists. Interventions include both group and individual treatments.
Therapeutic meals are included where patients are challenged to eat nutritionally balanced meals and
snacks at regular intervals each day, typically every 3—4 h. Patients are encouraged to gain approxi-
mately 1-2 Ib/week (0.5-1 kg/week), at an initial intake of about 1500 kcal/day (30—40 kcal/kg/day),
increasing up to 70-80 kcal/kg/day [14], reaching up to 3500—4000 kcal/d for optimal refeeding.
Liquid meal supplements are often used to help patients reach this goal. Patients must be carefully
monitored after meals, particularly in the bathroom and their rooms, to prevent purging. Bulimia ner-
vosa can typically be treated on an outpatient basis, but persistent or very severe cases require residen-
tial or partial treatment.
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Table 7.1 Effective treatments for eating disorders®

Cognitive Interpersonal
Disorder behavioral therapy therapy SSRIs® Other
Anorexia Mixed Mixed No Family-based treatment is most effective for
nervosa adolescents; Inpatient/residential multidisciplinary
treatment; no medications proven effective
Bulimia nervosa Yes Yes Yes Not buproprion
Binge-eating Yes Yes Yes Lisdexamfetamine only FDA-approved medication for
disorder BED; topiramate shows some efficacy, as does
behavioral weight loss
Night eating Yes Not tested Yes Topiramate (case reports only)

syndrome

Purging disorder is not included because specific treatment studies have not been reported
®Selective serotonin reuptake inhibitors

Psychotherapy

The most effective outpatient psychotherapy approach for eating disorders is cognitive behavioral
therapy (CBT). A 20-session course of treatment is effective for bulimia nervosa and binge-eating
disorder [15]. Sessions occur twice weekly for the first 2 weeks of treatment, followed by weekly ses-
sions. Maintenance sessions are encouraged after the initial 20-week course. CBT produces absti-
nence from binge-eating and purging behaviors in varying proportions of study participants with
bulimia nervosa, ranging from 24 to 71% [16]. Similarly, CBT in binge-eating disorder produces
abstinence in binge eating ranging from 37 to 79% of study participants [17]. However, weight is not
significantly reduced in CBT treatment among persons with binge-eating disorder, despite large
reductions in binge episodes. Less impressive results have been reported for treatment of active
anorexia nervosa, although CBT may be helpful in maintaining treatment gains. Only an uncontrolled
study among patients with night eating syndrome has been tested to date with significant reductions
in nocturnal ingestions and evening eating.

Interpersonal psychotherapy has been tested by several groups of researchers and applied success-
fully to bulimia nervosa and binge-eating disorder. Anorexia nervosa has not responded as robustly as
bulimia nervosa and binge-eating disorder. As persons with eating disorders typically experience
interpersonal or social dysfunction, interpersonal therapy for eating disorders focuses on how these
social deficits contribute to binge-eating and purging behaviors. Interpersonal therapy focuses on one
of four areas of interpersonal functioning, including unresolved grief, role transition (e.g., graduating
high school or college), role dispute (e.g., problems in communicating with a boyfriend or parent),
and interpersonal deficit. Interpersonal psychotherapy is not generally recommended as a first-line
approach because it relieves symptoms at a slower pace than CBT. The treatment outcomes with inter-
personal therapy at one-year follow-up indicate a slightly lesser degree of success than with CBT [16,
17]. However, if a patient does not respond to CBT or medication management, interpersonal therapy
may be a good option.

Family-based treatment, originally known as the Maudsley Approach, has been shown to be the
only effective psychotherapeutic approach for anorexia nervosa [18] and is also effective for those
with bulimia nervosa [19]. It works particularly well for younger patients living with their families.
Family-based treatment is the most well-validated family therapy approach for anorexia and is
intended to reduce the need for inpatient treatment and to help parents successfully refeed their child,
which is the first goal. This approach takes decision-making regarding eating away from the patient at
a time when the malnourished brain is typically struggling to allow the self to make healthy decisions
and places these decisions with the parents/caregiver. The second goal, once weight has increased and
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cognitive functioning has improved, is for the adolescent to start to take control again of eating and
weight gain, at a level appropriate to maturational status. Last, an overview of normal adolescent
development is covered with the family, and the therapist helps to identify any other outstanding
social-emotional issues for which the family may still need help.

Finally, behavioral weight-loss therapy reduces binge eating and produces weight loss in persons
with binge-eating disorder [20]. However, abstinence rates from binge eating are not as high as those
produced through CBT. Thus, if weight loss is strongly desired by a patient and their other psychiatry
comorbidities, such as major depression, substance abuse, or an anxiety disorder, are not causing notice-
able impairments in functioning, then a behavioral weight-loss program may suit those patients best.

Psychotropic Medications

Antidepressants are widely prescribed for the treatment of eating disorders for two reasons: they are
effective in reducing binge-eating and purging behaviors, and they improve comorbid mood and anxi-
ety symptoms. Unfortunately, they have not been shown to reduce the core symptom of anorexia
nervosa, i.e., refusal to maintain a healthy body weight. Thus, there are currently no efficacious medi-
cations used for the treatment or maintenance of anorexia nervosa. However, antidepressants may still
relieve comorbid depression or anxiety, when present.

Tricyclic antidepressants, monoamine oxidase inhibitors (MAOISs), and selective serotonin reup-
take inhibitors (SSRIs) have all shown efficacy over placebos in reducing binge eating and purging
[16, 17]. SSRIs have been commonly used, with typical reductions of 45-65% in binge eating. In
recent developments, lisdexamfetamine has been approved for the treatment of binge-eating disorder
[21]. Adults with BED were randomized to receive placebo, 30, 50, or 70 mg/day of lisdexamfet-
amine. Doses were titrated for 3 weeks and participants remained dose-stable for 8 weeks, totaling 11
weeks of treatment. At that point, individuals taking 50 or 70 mg/day of lisdexamfetamine demon-
strated a significant decrease in binge eating days per week when compared to those taking placebo
or 30 mg/day. Additionally, the number of binge eating episodes decreased significantly from baseline
to week 11 for individuals taking 50 or 70 mg/day. These results suggest that lisdexamfetamine may
be an effective treatment for BED.

The SSRI, sertraline, has also been shown to reduce evening hyperphagia and nocturnal ingestions
significantly among those with night eating syndrome. Topiramate successfully decreases binge eat-
ing and purging as compared to placebo treatment and is associated with weight loss; however, cogni-
tive side effects may be intolerable for some users. Case reports of topiramate in the treatment of night
eating syndrome have also shown significant reductions in evening hyperphagia, nocturnal ingestions,
and weight. Buproprion is not indicated for those with eating disorders as it has been associated with
increased risk of seizures.

Prevention

Prevention programs aimed at reducing the incidence of eating disorders have been designed for chil-
dren, adolescents, and college students. Dissonance-based interventions have been tested most rigor-
ously and have been shown to have the greatest effect on reduction of eating disorder risk factors,
symptoms, risk of onset, and future risk of development of obesity [22]. Cognitive dissonance pro-
grams involve having participants speak or behave in a manner that is opposite to their beliefs. As
applied to eating disorders, women would be challenged to voice active criticism of the thin ideal; this
is because internalization of the thin ideal is a risk factor for developing anorexia nervosa and bulimia



7 Eating Disorders: Disorders of Under- and Overnutrition 71

nervosa. Among college students, peer-led dissonance-based interventions have been shown effective
among women considered at high and low risk for developing anorexia nervosa or bulimia nervosa.
Other approaches have focused on media literacy and advocacy, but more evidence is needed, par-
ticularly in light of the superior effectiveness of the dissonance-based programs. In peer-led programs,
the media advocacy intervention is effective in reducing risk for disordered eating among high-risk
women, but not those at low risk [23]. One trial of a cognitive behavioral therapy-based prevention pro-
gram delivered through the internet showed reductions in the onset of eating disorders in two subgroups,
those who were overweight and a subset of those who reported preexisting purging behaviors [24].
Finally, programs that focus on body shape and weight acceptance for children and adolescents have
also been used in school programming, but little to no formal testing of the effects of these programs has
been reported. As with other prevention approaches, more controlled studies are needed to confirm these
results and to compare their efficacy with the dissonance-based and media advocacy approaches.

Conclusion

Eating disorders range from severe caloric restriction to severe overeating. Extreme dissatisfaction
with weight and shape is present across the different diagnoses. In most diagnoses, there is also an
uncontrollable urge to binge-eat. When medical complications are severe, inpatient treatment is war-
ranted, particularly in anorexia nervosa. For most cases of bulimia nervosa, binge-eating disorder,
night eating syndrome, and purging disorder, outpatient psychotherapy is the first line of treatment.
Psychotropic medications, most recently SSRIs, have also been proven effective in treating bulimia
nervosa, binge-eating disorder, and night eating syndrome. Lisdexamfetamine is now approved for
use for binge-eating disorder. Prevention programs using dissonance-based interventions are promis-
ing for decreasing the incidence of eating disorders among college-age students, but other programs
that target children and adolescents need to be formally evaluated.
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Chapter 8
Obesity: Understanding and Achieving a Healthy Weight

George A. Bray and Catherine M. Champagne

Key Points

* Obesity is a chronic problem that is increasing in prevalence, affecting both adults and children.

* A small positive energy imbalance causes obesity, but focusing on calories alone may not be as
productive as modulating some of the economic and societal factors.

* Obesity increases risk of death and of many diseases; weight loss provides benefits in reducing
health risks and improving the quality of life.

* Treatments must redress the energy imbalance with diet, lifestyle modification, and exercise as the
cornerstones.

e Five drugs are approved by the FDA for long-term treatment, and they can effectively improve
health-related risks.

e Bariatric surgery has become a major treatment strategy and can reduce long-term health risks
from obesity.

Keywords Obesity ® Body mass index ® Drug treatment ¢ Bariatric surgery ® Diet treatment

Introduction

Increased body weight, expressed in the body mass index [BW (kg)/Ht (m)?*], is one of the most
widely used methods to assess the degree of overweight or obesity. Using this measure, the prevalence
of obesity has been rising steadily as the epidemic of obesity has spread over the past 40 years [1].
Although obesity results from an imbalance between energy intake and expenditure, it is the
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connection between these two components of the first law of thermodynamics that can provide the
clues about how we should understand, prevent, and treat this problem [1]. While nutrition is, of
course, the ultimate “source” of a positive energy balance, many other factors impinge on whether an
individual develops obesity.

The pathology of obesity can best be understood as an enlargement of fat cells, and in some indi-
viduals an increased number of fat cells [2, 3]. These enlarged fat cells release less adiponectin as well
as more fatty acids and a variety of cytokines, including leptin, and tumor necrosis factor-a that can
provide a basis for understanding how obesity produces insulin resistance and changes in the inflam-
matory, thrombotic, and coagulation systems.

There is a large industry offering various forms of treatment. Although we can treat obesity with
some success, we rarely cure it, and a plateau in body weight during treatment with subsequent
relapse when treatment is terminated is the common experience. Surgical intervention with gastric
bypass, sleeve gastrectomy, or gastric banding is the most effective treatment but at an increased risk
of mortality and with substantial morbidity. There are five pharmacologic agents currently approved
for long-term use but they produce only modest weight loss.

Let us start with the premise that all of us want to have a healthy weight. Interest in obesity has
taken a sharp upturn in recent years as its prevalence has increased. Obesity can be viewed as a
chronic, stigmatized, neurochemical disease [4]. In this context, the goal is to return weight to a
healthy level and to remove the stigma associated with the use of the word “obesity.” To consider it in
the context of a neurochemical derangement has the advantage of focusing on the underlying mecha-
nisms that produce the distortion in energy balance resulting in an unhealthy state [4].

Definition and Prevalence of Obesity

Body Mass Index

Over the past 50 years, there has been a steady right-ward shift in the distribution curve for body
weight. This trend can most effectively be traced using the BMI which provides a useful operating
definition of overweight and obesity. A normal BMI is between 18.5 and 24.9 kg/m?. A BMI between
25 and 29.9 is operationally defined as overweight, and individuals with BMI > 30 are obese, after
taking into consideration other factors such as muscle builders, who have a high BMI, which may not
be the most appropriate measure of weight status due to muscle. BMI also provides the risk measure
for obesity [5].

Central Adiposity

If the BMI is elevated, the waist circumference provides a practical measure of adiposity by mea-
suring its central distribution. It is a surrogate for more precise measures of visceral fat, such as a
CT or MRI scan of the abdomen at the L4-5 position. Risk for diseases, such as diabetes, heart
disease, and cancer, increases with a higher waist circumference. In the United States, a waist cir-
cumference of >40 in. in men and >35 in. in women is a high-risk category, but most of the rest of
the world uses considerably lower cut-points (90-94 ¢m [35.5-37 in.] for men and 80 cm [31.5 in.]
for women). When BMI and waist circumference were used to predict the risk of hypertension,
dyslipidemia, and the metabolic syndrome, the waist circumference was shown to be a better pre-
dictor than the BMI [1, 6].
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Prevalence

Based upon BML, it is clear that there is a worldwide epidemic of obesity that began in the 1980s con-
tinues today although it may be slowing down [5, 7]. It affects children as well as adults. For example,
among children and adolescents aged 6—19, almost one in 3 (33.2%) are considered to be overweight
or obese, and 18.2% are considered to be obese, with somewhat higher rates in males than females.
More than 2 in 5 black and Hispanic youth (more than 41%) are considered to be overweight or obese.
About 25.7% of black, 22.9% of Hispanic, and 15.2% of white youth are considered to be obese.

We are now seeing a rise in the prevalence of type 2 diabetes in adolescents that is directly related
to obesity. Obesity has a higher prevalence in Latino and African-American populations as well as in
the Native Americans. Both height and weight have increased in adults aged 20-74 years between
1960 and 2000 but may have leveled off in adults between 2000 and 2010 [5].

Cost of Obesity

Obesity is expensive, costing between 3 and 8% of healthcare budgets [8]. Hospital costs and use of
medication also increase with increasing BMI. In a large health-maintenance organization, mean
annual costs were 25% higher in participants with a BMI between 30 and 35, and 44% higher in those
with a BMI greater than 35, compared to individuals with a BMI between 20 and 25. Costs for lifetime
treatment of hypertension, hypercholesterolemia, type 2 diabetes, heart disease, and stroke in men and
women with a BMI of 37.5 were $10,000 higher than for men and women with a BMI of 22.5, accord-
ing to data from the National Center for Health Statistics and the Framingham Heart Study (see [2]).

Etiology

Energy Imbalance

We become obese because we ingest more energy in carbon- and nitrogen-containing compounds
from food than we expend over an extended period of time. While societal, genetic, and epigenetic
factors may influence this relationship, they are only rarely the cause of obesity. We, and other ani-
mals, thus obey the first law of thermodynamics. Voluntary overeating (by subjecting individuals to
repeated ingestion of energy exceeding daily energy needs) can increase body weight. When these
individuals stop overeating, they invariably lose most or all of the excess weight. The use of overeat-
ing protocols to study the consequences of food ingestion has shown the importance of genetic factors
in the pattern of weight gain [2].

Epidemiologic Model

An epidemiologic model may be a better way than the energy-balance model to conceptualize obesity
as adisease (Fig. 8.1) [2, 3]. In an epidemiologic model, environmental agents act on a host to produce
a disease. Disease is a function of the virulence of the agent and the susceptibility of the host. For
obesity, the environmental agents include food, medications, toxins, physical inactivity, and viruses.
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Epidemiological Model of Obesity

Age Alter
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Fig. 8.1 An epidemiological model of obesity. The host at the center receives inputs from various environmental
agents. Depending on the constitution of the host, obesity is one of the consequences [Adapted from Bray [3]]

Agent:
Inactivity

In Western affluent societies, foods, particularly tasty, inexpensive, and convenient foods high in fat,
are abundant. In addition, portion sizes have increased, providing more energy to people with each
portion. Toxins are an interesting potential group of agents where more research is needed. Viruses are
known to produce obesity and their potential role in obesity needs to be studied further. Physical activ-
ity within the general population has gradually been reduced, thereby decreasing energy expenditure.
Some have described the current “environment” as a “virulent” or “toxic” environment that has
heightened the risk for obesity. For the genetically susceptible host, this excess of food energy, envi-
ronmental toxins, and viruses, along with the reduced level of physical activity, may lead to an accu-
mulation of fat in fat cells. Genetics loads the gun; environment pulls the trigger (see [9]).

Environmental Agents

Intrauterine Factors

Several intrauterine events influence postnatal weight and lifetime weight gain and fatness [10]. These
include, among other things, maternal weight gain, maternal diabetes, maternal smoking, and intra-
uterine undernutrition, all of which heighten the individual’s risk for increased body weight and dia-
betes later in life.

Drug-Induced Weight Gain

In our current medicated society, it would not be surprising to find that drugs can cause weight gain.
Table 8.1 is a list of medications that produce weight gain when used to treat various diseases such as
psychosis, depression, allergies, and diabetes. Also listed in the table are alternative treatments that
can be used to avoid the weight gain. In most instances, there are alternative strategies that can be used
to treat a patient when weight gain is closely associated with the initiation of a new medication for one
of these conditions. Several receptors, especially the histamine H,;, adrenergic a;,, and serotonin
(5-HT)-2C and —6 (5-HT,c and 5-HTy) receptors, explain much of the weight gain associated with
atypical antipsychotic drugs (see [2]).
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Table 8.1 Drugs that produce weight gain and alternatives
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Category Drugs that cause weight gain Possible alternatives
Neuroleptics Thioridazine, olanzapine, Molindone
quetiapine, risperidone, Haloperidol
clozapine Ziprasidone
Antidepressants Anmitriptyline, nortriptyline Protriptyline
Tricyclics Imipramine Bupropion
Monoamine oxidase inhibitors Mirtazapine Nefazodone
Selective serotonin reuptake inhibitors Paroxetine Fluoxetine
Sertraline
Anticonvulsants Valproate, carbamazepine Topiramate
Gabapentin Lamotrigine
Zonisamide
Antidiabetic drugs Insulin Acarbose
Sulfonylureas Miglitol
Thiazolidinediones Metformin
Sibutramine
Antiserotonin Pizotifen
Antihistamines Cyproheptidine Inhalers
Decongestants
-Adrenergic blockers Propranolol ACE inhibitors
a-Adrenergic blockers Terazosin Calcium channel blockers
Steroid hormones Contraceptives Barrier methods
Glucocorticoids Nonsteroidal anti-inflammatory agents

Progestational steroids

Diet

Many aspects of the diet may contribute to obesity. Portion size and consumption of sugar or high-
fructose corn syrup (HFCS) in beverages have all been implicated in the current obesity epidemic.
Consumption of soft drinks provides “invisible” energy which is not readily detected physiologically
and which predicts future weight gain in children and adults [11].

Infant and Child Environment

Infants who are breastfed for more than 3 months may have a reduced risk of future obesity. In addi-
tion, children who sleep less have a higher risk for weight gain during school years. Children are in
part a dietary product of their parental role-models, and the parental dietary and exercise patterns that
lead to parental obesity predict childhood obesity.

Fat Intake

Epidemiologic data suggest that a high-fat diet is associated with obesity [2]. For example, the relative
weights in several populations are directly related to the percentage of fat in the diet. A high-fat diet
provides high energy density (i.e., more calories for the same weight of food), which makes overcon-
sumption more likely. Differences in the storage capacity for various macronutrients may also be
involved. The capacity to store glucose as glycogen in the liver and muscle is limited, so glucose must
be continually replenished. In contrast, fat stores contain more than 100 times as many calories as



78 G.A. Bray and C.M. Champagne

provided in the daily intake of fat. This difference in storage capacity makes eating carbohydrates a
more important physiologic need that may lead to overeating when dietary carbohydrate is limited
and carbohydrate oxidation cannot be reduced sufficiently.

Glycemic Index

The rate at which glucose is absorbed can be expressed as the glycemic index (GI). The GI is a way
of describing the ease with which starches are digested in the intestine with the release of glucose that
can be readily absorbed. A food with a high GI is readily digested and produces a large and rapid
increase in plasma glucose levels. Conversely, a food with a low GI is digested more slowly and is
associated with a slower and lower increase in glucose levels. Foods with a high GI suppress food
intake less than foods with a low GI. Foods with a low GI include whole fruits and vegetables that tend
to have fiber (but not juices) plus legumes and whole wheat. Potatoes, white rice, and white bread
have a high GI. In a meta-analysis [12], the only difference between low Gl/load and high Gl/load
diets was in plasma insulin favoring low GI/load diets, not in weight loss.

Calcium Intake

An inverse relationship has been reported between calcium intake and the risk of having a BMI in the
highest quartile [13]. Others have reported similar inverse associations between body fat gain and
calcium intakes in children and young women [8]. It has been suggested that a difference in calcium
intake of 1000 mg/day is associated with an 8 kg difference in mean body weight, and, furthermore,
that calcium intake explains roughly 3% of the variance in body weight [13]. These data suggest that
low calcium intake may have a role in the current epidemic of obesity.

Most clinical trials, however, do not support a relation of dietary calcium to body weight. Diets
high in dairy calcium do not necessarily translate into weight loss beyond that achieved in behavioral
interventions. Thompson et al. [14] did not find that diets high in dairy products enhanced weight loss,
stating that high-dairy (as opposed to moderate-dairy) and other specialized diets (e.g., low GI) should
not be viewed as more effective without additional data from long-term randomized trials.

Frequency of Eating

The relationship between the frequency of meals and the development of obesity is not known.
However, the frequency of eating does affect lipid and glucose metabolism. When normal-weight
individuals eat several small meals per day, serum cholesterol concentrations are lower than when
they eat a few large meals per day. Similarly, mean blood glucose concentrations are lower when
meals are eaten frequently. One explanation for the difference between eating frequent small meals
and a few large meals may be the greater insulin secretion associated with eating larger meals. One
possible mechanism leading to weight gain might occur from the lower thermic effect of food and
higher energy intake associated with irregular meal frequencies [15].

Restrained Eating

A pattern of conscious limitation of food intake is called “restrained” eating. It is a common practice in
many, if not most, middle-aged women of normal weight. Higher restraint scores in women are associ-
ated with lower body weights. Weight loss is associated with an increase in restraint, indicating that
higher levels of conscious control can maintain lower weight. Greater increases in restraint were cor-
related with greater weight loss but also with a higher risk of lapses, loss of control, and overeating.
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Physical Activity

Low levels of physical activity correlate with weight gain. In a 10-year study of individuals aged
20-74 years in the National Health and Examination Survey (NHANES 1), those with low levels of
recreational activity gained more weight than did those with higher levels. The decline in moderate
activity and increase in light and sedentary activity are correlated with the rising prevalence of obesity
[16]. Low levels of baseline energy expenditure predicted weight gain in Pima Indians. Time spent
watching television correlates with percent of overweight children (see [2]).

Smoking

Smokers have a lower body weight, and cessation of smoking is generally associated with weight gain.

Host Agents

Genetic Causes

There are several rare clinical forms of obesity. The Prader—Willi syndrome is the most common. This
disease is transmitted as a chromosome/gene abnormality on chromosome 15 and is characterized by
a “floppy” baby who has difficulty feeding. These children are mentally slow, short in stature, and
obese [17]. The Bardet—Biedl syndrome is due, in at least one pedigree, to a defect in the chaperonin-
like gene [17].

The leptin gene, the leptin receptor, the melanocortin-4 receptor gene, the proopiomelanocortin
(POMC) gene, and agouti gene have significant effects on body fat and fat stores. MC4-receptor
defects may account for up to 6% of obesity in early-onset, severely obese children [18]. Treatment of
leptin-deficient children with leptin decreased body weight and hunger, indicating the importance of
leptin for modulation of these processes in normal subjects. Heterozygotes for leptin deficiency have
low but detectable serum leptin and have increased adiposity, indicating that low levels of leptin are
associated with increased hunger and gain in body fat. Leptin can also increase energy expenditure
and during reduced calorie intake, leptin attenuates the fall in thyroid hormones and the fall in 24-h
energy expenditure.

The epidemic of obesity is occurring on a genetic background that does not change as fast as the
epidemic has been exploding. Genome-wide association studies have found a large number of genes
that have small effects on body weight. The FTO gene is the most potent and produces an additional
3 kg of body weight in those homozygous for the susceptibility variant [18]. At present, 97 genetic
loci have been identified which accounted for 2.7% of the variation in BMI. Estimates made from
these genome-wide surveys suggest that more than 20% of the variation in BMI may be accounted for
by genetic variation [19].

Physiologic Factors

The discovery of leptin in 1994 opened a new window on the control of food intake and body weight.
The response of leptin-deficient children to leptin indicates the critical role that this peptide plays in
the control of energy balance. Leptin enters the brain, probably by transport across the blood—brain
barrier. It then acts on receptors in the arcuate nucleus to regulate, in a conjugate fashion, the
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production and release of at least four peptides. Leptin inhibits the production of neuropeptide Y
(NPY) and agouti-related peptide (AGRP), both of which increase food intake, while enhancing the
production of proopiomelanocortin (POMC), the source of a-melanocyte-stimulating hormone
(-MSH), which reduces food intake.

At least two other brain peptide systems have also been linked to the control of feeding. Melanin-
concentrating hormone (MCH) is found in the lateral hypothalamus and decreases food intake when
injected into the ventricular system of the brain. Orexin (also called hypocretin) was identified in a
search of G protein-linked peptides that affect food intake. It increases food intake and plays a role
in sleep.

Endocannabinoids are derived from membrane fatty acids. The endogenous cannabinoids (anan-
damide and arachidonoyl 2-glycerol) increase food intake by acting on CB-1 receptors in the brain.
Antagonists to the CB-1 receptor reduce food intake.

Gut peptides, including glucagon-like peptide-1, polypeptide YY oxyntomodulin, and cholecysto-
kinin, reduce food intake, whereas ghrelin, a small peptide produced in the stomach, stimulates
food intake [2].

Metabolism of fatty acids in the brain may be another important control point. A chemical that
blocks fatty acid synthase leads to significant weight loss in animal studies. Malonyl-CoA accumu-
lates in this setting and has been suggested to be a molecule that modulates food intake.

Pathology and Pathophysiology of Obesity

Enlarged fat cells are the hallmark of obesity, and in some individuals there is also an increased num-
ber of fat cells.

Fat as an Endocrine and Inflammatory Organ

Two mechanisms can explain the pathophysiology of obesity: the first is increased fat mass, which can
explain the stigmatization of physically obvious obesity, and the accompanying osteoarthritis and
sleep apnea (Fig. 8.2; [2]). The second mechanism is the increased amount of peptides that are pro-
duced by the enlarged fat cells that act on distant organs. The discovery of leptin catapulted the fat cell
into the arena of endocrine cells. In addition to leptin, there are increased amounts of cytokines,
angiotensinogen, adipsin (complement factor D), etc. and metabolites such as free fatty acids and
lactate. In contrast to the other fat cell products, adiponectin release is decreased in obesity. The prod-
ucts of the fat cell in turn modify the metabolic and inflammatory processes in other organs of the
host. For the susceptible host, these metabolic and inflammatory changes increase fatty acids and
estrogens leading to a variety of other processes, including hyperinsulinemia, atherosclerosis, hyper-
tension, and physical stress on bones and joints.

Visceral Fat

Central, visceral, or ectopic fat has a stronger relationship with the complications associated with
obesity than does total body fat [6, 20]. Central adiposity is also one of the key components of the
metabolic syndrome, whose diagnostic criteria based on the recommendation of the National
Cholesterol Education Program Adult Treatment Panel III is shown in Table 8.2.
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Fig. 8.2 Pathogenesis of health problems associated with obesity. The mass of fat and the responses to products pro-
duced by fat cells can explain most of the diseases that result from prolonged obesity. NAFLD nonalcoholic fatty liver
disease, CVD cardiovascular disease, GB gall bladder. Adapted from [2]

Table 8.2 National Cholesterol Education Program Adult Treatment Panel I1I
Criteria for the metabolic syndrome*

Risk factor Defining level
Waist circumference (central adiposity)

Males >40 in. (102 cm)
Females >35 in. (88 cm)
HDL cholesterol

Males <40 mg/dL
Females <50 mg/dL
Triglycerides >150 mg/dL
Blood pressure (SBP/DBP) >130/>85 mmHg
Glucose (fasting) 100-126 mg/dL

*Modified criteria from the National Cholesterol Education Program Adult
Treatment Panel III. The metabolic syndrome is present when three of these
five criteria are abnormal

Complications of Obesity

Death

Obesity is associated with shortened life span and contributes between 100,000 and 400,000 excess
deaths per year in the United States. Both the NCHS data and the Framingham data show that a BMI
of 30 or more decreases life span by 3—5 years compared to normal weight [2]. Obesity is also associ-
ated with increased healthcare costs and diminished quality of life during the last years of life. This
results from the comorbidities associated with obesity (i.e., sleep apnea, type 2 diabetes, osteoarthri-
tis, heart disease).
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Diseases

The curvilinear “J”-shaped relationship of BMI to risk of complications has been known for 100 years.
As obesity increases, so, too, do the risks of type 2 diabetes, CVD, hypertension, arthritis, cognitive
impairment, and some cancers. In the United States, diagnosed diabetes increased from 7.8 million
cases in 1993 to 21 million in 2012; >8 million additional cases remain undiagnosed, and an estimated
86 million adults have prediabetes. Population-based studies have suggested that ~75% of all hyper-
tension cases can be attributed to obesity, and approximately one-third of cancer deaths are linked to
poor nutrition, excess weight, and a sedentary lifestyle. Worldwide, 44% of the diabetes burden, 23%
of coronary heart disease, and 7—41% of certain cancers are attributable to excess weight. Obesity also
decreases both health-related quality of life and life expectancy [21].

Prevention

A reduction in TV watching by children is associated with a smaller gain in BMI. In children, studies
reveal that when the consumption of sugar-sweetened beverages, primarily soft drinks, is decreased,
there is slower weight gain than when children are randomly assigned to soft drinks that do not con-
tain sugar [2]. In addition, the youth in the upper half of the body weight range did not reduce calorie
intake sufficiently to compensate for the beverage calories —thus, the beverage calories were partially
“invisible” to these adolescents. In adults, there are unfortunately few successful programs that pre-
vent obesity, but some individuals do lose weight and maintain it as demonstrated by the National
Weight Control Registry of individuals who are “successful” weight losers for at least a year.

Treatment

Realities of Treatment

The Guidelines for Obesity provide an algorithm for evaluating the overweight patient [22]. It is a
useful framework on which to hang the information that is collected during the evaluation of obese
patients (Fig. 8.3).

Realism is one important aspect of treatment for obesity. For most treatments, including behavior
therapy, diet, and exercise, the weight loss (measured as percentage loss from the baseline weight)
plateaus after a loss of &It;10%. For many patients, this is a frustrating experience as their dream
weight requires a weight loss of nearly 30%. A loss of &It;17% can be a disappointment to women
entering a weight-loss program. It is thus important for the patient and physician to recognize that an
initial weight loss of 10% is a success that will produce health benefits [22].

Diet
Diets Low in Fat, Carbohydrate, or Energy Density
A variety of diets, including low-fat foods, low-carbohydrate foods, or a balanced reduction of all

macronutrients, have been used to treat obesity. Table 8.3 is a compilation of several of these diets.
A meta-analysis of low-fat vs. conventional studies identified five studies lasting up to 18 months.
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Fig. 8.3 Algorithm for diagnosis and treatment of obesity. Adapted from [22]

In comparing the weight loss at 6, 12, and 18 months, there were no statistically significant differ-
ences from control, leading the authors to conclude that low-fat diets produce weight loss, but not
more so than other diets. In a meta-analysis comparing “named” diets, Johnston et al. [23] showed no
consequential differences in weight loss at the end of 1 year.

Fat is an important component of energy density. If the diet is high in fat or low in water content,
then it will have a high energy density (i.e., more calories per gram). In a recent trial, Ello-Martin et al.
[24] reported a weight loss of 7.9 kg after 1 year by feeding a diet with a low energy density. The diet
was low in fat diet and rich in fruits and vegetables with high water content. This underscores the role
of energy density of the diet as a factor in weight loss. It is important to appreciate that little weight
loss will occur unless the diet induces an energy deficit, but there may be a number of different ways
to do that. This idea of low energy density is developed in the Volumetrics diet (Table 8.3).

Several controlled trials showed more weight loss with a low-carbohydrate diet than the control
diet in the first 6 months but no difference at 12 months (Table 8.3). In two head-to-head comparisons
of four popular diets, the average weight loss at 6 and 12 months was the same [25, 26]. The best
predictor of weight loss for each of the diets was the degree of adherence to the diet [25, 26].

Portion-Controlled Diets
Portion control is one dietary strategy with promising long-term results. A trial in diabetic patients

using portion-controlled diets as part of the lifestyle intervention (Look AHEAD Program) found that
weight loss was increased across each quartile of portion control product use [27].
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Behavior Modification and Lifestyle Interventions

Behavioral modification in lifestyle programs has been an important part of programs for weight loss
for more than a quarter of a century [27, 28]. Weight losses have been in the 5-10% range. Behavior
modification has a number of components. First, it is a strategy designed to help people understand
their eating behavior, from the triggers that start it to the location, speed, and type of eating, through
the consequences of eating and the rewards that can change it. In addition, it consists of strategies to
help people develop assertive behavior, learn cognitive techniques for handling their internal discus-
sions, and ways of dealing with stress. The newest innovation in the use of lifestyle intervention is to
implement it over the Internet. This has shown promising results [29].

Exercise

Exercise is important for maintaining weight loss, but when used alone does not generally produce
much weight loss [30]. Comparisons of people who successfully maintain weight loss and those who
do not show a critical role of exercise. More than 200 min/week provides greater likelihood of main-
taining weight loss than lower levels of exercise. Using a pedometer allows counting of steps. Working
toward 10,000 steps per day is a good goal.

Medications

The currently approved medications for the treatment of obesity are shown in Table 8.4. At present,
five medications are approved for long-term treatment, and several others are approved for short-term
use [2, 31].

Noradrenergic Drugs

Diethylpropion, phentermine, benzphetamine, and phendimetrazine are approved by the FDA for
short-term use, usually considered to be up to 12 weeks. All of these drugs probably work by blocking
reuptake of norepinephrine into neurons. Phentermine is among the most widely prescribed appetite
suppressants. Clinical trials with these drugs are usually short term [2].

Orlistat

Orlistat blocks intestinal lipase and thus enhances fecal loss of fat. There have been several long-term
clinical trials with orlistat. During the treatment period, patients receiving orlistat reached a maximum
of 10% weight loss compared to about 5% with placebo. At the end of 4 years, there was still a 2.5%
difference in favor of orlistat. In the subgroup that had impaired glucose tolerance, conversion to dia-
betes was reduced by nearly 40%. Orlistat blocks triglyceride digestion and reduces the absorption of
cholesterol from the intestine; this accounts in part for the reduced plasma cholesterol found in
patients treated with this drug [31].
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Table 8.4 Drugs approved by the Food and Drug Administration for treatment of obesity

Drug and mechanism of
action Trade names Dosage Comments

Pancreatic lipase inhibitor approved for long-term use orally

Orlistat (not scheduled) Xenical 120 mg tid before meals GI side effects from bloating and
diarrhea are principal drawbacks

Serotonin receptor agonist approved for long-term use orally

Lorcaserin DEA Belviq 110 mg twice daily Headache, dizziness, nausea, dry mouth,

Schedule IV and constipation are generally mild.

Do not use with other serotonin
active drugs

Glucagon-like receptor-1 agonist approved for long-term use by injection

Liraglutide (not scheduled) Saxenda 3.3.0 mg/day —dose escalation Nausea with some vomiting are
over 5 week from 0.6 to principal side effects; acute
3.0 mg/day pancreatitis or gall bladder disease

can occur; hypoglycemia with some
antidiabetic drugs

Combination of two drugs approved for long-term use orally

Phentermine-Topiramate Qsymia 3.75 mg/23 mg, first week; Paresthesias and change in taste
extended release DEA 7.5 mg/46 mg thereafter (dysgeusia)
Schedule IV can increase to Metabolic acidosis and glaucoma are
15 mg/92 mg for rare; do not use within 14 days of an
inadequate response MAOI antidepressant
Naltrexone SR-Bupropion ~ Contrave 8 mg/90 mg tabs; take 2 twice  Nausea, constipation, headache; avoid
SR (not scheduled) daily after dose escalation in patients receiving opioids, MAOI,

antidepressants, and with history of
seizure disorder
Noradrenergic drugs approved for short-term use

Diethylpropion DEA Tenuate 25 mg tid Dizziness, dry mouth, insomnia,
Schedule IV constipation, irritability
Tepanil 75 mg g AM Cardiostimulatory
Tenuate
Dospan
Phentermine DEA Adipex 15-37.5 mg/day Dizziness, dry mouth, insomnia,
Schedule IV constipation, irritability
Fastin Cardiostimulatory
Oby-Cap 15-30 mg/day
Ionamin
slow
release
Benzphetamine DEA Didrex 25-50 mg tid Dizziness, dry mouth, insomnia,
Schedule III constipation, irritability
Cardiostimulatory
Phendimetrazine DEA Bontril 17.5-70 mg tid Dizziness, dry mouth, insomnia,
Schedule IV constipation, irritability
Plegine 105 mg qd. Cardiostimulatory
Prelu-2
Lorcaserin

Lorcaserin is a specific serotonin 2c receptor agonist which is remarkable for its tolerability and low
rate of adverse events. Echocardiograms performed in phase III trials found no statistically significant
increase in FDA defined valvulopathy. The drug should not be used with serotonin reuptake inhibitors
because of the risk of serotonin syndrome. It has not been studied with SSRIs, SNRIs, or other sero-
tonergic agents, and extreme caution should be used in combining it with those agents [31].
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Liraglutide

Liraglutide is a GLP-1 agonist with a 97% homology to GLP-1 which extends its circulating half-life. It
has been used for management of diabetes at doses up to 1.8 mg, given by injection. It is now approved
in the United States and EU for chronic weight management at a dose of 3.0 mg. Nausea has been one
of the principal complaints in patients injecting this drug and a slow dose escalation over 5 weeks is
recommended. There is also a small but significant increase in heart rate, but blood pressure tends to fall.
GLP-1 agonists are associated with thyroid C cell tumors in animals but this has not been demonstrated
with certainty in humans. Liraglutide should not be prescribed in patients with family or personal history
of medullary thyroid cancer or multiple endocrine neoplasia. Acute pancreatitis, gall bladder disease,
and hypoglycemia in diabetics are safety issues that require managing if they occur [31].

Combination of Phentermine and Topiramate: Extended Release

The combination of phentermine and topiramate as an extended release (ER) formulation (PHEN/
TPM ER) uses lower doses of both (7.5/46 mg at the recommended dose) than are usually prescribed
when either drug is used as single agent. This combination of medications is associated with greater
mean weight loss than other available medications. Topiramate is associated with fetal toxicity (oral
clefts) and a pregnancy test prior to initiating therapy and monthly thereafter is recommended. The
most common side effects include paresthesias, dizziness, dysgeusia, insomnia, constipation, and dry
mouth. A rare side effect of topiramate is acute myopia with glaucoma and the drug is contraindicated
in glaucoma. The combination of PHEN/TPM ER is also contraindicated in hyperthyroidism and
within 14 days of treatment with monoamine oxidase inhibitors (MAOIs). Other rare potential adverse
risks include kidney stones (associated with topiramate) and increased heart rate (associated with
phentermine) in patients susceptible to sympathomimetic drugs [31].

Combination of Naltrexone-Bupropion: Sustained Release

The combination of naltrexone SR/bupropion SR is approved for long-term management of patients
with obesity. Bupropion is a reuptake inhibitor of dopamine and norepinephrine. Naltrexone is an
opioid antagonist that has minimal effect on weight loss on its own. Naltrexone is thought to block
inhibitory influences of opioid receptors activated by the f-endorphin released in the hypothalamus
that stimulates feeding, thus allowing the inhibitory effects of a-melanocyte stimulating hormone
(a-MSH) to reduce food intake. Naltrexone SR/bupropion SR can increase blood pressure and the
combination should not be prescribed to patients with uncontrolled hypertension. Monitoring the
patient’s blood pressure during drug titration is advisable. Marketing was approved after a cardiovas-
cular outcome trial was conducted. Nausea on initiating the drug mandates a dose escalation over 4
weeks. All antidepressants in the United States are required to carry a black box warning of suicidality
and the combination’s label includes this warning even though there were no signals for suicidality in
phase III studies [31].

Surgery

Surgical intervention for obesity has become ever more popular [32, 33]. The Swedish Obese Subjects
Study evaluated gastrointestinal operations for obese patients and provides one of the best sources of
information about the outcomes of this surgery [34]. The control group comprised obese patients who
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were treated with the best alternatives. Weight loss for many patients with gastric bypass exceeded
50 kg. There was a graded effect of weight change, measured at 2 and 10 years after the operation, on
HDL cholesterol, triglycerides, systolic and diastolic blood pressure, insulin, and glucose [35].
Mortality was significantly reduced by 29% in the operated patients [36]. These patients also showed
a reduction in myocardial infarction, stroke and reduced incidence of diabetes mellitus. Cancer was
significantly reduced in the women [34].

To maintain successful weight loss after bariatric surgery requires that calorie intake remains low.
Failure rates, that is, weight regain or inadequate initial weight loss, can occur in up to 40% of some
studies indicating the importance of commitment to the goals of bariatric surgery —maintaining
weight loss.

Conclusion

The challenge is to provide nonsurgical treatments that have dose-dependent effects on body fat
stores, and thus the size of individual fat cells, as a treatment strategy aimed at reducing the complica-
tions of the disease of obesity. Treatment of patients with surgery shows that weight loss improves
long-term health outcomes, but at a cost of significant short-term health problems. Effective medica-
tions for treatment of obesity, however, are few in number. With a disease that is affecting upward of
30% of the adult population and reducing life expectancy, there would appear to be a bright future for
medicinal agents aimed squarely at treating this epidemic.
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Suggested Further Reading

The following websites contain good information or handouts to determine whether following a particular diet will be

harmful or not:

The Federal Trade Commission, www.ftc.gov, which includes “Weighing the Evidence in Diet Ads”
The American Heart Association’s Fad Diets, at www.americanheart.org
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http://www.americanheart.org

Chapter 9

Nutrition Therapy Effectiveness for the Treatment
of Type 1 and Type 2 Diabetes: Prioritizing
Recommendations Based on Evidence

Marion J. Franz, Zhuoshi Zhang, and Bernard Joseph Venn

Key Points

e Medical nutrition therapy for diabetes using a variety of nutrition interventions and multiple
encounters can lower hemoglobin Alc by ~1-2% depending on the type and duration of diabetes.
* For persons with type 1 diabetes

Identify a usual or convenient schedule of foods/meals and physical activity

— Integrate insulin therapy and dietary advice into the patient’s lifestyle

Determine insulin-to-carbohydrate ratios, calculate insulin correction factors, and review goals
Provide ongoing support and education

» For persons with type 2 diabetes

— Focus on metabolic control—glucose, lipids, and blood pressure

— Implement nutrition interventions for glucose control

— Encourage physical activity

— Monitor outcomes to determine if goals are being met or if medications need to be added or
changed

— Provide ongoing support and education

* Research supports consistency in total amount of carbohydrate eaten, fiber intake for lowering of
total and LDL cholesterol, no change in protein intake with normal renal function, and reduction
in saturated and trans fatty acids and dietary cholesterol.

* Research on the glycemic index/load and micronutrient supplementation is controversial.
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Introduction

Based on 2012 data, approximately 29 million people in the United States have diabetes, an increase of 5
million from 2007 [1]. The estimated prevalence of total diabetes was 12—14% in total US population.
Up to 25-36% of people with diabetes are undiagnosed, a rate that has fluctuated between 25 and 30%
over the last few years [2]. Worldwide, it is estimated that 415 million people have diabetes with
projections of huge increases into the foreseeable future [3]. Diabetes prevalence increases with age,
affecting approximately 25% of those 65 years and older. In North America, the disease is particularly
prevalent in ethnic populations, such as African-Americans, Hispanic populations (Latinos and
Mexican Americans), Native Americans and Alaska Natives, Asian-Americans, and Pacific Islanders.
While much of the rise in the prevalence of type 2 diabetes is seen in the middle-aged and elderly,
there is a trend to an earlier age of onset. Evidence shows a rise in type 2 diabetes among younger
North Americans; in 10-19-year-olds, type 2 diabetes now accounts for around 9% of recent diagnoses
in non-Hispanic whites and 50% or more in ethnic minority groups [4]. Studies have shown that
medical nutrition therapy (MNT) can play an important role in assisting persons with diabetes to meet
their glucose, lipid, and blood pressure goals and, therefore, should be a major component in the
medical management of the disease [5, 6].

Medical Nutrition Therapy for Diabetes

Prior to 1994, nutrition recommendations for diabetes attempted to define an “ideal” nutrition
prescription that would apply to all persons with the disease. The nutrition prescription was based on
a theoretical calculation of required calories and an identified ideal percentage of carbohydrate,
protein, and fat. Individualization, although recommended, needed to be done within the confines of
this prescription, which did not allow for much, if any, individualization. Not surprisingly, persons
with diabetes often found it difficult, if not impossible, to adhere to these recommendations.

In 1994, the American Diabetes Association (ADA) recommended a different approach. The nutrition
prescription, instead of being rigid, was to be based on an assessment of lifestyle changes that assist the
individual in achieving and maintaining therapeutic goals and changes that he or she is willing and able
to make. For example, if an individual with type 2 diabetes has been eating 3000 kcal, it is unlikely that
the individual would adhere for long to a 1200 kcal weight-reduction diet. A more realistic approach
would be to negotiate manageable lifestyle changes that lower energy intake and that are of the individual’s
choosing. This approach has continued with subsequent ADA recommendations.

The ADA and the Academy of Nutrition and Dietetics publish updated nutrition recommendations
and interventions [7, 8] that are similar. Research supports medical nutrition therapy (MNT) as a very
effective therapy in reaching treatment goals [9]. Randomized controlled trials and observational
studies of diabetes MNT provided by registered dietitians (RDs) have demonstrated decreases in
hemoglobin Alc (A1C) of approximately 1-2% (for example, from 8.9 to 7%) depending on the type
and duration of diabetes [6]. MNT outcomes are similar to those from antidiabetic medications.
Although MNT has been shown to be effective at any time in the disease process, it appears to have
its greatest impact at diagnosis of diabetes. Outcomes of MNT interventions are evident by 6 weeks
to 3 months and at that time it should be determined if additional MNT encounters or medication
changes, such as the addition of antidiabetic medications or insulin therapy in type 2 diabetes or
changes in insulin regimens in type 1 or type 2 diabetes, are needed.

Central to MNT interventions are multiple encounters to provide education and counseling initially
and on a continued basis. Although attempts are often made to identify one approach to diabetes
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Table 9.1 Effectiveness of medical nutrition therapy

Endpoint Expected outcome When to evaluate
Glycemic control
AlC 1-2% decrease (e.g., from 8 to 6-7%)
Plasma fasting glucose 50 mg/dL (2.78 mmol/L) decrease
Lipids
Total cholesterol 24-32 mg/dL (0.62-0.82 mmol/L) 6 week; if goals are not achieved,
LDL cholesterol 19-25 mg/dL (0.46-0.65 mmol/L) intensify medical nutrition therapy
Triglycerides 15-17 mg/dL (0.17-0.19 mmol/L) and evaluate again in 6 week
HDL cholesterol
With no exercise 3 mg/dL (0.08 mmol/L)
With exercise No decrease
Blood pressure (in hypertensive Decrease of 5 mmHg in systolic and 2 mmHg Measured at every medical visit
patients) in diastolic

Source: Reprinted from [6] with permission

Table 9.2 Glucose, lipids, and blood pressure recommendations for adults with diabetes

Glycemic control

AlIC <7.0%*

Preprandial plasma glucose 90-130 mg/dL (5.0-7.2 mmol/L)
Postprandial plasma glucose 180 mg/dL (<10.0 mmol/L)
Blood pressure <130/80 mmHg

Lipids

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

Source: from [10]
“Referenced to a nondiabetic range of 4.0-6.0% using a DCCT-based assay
°For women, it has been suggested that the HDL goal be increased by 10 mg/dL

MNT, a single approach does not exist, just as there is no one medication or insulin regimen that
applies to all persons with diabetes. A variety of interventions, such as reduced energy/fat intake,
carbohydrate counting, simplified meal plan, healthy food choices, individualized meal-planning
strategies, exchange lists, insulin-to-carbohydrate ratios, physical activity, and behavioral strategies,
were implemented in the 16 studies reviewed by the Academy of Nutrition and Dietetics [8]. Table 9.1
is a summary of the mean expected metabolic outcomes from MNT on glucose, lipids, and blood
pressure [6].

Prioritizing Nutrition Interventions for Type 1 and Type 2 Diabetes

Improving health through food choices and physical activity is the basis of all nutrition therapy
recommendations for diabetes. However, a primary goal of MNT is to attain and maintain blood glucose
levels in the normal range or as close to normal as is safely possible. Because changes in lifestyle can
have an immediate impact on glycemia, this is often the first focus of MNT. But MNT must also focus
on the effect of lifestyle modifications on lipid and lipoprotein profiles and blood pressure so as to
prevent and treat the cardiovascular complications associated with diabetes. Table 9.2 lists the ADA
goals for glucose, lipids, and blood pressure [10].
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Type 1 Diabetes Nutrition Interventions

Identify a Usual or Convenient Schedule of Food/Meals and Physical Activity

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

Integrate Insulin Therapy into the Patient’s Lifestyle

The preferred type of insulin regimen duplicates the normal physiological responses of insulin.
Generally, this consists of a basal insulin, such as glargine or detemir, and a mealtime bolus insulin,
such as a rapid-acting insulin (lispro, aspart, or aprida) or insulin pump therapy. These types of ther-
apy provide increased flexibility in timing and frequency of meals, amounts of carbohydrate eaten at
meals, and timing of physical activity [11].

Determine Insulin-to-Carbohydrate Ratios

Insulin-to-carbohydrate ratios are used to adjust the bolus insulin doses based on the planned carbo-
hydrate content of the meals. Insulin-to-carbohydrate ratios can be determined by either having the
individual (1) eat a consistent amount of carbohydrate in a meal, adjust the bolus insulin to obtain
postmeal glucose goals, and then determine the ratio, or (2) start with an estimated ratio (often 1 unit
of rapid-acting insulin for every planned 15 g carbohydrate intake) and adjust it based on resulting
postmeal glucose results [12]. The insulin-to-carbohydrate ratio can also be determined by a statisti-
cally established formula: 500 divided by the daily total insulin dose [11]. For example, an individual
taking 50 units of insulin per day would have an insulin-to-carbohydrate ratio of 10 (1 unit of insulin
per 10 g carbohydrate). Usually the insulin-to-carbohydrate ratio is the same for all meals but may be
slightly higher at breakfast.

Calculate Insulin Correction Factor

Individuals with type 1 diabetes also need a correction bolus algorithm to correct out-of-range glucose
values [11]. The insulin correction or insulin sensitivity factor is defined as the estimated number of
mg/dL (mmol/L) that one unit of a rapid-acting insulin will lower blood glucose over 3-5 h. To deter-
mine the correction factor 1700 is divided by the daily total insulin dose. For example, an individual
taking 50 units of insulin per day would have a correction factor of 35 (1700 divided by 50 = 35). In this
case, one unit of insulin lowers the patient’s blood glucose by approximately 35 mg/dL (2 mmol/L).
The correction factor is added to the premeal bolus dose to optimize postmeal glucose levels. Because
of overlapping dosing effects, at least 4 h should elapse between correction factor doses.

Review Goals

For most people, a target premeal glucose is often 80—130 mg/dL (4.4-7.2 mmol/L). However,
individuals prone to hypoglycemia may have a higher target of 90—-150 mg/dL (5.0-8.3 mmol/L), and
pregnant women may have a lower target of 60-99 mg/dL (3.3-5.4 mmol/L) [10]. And although
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carbohydrate counting is emphasized, total energy intake cannot be ignored. Weight gain is common
as treatment intensifies; therefore, individuals must also be knowledgeable about the protein, fat, and
calorie content of foods.

Type 2 Diabetes Nutrition Interventions

Focus on Metabolic Control

Type 2 diabetes is characterized by insulin resistance and paradoxical insulin hypersecretion in early
stages that leads to insulin deficiency (dependence upon exogenous insulin) in later stages. In most
individuals, insulin resistance begins and progresses many years before the development of diabetes.
However, as long as the beta cells produce adequate insulin to overcome the resistance, the blood
glucose level remains normal. Impaired beta-cell function must be present before hyperglycemia
develops. By the time diabetes develops as much as 50% of beta-cell function has been lost [13].
Therefore, it is essential that effective therapy lowers elevated blood glucose concentrations as early
as possible to slow beta-cell exhaustion and to prevent the deleterious effects of hyperglycemia. As a
consequence of the progressive loss of beta-cell secretory function, persons with diabetes usually
require more medication(s) over time to maintain the same level of glycemic control and eventually
exogenous insulin will be required. MNT continues to be an important component of diabetes man-
agement but changes over the natural progression of the disease.

One of the goals for the prevention of diabetes is weight loss, whereas for treatment, the goals of
nutrition therapy shift to control of glucose, lipid, and blood pressure. Interventions, including weight
loss, physical activity, and MNT, provide benefits in reducing risks of cardiovascular disease. In over-
weight and obese patients, a sustained weight loss of at least 5-7% (optimal) has also been shown to
improve blood glucose control and to reduce the need for hypoglycemic agents [14—16]. Compared
with conventional weight loss, bariatric surgery is more effective in improving glycemia and inducing
diabetes remission, especially in obese patients, with remission of diabetes occurring in 40-80% of
those undergoing surgery [17-19]. Improvement in glycemia from weight loss is most likely to be
achieved in the early stage of diabetes when patients have a relatively preserved insulin secretion
capacity [10, 20, 21]. However, for some it may be too late to dramatically improve hyperglycemia
through weight loss alone [5, 22, 23]. Furthermore, it is noteworthy that not all individuals with type
2 diabetes are overweight or obese. As medications—including insulin—need to be combined with
nutrition therapy, weight gain often occurs and thus preventing this weight gain becomes important.
However, glycemic control must still take precedence over concern about weight.

Implement Nutrition Interventions for Glucose Control

Teaching individuals how to make appropriate food choices (often by means of carbohydrate count-
ing) and using data from blood glucose monitoring to evaluate short-term effectiveness are important
components of successful MNT for type 2 diabetes. Many individuals with the disease also have
dyslipidemia and hypertension, so decreasing intakes of saturated and trans fatty acids, cholesterol,
and sodium should also be a priority.

Persons with diabetes can benefit from basic information about carbohydrates —what foods contain
carbohydrates and how many servings to select for meals (and snacks if desired). For purposes of
carbohydrate counting, foods are placed into three groups: carbohydrate, meat and meat substitutes, and
fat. The carbohydrate list is composed of starches, fruits, milk, and sweets; one serving is the amount of
food that contains 15 g of carbohydrate. Table 9.3 lists some examples of a carbohydrate serving.
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Table 9.3 Carbohydrate servings®

Starch Milk
1 slice of bread (1 oz) 1 cup skim/reduced-fat milk
1/3 cup cooked rice or pasta 2/3 cup fat-free fruited yogurt sweetened with

nonnutritive sweetener (6 0z)
3/4 cup dry cereal
4-6 crackers
Y large baked potato with skin (3 oz)
% oz pretzels, potato, or tortilla chips

Fruit Sweets and Desserts

1 small fresh fruit (4 oz) 2 small cookies

Y4 cup fruit juice 1 tablespoon jam, honey, syrup

Vi cup dried fruit Y4 cup ice cream, frozen yogurt, or sherbet

*One serving contains 15 g of carbohydrate

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

The first decision for food and meal planning is the total number of carbohydrate servings the
person with diabetes chooses to eat at meals or for snacks. Women with type 2 diabetes often do well
with three or four carbohydrate servings per meal, with or without one to two carbohydrate-containing
snacks. Men with type 2 diabetes may need four to five carbohydrate servings per meal, with or without
one to two for a snack.

Learning how to use Nutrition Facts on food labels is also useful. First, individuals should take
note of the serving size and the total amount (grams) of carbohydrate. The total grams of carbohydrate
are then divided by 15 to determine the number of carbohydrate servings in the serving size.

When insulin is required, consistency in timing of meals and of their carbohydrate content becomes
important. The administration of basal insulin once or twice a day may suffice for persons with type
2 diabetes who still have significant endogenous insulin. Once-daily glargine, detemir, or NPH at
bedtime or premixed insulin before the evening meals is commonly used regimens [24]. The rationale
is that supplementing with overnight insulin will control fasting hyperglycemia. However, a concern
with evening NPH is nocturnal hypoglycemia. Oral agents may be continued during the day to prevent
worsening of daytime glycemia. Many individuals with type 2 diabetes will eventually require an
insulin regimen that better mimics the release of endogenous insulin in response to food intake in
persons without diabetes.

Encourage Physical Activity

Low cardiorespiratory fitness and physical inactivity are independent predictors of all-cause mortality
in type 2 diabetes, regardless of weight [25]. Indeed, it was reported that increased body mass index
and body fatness did not increase mortality risk in fit men with type 2 diabetes [26]. This highlights
the importance of clinicians giving greater attention to counseling for increasing physical activity and
improving fitness in persons with diabetes, primarily for the benefits associated with enhanced cardio-
respiratory fitness that are independent of weight.

At least 150 min/week of moderate-intensity aerobic physical activity is recommended [27].
In the absence of contraindications, performing resistance training three times per week is also
encouraged [10]. In patients who were unable to achieve 150 min/week, a small amount of exercise
still provides substantial benefits in diabetes management. Reducing sedentary time should also be
encouraged [27].
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Monitor Outcomes: Glucose, Lipids, and Blood Pressure

Outcomes must be identified and the effectiveness of nutrition therapy measured. Individuals with dia-
betes need to have identified target goals. Blood glucose monitoring is done to determine if progress is
being made or achieved toward these goals. The A1C is evaluated at least twice a year in patients who
are meeting treatment goals and quarterly in patients whose therapy has changed or who are not meeting
glycemic goals [10]. Lipids are generally measured annually and blood pressure at every routine diabe-
tes visit. If goals are not being achieved, medications may need to be added or adjusted.

Support and Continuing Education

Successful self-management of diabetes by the patient is an ongoing process of problem-solving,
adjustment, and readjustment. Individuals must be able to anticipate and deal with the wide variety of
decisions they face on a daily basis. And just as support from family and friends is important, continu-
ing education and support from professionals is also essential. Structured programs with consistent
follow-up contacts assist individuals to achieve lifestyle goals and to maintain what are often challeng-
ing lifestyle changes [28]. Technology is being used for education and diabetes management. Some
apps provide data logging functions and food databases. These help patients validate the successful
achievement of their nutrition and activity goals. There are hundreds of apps available for download,
some free and some requiring a small fee. The quality of information and functionality is variable but
there are reviews to help guide the user [29]. Apps have been found to provide tangible benefits when
used appropriately in randomized controlled trial settings [30].

Macro- and Micronutrients

Carbohydrate

Carbohydrates are addressed first as it is the balance between carbohydrate intake and available insu-
lin that determines postprandial glucose response and because carbohydrate is the major determinant
of mealtime insulin doses. Foods containing carbohydrate — grains, fruits, vegetables, legumes, low-
fat/skim milk —are important components of a healthful diet and should be included in the food/meal
plan of persons with diabetes. This recommendation reflects the concern that low-carbohydrate diets
eliminate many foods that are important for all persons to eat as part of a healthy lifestyle.

Amount and Type of Carbohydrate

There is strong evidence to suggest that in regard to the effects of carbohydrate on glucose concentra-
tions, the total amount of carbohydrate in meals (or snacks) is more important than the source (starch
or sugar) or the type (low or high glycemic index, GI). Numerous studies have reported that when
subjects are allowed to choose from a variety of starches and sugars, the glycemic response is similar,
as long as the total amount of carbohydrate is the same. Consistency in carbohydrate intake is also
associated with good glycemic control [8, 31].

Research does not support any ideal percentage of energy from macronutrients for persons with
diabetes [8] and it is unlikely that one such combination of macronutrients exists [5]. Macronutrient
intake should be based on the Dietary Reference Intakes (DRI) for healthy adults.
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Glycemic Index

Although different carbohydrates do produce different glycemic responses (GI), there is limited evi-
dence to show long-term glycemic benefit when low-GI diets versus high-GI diets are implemented.
Benefits of a low-GI diet are complicated by differing definitions of “high-GI”” or “low-GI” foods or
diets, and short-term studies comparing high- versus low-GI diets report mixed effects on A1C [8].
However, Wolever et al. [32] conducted a multicenter, 12-month, randomized controlled trial compar-
ing the effects of (1) a high-GI diet, (2) alow-GI diet, or (3) a low-carbohydrate, high-monounsaturated
fat diet in subjects with type 2 diabetes managed by nutrition therapy. At study end, A1C, lipids, and
body weight did not differ significantly between diets. Previous meta-analyses of studies showing
benefit were based primarily on studies lasting less than 3 months. The Wolever study also found a
temporary reduction in A1C with the low-GI diet which was not sustained long term.

The GI test has poor reliability with interindividual variability and intraindividual reproducibility
of concern [33]. For example, in subjects who completed three tests (n = 14), the GI of white bread
was 78 = 39 (CV of 50%) with values ranging from 44 to 132 [34].

Furthermore, GI measures the incremental area under the curve (AUC) for blood glucose response
over a 2 h period, not how rapidly blood glucose levels increase as emphasized in diet books promot-
ing the use of low-GI foods. Peak glucose responses for single foods or meals occur at similar times
whether they are high or low GI.

Fiber

Recommendations for fiber intake for people with diabetes are similar to the recommendations for the
general public (DRI: 14 g/1000 kcal). Diets containing 44-50 g fiber daily are reported to improve
glycemia, but more usual fiber intakes (up to 24 g/day) have not shown beneficial effects on glycemia.
It is unknown whether free-living individuals can sustain daily consumption of the amount of fiber
needed to improve glycemia. However, diets high in total and soluble fiber, as part of cardioprotective
nutrition therapy, have been shown to reduce total cholesterol by 2—3% and LDL cholesterol up to 7% [8].
Therefore, foods containing 25-30 g/day of fiber, with special emphasis on soluble fiber sources,
(7-13 g), are to be encouraged.

Protein

There is no evidence to suggest that usual intake of protein (15-20% of energy intake) be changed in
people who do not have renal disease [8, 31]. Although protein has an acute effect on insulin secre-
tion, usual protein intake in long-term studies has minimal effects on glucose, lipids, and insulin
concentrations.

In persons with diabetic nephropathy, a protein intake of 1 g or less per kg body weight per day is
recommended. It is interesting to note that in persons with diabetes and nephropathy, diets with <1 g
protein/kg/day have been shown to improve albuminuria but have not been shown to have significant
effects on glomerular filtration rates [8]. For persons with late-stage diabetic nephropathy, a protein
intake of ~0.7 g/kg/day has been associated with hypoalbuminemia (an indicator of malnutrition).
Therefore, hypoalbuminemia and energy intake must be monitored and changes in protein and energy
intake made to correct deficits.

Protein is probably the most misunderstood nutrient with inaccurate advice frequently given to
persons with diabetes. Although patients are often told that 50-60% of protein becomes glucose and
enters the bloodstream 3—4 h after it is eaten, research documents the inaccuracy of this statement.
Although nonessential amino acids undergo gluconeogenesis in subjects with controlled diabetes, the
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glucose produced does not enter the general circulation [35]. It is often suggested to patients that add-
ing protein to a meal or snack will slow the absorption of carbohydrate but several studies show that
this is not the case. If differing amounts of protein are added to meals or snacks, the peak glucose
response is not affected by the addition of protein. There is also no evidence that adding protein to
bedtime snacks is helpful or will assist in the immediate treatment of hypoglycemia or prevent blood
glucose levels from dropping again after the initial treatment.

Dietary Fat

Cardioprotective nutrition interventions recommended by the “Standards of Medical Care in Diabetes
2016” for patients with diabetes include reduction in saturated and trans fatty acids, as well as increase
in plant sterols/stanols and n—3 fatty acids [21]. A previous recommendation to limit cholesterol
intake to 300 mg/day was not included in the 2015 Dietary Guideline for Americans due to inadequate
evidence for a specific limit. However, it is still important to be aware that foods high in cholesterol
tend to have a higher saturated fat content [36].

This topic is discussed in more detail in Chap. 11. Nutrition goals for persons with diabetes are the
same as for persons with pre-existing cardiovascular disease, as the two groups have equivalent car-
diovascular risk. Thus, saturated fats <7% of total energy, minimal intake of trans fatty acids, and
cholesterol intake <200 mg/day are recommended [5]. However, the association between saturated fat
intake and risk of cardiovascular disease remains controversial. Replacing polyunsaturated fat with
saturated or refined carbohydrate has been shown to provide cardioprotective benefits [37].
Consumption of n—3 fatty acids from fish or from supplements has been shown to reduce adverse
cardiovascular outcomes [5]. Therefore, two or more servings of fish (with the exception of commer-
cially fried fish fillets) are recommended. In persons with type 2 diabetes, intake of ~2 g/day of plant
sterols and stanols has been shown to lower total and LDL cholesterol. If products containing plant
sterols are used, they should displace, rather than be added to, the diet to avoid weight gain.

Micronutrients

There is no evidence of benefit from vitamin or mineral supplementation in persons with diabetes who
do not have underlying deficiencies [31]. It is recommended that health professionals focus on nutrition
counseling for acquiring daily vitamin and mineral requirements from natural foods and a balanced diet
rather than micronutrient supplementation. Research including long-term trials is needed to assess the
safety and potentially beneficial role of chromium, magnesium, and antioxidant supplements and other
complementary therapies in the management of diabetes. In select groups such as the elderly, pregnant
or lactating women, strict vegetarians, or those on calorie-restricted diets, a multi-vitamin supplement
may be needed. Routine supplementation with antioxidants, such as vitamins E and C and carotene, has
not proven beneficial and is not advised because of concerns related to long-term safety [31].

Alcohol

Recommendations for alcohol intake are similar to those for the general public. This topic is discussed
in Chap. 22. If individuals with diabetes choose to use alcohol, daily intake should be limited to one
drink per day or less for women and two drinks per day or less for men [10]. One drink is defined as
a 12 oz beer, 5 oz wine, or 1.5 oz of distilled spirits, each of which contains about ~14 g alcohol.
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Moderate amounts of alcohol when ingested with food have minimal, if any, effect on blood glucose
and insulin concentrations and the type of beverage consumed does not appear to make a difference.
For individuals using insulin or insulin secretagogues, if alcohol is consumed, it should be consumed
with food to prevent hypoglycemia.

Observational studies suggest a U- or J-shaped association with moderate consumption of alcohol
(~15-30 g/day). Moderate alcohol consumption is associated with a decreased incidence of heart
disease in persons with diabetes [38]. However, chronic excessive ingestion of alcohol (>3 drinks/
day) can cause deterioration of glucose control with the effects from excess alcohol being reversed
after abstinence for 3 days. In epidemiological studies, moderate alcohol intake is associated with
favorable changes in lipids, including triglycerides.

Because the available evidence is primarily observational, it does not support recommending alcohol
consumption to persons who do not currently drink. Occasional use of alcoholic beverages can be
considered an addition to the regular meal plan, and no food should be omitted.

Summary

There have been major changes in nutrition recommendations and therapy for diabetes over the past
decade. Medical nutrition therapy (MNT) is essential for effective management of diabetes, but to be
successful it involves an ongoing process. Monitoring of glucose, A1C, lipids, and blood pressure is
essential in order to assess the outcomes of nutrition therapy interventions and/or to determine if
changes in medication(s) are necessary. It is important that all health-care providers understand nutri-
tion issues and guide the individual’s efforts by promoting and reinforcing the importance of lifestyle
modifications, and by providing support for the lifestyle intervention process.
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Chapter 10
Lifestyle Interventions to Stem the Tide
of Type 2 Diabetes

Marion J. Franz, Zhuoshi Zhang, and Bernard Joseph Venn

Key Points

* Prevention of obesity is one of the most important steps for diabetes prevention.

* For persons with prediabetes, encourage a moderate and maintainable weight loss and provide
individuals with support for behavioral changes. Also recommend a cardioprotective, energy-
restricted diet and 150 min/week of physical activity.

e Consume whole grain foods, whole fruit, vegetables, nuts and berries, and pay heed to the type of
fat in favor of foods containing monounsaturated fatty acids.

» For persons at very high risk for diabetes, in combination with lifestyle interventions, pharmaco-
therapy may be considered.

Keywords Type 2 diabetes ¢ Prevention of diabetes ¢ Lifestyle interventions ¢ Glycemic index

Introduction

Worldwide, the number of persons with diabetes and those who are at risk for diabetes is increasing
at an alarming rate, largely driven by the rising prevalence of obesity and inactivity. Of concern in the
United States are the approximately 86 million people who have prediabetes and one in three people
with metabolic syndrome [1]. These individuals are at high risk for conversion to type 2 diabetes and
for cardiovascular disease if lifestyle prevention strategies are not implemented. After years of rises in
the incidence of diabetes, one positive finding has been the reporting of a leveling off in the prevalence
from 2009 to 2014 in the 45-64 years age group, although an upward trend is still evident in older
age groups [2].
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Preventing obesity is a high priority for the prevention of type 2 diabetes as many individuals are
overweight or obese at the onset. However, the disease can also be diagnosed in nonobese individuals,
while many obese people never develop it. Therefore, it is likely that genetic predisposition and life-
style choices are important factors in the development of type 2 diabetes. Cereal fiber and magnesium,
both components of whole grains, and fruit and green leafy vegetable intakes are consistently associ-
ated with lower risk of developing type 2 diabetes [3—5] with a possible protective role for low-fat
dairy foods [6]. Remaining physically active is important as sedentary time is associated with an
increased risk of developing type 2 diabetes [7]. These risk factors, both non-modifiable (genetics and
aging) and modifiable (central obesity, sedentary lifestyle, and diet), have been identified as contribut-
ing to insulin resistance, a common factor in the development of diabetes and cardiovascular disease.
However, elevated plasma free fatty acids (lipotoxicity) may also be a common denominator and this
is generally associated with obesity and, in particular, intra-abdominal obesity. Measurement of waist
circumference may help identify individuals at risk. Large clinical trials have demonstrated the role of
nutrition therapy including both modest weight loss and increased physical activity in the prevention
or delay of type 2 diabetes [8—11].

Diagnosis of Prediabetes

Hyperglycemia that is not sufficient to meet the diagnostic criteria for diabetes is classified as impaired
fasting glucose (IFG). Impaired glucose tolerance (IGT) is another valuable measure and is deter-
mined from a glucose tolerance test. Both IFG and IGT have been officially termed “prediabetes”
[12]. The following are criteria used for diagnosis:

* IFG =fasting plasma glucose (FPG) between 100 mg/dL (5.6 mmol/L) and 125 mg/dL (6.9 mmol/L)
e IGT = 2-h plasma glucose between 140 mg/dL (7.8 mmol/L) and 199 mg/dL (11.0 mmol/L)
e HbAIC=5.7-6.4%

Prevention Trials

Based on evidence from earlier epidemiological and intervention studies suggesting the benefits of
lifestyle interventions for the prevention of type 2 diabetes, four larger and well-designed trials were
undertaken— the Finnish Diabetes Prevention Study [8], the Diabetes Prevention Program (DPP) [9],
the Indian Diabetes Prevention Programme [11], and a Japanese study [10].

In the Finnish study, subjects in the control group were given general information on diet and exer-
cise, whereas subjects in the intervention group received detailed counseling by dietitians on how to
reduce weight, as well as total intake of fat and saturated fat, and how to increase intake of fiber and
physical activity. After 3.2 years of follow-up, the lifestyle intervention was associated with a signifi-
cant reduction in weight (—4.2 kg vs. —0.8 kg) and waist circumference (—4.4 cm vs. —1.3 cm) com-
pared to the control group, and a significant reduction in 2-h plasma glucose and serum insulin,
triglycerides, and blood pressure. The risk of developing diabetes was reduced by 58% in the inter-
vention group [8]. At 7-year follow-up, participants in the intervention group still had a 43% lower
diabetes risk [13]. Despite these positive findings relating to the reduced risk of diabetes, 10-year total
mortality and cardiovascular mortality rates did not differ between the control and intervention groups [14].
However, caution should be taken in the interpretation of these findings as there were only 16 deaths
among the cohort (3%) and the rate was low compared with another Finnish cohort that had received
no intervention (11%). Overall, an intensive lifestyle program in people with prediabetes resulted in
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continued lifestyle changes and reduced risk of developing diabetes, a benefit which remained even
after the individual lifestyle counseling had stopped.

In the Diabetes Prevention Program (DPP), conducted in 27 centers around the United States, sub-
jects were randomly assigned to one of three groups: (1) an intensive lifestyle change emphasizing a
7% weight loss and 150 min/week of physical activity, (2) metformin (850 mg/day for 1 month,
increasing to 850 mg bid), or (3) a placebo group. After 2.8 years of follow-up, average weight loss
was 5.6, 2.1, and 0.1 kg in the lifestyle, metformin, and placebo groups, respectively, and 58% of the
participants in the lifestyle arm were exercising 150 min/week. Compared with placebo, the incidence
of diabetes was reduced by 58% by lifestyle and 31% by metformin [9]. The lifestyle intervention also
resulted in improvements in hypertension, triglycerides, and HDL cholesterol. The cumulative reduc-
tion in incidence of diabetes persisted for 10 years [15].

Six randomized controlled trials have examined the effects of pharmacological agents on the pre-
vention of type 2 diabetes [16]. Metformin, as noted above, reduced the incidence of diabetes by 31%,
acarbose by 25%, troglitazone by 55%, xenical by 37%, and rosiglitazone by 60%. The American
Diabetes Association recommendations state that in addition to lifestyle counseling, metformin may
be considered in those who are at very high risk (combined impaired fasting glucose and impaired
glucose tolerance) and who are obese and under 60 years of age [12]. The American Association of
Clinical Endocrinologists recommends that for persons with prediabetes at particularly high risk,
pharmacologic glycemic treatment (metformin and acarbose) may be considered in addition to life-
style strategies. They note that thiazolidinediones also reduce risk but safety concerns include conges-
tive heart failure and fractures [17]. Table 10.1 summarizes therapies proven to be effective in diabetes
prevention trials [16].

Table 10.1 Diabetes prevention trials: interventions and effectiveness

Total n Duration Relative
Study randomized  Population (year) Intervention (daily dose) risk
Finnish Diabetes 522 IGT, BMI > 25 kg/m?> 3.2 Individual diet/exercise ~ 0.42
Prevention Study
Diabetes Prevention 2161 IGT, BMI > 24, 3 Individual diet/exercise  0.42
Program FPG > 95 mg/dL
(5.3 mmol/L)
Chinese Da Qing Study 577 IGT 6 Group diet/exercise 0.62
Japanese Trial 458 IGT (men), BMI =24 4 Individual diet/exercise  0.33
Indian Diabetes Prevention 531 IGT 2.5 Individual diet/exercise  0.71
Programme
Diabetes Prevention 2161 IGT, BMI > 24, 2.8 Metformin (1700 mg) 0.69
Program FPG > 95 mg/dL
(5.3 mmol/L)
Indian Diabetes Prevention 531 IGT 2.5 Metformin (500 mg) 0.74
Programme
STOP NIDDM: study to 1429 IGT, FPG > 100 mg/ 3.2 Acarbose (300 mg) 0.75
prevent non-insulin- dL (5.6 mmol/L)
dependent diabetes
XENDOS: Xenical in the 3305 BMI > 30 4 Orlistat (360 mg) 0.63
Prevention of Diabetes
in Obese Subjects
DREAM 5269 IGT or IFG 3 Rosiglitazone (8 mg) 0.40
ACT NOW: Pioglitazone 602 IGT 24 Pioglitazone + dietary 0.28
for Diabetes Prevention instruction (45 mg)

IGT impaired glucose tolerance, FFG fasting plasma glucose, BMI body mass index, GDM gestational diabetes mellitus
Source: Adapted from [16]
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Lifestyle Intervention Recommendations

Three lifestyle interventions are consistently associated with decreased risk of type 2 diabetes in the
prevention trials: moderate weight loss, regular physical activity, and frequent participant contact.
Observational studies provide support for reduced dietary fat and an increase in whole grain and
dietary fiber. The role of the glycemic index/glycemic load and alcohol is unclear.

Encourage a Moderate and Maintainable Weight Loss and Provide Participant
Support

In the past, achieving an ideal body mass index (BMI) was often recommended for participants in
weight-loss programs. But it has become clear that clinical improvements begin to appear with rela-
tively small amounts of weight loss (approximately 5-7%), suggesting the importance of emphasizing
weight loss for health benefits rather than for cosmetic reasons [18].

To answer the question about expected weight loss from weight-loss interventions, a systematic
review of randomized clinical weight-loss trials with a minimum duration of 1 year was performed
[19]. A mean weight loss of 5-8.5 kg (5-9%) was observed during the first 6 months from interven-
tions involving a reduced-energy diet (and exercise) and/or weight-loss medications, with weight
plateaus at approximately 6 months. In studies extending to 48 months, a mean 3-6 kg (3—-6%) of
weight loss was maintained with none of the interventions experiencing weight regain to baseline
[19]. In contrast, advice-only and exercise alone intervention groups experienced minimal weight loss
at any time point. Study participants in the clinical trials appeared to benefit from the continued pro-
fessional support they received.

Changes in body weight in the DPP were similar to the weight-loss/maintenance outcomes reported
above. Participants in the intensive lifestyle group experienced a mean weight loss of 7 kg at
6—12 months followed by gradual weight regain over 5 years; the lifestyle and metformin groups
maintained a modest 2-2.5 kg lower mean body weight compared with their weights 10 years earlier
[15]. Considerable support from well-trained staff was needed to achieve this weight-loss outcome.

Follow a Cardioprotective, Energy-Restricted Diet

The primary diet intervention in the diabetes prevention trials was a lower-energy, lower-fat diet. A
cardioprotective diet such as that recommended by the American Heart Association is consistent with
the diets found to be effective at reducing diabetes risk [20]. Basic behavioral strategies that are core
and are used in nearly all weight-loss interventions include self-monitoring, goal setting, stimulus
control, reinforcement, and cognitive change. Other behavioral strategies shown to be beneficial are
problem-solving, relapse prevention, and stress management. Social support from partners, family,
friends, or others, along with the support of health professionals, has also been shown to be helpful.
An area of controversy has been the macronutrient content of the energy-reduced diet although
evidence from robustly conducted randomized controlled trials indicates that long-term weight loss is
independent of the macronutrient composition of the diet [21]. Adopting a dietary pattern can provide
metabolic benefits. A 2-year weight-loss trial reported a mean weight loss of 3.3, 4.6, and 5.5 kg in
completers of a low-fat, Mediterranean, or low-carbohydrate diets, respectively [22]. Of interest was
the more favorable effect on plasma glucose and insulin levels in subjects assigned to the Mediterranean
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Table 10.2 Food recommendations for the prevention of diabetes

* Encourage a food pattern that includes fruits, vegetables, whole grain high-fiber foods, legumes, nuts, and
low-fat/skim milk for good health

e Limit saturated fat to <7% of total calories, trans unsaturated fatty acids to <1%; substitute unsaturated fat from
vegetables, fish, nuts, and legumes

* Recommend two or more servings of fatty fish per week (with the exception of commercially fried fish filets) for
n—3 polyunsaturated fatty acids

e Limit sodium intake to 2300 mg/day by choosing foods low in sodium and limiting the amount of salt added to food

* Minimize intake of beverages and foods with added sugars

e Limit alcohol to no more than 2 drinks/day (men) and 1 drink/day (women) in those who choose to drink alcohol

diet. Providing observational support for a Mediterranean-style diet (use of unsaturated oils such as
olive oil, fruits, nuts, legumes, and fish with relatively low consumption of meat and dairy) is a study
that followed 13,380 adults for an average of 4.4 years [23, 24]. Those with the highest adherence to
a Mediterranean diet were 83% less likely to be among those who developed diabetes. It is likely that
other lifestyle factors contributed to the observations because in a randomized controlled trial, the risk
of developing the metabolic syndrome was not different between Mediterranean diets and a low-fat
control diet; although in people with the metabolic syndrome at baseline, the reversion rate to normal
status was better for the Mediterranean diets [25]. Table 10.2 summarizes nutrition recommendations
in accordance with evidence-based sources [26—28] consistent with advice from the American
Diabetes Association [29, 30].

It is unlikely that one diet is optimal for all overweight/obese persons. Recommendations should
be individualized to allow for specific food preferences and individual approaches to reducing energy
intake. Two important considerations are: Can the diet be followed long term? and Does it encourage
healthful eating habits and regular physical activity?

Recommend 150 min/week of Physical Activity

Regular physical activity and aerobic fitness improve insulin sensitivity, independent of weight loss
[31], and reduce the risk of developing diabetes [32]. The activity does not need to be intensive, with
15 min of strolling after meals producing a noticeable lowering of postprandial glycemia in people
with type 2 diabetes compared with being sedentary [33]. Walking after meals may be a valuable
strategy for people unwilling or unable to commit to structured exercise programs. To assist with
weight loss and maintenance and reduce risk of cardiovascular disease, at least 150 min of moderate-
intensity aerobic physical activity or at least 90 min of vigorous aerobic exercise per week is recom-
mended. The physical activity should be divided over at least 3 day/week, with no more than two
consecutive days without physical activity. For long-term maintenance of major weight loss, a larger
amount of exercise (7 h/week of moderate or vigorous aerobic physical activity) may be helpful. In
the absence of contraindications, individuals should be encouraged to perform resistance training
three times per week [12]. Combining recommended dietary and physical activity regimens reduces
risk of developing type 2 diabetes and improves cardio-metabolic risk factors [34]. Table 10.3 sum-
marizes physical activity recommendations.

In previously inactive patients, an initial exercise session should be of short duration (e.g., 10 min/day)
of activity and gradually increase to 30 min/day of low-intensity activity. Intensity can be increased as the
patient’s strength and fitness improves [18].
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Table 10.3 Physical activity recommendations

» For substantial health benefits, adults should do at least 150 min/week of moderate-intensity, or 75 min/week of
vigorous-intensity aerobic physical activity, or an equivalent combination of moderate- and vigorous-intensity
aerobic activity

* For additional and more extensive health benefits, adults should increase their aerobic physical activity to 300 min
a week of moderate-intensity, or 150 min/week of vigorous-intensity aerobic physical activity, or an equivalent
combination of moderate- and vigorous-intensity activity

* The first step in achieving or maintaining a healthy weight is to meet the minimum level of physical activity in the
Guidelines while not exceeding caloric intake requirements

e People who are at a healthy body weight but slowly gaining weight can either gradually increase the level of
physical activity (toward the equivalent of 300 min/week of moderate-intensity aerobic activity), or reduce caloric
intake, or both, until their weight is stable

* Muscle-strengthening activities help maintain muscle mass during a program of weight loss

Source: Adapted from [35]

Other Nutrition-Related Factors

Carbohydrate/Fats

There is no evidence that a high-carbohydrate diet contributes to insulin resistance; indeed, it may be
beneficial for insulin sensitivity [36, 37]. This is a difficult issue to resolve because as carbohydrate in
the diet increases, fat, especially saturated fats, decreases. High-fat intakes, especially of saturated and
trans fatty acids, are associated with a decline in insulin sensitivity [38]. Therefore, it is unclear if the
improvement in insulin sensitivity is because of the increase in carbohydrate or the decrease in fat. In
a review of high- compared to low-carbohydrate diets, insulin sensitivity tended either to increase or
to be unaffected by the amount of carbohydrate in the diet [37].

The type of fat in the diet influences metabolic risk factors for diabetes, with overweight individuals
found to be more susceptible to developing insulin resistance when consuming food rich in saturated
compared with monounsaturated fatty acids [39]. In a long-term trial, Mediterranean-style diets rich in
monounsaturated fatty acids from olive oil or nuts were associated with lower diabetes incidence com-
pared with a low-fat control diet [40]. Hence, rather than simply considering dietary fat as a homoge-
nous macronutrient, the American Diabetes Association recommends that the type or quality of fat be
considered [41]. Nevertheless, it should be remembered that excess energy intake, regardless of the
energy source, and positive energy balance contribute to insulin resistance by way of weight gain.

Whole Grains and Dietary Fiber

From observational data, cereal fiber is consistently associated with reduced risk of type 2 diabetes
[42]. Furthermore, increasing fiber intake in people with type 2 diabetes has been found to reduce fast-
ing blood glucose and glycated hemoglobin [43]. The mechanisms may involve insulin sensitivity,
secretion of gut hormones, and effects on metabolic and inflammatory markers [44]. Indeed, increased
intake of foods containing whole grains is associated with improved insulin sensitivity, independent of
body weight [45]. Modest weight loss, regular physical activity, and dietary factors, including choosing
whole grain foods high in cereal fiber, are primary components of an intensive lifestyle intervention.

Glycemic Index/Glycemic Load
The relationship between glycemic index (GI) and glycemic load (GL) and type 2 diabetes risk is

unclear. Several large observational studies have been undertaken with mixed findings. A modest
increase in risk per 5 units of dietary GI of 1.08 and of 20 units of GL of 1.03 was found in a
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meta-analysis of some of these studies with high heterogeneity reported [46]. Some of the heterogene-
ity in outcomes may be due to methodology as there is only a predictive formula rather than a directly
validated tool for assessing the GI or GL of a whole diet. Using this formula, the predictability of the
GI of even a single meal is fraught with problems [47]. Interestingly, in three studies, fiber was posi-
tively associated with insulin sensitivity whereas GI/GL was not [48-50].

Despite many popular diet books promoting the use of a low-GI diet for weight loss, there is mini-
mal evidence in support of its effectiveness. Studies supporting the role of a low-GI diet for weight
loss are <6 months in duration and conducted primarily in adolescents. Longer-term clinical trials in
adults have not found a benefit of using low-GI diets for weight loss [51, 52]. In a meta-analysis of
long-term intervention trials, there was no effect of manipulating dietary GI on weight, waist circum-
ference, fasting blood lipids, fasting glucose, or HbAlc [53]. Parameters found to be influenced by
dietary GI were C-reactive protein and fasting insulin favoring the low-GI diet, and retention of fat-
free mass favoring the high-GI diet. There was evidence of publication bias related to the fasting
insulin data. Potentially, the lower C-reactive protein could be beneficial although the lower fat-free
mass associated with weight loss on the lower GI diet could be detrimental. Although it is often sug-
gested there is no harm in recommending low-GI foods even if there is no evidence of benefit, this is
not necessarily true. The GI may not be the best indicator of healthful food choices. Although many
healthful foods have a moderate or low GI (e.g., whole grains, fruits, vegetables, legumes, dairy prod-
ucts), many foods of questionable value also have low or moderate GIs. For example, Coca-Cola has
a moderate GI of 58, Snickers Bar a GI of 55, premium ice cream a low GI of 37, and fructose a low
GI of 19 [54]. If a food company wishes to produce a food with a low GI, they have only to sweeten
it with more fructose or sucrose or add fat. Furthermore, whole wheat bread, brown rice, and brown
spaghetti have the same GI value as their refined white versions. Fruits often have a low GI, but whole
fruits and juice have the same GI. Health Canada did not support labeling of food with GI, suggesting
that it would be misleading and would not assist consumers in making healthier food choices [55].

Alcohol

Observational studies suggest a U- or J-shaped association between moderate consumption of alcohol
(1-3 drinks/day [15-45 g alcohol]) and decreased risk of diabetes [56, 57]. A meta-analysis based on
32 studies found that compared to no alcohol use moderate amounts of alcohol were associated with a
33-56% lower incidence of diabetes for the general population. In contrast, a heavy/chronic amount of
alcohol (greater than 3 drinks/day) was associated with a 43% increase in incidence [56]. Small clinical
trials and observational studies have shown light to moderate amounts of alcohol improve insulin sen-
sitivity and raise HDL cholesterol levels. The type of alcoholic beverage does not make a difference.

Summary

Well-designed randomized controlled trials clearly document that diabetes can be prevented or
delayed with moderate reductions in weight of 5—7% and 150 min/week of physical activity. However,
well-trained staff providing continued support was needed to achieve these results. Pharmacologic
therapy also significantly lowers the incidence of diabetes as does bariatric surgery [58]. The American
Diabetes Association recommends the following for the prevention of diabetes [41, 59]:

e Individuals at high risk for developing type 2 diabetes need structured programs that emphasize
lifestyle changes that include moderate weight loss (7% body weight) and regular physical activity
(150 min/week).

* Dietary strategies to reduce caloric intake, to raise whole grain and fiber intake, to consume whole
fruit, vegetables, nuts and berries, and to pay heed to the type of fat in favor of foods containing
monounsaturated fatty acids.
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Chapter 11
Coronary Heart Disease: Nutritional Interventions
for Prevention and Therapy

Désirée Schliemann, Jayne V. Woodside, Claire T. McEvoy, and Norman J. Temple

Key Points

e Coronary heart disease (CHD) is a major cause of morbidity and mortality in the Western world.

e Diets high in trans fats, processed meat, and added sugar can increase CHD risk.

* Evidence suggests that increased consumption of fatty fish and of n—3 polyunsaturated fatty acids
(n—3 PUFA) is likely to reduce CHD risk.

e While supplementation with antioxidants is unlikely to reduce CHD risk, diets rich in these micro-
nutrients (e.g., diets rich in fruits, vegetables, and whole grain cereals) are associated with lower
CHD risk.

e Adhering to a Mediterranean diet has been shown to reduce CHD risk in both the primary and
secondary prevention settings.

* Maintaining a healthy weight and being physically active have each been shown to reduce CHD
risk factors and CHD incidence.

Keywords Cardiovascular risk factors ¢ Coronary heart disease ® Prevention

Introduction

Coronary heart disease (CHD) is a major cause of morbidity and mortality in the Western world.
Factors that are strongly associated with elevated risk of CHD are increasing age, male sex, smoking,
lack of exercise, hypertension, obesity, and type 2 diabetes. In addition, blood lipid levels are strong
predictors of CHD risk. A pattern of blood lipids that accelerates atherosclerosis is one where total
cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) are elevated and high-density lipo-
protein (HDL-C) is relatively low [1]. A 1% reduction in circulating LDL-C is associated with a
reduction in CHD risk of about 1% [2]. Research in recent years has added C-reactive protein (CRP),
a biomarker of inflammation, to the list of risk factors.
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A large body of evidence, collected over several decades from observational epidemiological stud-
ies and randomized controlled clinical trials (RCTs), strongly supports a major role for diet in the
prevention and treatment of CHD. (Epidemiological studies refer mainly to prospective cohort studies
and case—control studies). Dietary factors that have been proposed to affect the risk of CHD include
saturated fatty acids (SFA), trans fatty acids (TFA), polyunsaturated fatty acids (both n—6 and n—3
PUFA), non-milk extrinsic sugars, dietary fiber, antioxidant vitamins, and vitamin D. This chapter
examines how each of these food components, as well as whole dietary patterns, affects CHD risk.
Obesity and exercise are also considered. Early studies focused on the effect of diet on blood lipids,
but it is now accepted that diet affects CHD etiology through multiple mechanisms, including insulin
resistance, blood pressure, endothelial function, inflammation, and thrombosis.

Dietary Fat and CHD

Fat Intake

Much attention has been paid to the question of the total intake of dietary fat and the link with CHD. A
major reason for this is that increased intake of fat can lead to a positive energy balance and contribute
to obesity. However, the relationship between the quantity of fat intake and the risk of CHD is much
weaker. There is no strong evidence that low-fat diets reduce mortality rates from CHD. Low-fat diets
(10-20% of total energy) reduce circulating LDL-C but this benefit can be cancelled out by the simul-
taneous reduction in HDL-C level and increase in triglyceride (TG) level, largely through the replace-
ment of dietary fat by carbohydrate. Additionally, compliance with low-fat diets is often difficult.

The critical aspect of fat intake with regard to risk of CHD is the type of fat. Different fats have
very different effects on blood lipid levels and this is the key mechanism that explains how fat affects
risk of CHD [3].

Public health strategies over the past two decades emphasized the reduction of total fat in the diet.
The most common recommendation was that fat intake should be “less than 30%” of energy intake.
In recent years, this recommendation has shifted to a more liberal 20-35%. Common dietary recom-
mendations for fat intake are shown in Table 10.1.

Table 10.1 Dietary fat recommendations for modification of blood lipids for the prevention of CHD

Dietary fat Recommendation® Major dietary sources
Total fat 20-35% energy intake  As below
Saturated fatty acids <7% energy intake Animal products (fatty meat, processed meat, cheese, butter, cream,
(SFA) lard, shortening, full-fat milk, ice cream), cocoa butter,
chocolate, coconut oil, palm oil, cakes, pastry products, cookies
Trans fatty acids <1% energy intake Stick margarine, cakes, pastry products, cookies, chips, many fast
(TFA) foods (the amounts present in food have been much reduced in
recent years)
Cholesterol <200 mg/day Liver, kidney, egg yolk, shellfish
Polyunsaturated fatty ~ 4-10% energy intake Soft margarines, vegetable oils (corn, safflower, soybean,
acids (PUFA) sunflower)
Monounsaturated fatty <20% energy intake Olive oil, canola oil, peanut oil, avocados, olives, almonds,
acids (MUFA) cashews, peanuts
n—3 PUFA 0.5-2% energy intake  Sardines, herring, pilchards, salmon, tuna

Walnuts, flaxseed oil, canola oil

“The recommendations shown are not necessarily ideal for minimizing risk of CHD but are the most common ones
currently given
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Saturated Fat and Dietary Cholesterol

Many studies over the past 30 years have established that SFA is consistently positively correlated with
TC and LDL-C levels. Dietary cholesterol also increases TC and LDL-C levels but to a much lesser
degree than SFA. RCTs have demonstrated that diets low in SFA (<7% of energy intake) and choles-
terol (<200 mg/day) bring about reductions in LDL-C levels of approximately 10%. Although the lit-
erature suggests reducing SFA intake has no effect on CHD mortality, it may reduce the risk of CHD
events [4], but the literature is conflicting. A cohort study including 5209 participants suggests that the
dietary source of SFA may be more important, i.e., SFA from meat are associated with an increased
risk for cardiovascular disease (CVD) whereas no risk was found for dairy or plant-based SFA [5].

Trans Fatty Acids

Like SFA, TFA also raises TC and LDL-C levels. However, whereas SFA tends to increase HDL-C,
TFA lowers it. A recent meta-analysis reported TFA intake is associated with an increase in CHD risk
of 16%, when comparing the top and bottom thirds of intake [3]. These findings reinforce the impor-
tance of recent public health initiatives directed at minimizing dietary intake of TFA.

n—-6 PUFA and MUFA

PUFA and MUFA are the major unsaturated fats. PUFA are divided into n—6 PUFA, also known as
linoleic acid (LA), and n—3 PUFA, also known as alpha linolenic acid (ALA). n—6 PUFA are found
in abundance in vegetable oils, while olive oil and canola oil are rich sources of MUFA. PUFA lower
TC and LDL-C levels whereas MUFA tend to have a neutral effect. An analysis of 11 pooled prospec-
tive cohort studies also suggested that PUFA may be preferable to carbohydrates as a replacement for
SFA as they do not induce a fall in HDL-C or rise in TG [6]. A recent Cochrane review also concluded
that substituting SFA with PUFA can reduce CVD events by 27% [4]. However, the review did not
distinguish between n—6 and n—3 PUFA. To date, there is strong evidence supporting the substitution
of SFA with n—3 PUFA, but the evidence around n—6 PUFA is less clear.

n-3 PUFA

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are long-chain n—3 PUFA that are
found in fatty fish (Table 10.1). ALA is a plant-derived n—3 PUFA with a slightly shorter chain and is
found in some oils, namely flaxseed (richest source), soybean, and canola oil (poorest source). Walnuts
are another source. ALA can be converted to a limited extent in humans to EPA but almost not at all
to DHA [7].

n—3 PUFA from fatty fish exert several different cardioprotective actions. They improve endothe-
lial function and reduce the risk of inflammation and arrhythmias, and significantly reduce rates of
sudden death [7]. The benefits of dietary ALA are not as well researched but a recent meta-analysis
suggests a moderate risk reduction of fatal CHD incidence [8].

Most prospective cohort studies have demonstrated inverse associations between fish consumption
and risk of CHD. These studies indicate that eating fish between once and five times per week reduces
risk of CHD (especially death) by around 40%. However, results are not completely consistent.
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The same story has emerged from the results of RCTs. In these the effects of fish oil have been studied
in patients with CHD. Most of those studies have reported reductions in fatal MI and overall mortality
in subjects given fish oil [7]. The protection afforded by n—3 PUFA against CHD appears to extend to
ALA: several epidemiological studies have reported a strong inverse relationship between intake of
ALA and risk of CHD. However, the encouraging findings on n—3 PUFA still require further confir-
mation, and particularly whether increased food sources are more beneficial than supplemental
sources. Current recommendations for n—3 PUFA are shown in Table 10.1.

We can summarize the above findings as follows: replacing SFA and TFA with n—3 PUFA and
MUFA reduces TC and LDL-C and is likely to be protective against CHD. In general, diet change
induces a greater fall in TC and LDL-C in persons with hypercholesterolemia.

Red and Processed Meat

Dietary guidelines recommend reducing intake of red and processed meat. The benefits of a diet low in
these meats were primarily believed to be related to the reduced consumption of SFA. However, evi-
dence from cohort studies suggests that intake of processed meat is associated with a 42% higher risk of
developing CHD, whereas no association could be found with unprocessed meat [9]. This may be
explained by the considerable amounts of preservatives used in meat processing including large amounts
of sodium. A more recent meta-analysis suggests a 15% increased risk for cardiovascular mortality per
serving of processed and red meat for women [10], whereas a number of studies suggest that moderate
intake of unprocessed, lean red meat does not exert unfavorable effects on the blood lipid profile [11, 12].

Plant Sterols and Stanols

Phytosterols or plant sterols are structurally similar to cholesterol. Stanols are closely related sub-
stances. Plant sterols and stanols reduce the absorption of cholesterol (which comes from both the diet
and from bile), and thereby lower the blood level of TC and LDL-C [13]. An intake of 2 g/day of plant
sterols or stanols lowers LDL-C by around 10%. Consumption of sterols or stanols may result in
reduced absorption of fat-soluble vitamins, such as vitamin E and p-carotene, but this should not be a
problem, provided a nutritious diet is consumed. Products containing added sterols or stanols include
specific brands of orange juice, cereal bars, salad dressings, and fat spreads. Such products are classed
as functional foods.

Vitamin D

Vitamin D is a type of fat-soluble vitamin which is required for calcium and phosphate absorption.
The body can generate vitamin D from skin exposure to sunlight. Small concentrations of vitamin D
are also found in some foods (see Table 10.1). Vitamin status is measured as 25-hydroxyvitamin D
(25[OH]D) in the blood. Low serum 25[OH]D is strongly associated with increased risk of CHD [14].
The findings from a multiethnic cohort study suggest that low vitamin D status is a greater risk factor
for white and Chinese individuals than for black or Hispanic [14]. To meet optimum vitamin D status,
particularly in winter months, it is recommended to take a supplement. Safe limits lie between 400
and 4000 IU per day. However, more research is required, including RCTs to determine the effect of
vitamin D supplementation on cardiovascular endpoints.
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Antioxidants

Many observational studies have demonstrated an association between intake of antioxidant vitamins
and risk of CHD. The association is strongest for vitamin E but less consistent for other vitamins [12].
Many researchers were quick to jump to the conclusion that the epidemiological evidence means that
supplements of vitamins C and E will prevent CHD. In the case of vitamin E a plausible biochemical
explanation was available, namely that vitamin E prevents the oxidation of LDL particles and thereby
slows the progression of atherosclerosis.

Based on the above reasoning, several large RCTs have been conducted. However, the results of
the RCTs on antioxidant vitamins have been mostly negative with regard to reducing the risk of CHD.

The most important finding from these RCTs is the effect of antioxidant vitamins on all-cause
mortality. A recent meta-analysis was carried out on 78 primary and secondary prevention RCTs to
examine the effect of antioxidant supplements (beta-carotene, vitamin A, vitamin C, vitamin E, and
selenium) versus placebo or no intervention on all-cause mortality. This review found no evidence to
support antioxidant supplements for prevention of mortality [15]. Furthermore, the analysis con-
cluded that supplementing with beta-carotene or vitamin E leads to an increase of about 2-5% in
all-cause mortality.

These results compel the conclusion that these vitamin supplements should not be recommended
in any class of patient. Instead, a diet naturally high in antioxidants (i.e., through the consumption of
fruits and nuts) is recommended.

The story of antioxidants and the prevention of CHD holds a valuable lesson for many people with
an interest in diet and disease. While epidemiology is a tremendously valuable research tool, it is
prone to generating spurious associations. This can lead to people making claims that particular
dietary components are either causative or preventive of particular diseases. Such claims should be
viewed cautiously until such time as they are verified by well-conducted RCTs.

Non-milk Extrinsic Sugars

Non-milk extrinsic sugars refer to sugars that are added to foods and drinks in the food production
process and do not occur naturally. A good example is sugar-sweetened beverages. A recent meta-
analysis of ten prospective studies and one RCT described significant associations between sugar-
sweetened beverage intake and vascular risk factors, particularly hypertension, although the data were
less consistent for vascular events [16]. Data from the National Health and Examination Survey in the
USA have suggested that a high calorie intake from added sugars (17-21% of total energy intake) is
associated with a 38% higher CVD mortality risk compared to those consuming 8% of their total daily
energy from added sugars [17].

Salt

There is a well-established link between salt and hypertension (see Chap. 12). As 49% of CHD
events are attributable to hypertension, a reduction in salt/sodium intake is strongly recommended.
Cohort studies that included 177,000 people showed that higher salt intake is associated with sig-
nificantly greater incidence of strokes and total cardiovascular events; there is a dose-dependent
association [18].


http://dx.doi.org/10.1007/978-3-319-49929-1_12

118 D. Schliemann et al.
Alcohol

Consistent evidence from cohort studies suggests an inverse relationship between daily consumption
of alcohol and risk of CHD [19]. Moderate consumption (1-2 units/day) reduces risk by 20% or more.
The major mechanism by which alcohol achieves this effect is by reducing chronic inflammation, and
increasing vasodilation, insulin sensitivity, and HDL-C. In addition, alcohol has an antithrombotic
action [19].

There has been much speculation that wine, especially red wine, is more potent than other forms of
alcoholic beverages. The origin of this belief is the low rates of CHD in France compared to certain other
countries, such as the UK. This has been referred to as the “French paradox.” These differences cannot
be easily explained by looking at the “usual suspects,” particularly smoking and intake of SFA. Many
people found it attractive to assume that red wine deserved the credit. However, when the epidemiologi-
cal evidence is looked at as a whole, especially cohort studies, then a different story emerges: all forms
of alcoholic beverages —beer, spirits, and wine, both red and white—are similarly protective [19]. This
saga serves as a valuable reminder of the golden rule in this type of research: epidemiology shows asso-
ciation, not causation. What is undisputed is that larger amounts of alcohol can be damaging; regular
consumption of 30 g of alcohol or more per day has been associated with an increased disease risk [19].

Recommendations for the general public regarding intake of alcoholic beverages are discussed in
Chap. 22.

Dietary Fiber

Dietary fiber was discussed in Chap. 23. Fiber represents a diverse group of substances which can be
divided into two main groups: soluble fiber (or viscous fiber) and insoluble fiber. Major food sources
of soluble fiber are fruit, oats, and beans. Sources of soluble fiber that can be added to the diet as a
supplement include oat bran and psyllium. An appropriate dose is around 10—15 g/day. Insoluble fiber
is present in abundance in most types of whole grain cereals. Fiber consumption, in particular from
cereal and fruit sources, has been significantly inversely associated with CHD risk in a dose-dependent
manner [20]. Furthermore, soluble and insoluble fiber seem to have a similar negative association
with CHD risk [20]. To date, there are no RCTs to examine the effect of fiber intake on hard CHD
clinical endpoints. However, dietary fiber may reduce established CVD risk factors via a number of
potential mechanistic pathways, including reduction in total cholesterol, oxidized LDL-C, inflamma-
tion, and blood pressure.

Whole Diet Approaches to CHD Risk Reduction

A number of studies have moved beyond food components and have investigated whether whole
foods are protective against CHD. Some studies have explored the efficacy of a whole diet approach
for CHD prevention and therapy [21].

Fruit, Vegetables, and Whole Grain Cereals

Fruits and vegetables are complex foods and contain many bioactive components, including folate,
potassium, magnesium, hundreds of phytochemicals, and dietary fiber, while also having a negligible
amount of fat. Epidemiological studies and RCTs have repeatedly shown that consumption of fruit
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and vegetables has a strong protective association with risk of CHD [12]. This is not surprising when
we consider the various healthful effects of these foods. By virtue of their high content of fiber and
low energy density (i.e., a low calorie content per 100 g), a generous intake of fruit and vegetables
helps counter the development of obesity. These foods have also been used as part of the DASH diet,
a dietary strategy to lower blood pressure (Chap. 12). Potatoes, especially French fries, are generally
excluded from recommendations to eat more vegetables.

Epidemiological studies have also generated strong evidence that intake of whole grains is strongly
and negatively associated with risk of CHD [22]. These foods are likely to be protective against CHD
for much the same reasons as fruit and vegetables. Their content of fiber may be especially important.

The Mediterranean Diet

The Mediterranean diet is a dietary pattern characterized by a high intake of plant foods (i.e., fruit,
vegetables, cereals, legumes, nuts, and seeds) and olive oil consumption; moderate intake of fish, poul-
try, low-fat dairy products, and wine; and a low intake of red and processed meat. This diet is associ-
ated with a higher antioxidant intake and is high in PUFA and MUFA. Meta-analyses have consistently
reported significant inverse associations between adherence to the Mediterranean diet and CHD risk
[23, 24]. Furthermore, a large RCT (PREDIMED), involving 7447 adults, reported a significant reduc-
tion in coronary events in those consuming a Mediterranean diet supplemented with either olive oil or
nuts, compared to those consuming a low-fat control diet [25]. PREDIMED demonstrates that changes
in diet quality consistent with a Mediterranean diet and independent of weight loss can prevent CHD.

Obesity

Obesity is strongly associated with risk of CHD, but this association becomes weaker after age 65.
Much of the association between obesity and CHD, possibly all of it, can be accounted for by the
frequent presence of established CHD risk factors in obese people, notably hypertension, hyperlipid-
emia, and insulin resistance (including glucose intolerance and diabetes) [26].

BMI is the most widely used index of obesity. However, the distribution of body fat appears to be
important when assessing disease risk. Excess abdominal visceral body fat seems to be a risk factor,
irrespective of BMI. For that reason, waist circumference, a measure of abdominal adiposity, appears
to have a stronger association with CHD risk than does BMI [26]. For the practicing physician and
health-care professional, waist circumference offers a quick and useful tool to assess the degree to
which a patient is carrying excess abdominal fat and its threat to cardiac health. While cut-points for
BMI for overweight and obesity are well established and accepted, further research is required to
determine analogous cut-points for waist circumference in different sex, age, and ethnic groups.
However, commonly used cut-points are waist circumferences of >94 cm (>37 in.) for men and
>80 cm (>31.5 in.) for women in some countries, and >102 cm (40 in.) for men and >85 cm (>35 in.)
for women in the United States.

Physical Activity

Physical activity, by which we mean aerobic exercise, has consistently been associated with a reduc-
tion in CHD events in both primary and secondary prevention [27]. Indeed, a sedentary lifestyle is
now recognized as one of the big four risk factors, alongside elevated LDL-C, smoking, and
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hypertension (five, if we include diabetes). Much of the benefit of physical activity can be explained
in terms of its favorable effects on several factors associated with CHD, namely body weight, blood
pressure, the blood lipid profile (including a rise in HDL-C), insulin resistance, and glucose tolerance
[28]. To paraphrase Newton, physical activity is equal and opposite to obesity.

There is widespread agreement among medical organizations that everyone should be encouraged
to engage in an exercise program. Typical recommendations are for at least 30 min of moderate inten-
sity physical activity, such as walking at a speed that induces mild exertion, at least 5 day/week. As
the benefits are cumulative, the exercise can be done as several short activities every day or as one or
two long activities at the weekend. The relationship between the quantity of exercise and the degree
of risk reduction seems to be dose-dependent. Carrying out 300 min of moderate intense exercise per
week has been suggested to decrease CHD risk by 20% compared to 14% for individuals engaging in
150 min/week [27]. Engaging in vigorous intensity exercise, such as jogging, is likely to produce
further benefits.

A major challenge in this area is to determine what behavioral strategies will motivate individuals
to engage in a long-term program of physical activity.

Conclusion

Compelling evidence exists that diet and lifestyle changes can substantially reduce the risk of
CHD. Based on the strongest evidence presently available, we can state, with a high degree of confi-
dence, that diets low in trans fatty acids (TFA), and with generous amounts of fruit, vegetables, whole
grains, and foods that supply n—3 PUFA, are highly protective against CHD. This dietary pattern has
much in common with that found in the traditional Mediterranean diet. The diet should also be low in
refined grains (so as to make room for whole grains).

It has been demonstrated that simply lowering the percentage of energy from total fat will be
unlikely to reduce total cholesterol (TC) and LDL-C or reduce CHD incidence. Different fats have
very different effects on blood lipid levels and this is the key mechanism that explains how fat affects
risk of CHD.

Maintaining a healthy body weight and engaging in a regular program of exercise will also reduce
CHD risk. Therefore, public health policies encouraging consumption of a healthy diet (as outlined
above), maintenance of a healthy weight, physical activity, and smoking avoidance have the potential
to substantially reduce the burden of CHD.

The focus of this chapter has been CHD. We can conclude with some comments on other cardio-
vascular diseases, most notably stroke. While the relative importance of different risk factors varies
from one form of cardiovascular disease to the next, the general recommendations made here will go
far to achieving the prevention of all cardiovascular disease.
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Chapter 12
Diet and Blood Pressure: The High and Low of it

David W. Harsha and George A. Bray

Key Points

e Hypertension poses significant risks for stroke and heart disease.

*  Weight gain and obesity increase blood pressure (BP); weight loss can reverse it.

e Diets high in fruits and vegetables and low-fat dairy products and low in red meat and sugar-
containing foods (DASH Diet) can significantly lower BP.

e Dietary sodium has an important impact on BP in some people, and lowering sodium intake can
lower BP.

e Alcohol intake increases BP.

Keywords Hypertension ¢ Stroke ¢ Sodium ¢ Blood pressure ¢ Antihypertensive therapy

Introduction

Hypertension is a global public health problem. Roughly one billion people worldwide are estimated
to have clinically significant elevations in blood pressure (BP) with about 50 million of them in the
United States [1]. Hypertension, in turn, is the most important of 67 risk factors for worldwide risk of
coronary heart disease (CHD), stroke, renal disease, and all-cause mortality [2]. BP is significantly
affected by nutrition which is the subject of this chapter.

The public health burden of hypertension is clearly enormous. Although perhaps impossible to
tease out due to associations with other risk factors, including overweight, hypertension is a major
contributor to most categories of chronic disease [3]. Diseases of the heart and cerebrovascular dis-
eases are the first and third leading causes of mortality in the United States, accounting for more than
one-third of all deaths. Hypertension is a major risk factor for both of these diseases. Therefore, reduc-
tion in hypertension constitutes a major health goal [3].
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In clinical trials, antihypertensive therapy can result in reductions of incidence of stroke, myocar-
dial infarction, and heart failure [4]. In this meta-analysis, a 10 mmHg reduction in systolic BP
(SBP) reduced risk of major cardiovascular disease by 20%, coronary heart disease by 17%, stroke
27%, and heart failure 28%, which, in the populations studied, led to a significant 13% reduction in
all-cause mortality.

Definitions of Hypertension

The JNC (Joint National Committee) VIII [5] report divides BP into several categories and proposes
primarily pharmacological treatment regimens for each. In brief, they propose contrasting drug thera-
pies for those:

1. In the general population >60 years with a goal of reducing SBP <150 mmHg and diastolic BP
(DBP) <90 mmHg.

2. In the general population <60 years with a goal of reducing DBP <90 mm.

3. In the general population <60 years with a goal of reducing SBP <140 mm.

4. In the population aged >18 years with chronic kidney disease (CKD) a goal of reducing SBP
<140 mm and DBP <90 mm.

5. In the population aged >18 years with diabetes with a goal of reducing SBP <140 mm and DBP
<90 mm.

6. In the general nonblack population, including those with diabetes, initial antihypertensive treat-
ment should include a thiazide-type diuretic, calcium channel blocker (CCB), angiotensin-
converting enzyme inhibitor (ACEI), or angiotensin receptor blocker (ARB).

7. In the general black population, including those with diabetes, initial antihypertensive treatment
should include a thiazide-type diuretic or CCB.

8. In the population aged >18 years with CKD, initial (or add-on) antihypertensive treatment should
include an ACEI or ARB to improve kidney outcomes. This applies to all CKD patients with
hypertension regardless of race or diabetes status.

9. In the general population, a more detailed pharmacologic approach to treating resistant elevated BP.

JNC VIII guidelines focus primarily on pharmacological treatment of BP. They support the general
population definition of HBP as >140/>90 mm.

Overweight is an increasingly prevalent condition throughout the world. In the United States,
recent data indicate that 37.7% of the adult population is obese and 7.7% have a BMI > 40 kg/m? [6].

There is a positive relationship between overweight or obesity, on the one hand, and BP and risk
for hypertension, on the other. The Framingham Study found that in both sexes hypertension is about
twice as prevalent in the obese as the nonobese. Stamler and colleagues [5] noted an odds ratio for
hypertension of obese relative to nonobese (BMI of <25) of 2.4 for younger adults and 1.5 for older
ones. The Nurses’ Health Study compared women with BMIs of <22 with those >29 and found a two-
to sixfold greater prevalence of hypertension among the obese. More recent data from the Framingham
Study add further support to this relationship. Divided into BMI quintiles, Framingham participants
of both sexes demonstrated increasing BPs with increased overweight. In this instance, those in the
highest BMI quintile exhibited 16 mmHg higher SBP and 9 mm higher DBP than those in the lowest
BMI quintile. For SBP, this translated into an increase of 4 mm for each 4.5 kg of increased weight.
In younger Canadian adults, there is a fivefold greater prevalence of hypertension in individuals of
both sexes with BMIs of >30 relative to those <20.

Consistent with the above findings numerous clinical interventions have reported that weight loss
is associated with a decrease in BP [7]. In a meta-analysis of 25 studies, Neter et al. [8] concluded that
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a 1 kg loss of body weight is associated with an approximate 1 mm drop in BP. This was achieved
without the necessity of also attaining normal weight status. The Trial of Hypertension Prevention,
one of the largest of these studies, included a weight-loss intervention arm. In this trial, a 2 kg loss in
weight over a 6-month period resulted in a decline of 3.7 mm in SBP and 2.7 mm in DBP. There was
also a 42% decline in the prevalence of hypertension [9].

The SPRINT (Systolic Blood Pressure Intervention Trial) study is the most recent randomized
clinical trial comparing an intensive-treatment goal of SBP <120 versus usual care with a goal of SBP
<140. The primary end-point was a composite of myocardial infarction, non-myocardial infarction,
acute coronary syndrome, stroke, acute decompensated heart failure, and death from cardiovascular
disease. Antihypertensive medications, including thiazide-type diuretics, calcium channel blockers,
and angiotensin-converting enzyme inhibitors or angiotensin receptor blocks, were used with an aver-
age of 2.8 medications in the intensive group versus 1.8 in the usual care group. The SBP in the inten-
sively treated group was 122 versus 135 mm and resulted in a 25% reduction in numbers of participants
reaching the primary outcome measure relative to the standard treatment group [10, 11]. A meta-
analysis by Xie et al. [12] also showed the benefits of more intensive treatment of hypertension.

Increased physical activity (PA) has also been proposed as a means for BP reduction. Recent
research indicates BP reductions of between 1 and 5 mm systolic among adults engaging in regular
bouts of PA [13]. These impacts appear to require fairly intense PA sessions several times per week,
with less rigorous approaches yielding more modest reductions in BP.

Diet and BP

Dietary Sodium

The jury of scientific opinion is still out on the degree to which weight loss or sodium restriction make
independent contributions to BP reduction. An early study found that sodium restriction in low-calorie
diets was thought to be the primary cause of BP reduction. Several more recent studies have sided
with weight loss as having an independent effect on BP reduction [9].

Chief among perceived dietary influences on BP is sodium consumption. A large body of literature
supports the notion that decreasing sodium consumption below that typical in Western society will
result in a decline in BP [14]. Numerous epidemiological studies have demonstrated this relationship [9].
Reductions in sodium intake to around 75 mmol/day (0.18 g/day) are associated with a decline in BP
of about 1.9 mm SBP and 1.1 mm DBP. The previously described Trial of Hypertension Prevention
(TOHP) found that a decrease of 44 mmol/day (0.10 g/day) of sodium leads to a 38% reduction in the
prevalence of hypertension in one of its treatment arms. The Dietary Alterations to Stop Hypertension
Study-Sodium Study (DASH-Na) observed in persons with elevated BP who were eating a typical
American diet that an approximate 100 mmol/day (0.23 g/day) reduction in sodium intake leads to a
maximum reduction in SBP and DBP of about 6.7 and 3.5 mm, respectively. When the reduction in
sodium consumption was only half as much (approximately 50 mmol/day or 0.12 g/day), there was
much less decline in SBP and DBP (2.1 and 1.1 mm, respectively) [15]. These findings were produced
in the absence of weight loss.

The results of the various studies looked at above support the recommendations of the Dietary
Guidelines for Americans and the American Heart Association for a heart-healthy diet. Both recom-
mend that people choose and prepare foods with little salt (less than 2300 mg of sodium per day or
approximately one teaspoon of salt). It is important to note that reductions can be accomplished both
through individual alterations in voluntary intake and through alterations in sodium content of
processed foods [16].
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Potassium and BP

Potassium has the opposite effect to sodium and meta-analysis shows that adding potassium to the
diet and lowering the urinary sodium-to-potassium ratio generally has a mild impact on BP reduc-
tion [17, 18].

Dietary Patterns and BP

Manipulation of dietary patterns can have an important effect on lowering BP [7, 19]. The motivation
for this line of research was the recognition of the inconsistent effects of micronutrient supplementa-
tion. In the DASH (Dietary Approaches to Stop Hypertension) Trial, a diet high in fruit, vegetables,
and low-fat dairy servings reduced SBP and DBP by 5.3 and 3.0 mm, respectively, in the absence of
either weight loss or sodium restriction [20]. A meta-analysis of 20 studies showed that the DASH diet
significantly reduced SBP by 6.7 mm (95% CI: —8.2, —5.2) and DBP by 3.5 mm (95% CI: —4.3,
—2.8) [19]. Similar reductions are seen when lean pork is substituted for chicken and fish [21] and
when whole fat dairy products are used instead of low-fat dairy products [22].

The Mediterranean Diet [17] and vegetarian diets are widely associated with lower BP levels.

In contrast to the beneficial effect of fruits and vegetables, the opposite is seen with sugar. Increased
consumption of sugar and the fructose which it contains can increase both weight and fat mass and
increase BP [23].

Dietary Fat

Increased BP and dyslipidemia are both risk factors for cardiovascular disease. Whether dietary fat
modifies BP in subjects with higher BP in the metabolic syndrome is unknown. This was investigated
in a randomized European multicenter clinical trial lasting 12 weeks. A total of 486 subjects were
assigned to one of four diets with different quantities and types of dietary fat. There were two high-fat
diets, one of which was rich in saturated fat and the other in monounsaturated fat. There were two
low-fat, high-complex carbohydrate diets; one was supplemented with 1.2 g/day of very long-chain
n-3 PUFA while the other had no supplementation. Overall, there were no differences in SBP, DBP,
or pulse pressure (PP) between the dietary groups after the intervention. The high-fat diet rich in satu-
rated fat had minor unfavorable effects on SBP and PP in males [24].

Dietary Protein

A number of short-term controlled and randomized clinical trials have shown a BP lowering effect of
increased dietary protein intake, but longer term trials show inconsistent results. Because carbohy-
drates were exchanged for proteins, the question remains whether there is a potential benefit from
high-protein diets or whether the effect is due to decreased carbohydrate intake. There are no clear
differences between plant and animal sources of protein in observational studies, and clinical trials
comparing plant versus animal protein are lacking [25, 26].
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Alcohol Intake

Alcohol intake is positively associated with BP in most studies in men, and a recent study has shown
that this applies to women as well [27]. (Viewing the data in the larger perspective, it is recommended
that alcohol consumption be limited to two drinks per day for men and one drink per day for women.)

Summary

Numerous dietary manipulations have a significant impact on BP. The array of dietary patterns and of
macro- and micronutrients implicated in control of BP and hypertension is impressive and growing
over time. Much further research is still necessary, particularly in the areas of micronutrient interac-
tions and in elucidating the roles of dietary fat and protein in BP management. Findings resulting from
such investigations will ultimately help fine-tune dietary approaches to the management of BP and the
control hypertension.
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with DASH.” Click on the brochure for the full report.
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Chapter 13
Role of Nutrition in Understanding Common
Gastrointestinal Disorders

Michael Camilleri and Alice N. Brako

Key Points

e Nutrition has a role in the etiology and management of gastrointestinal (GI) diseases.

e Opvernutrition leading to overweight and obesity is a risk factor for gastroesophageal reflux
disease.

* Nutritional requirements greatly increase with severe malabsorptive diseases such as celiac dis-
ease, pancreatic exocrine insufficiency, bariatric surgery, and Crohn’s disease.

* To prevent weight loss associated with malabsorptive GI diseases, a variety of feeding methods,
with emphasis on a high-calorie, high-protein diet that also includes micronutrient supplementa-
tion, should be the key.

Keywords Gastroesophageal reflux disease (GERD) ¢ Peptic ulcers ¢ Food allergy ¢ Constipation ®
Diverticulosis ¢ Inflammatory bowel disease ® Colon cancer

Introduction

“Nutrition” is the term used in this chapter to characterize how food nourishes the body and influences
health. Nutrition encompasses how food is consumed, digested, absorbed, and, also, how the waste
products of digestion are eliminated. The gastrointestinal (GI) system receives food and extracts nutri-
ents through complex mechanical and chemical processes involving several organs. Nutrients are
substances in foods that are necessary for providing the body with energy and building blocks to sup-
port its structure and for regulating metabolism. GI disorders occur when there is malfunction of one
or more of the digestive organs, or when there is disruption of the mechanical or chemical processes
of digestion. GI diseases are commonly encountered in primary care, and the prevalence of some
diseases, including celiac disease, is increasing. Of the top ten high-cost physical health conditions
affecting people in the United States, GI disorders rank second [1].
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Gastroesophageal reflux disease (GERD) and peptic ulcers are common problems that affect the
upper GI tract. These conditions are characterized by excessive acid production or reflux that cause
frequent discomfort and tissue damage in the form of inflammation, ulceration, or even stricture for-
mation. In addition, there is a strong association of peptic ulcer disease with Helicobacter pylori
infection; therefore, eradication of the Helicobacter pylori infection is required when it is detected.
Disorders of the middle and lower GI tract that have relationship with nutrition include food allergy
and celiac disease, constipation, diarrhea, diverticulosis and diverticulitis, inflammatory bowel dis-
ease, and colorectal cancer.

Celiac disease is associated with genetic predisposition that is characterized by an abnormal immune
response to proteins (e.g., gluten) in wheat, barley, and rye. A food allergy is a hypersensitivity reaction
of the immune system to a particular food substance, usually a protein; eosinophilic esophagitis is
associated with allergic responses to food and may respond to avoidance of allergens. Constipation is
characterized by infrequent bowel movements, altered stool consistency or straining, that is difficulty
with passage of bowel movements. Diarrhea is associated with passage of frequent stools of watery to
loose consistency. Diverticulosis refers to the presence of pouches in the intestinal wall, most com-
monly affecting the colon; it can lead to diverticulitis if the pouches are inflamed. Inflammatory bowel
diseases are chronic conditions associated with extensive damage to intestinal tissue which causes
serious complications to the GI tract including bleeding, diarrhea, stricture or fistula formation, and
cancer. The inflammatory bowel diseases include Crohn’s disease and ulcerative colitis. Colorectal
cancer is the third most frequently diagnosed malignant neoplasm in the United States.

Because of the intricate relationship between nutrition and the GI tract, diet has an impact on the
development and subsequent medical management of GI disorders, and the diseases discussed subse-
quently may benefit from dietary adjustments.

The GI conditions are reviewed based on anatomical distribution of the disease or disorder.

Eosinophilic Esophagitis

This is a disease that often starts in childhood with eating difficulties and symptoms of GERD. However,
it progresses with increasing inflammation, fibrosis, and strictures until the esophagus is anatomically
narrowed, sometimes with the appearance of a ringed or “feline” appearance. The cellular, molecular,
and genetic bases are increasingly understood [2] with involvement of an eotoxin produced by infil-
trating eosinophils and inflammatory interleukins (e.g., IL-5).

Early recognition and treatment with an allergen-avoidance diet and topical steroids are key to
treatment; an elemental diet is rarely required. The most common dietary allergens are cow’s milk,
wheat, eggs, seafood, soy, and peanuts.

Dietary intervention is efficacious in about two-thirds of patients [3]. Swallowed, viscous formula-
tions of topical steroids, such as budesonide, are the main pharmacological therapies used, alone or in
combination with diet. Effective treatment is essential to prevent long-term complications such as
formation of strictures.

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is a painful condition of the upper GI tract characterized by
heartburn that occurs more than twice a week. About 19 million people in the United States experi-
ence GERD each year, making it one of the most prevalent GI disorders [4]. The main cause of GERD
is a transient relaxation or weakening of the lower esophageal sphincter (LES) which allows regurgi-
tation of gastric acid and other gastric contents, including bile, back into the esophagus, thereby
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causing substernal discomfort and heartburn. The esophageal lining is susceptible to irritation by acid
because it does not have the thick mucus protection of the stomach, attributable to the mucin-secreting
gastric epithelial cells. Some people with GERD do not experience heartburn but may have difficulty
swallowing, burning sensation in the mouth, a feeling that food is stuck at any level of the esophagus,
or hoarseness in the morning [4].

There are a number of predisposing factors associated with GERD, including a hiatal hernia, ciga-
rette smoking, alcohol use, being overweight or obese, and pregnancy. Foods such as citrus fruits,
chocolate, caffeinated drinks, fried foods, garlic, onions, spicy foods, and tomato-based foods, such
as chili, pizza, and spaghetti sauce, are associated with heartburn symptoms. Consumption of large
high-fat meals requires prolonged gastric passage times and the increased stomach pressure may lead
to movement of hydrochloric acid from the stomach into the esophagus. Additionally, lying prone
after a meal promotes backflow of stomach contents and the development of symptoms [5].

GERD may result in persistent irritation of the esophageal lining; the resulting esophagitis may
lead to malnutrition due to development of a stricture leading to dysphagia and a loss of appetite.
Bleeding related to chronic inflammation or surface epithelial erosive change causes loss of iron as
well as other blood nutrients (minerals, vitamins, amino acids, glucose, fatty acids).

Effective treatments for GERD include identifying and avoiding foods that trigger increased acid
production. People can reduce symptoms by eating smaller meals, waiting at least 3 h after a meal
before lying down, and elevating the head of the bed by 4-6 in. to allow gravity to keep stomach con-
tents down. Diet therapy may also require replacing lost nutrients with the use of vitamin and mineral
supplements. Patient compliance may be low, but these lifestyle modifications are the first step in
management, before prescription of a proton pump inhibitor.

Peptic Ulceration

Peptic ulcers are erosions or sores of the mucosal lining of the stomach and duodenum. The major-
ity of ulcers occur in the duodenum which lacks the thick, protective mucosal lining of the stomach
and is, therefore, more susceptible to damage by the acidic chyme before it is neutralized by bicar-
bonate secreted from the pancreas. One in 10 Americans develops a peptic ulcer at some time in his
or her life [4].

The primary cause of peptic and duodenal ulcers is now widely accepted to be an infection with
Helicobacter pylori (H. pylori); prolonged use of nonsteroidal anti-inflammatory drugs (NSAIDs)
remains an additional cause. For many years, the cause of ulcers was thought to be stress, alcohol, and
spicy foods, but this focus on lifestyle and diet has changed since the discovery of H. pylori as the
chief causative agent. However, stress is still thought to play a role because of its effects on behavioral
changes such as increased use of alcohol which is a potential risk factor [4].

Upper abdominal pain occurring 1-3 h after eating remains a primary symptom. Duodenal ulcer
discomfort may be relieved by eating, while the discomfort due to gastric ulcers may also be paradoxi-
cally aggravated by food and cause loss of appetite and subsequent weight loss. Peptic ulcers can also
be accompanied by hemorrhaging, resulting in iron deficiency anemia, and vomiting, leading to elec-
trolyte losses.

The goals for peptic ulcer treatment include relief of symptoms, promotion of mucosal repair, and
prevention of recurrence. This is achieved with a combination of medications including antibiotics to
eradicate H. pylori, mucosal protectants, antacids, proton pump inhibitors, and stopping NSAID use.
Dietary recommendations are adapted to individual food tolerances. Foods that trigger acid secretion,
such as alcohol, caffeine and caffeine-containing beverages, and spicy foods, should be avoided.
Patient compliance is generally poor, and this is less important with the highly effective treatments
with antibiotics and proton pump inhibitors. Dietary modification has not been shown to increase the
rate of healing [6].
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Gastroparesis

Gastroparesis results in symptoms and objective findings of delayed emptying from the stomach in the
absence of mechanical obstruction. Typical causes are diabetic, post-vagotomy, or idiopathic. The dis-
order typically represents abnormal extrinsic or intrinsic neural supply to the gastric smooth muscle.
Gastroparesis may present with significant nutritional deficiencies [7], and attention to hydration and
nutrition are essential for proper management of patients. The mainstays of treatment are dietary change
(low fat, low nondigestible residue [fiber], small particle size supplement), prokinetics, and antiemetics.
A randomized controlled trial demonstrated symptomatic benefit of a small size particle diet [8]. Other
management strategies for gastroparesis and diabetic gastroparesis are detailed elsewhere [9, 10].

Bariatric Surgery

Bariatric surgery, such as Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy, and the less fre-
quently performed biliopancreatic diversion with duodenal switch, is effective at inducing significant
weight loss; dietetic counseling is mandatory during the first year to enhance the efficacy of the
weight loss intervention. However, these operations can be associated with nutritional deficiencies
and malnutrition. Preoperative nutritional assessment and correction of vitamin and micronutrient
deficiencies, as well as long-term postoperative nutritional follow-up, are required. Bone mineral
density, vitamin and micronutrient deficiencies (including thiamine, vitamins A, B,,, and D, calcium,
copper, etc.) need to be monitored in the long term [11].

Operations, such as RYGB (especially with a long Roux limb) and biliopancreatic diversion, may
result in significant steatorrhea and lead to enteric hyperoxaluria (as in Crohn’s disease); this may be
prevented by reduction of dietary oxalate (e.g., tea, spinach). Patients who have undergone such bar-
iatric surgery may therefore show characteristic 24-h urine changes including low urine volume, low
urinary pH, hypocitraturia, hyperoxaluria, and hyperuricosuria. Potassium citrate raises urinary pH,
enhances the activity of stone inhibitors, reduces the supersaturation of calcium oxalate, corrects
hypokalemia, and is useful in treating patients who develop renal calculi after bariatric surgery [12].

Food Allergy

A food allergy is characterized by an abnormal immune reaction to a particular component in food,
usually a protein. Food allergies are far less common than most other GI disorders, but their preva-
lence appears to have increased markedly over the last 50 years. Approximately 30,000 Americans
require emergency room treatment and 150 people die each year because of allergic reactions to food.
However, these are predominantly the result of generalized anaphylactic reactions, as may occur with
peanut allergy, rather than allergies associated with GI symptoms. Food allergy usually manifests in
early childhood as part of the so-called atopic march and most commonly involves one or more of the
following foods: cow’s milk, hen’s egg, soy, peanuts and tree nuts, wheat, sesame seed, kiwi fruit,
and seafood [13].

The diagnostic approach to adverse reactions to food is based on accurate clinical history and
objective examination, and further execution of specific tests when allergy or intolerance is sus-
pected. Symptoms may be localized or systemic, and rarely lead to anaphylactic shock, though they
may occur with certain seafoods such as shellfish. The treatment for food allergies is the elimination
of the food to which hypersensitivity has been found; this strategy can lead, especially in pediatric
age, to tolerance. If elimination diets cannot be instituted or if it is not possible to identify the food
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to eliminate, some drugs (e.g., antihistaminics, steroids) can be administered. Specific allergen
immunotherapy has been introduced. It is fundamental to prevent food allergy, especially in high-
risk subjects [14].

Celiac Disease

Celiac disease or sprue is a genetic disorder characterized by intolerance to gluten, the primary protein
found in wheat, rye, and barley. Approximately one in 133 people in the United States is affected by
this disease though the prevalence differs by ethnic group [15]. More than 95% of celiac patients share
the major histocompatibility complex II class human leukocyte antigen (HLA) DQ2 or DQ8 haplo-
type; patients negative for both haplotypes are unlikely to suffer from the disease [16]. Some cases of
sprue develop in infancy or childhood, and others occur later in life.

In susceptible individuals, the cells of the small intestine mount an immune response against glu-
ten, with subsequent damage and erosion of the intestinal villi. The damage to the brush border, which
normally absorbs nutrients, can lead to malabsorption and, over time, malnutrition can occur.
Deficiencies of fat-soluble vitamins (A, D, E, and K), iron, folate, and calcium are common in people
afflicted with celiac disease. There is an increased risk of osteoporosis from poor calcium absorption,
diminished growth because of overall nutrient malabsorption, and seizures as a result of inadequate
folate absorption [17]. The only effective treatment for celiac disease is a gluten-free diet [18]. There
are many gluten-free foods such as meats, milk, eggs, fruits, and vegetables. Rice, potatoes, corn, and
beans are also gluten free. Specialty food stores and many supermarkets now provide specially formu-
lated gluten-free breads, pasta, and cereal products.

Constipation

Constipation is a common problem of the lower GI tract and is associated with stools that are hard to pass
and infrequent bowel movements. The prevalence of constipation (~15-20%) is higher in women than
men and appears to increase with age over 65 years. A low-fiber diet (<12g/day) often contributes to con-
stipation. The lack of bulk that comes with low-fiber diets causes slow colonic transit, resulting in exces-
sive absorption of water from the colon. This leaves dry hard stools that are hard to pass. Other
nutrition-related causes of constipation include use of aluminum-containing antacids and iron and calcium
supplements [19]. Paradoxically, these substances are often used to treat other GI disorders or are a part of
standard vitamin/mineral supplementation regimens. Although it is commonly recommended that a high
water intake is necessary for normal bowel function, this is insufficient to change stool consistency unless
there are osmotically active foods or medications in the lumen (osmotic laxatives) to retain water within
the intestinal tract.

Diarrhea

Diarrhea is characterized by frequent (more than three) watery to loose stools in a 24-h period.
Diarrhea can be classified as acute or chronic.

Acute diarrhea is usually caused by an infection from a bacteria, virus, or parasite, which may be
present in animal and human fecal matter or in contaminated food, milk, or water. Symptoms may
persist for 1-2 days with or without serious consequences; however, persistent diarrhea lasting more
than 3 days may lead to dehydration and electrolyte imbalance and can be fatal, particularly in chil-
dren and the elderly. Other symptoms of diarrhea may include cramping, abdominal pain, bloating,
nausea, fever, and bloody stools.
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Prolonged diarrhea that lasts for a month or longer is chronic; it may be caused by a large number
of diseases, some of which are related to nutrients, such as allergies to cow’s milk, lactose intolerance,
celiac disease, or pancreatic insufficiency.

Nutritional therapy for diarrhea is aimed at replacing fluids and electrolytes through consumption
of beverages, such as water, juices, or sports drinks, and eliminating the cause of diarrhea (contami-
nated foods). Juices and carbonated beverages should be diluted since they are often hyperosmolar
and would otherwise aggravate the diarrhea. The optimal fluid replacement therapy has an osmolality
at or below that of plasma (~280 mOsm/kg). If solid foods are tolerated, restricting insoluble fiber can
assist in slowing gut transit time; yogurt intake may be helpful in replacing commensal gut flora; and
increasing soluble dietary fiber intake may be helpful with chronic diarrhea; however, these sugges-
tions are based more on belief than evidence [20].

Irritable Bowel Syndrome

In addition to the symptoms of chronic constipation or diarrhea, the association of altered bowel func-
tion and abdominal pain is commonly recognized as irritable bowel syndrome (IBS). This is some-
times associated with abdominal bloating and passage of gas. These symptoms may be reduced by
dietary supplementation with single probiotics like Bifidobacterium infantis or combination probiot-
ics, such as VSL#3. Probiotics are discussed below under inflammatory bowel diseases.

Diverticulosis and Diverticulitis

Diverticulosis refers to a disorder in which pouches develop in weakened areas of the intestinal wall,
typically at the site where arteries normally penetrate from the outside of the wall toward the internal
lining or mucosa. Most people with diverticulosis are asymptomatic. However, some people may
develop inflammation (diverticulitis), typically when the pouch is blocked; this can manifest as per-
sistent abdominal pain, and alternating constipation and diarrhea, with possible loss of fluids and
electrolytes. Patients have tenderness on examination over the inflamed area of the colon.

About 10% of Americans older than age 40 and about 50% of people over 60 years have colonic
diverticulosis [21]. A major risk factor for developing this includes a low-fiber diet. Such a diet facili-
tates development of increased intraluminal pressure that induces tubular sacs or pouches to form and
protrude on the serosal side, away from the intestinal lumen of the colon.

Nutrition may play a role in treatment of diverticulosis and diverticulitis. When diverticulitis
occurs, a low-fiber diet is recommended to facilitate smooth passage of stools through the inflamed
area. Once healing is restored, the approach is to encourage an increase in fluids and the insoluble
fiber content of the diet to prevent future diverticuli. Previous recommendations for patients with
diverticular disease to avoid nuts and seeds are no longer indicated since there is no firm evidence that
these foods trigger inflammation.

Inflammatory Bowel Diseases

Inflammatory bowel diseases (IBDs) are characterized by chronic inflammation and diarrhea of the
lower GI tract and include Crohn’s disease and ulcerative colitis. Crohn’s disease usually affects the
small and large intestines, and less frequently the mouth, esophagus, and stomach, and causes damage
that may extend through all layers of the gut wall. In contrast, ulcerative colitis involves the colon and
the very end of the small intestine with tissue damage limited to the surface layers. IBDs usually
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present between 15 and 30 years of age and are now generally classified as autoimmune diseases with
a genetic basis [22].

The pattern of ulcerations in Crohn’s disease is patchy, with normal tissue separated by diseased
regions. Patients with Crohn’s disease may require surgical resection to remove affected areas, but
new regions often become ulcerated.

The main consequence of Crohn’s disease is malnutrition resulting from intestinal resections as well
as from impaired digestion and absorption. Reduced nutrient intake and eventual weight loss are com-
mon due to poor absorption of bile salts as a result of the interruption of the enterohepatic circulation.
Thus, if the ileum is involved, bile acids may become depleted because of the loss of the active trans-
port site for bile acids; this may cause malabsorption of fat, fat-soluble vitamins, calcium, magnesium,
and zinc. Additionally, vitamin B,, deficiency can occur with ileal involvement, resulting in anemia.

The rectum is always involved in ulcerative colitis and lesions may extend into the colon. In mild
cases, patients experience diarrhea and there may be weight loss, fever, and weakness, but in more severe
forms, the disease is characterized by anemia, dehydration, electrolyte imbalance, and protein losses.

Dietary treatment for both Crohn’s disease and ulcerative colitis should aim at preventing symp-
toms associated with the diseases, correcting malnutrition, promoting healing of affected tissue, and
enhancing normal growth and development in children. Approaches to nutritional therapy are variable
and are based on individual symptoms, complications, and documented nutritional deficiencies. A
high-calorie, high-protein diet is generally indicated, and adults with advanced disease may require
40 kcal/kg/day, or approximately 2.2 times the basal metabolic energy needs due to catabolic state and
poor nutrient absorption [23]. Nutritional supplements may be recommended, especially for children
whose growth has been retarded. Special high-calorie liquid formulas are sometimes used for this
purpose. A small number of patients may require periods of parenteral feeding to provide extra nutri-
tion, allow the intestines to rest and hopefully heal, or to bypass the intestines for individuals whose
guts cannot absorb enough nutrition from ingested food. Because of fat malabsorption, limiting fat
intake may help, and medium-chain triglycerides may be better tolerated as they can be absorbed
without the participation of bile salts. In some patients, a low-fiber diet may be indicated if there is a
partial narrowing of the small intestine, while in others lactose restriction is to be recommended if the
patient has proven lactose intolerance [24].

Prebiotics are nondigestible dietary oligosaccharides that affect the host by selectively stimulating
growth, activity, or both of selective intestinal (probiotic) commensal bacteria. These bacteria may
provide protection, stimulate local immune responses to combat infectious organisms, or suppress
inflammation caused by antigens [25]. Although more clinical studies need to be done, preliminary
results from animal models and humans indicate that prebiotics and probiotics may provide effective
treatments for people with IBD [26]. There is evidence to support the use of probiotics in the treat-
ment of pouchitis, a common problem among those who have had ileal pouch-anal anastomosis sur-
gery for ulcerative colitis, and in ulcerative colitis, but not in Crohn’s disease [27].

There has been an explosion of these products in the market in recent years. They are added to
dairy products, such as yogurt drinks, and are also sold in the form of capsules. The role of omega—3
fatty acids in the management of IBD is not clear. Results from some studies show they may have the
potential to alleviate intestinal inflammation [28], but findings from other investigations do not sup-
port this anti-inflammatory role [29].

Colorectal Cancer

People with either ulcerative colitis or Crohn’s disease are at an increased risk of colon cancer.
Excluding skin cancers, colorectal cancer is the third most common cancer diagnosed in both men and
women in the United States, and the lifetime risk of developing colorectal cancer is about 1 in 21
(4.7%) for men and 1 in 23 (4.4%) for women [30].
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Although a high-fat diet was thought to contribute to an increased risk of colon cancer, recent stud-
ies reveal factors found in red meat, other than fat, that are correlated with a higher risk [31]. Some
epidemiological data indicate that a high-fiber diet is protective against colorectal cancer; however,
short-term human clinical trials have not produced supportive findings. Other population studies show
that people who consume higher amounts of raw and cooked garlic lower their risk for colorectal
cancer [32]. A study on the adherence to the USDA Food Guide, Dietary Approaches to Stop
Hypertension (DASH) Eating Plan, and the Mediterranean Dietary Pattern concluded that people who
follow these dietary recommendations have a reduced risk of colorectal cancer, and the risk reduction
is higher for men [33]. It is possible that these diets are protective against colorectal cancer because
they emphasize consumption of generous amounts of fruits and vegetables—foods rich in antioxi-
dants and fiber—though their causative links remain unconfirmed. Intriguingly, colorectal cancer
mortality was found to be inversely proportional to serum vitamin D levels [34]. In summary, though
quite often recommended, the role for many supplements, including omega-3 fats, vitamin D, folate,
and vitamin Bg, remains unproven. Only calcium and vitamin D supplementation appear to add a
modest benefit, particularly in those with a low intake [35].

Further investigation of vitamin D’s effects is needed and further long-term studies are needed to
clarify the role of nutrients, including folic acid and fat, as well as fiber.

Conclusion

The digestive system serves as the gateway into the body for nutrients that are derived from mechani-
cal and chemical digestion of food. Foods and nutrients, such as caffeine and caffeine-containing
beverages, alcohol, spicy foods, onions, garlic, and fried foods, affect the secretory function of the
stomach, possibly aggravating GERD and peptic ulcers. Inadequate fiber and fluids in the diet can
cause hypomotility of the intestinal wall, leading to constipation.

The absorptive function of the gut is impaired by diseases of the small and large intestines, includ-
ing celiac disease, IBDs, diverticulitis, and colorectal cancer. In severe cases, these malabsorptive
diseases can result in serious energy and nutritional deficiencies. Nutritional care is important in the
prevention and management of GI diseases and should adapt food intake to the symptoms and com-
plications of the disease and at the same time consider individual food tolerances. Current dietary
recommendations, such as the USDA’s Food Guide and the DASH diet, provide useful dietary prac-
tices for reducing risk of some diseases, such as colorectal cancer. Additionally, prebiotics and probi-
otics have potential as treatments for Crohn’s disease, ulcerative colitis, and irritable bowel syndrome
and warrant further investigation.
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Chapter 14
Nutrition in Patients with Diseases of the Liver
and Pancreas

Roman E. Perri

Key Points

* Malnutrition is common in patients with cirrhosis. The assessment of this can be challenging but
recognition and prompt treatment are essential to improving patient prognosis.

e Dietary protein intake of 1.2-1.5 g/kg/day is recommended for patients with advanced liver dis-
ease. Protein restriction should be avoided in cirrhotic patients, even those with hepatic
encephalopathy.

e Severe acute pancreatitis can result in significant malnutrition and high rates of mortality.
Nutritional support through enteral nutrition is the preferred method of maintaining adequate
nutrition.

* Supplemental pancreatic enzymes are of central importance in managing the exocrine insufficiency
associated with chronic pancreatitis.

Keywords Protein-calorie malnutrition ® Hepatic encephalopathy ¢ Ascites ® Pancreatic exocrine
function * Steatorrhea

Patients with Liver Disease

The end-stage liver disease of cirrhosis is a serious medical condition with high rates of mortality. The
average life expectancy of a patient when diagnosed with cirrhosis is 10 years. Complications of liver
disease including ascites, hepatic encephalopathy, or gastroesophageal variceal hemorrhage portend a
grim prognosis with a 2-year mortality rate of 50% without liver transplantation [1]. These complica-
tions herald the onset of significant portal venous hypertension, where the degree of fibrosis within the
cirrhotic liver significantly disrupts blood flow through the splanchnic vasculature. There were 36,400
deaths due to cirrhosis and chronic liver disease in the United States in 2013, with a mortality rate of
11.5 per 100,000 population [2].
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Malnutrition is commonly seen in patients with cirrhosis. The appropriate medical management of
patients with cirrhosis must therefore include a focus on nutritional aspects of this disease. The liver’s
role in metabolic homeostasis has long been recognized and with significant compromise of the liver’s
function, derangements of metabolism will result. In fact, the prevalence of protein-calorie malnutri-
tion (PCM) has been recognized in up to 90% of patients with cirrhosis [3]. Typically, patients with
alcoholic liver disease exhibit the most severe degrees of PCM but other causes of liver disease,
including cholestatic liver disease and viral liver disease (i.e., hepatitis) are also complicated by sig-
nificant rates of PCM. The presence of malnutrition in patients with cirrhosis has been recognized to
be a predictor of mortality [4, 5]. The recognition of malnutrition in the patient with cirrhosis, with
both an assessment of degrees of malnutrition and interventions designed to lessen its severity, are
therefore of paramount importance.

The causes of malnutrition in patients with cirrhosis are multifactorial and include poor appetite,
early satiety, nausea, and alterations of metabolism. In addition, cholestasis and small intestinal bacte-
rial overgrowth can result in malabsorption of ingested nutrients [3]. The assessment of nutritional
risk must therefore take these factors into account.

The clinical appraisal of malnutrition in the setting of cirrhosis can be difficult. A clinical history
can disclose important information about dietary intake although in patients with even preclinical
encephalopathy, patient recall may be inaccurate. A physical examination plays an important role in
the assessment of malnutrition in the cirrhotic patient although these assessments can also be chal-
lenging. Measurements such as body mass index or waist circumference can be skewed due to the
presence of ascites and edema. Fluid retention can obscure the loss of adipose tissue in the viscera as
well as extremities. Nonetheless, a physical examination can disclose the presence of temporal muscle
wasting as well as loss of proximal musculature in the arms and legs; areas that may be less suscep-
tible to fluid retention. Indeed, subjective descriptions of proximal muscle weakness are common in
patients with cirrhosis, and body protein stores have been noted to be significantly decreased in
patients with cirrhosis [6].

Biochemical evidence of malnutrition by measurements of proteins such as albumin and trans-
thyretin (prealbumin) are imperfect measurements of nutritional status as these levels are affected by
the presence of inflammation. Nonetheless, serum levels of albumin have been shown to predict sur-
vival in patients with decompensated cirrhosis as a component of the Child-Turcotte-Pugh score [1].
Due to the limitations of individual markers of nutritional status, it is imperative to utilize multiple
clinical tools including clinical history, physical examination, and laboratory assessments to gain as
thorough an understanding as possible regarding the presence of malnutrition in the cirrhotic patient.

Nutritional support in cirrhotic patients requires that attention be paid to multiple considerations.
Recommendations regarding dietary intakes in these patients should consider dry weight of the patient,
discounting ascites and edema; an assessment that can be challenging in the setting of significant fluid
retention. The total calorie needs of patients should be assessed; it is recommended that an intake of
25-35 kcal/kg/day should be administered to patients with well-compensated cirrhosis. Those patients
with more severe illness, including decompensated liver disease and hospitalization, require higher
daily caloric intake of up to 30—40 kcal/kg/day in order to combat the development of a catabolic state
[7]. Protein intake is of paramount importance in the cirrhotic patient. Prior recommendations that
patients with decompensated liver disease should restrict dietary protein intake in order to prevent
complications of hepatic encephalopathy have not been supported by clinical studies, and have had the
effect of exacerbating malnutrition in cirrhotic patients. Dietary protein intake for patients with cirrho-
sis should be in the range of 1.2—1.5 g/kg/day to minimize the muscle breakdown that is common in
patients with decompensated liver disease [8]. Even in patients who are hospitalized with hepatic
encephalopathy, immediate protein restriction has not been found to be clinically useful; a hospital diet
that provides 1.2—1.5 g/kg/day of protein should continue to be administered [9].

In order to maintain an adequate daily calorie and protein intake, as well as to compensate for a
poor appetite, early satiety, and hepatic synthetic dysfunction, some modifications to the daily diet
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often must be considered. Cirrhotic patients should eat more frequent (4-6), smaller meals daily,
including a nocturnal snack that is enriched in protein to help maintain the recommended intake of
both calories and protein in the setting of their physiological derangements [3].

An alteration of the ratios of aromatic and branched-chain amino acids may play a role in the
pathogenesis of hepatic encephalopathy. Dietary supplementation with branched-chain amino acids
(BCAA) is well tolerated by cirrhotic patients. BCAAs are a reasonable supplement, in lieu of other
protein sources, in the patient with refractory hepatic encephalopathy. Supplementation with BCAAs
may offer additional benefits to cirrhotic patients including improved prognosis [10]. The regular
administration of these supplements in the form of “hepatic” enteral supplements has not been dem-
onstrated to be beneficial in routine use.

Vitamin needs should be considered in patients with end-stage liver disease. Fat-soluble vitamins
are commonly found to be deficient in cirrhotic patients due to both poor oral intake and malabsorp-
tion. Vitamin D deficiency should be assessed regularly with measurement of 25-OH vitamin D
levels. Supplementation should be provided to prevent the development of osteomalacia. Vitamin A
deficiency can lead to night blindness. Vitamin K deficiency can lead to increased risks of bleeding
in the setting of a prolonged prothrombin time. Supplementation of these vitamins is commonly
required in cirrhotic patients. A lack of improvement of prothrombin time despite the administration
of supplemental vitamin K implies that decreased hepatic synthetic function is responsible for the
observed coagulopathy. Thiamine deficiency is commonly seen in patients with alcoholic liver dis-
ease and can precipitate neurological consequences such as Wernicke’s encephalopathy. Prompt
administration of supplemental parenteral thiamine should be performed in patients hospitalized
with complications of alcoholic liver disease and maintenance with oral thiamine supplements
should be provided thereafter.

Overnutrition and obesity have emerged as among the leading causes of liver disease. Nonalcoholic
fatty liver disease (NAFLD) is the hepatic manifestation of insulin resistance. This condition is
increasing in prevalence and is the leading cause of cryptogenic cirrhosis [11]. Paradoxically, the
presence of protein-calorie malnutrition (PCM) can coexist with cirrhosis due to overnutrition.
Clinically useful medications have not yet emerged for NAFLD although clinical trials are ongoing.
At present, the mainstay of therapy for NAFLD is gradual weight loss achieved through lifestyle
modification. Various diets, including low-calorie diets as well as ketogenic low-carbohydrate diets,
have been studied; an optimal diet for the treatment of NAFLD has not been defined. Some studies
have suggested that restriction of simple carbohydrates, or modulating certain types of fatty acids in
the diet may have an effect on improving hepatic histology but convincing evidence that would allow
firm recommendations continues to be lacking [12].

Ascites is the most common of the major complications of cirrhosis and, as mentioned, heralds a
2-year mortality of 50%. The presence of ascites can result in decreased gastric accommodation and
resultant early satiety leading to malnutrition. The etiology of ascites is retention of sodium, not water.
The fluid that accumulates in ascites and edema is passively associated with retained sodium. The
initial therapy of ascites is to decrease dietary sodium intake thereby inducing a negative sodium bal-
ance. This can often be accomplished with sodium restriction to 2000 mg/day, a level of intake that is
still consistent with a palatable diet. When dietary interventions fail, diuretic therapy with spironolac-
tone as well as furosemide may be required to increase urinary sodium excretion.

Nutritional support for patients who cannot utilize their intestines, either temporarily due to medi-
cal or surgical issues or permanently due to gut failure, is by total parenteral nutrition (TPN). While
this intervention has been helpful in the maintenance of the patient’s nutrition, well-defined hepatic
complications of TPN include the development of cholestasis and even of end-stage liver disease in
15% of those receiving long-term TPN [13]. It is unclear what the best treatment options are for liver
disease associated with TPN. Recent studies have focused on the potential use of omega-3 fatty acid
infusions during TPN administration although a lack of high-quality data prevent firm recommenda-
tions from being made [14].
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The utility of herbal supplements in patients with cirrhosis is poorly defined. Milk thistle (silymarin)
has been used medicinally for centuries and purportedly has beneficial effects on the liver. Despite the
fact that milk thistle has been tested in human trials and the general acceptance of the herb’s safety, a
clinical benefit for its use of has not been established. In the absence of evidence of utility of other
herbal remedies, the use of herbal dietary supplements for the treatment of chronic liver disease is not
recommended. The potential hepatoxicity of herbal remedies has been long recognized [15] and with-
out clear evidence of safety, the use of these supplements is not recommended in patients with chronic
liver disease.

Patients with Pancreatic Disease

Acute pancreatitis is characterized by marked abdominal pain with nausea and vomiting and associ-
ated elevations of serum levels of amylase and lipase. Abdominal imaging with computed tomogra-
phy can also be used to secure a diagnosis. Typically, abdominal pain is exacerbated by eating which
has been attributed to stimulation of the inflamed pancreas that occurs during the digestion process.
Acute pancreatitis is characterized as mild when edema of the pancreas is noted on abdominal imag-
ing. Discontinuation of eating is typically one of the first measures taken in a bout of acute pancreatitis
along with administration of intravenous fluids and analgesics. In cases of mild acute pancreatitis,
abdominal pain typically abates over a few days. Upon improvement of pain, oral intake can be
resumed. As oral intake is only delayed by a few days, it is not felt that bouts of mild acute pancreatitis
pose a significant nutritional risk to patients.

Severe acute pancreatitis is associated with the development of the systemic inflammatory response
system that can result in a high risk of morbidity and mortality. Pancreatic necrosis can result from
organ failure; resultant infected pancreatic necrosis can entail mortality rates as high as 30% [16].
Mortality rates are high when adequate nutritional support is lacking because of the marked negative
nitrogen balance, hypermetabolism, and catabolism that are characteristic of severe acute pancreatitis.
The standard management of patients with severe acute pancreatitis was, for many years, to avoid oral
intake so as to prevent further stimulation of the inflamed pancreas. When nutritional support was nec-
essary, this was typically provided by TPN. This approach, however, was found to be associated with
high rates of infectious complications due to bacterial overgrowth and translocation of bacteria via the
intestines [17]. The use of enteral nutritional support has resulted in improved outcomes from severe
acute pancreatitis. It is necessary to initiate nutritional support within 48 h of admission for pancreatitis
in order to combat the metabolic distress of the condition [16]. Enteral nutrition improves the structural
integrity of the intestinal mucosa, preventing bacterial translocation and infectious complications.

Nutritional support is best administered via a nasojejunal feeding tube, which has the advantage of
delivering nutrition distal to the pancreas thereby avoiding further stimulation of the pancreas.
Interestingly, studies have demonstrated that there is no significant difference in outcomes between
nasojejunal and nasogastric feedings [18]. Therefore, enteral nutrition should not be delayed if deep
intestinal intubation is not obtained with a feeding tube. There is no convincing evidence that any par-
ticular type of enteral tube feeding is superior [19]. There is no evidence that the administration of pro-
biotics yields any improvement in clinical outcomes and clinical trials have actually yielded contradictory
data as to whether mortality rates may be affected by the administration of probiotics [19]. Until clear
evidence emerges, no recommendations about specific enteral formulations can be made, other than that
enteral nutritional support is superior to parenteral nutrition, as well as superior to no nutrition at all.

Chronic pancreatitis is the condition where progressive inflammatory changes in the pancreas
result in structural changes of the pancreatic duct as well as fibrosis and calcification of the pancreatic
body. Over time, both endocrine and exocrine functions of the pancreas become compromised. The
most common cause of chronic pancreatitis is long-standing abuse of alcohol, which may be
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accompanied by nutritional deficits irrespective of associated pancreatic disease. Chronic pancreatitis
is a cause of pain that can lead to anorexia and resultant malnutrition. Maldigestion of food results
from deficient pancreatic exocrine function. When the functional mass of the pancreas declines to the
point that pancreatic enzymes including lipase and trypsin are reduced to less than 10% of baseline,
steatorrhea indicative of poor fat digestion can occur [20].

Maintaining adequate caloric intake is the nutritional goal of patients with chronic pancreatitis but
can be limited by chronic pain. Multiple modalities often need to be utilized to treat the chronic pain.
There is some evidence that elemental diets, fat avoidance, supplemental pancreatic enzymes, and
lifestyle modification including alcohol avoidance and tobacco cessation may improve symptoms of
pain in chronic pancreatitis [21]. In addition to conservative measures to improve the pain, the judi-
cious use of analgesics, as well as surgical and endoscopic therapies may improve pain and anorexia
in selected patients [21].

While avoidance of dietary fat will result in improvement of steatorrhea, this intervention can
result in an inadequate intake of fat-soluble vitamins. Therefore, the use of supplemental pancreatic
enzymes (SPE) along with a normal fat diet is the preferred means of treatment of steatorrhea [22].
The administration of 25,000-75,000 IU of pancreatic lipase ingested concurrently with meals allows
for the proper digestion of dietary fat and amelioration of steatorrhea [20]. As the effect is greatest if
the enzymes properly mix with ingested food, it is therefore important that the SPE be taken during
the meal and not before or after it. SPE should be taken with all ingested foods though the amount
taken can be reduced for snacks. Some types of SPE are susceptible to inactivation by gastric acid;
medical control of gastric acidity may therefore be required for full effectiveness. Fat-soluble vitamin
supplementation (A, D, E, and K) should be offered to all patients with chronic pancreatitis in whom
maldigestion or steatorrhea is seen.

In the rare patient in whom weight loss and steatorrhea persist despite the use of SPE, medium-
chain triglycerides can be used as a dietary supplement [20]. They are absorbed by the intestine in a
lipase-independent manner and can provide adequate fat-derived calories despite the lack of sufficient
pancreatic function. The use of TPN is generally not required in patients with chronic pancreatitis
though rare indications may be discovered.
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Chapter 15
Medical Nutrition Therapy for Kidney-Related Disorders

Desirée de Waal

Key Points

e Lifetime risk of chronic kidney disease (CKD) is increasing.

* Diabetes and hypertension are the leading causes of CKD.

e CKD is graded using estimated glomerular filtration rate (¢GFR) and urine albumin-to-creatinine
ratio (UACR).

* Kidney disease increases the risk for cardiovascular disease. Fluid retention may lead to severe
hypertension, pulmonary edema, pericarditis, and heart failure.

e Appropriate nutrition choices can reduce incidence of acidosis, prevent hyperkalemia, improve
nutrition biomarkers, and slow the progression of CKD.

* A referral to a dietitian with expertise in CKD should be recommended upon diagnosis of CKD.

Keywords Chronic kidney disease (CKD) ¢ Acute kidney injury (AKI) ¢ End-stage kidney disease
(ESRD) ¢ Acidosis ® Hemodialysis ® Peritoneal dialysis ® Kidney stones

Introduction

Chronic kidney disease (CKD) is a global problem with lifetime risks increasing [1-3]. The Centers
for Disease Control and Prevention (CDC) estimates that kidney diseases are the ninth leading cause
of death in the United States with more that 10% of the adult population being affected [4]. Diabetes
and hypertension are the leading causes of kidney disease. CKD is detected and monitored by esti-
mated glomerular filtration rate (¢GFR) and urine albumin-to-creatinine ratio (UACR). CKD is a
progressive disease and is defined as a reduction of kidney function (eGFR <60 mL/min/1.73 m?* for
>3 months) and/or evidence of kidney damage, including persistent albuminuria (>30 mg of urine
albumin per gram of urine creatinine for >3 months). The classification and relative risk ranked by
GFR and albuminuria is reviewed in Fig. 15.1 with colors showing which groups of patients are at
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higher risk for major health outcomes [5, 6]. One of the major goals for CKD is a reduction in new
cases of kidney disease and its complications, disability, death, and economic cost [7].

The basic function of the kidney includes the removal of waste products from the blood while regu-
lating body water and electrolytes. As kidney disease progresses, altered nutrition biomarkers are
observed which may be related to poor dietary habits [8]. The typical American is high in protein and
processed foods which can affect the balance of the body’s minerals, including electrolytes, and con-
tributes to the uremic environment of the digestive system. Patients with kidney disease are often
prescribed diets that are low in potassium due to hyperkalemia; they are given handouts that focus on
limiting fruits and vegetables. Patients become confused and frustrated as this recommendation is at
odds with diets widely recommended for the prevention of other diseases, such as diabetes and heart
disease (e.g., the Mediterranean and DASH diets); those diets emphasize fruits, vegetables, and whole
grains. Evolving evidence of a link between the gut and kidney health [9] suggests a need for empha-
sis on nutrition for the care of a patient with compromised kidney function.

Patients do not notice any symptoms in the early stages of CKD. The presence of kidney disease
increases the risk for cardiovascular disease, including heart attacks and strokes. Fluid retention may
lead to edema, severe hypertension, pulmonary edema, pericarditis, and heart failure. Other common
health-related consequences in CKD include anemia, metabolic acidosis, hyperkalemia, and bone and
mineral disorders [10].

CURRENT CHRONIC KIDNEY DISEASE (CKD) NOMENCLATURE
USED BY KDIGO

CKD is defined as abnormalities of kidney structure or function, present for > 3 months, with implications for
health and CKD is classified based on cause, GFR category, and albuminuia category (CGA).

Prognosis of CKD by GFR and albuminuria category

Persistent albuminuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and Albuminuria categories: Nor;mgl to Moderatel Severely
KDIGO 2012 increasyed increase increased
<30 mg/ 30-300 mg/ 300
<3 mg/n%n%al 3-30 mg/mgmgal >3>0 mgrpr%{r%,al
G1 Normal or high >90
G2 Mildly decreased 60-89

Mildly to moderatel
G3a decreyased Z 45-59

G3b Moderately to

GFR categories (ml/min/ 1.73 m?)
Description and range

severely decreased 30-44
G4 Severely decreased 15-29
G5 Kidney failure <15

Green: low risk (if no other markers of kidney disease, no CKD): Yellow: moderately increased risk;
Orange: high risk; red,very high risk.

Fig. 15.1 Prognosis of CKD by GFR and albuminuria category. Reproduced from: Kidney Disease: Improving Global
Outcomes (KDIGO) CKD Working Group. KDIGO 2012, Ref. [6], with permission
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Kidney failure or end-stage renal disease (ESRD) refers to the condition, where the kidneys are no
longer able to remove waste products. It is typically defined as an eGFR <15 mL/min/1.73 m? [4].
Early treatment of CKD with drugs and lifestyle changes can decrease the rate at which CKD worsens
and can prevent additional health problems. This helps improve patient outcomes. However, the
numerous and sometimes conflicting guidelines for CKD can make providing appropriate care
challenging.

Common Disorders in CKD and Their Relationship to Nutrition

Metabolic Acidosis

Accumulating evidence suggests that acidosis is not only a consequence of but a contributor to CKD
progression [11]. The kidney maintains the balance of bicarbonate levels so when kidney function is
compromised, the ability to neutralize acid is compromised. Acidosis is defined as a serum bicarbon-
ate level <22 mEq/L. Metabolic acidosis can contribute to bone disease, hyperkalemia, and protein
catabolism with decreased protein synthesis. The diet consumed by most Americans results in a high
dietary acid load because of its high content of animal protein and low content of fruits and vegetables
[12]. The findings from studies that investigated dietary acid load and the incidence of CKD suggest
a potential avenue for reducing CKD risk through diet [13]. Increasing the intake of fruits and vege-
tables improves serum bicarbonate levels, much like the use of sodium bicarbonate, and does not
induce hyperkalemia. The addition of fruits and vegetables to the diet also demonstrated some pres-
ervation of kidney function [14, 15], contrary to the goals presented in much of the aforementioned
dietary modification literature provided for CKD patients.

Hyperkalemia

Hyperkalemia is often seen in patients in the later stages of kidney disease. Reduced potassium excre-
tion and metabolic acidosis induce high serum potassium levels. Poorly controlled diabetes is the
most common cause of hyperkalemia in advanced CKD. Certain medications (some blood pressure
medications, NSAIDS) and severe constipation may also cause hyperkalemia. Other contributors to
the dietary potassium load include the use of low-sodium products (such as salt substitutes or low-
sodium canned soups which have added potassium chloride in place of sodium chloride), many bever-
ages (energy, electrolyte, coffee, smoothies, and juices), and a high chocolate intake. A high dietary
acid load (animal protein and dairy products) is not only high in potassium but also contributes to the
metabolic acidosis found in CKD. Patient education intended to reduce potassium levels is often
focused on fruits and vegetables that are high in potassium rather than other causes of their hyperka-
lemia. Recent literature indicates that fruits and vegetables are not necessarily the cause of hyperka-
lemia; in fact, they can help manage acidosis [14, 15].

The management of hyperkalemia requires a review of medications for any that may cause high
potassium levels. It is important to manage diabetes to prevent hyperglycemia. Incidents of hypogly-
cemia would be better treated with glucose tablets, cranberry juice cocktail, or apple juice which is
lower in potassium rather than orange juice. Beverages containing phosphorus additives such as colas
or fruit punch are contraindicated to treat hypoglycemia in kidney disease. It is preferable to manage
acidosis with diet though sodium bicarbonate is often used. A high-fiber diet which includes fruits and
vegetables will also help manage constipation which also may cause hyperkalemia.
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Bone and Mineral Disorders

CKD affects calcium and phosphorus balance resulting in a renal bone disease. As CKD progresses,
vitamin D levels decline and parathyroid hormone levels rise [16]. High serum phosphorus levels are
not usually seen until the later stages of kidney disease, but a diet high in phosphorus may be contrib-
uting to the changing bone patterns as CKD progresses. As kidney function decreases, one of the most
challenging areas for patients is the control of their phosphorus levels through their choices of food
and beverages. Long-term high phosphorus intake contributes to disequilibrium in bone minerals
causing increased levels of intact parathyroid hormone (iPTH); this indicates secondary hyperpara-
thyroidism which is common in advancing CKD. A high iPTH level also poses an increased risk for
vascular calcification. The control of phosphorus intake and the use of phosphorus binders taken with
meals help decrease the absorption of phosphorus. The RD/RDN with expertise in kidney disease is
able to recommend the best therapy to help manage secondary hyperparathyroidism. Treatment may
include supplementation with vitamin D, especially if vitamin D levels are low.

Evidence shows that a diet high in phosphorus contributes to adverse kidney disease outcomes
including vascular calcification, an additional cardiovascular risk in CKD [17]. The source of phos-
phorus is important to consider when educating patients. Phosphorus occurs naturally in foods
which contain protein, but processed foods often have phosphorus added. Patients who frequently
eat processed food and fast foods therefore have a high dietary phosphate load. A diet high in ani-
mal protein also contributes to the phosphorus load. On the other hand, vegetable proteins are not
as bioavailable and have been shown to decrease FGF23 levels, a marker of CKD bone and mineral
disorder [18].

Kidney-Gut Connection

Many patients with CKD complain of digestive disorders. Recent literature on how the gut micro-
biome is influenced by diet has brought about a shift in the focus on dietary management in CKD
[9]. Uremia can impair the intestinal barrier structure of the gut due to the accumulation of gut-
derived uremic toxins. Changes in the gut microbiome may have a role in systemic inflammation
and CVD [19]. Research in the area of microbial modulating therapies, in the form of probiotics, is
promising but is often hampered by the unfavorable milieu in the gut of the CKD patient. For pro-
biotic therapy to have a favorable outcome requires an improvement in the gut’s biochemical micro-
biome with the addition of prebiotic nutrients to help the bacteria in the digestive tract to thrive and
grow. Prebiotic foods contain certain types of non-digestible carbohydrates (soluble fiber) found in
fruits, vegetables, and whole grains which promote the health of the gut. Evidence for gut microbial
modulating therapy is preliminary and hopefully in coming years will lead to positive advances in
the treatment of CKD.

Medical Nutrition Therapy in Kidney Disease

Sound nutrition is crucial in healthcare models of wellness, health promotion, disease prevention,
and disease management [20]. One key aspect of this is medical nutrition therapy (MNT), and it
should play an important role in the treatment of CKD. The key practitioners of MNT are registered
dietitians (RDs) and registered dietitian nutritionists (RDNs). They use an evidenced-based applica-
tion of the nutrition-care process including food and/or nutrient delivery, nutrition education, nutri-
tion counseling, and coordination of nutrition care.
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Eating patterns are often entrenched as part of a person’s lifestyle, and there is no immediate nega-
tive response to poor dietary choices. As a result, dietary changes are one of the most challenging
obstacles patients face. An RD/RDN with experience in kidney disease is uniquely qualified to coach
patients with positive dietary choices that can help preserve their kidney function. Because the nutri-
tion involved with CKD is highly specialized, an RD/RDN who specializes in kidney disease has
more training in how foods affect kidney function, bones, and the heart. Unfortunately, MNT pro-
vided by an RD/RDN for kidney disease is presently underutilized. With costs of kidney disease ris-
ing, it seems prudent to recommend a therapy that has been shown to delay the progression of kidney
disease and improve biomarkers [21, 22]. Quality of life is dependent on the ability to make choices,
and offering broader dietary choice provides patient empowerment which contributes to greater enjoy-
ment of life with a better nutrition status. MNT has the potential to improve quality of life of patients
with kidney disease by improving their nutritional biomarkers, slow the decline in kidney function,
and keep them off dialysis longer. MNT by an RD/RDN specializing in kidney disease should be
recommended as one of the first therapies as soon as a medical diagnosis of kidney failure or even
proteinuria has been made.

Food guides, such as the USDA MyPlate, help guide patients into learning which foods are best
and in what amounts. Chapter 28 provides detailed information on food guides as well as for dietary
choices in general. The DASH diet (Dietary Approaches to Stop Hypertension) is high in fruits, veg-
etables, and whole grains with adequate amounts of calcium and protein. Diets that are either vegetar-
ian or consist mainly of plant-based foods have been found to help slow the decline in kidney function,
probably due to their lower content of available phosphorus and generous content of phytochemicals
that are anti-inflammatory. MNT with an RN/RDN who has renal experience can help guide CKD
patients into making better food choices so as to reduce the incidence of acidosis and manage hyper-
kalemia and the balance of bone minerals.

End-Stage Renal Disease

End-stage renal disease (ESRD) refers to the condition, where the kidneys are functioning minimally
or not at all. Dialysis helps keep the body in balance by removing waste products and excess water,
maintaining the proper levels of certain chemicals (potassium, sodium, and bicarbonate), and helping
to control the blood pressure. Dialysis prolongs life but some patients may choose not to have dialysis
and instead follow conservative care. MNT in ESRD focuses on protein, phosphorus, potassium,
sodium, and fluid. The diet is individualized based on laboratory levels, the patient’s nutrition status
and lifestyle, and the modality of dialysis. With patients who choose conservative care rather than
dialysis, the focus is on managing the symptoms of uremia. A kidney transplant center will assess if
a patient is a suitable candidate for a kidney transplant.

In hemodialysis, the choice is in-center (HD), home hemodialysis (HHD), or nocturnal home dial-
ysis (NHD). The diet for HD and HHD are very similar whereas patients on NHD require fewer
restrictions. The time needed for dialysis depends on residual kidney function, how much fluid weight
has been gained, and body mass index (BMI). The greatest challenge for nutrition therapy is related
to fluid, potassium, and phosphorus. The diet is individualized based on serum levels of potassium and
phosphorus, and also weight gain between dialysis sessions. The albumin level, a marker of inflam-
mation, and protein catabolic rate (PCR) are also monitored to ensure that patients have adequate
protein intake and status. The focus of MNT in hemodialysis is to ensure the patient is receiving
adequate nutrition while maintaining the balance of the body’s minerals (potassium, phosphorus, and
calcium) and fluid levels. When patients are unable to meet their protein needs, the RD/RDN will
recommend nutrition supplements or intra-dialytic amino acid solutions to improve the nutrition
status.
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There are two choices with peritoneal dialysis (PD), namely, continuous ambulatory peritoneal
dialysis (CAPD) or continuous cyclic peritoneal dialysis (CCPD) also known as automated peritoneal
dialysis (APD). The basic treatment is the same for each with exchanges of dialysate (usually a dex-
trose or icodextran solution). CAPD is “continuous,” machine-free, and done several times during the
day with exchanges done using gravity to drain and then fill the peritoneum in a sanitary environment.
With CCPD/APD, a machine (cycler) delivers and then drains the dialysate. The treatment is usually
done at night while the patient is sleeping. Patients on peritoneal dialysis require more protein and
potassium in their diets. The dextrose used in the dialysate has calories which may contribute to
weight gain and thereby aggravate existing diabetes and lipid disorders. If a patient is not able to meet
their protein needs, nutrition supplements or dialysate with amino acids may be recommended.

For all types of treatment for ESRD (HD, PD, transplant, or conservative care) the RD/RDN expe-
rienced in kidney disease recommends changes to medications so as to manage disorders in serum
levels of minerals (such as potassium, phosphorus, and calcium) or iPTH and vitamin D levels. The
assessment of nutritional risk factors will allow RD/RDNs to provide customized MNT. The RD/
RDN will help patients with nutrition choices to optimize their nutrition status, fluid balance, and
assist the patient with their nutritional goals.

Other Kidney Disorders

Kidney Stones

There is much confusion about nutrition and kidney stones. There is no “one size fits all” dietary
recommendation for all stone formers; diets low in oxalate is a thing of the past [23]. People form
different types of stones and for different reasons. The key to nutrition therapy is to treat the individual
problem or problems based on the type of stone, but occasionally there is no nutritional cause (e.g.,
cystine stones). The major promoters of kidney stones include a low intake of fluid or of fruits and
vegetables, a high intake of sodium or acid-promoting foods (animal flesh proteins), and an intake of
calcium that is low, suboptimal, or excessive. Other potential factors include alcohol, high sugar
intake, certain over-the-counter (OTC) supplements (such as high intake of vitamin C), and excessive
energy intake. The first strategy for all stones is to optimize fluid intake and encourage awareness of
their hydration status. Urine studies over 24 h are preferred over corrected spot urines because of the
individual’s variability of excretion rates throughout the day. These 24-h urine samples are helpful in
determining individual factors such as urine pH and volume, calcium, sodium, phosphorus, citrate,
and uric acid. MNT by an RD/RDN with experience in kidney stones can identify areas in the diet
(promoters) and educate the patient on how to minimize these risk factors. This can also serve as an
opportunity to increase fruit and vegetable intake.

Gout

Gout is caused by the abnormal metabolism of purines and hyperuricemia (increased levels of uric acid
in the blood). This results in deposition of urate crystals which then causes a form of acute arthritis
with inflamed joints (usually the knees and feet). Uric acid kidney stones often precede gouty attacks.
The disease tends to affect men, especially older men, and is sometimes hereditary. The management
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of gout can be challenging given the disease frequently presents in association with comorbid condi-
tions such as obesity, diabetes, renal insufficiency, or hypertension. Drug therapy (anti-inflammatory
drugs or antihyperuricemic drugs) is the primary method of treatment for lowering plasma uric acid
levels; however, some patients do not respond to medications [24]. Patients should be educated on diet
and lifestyle triggers for gout. Food triggers include large servings or animal protein, high-fat foods,
alcohol, and foods high in processed sugars. Drastic weight loss measures such as fasting, low-calorie,
or high-protein diets can also trigger an attack. A healthy eating pattern which includes adequate fluid
intake, fruits, vegetables, and whole grains is encouraged.

Acute Kidney Injury

Acute kidney injury (AKI) is a sudden and usually reversible decline in eGFR. Table 15.1 shows stag-
ing for acute kidney injury [6, 25, 26]. There is an elevation of blood urea nitrogen (BUN), creatinine,
and other metabolic waste products that are normally excreted by the kidney. The general recommen-
dation for AKI is to determine the cause(s) and treat those that are reversible. Patients should be evalu-
ated within 3 months after acute kidney injury for resolution, new onset, or worsening of preexisting
CKD. About 5-10% of patients in intensive care with AKI are treated with continuous renal replace-
ment therapy (CRRT); this is a slow continuous dialysis therapy which is necessary as these patients
have hemodynamic instability. These patients are very ill with catabolism and poor nutrition can
affect outcomes. The goal of medical nutrition therapy (MNT) in CRRT is to maintain or improve
nutrition status, enhance wound healing, support host defense and recovery without exacerbating
metabolic derangements. Survivors of acute kidney injury (AKI), if there is residual renal impairment,
should be managed according to CKD guidelines.

Nephrotic Syndrome

Nephrotic syndrome is caused by a variety of disorders that damage the kidneys leading to protein-
uria. The most common symptoms include proteinuria, edema, foamy appearance of the urine, fluid
accumulation, and hyperlipidemia. MNT goals for nephrotic syndrome are similar to CKD with a
focus on a healthy eating pattern.

Table 15.1 Staging of AKI

Stage Serum creatinine Urine output

1 1.5-1.9 times baseline <0.5 mL/kg/h for 6-12 h
or
>0.3 mg/dL (>26.5 mmol/L) increase

2 2.0-2.9 times baseline <0.5 mL/kg/h for >12 h
3 3.0 times baseline <0.3 mL/kg/h for >24 h
or
Increase in serum creatinine to >4.0 mg/dL (>354 mmol/L) or
or Anuria for >12 h

Initiation of renal replacement therapy, or, in patients <18 years, decrease in
eGFR to <35 mL/min per 1.73 m?

Adapted from KDIGO Clinical Practice Guideline for Acute Kidney Injury, Refs [25, 26]
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Summary

MNT facilitated by an RD/RDN who has experience with renal disease should be encouraged when a
patient is diagnosed with kidney disease. Improved nutrition awareness can contribute to a slowing in
the progression of kidney disease and improving nutritional biomarkers in patients with CKD.
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Chapter 16
Inherited Metabolic Disorders and Nutritional Genomics:
Choosing the Wrong Parents

Asima R. Anwar and Scott P. Segal

Key Points

* Inherited metabolic disorders are categorized to better aid in diagnosis.

* Inherited metabolic disorders can be classified into three categories: disorders presenting as intoxi-
cation or encephalopathy; disorders of energy metabolism; and disorders involving complex
molecules.

* General guiding principles for the nutritional management of inherited metabolic disorders are
given.

» Specific approaches to nutritional therapy are discussed for the most common diseases in this
group, such as medium-chain acyl-CoA dehydrogenase deficiency, maple syrup urine disease
(MSUD), phenylketonuria (PKU), homocystinuria, and galactosemia.

Keywords Inherited metabolic disorders ® Nutritional management ® Medium-chain acyl-CoA dehy-
drogenase deficiency ® Maple syrup urine disease ® Phenylketonuria e Homocystinuria ® Galactosemia

Introduction

Many countries, including the United States, Canada, along with those in the EU, have established
screening services in place for the detection of inherited metabolic disorders (IMD) in newborns.
These disorders are not individually common within the population. However, in aggregation they are
relatively common among genetic disorders, and they are a significant cause of morbidity in infants,
affecting one in 1500 to one in 5000 live births [1]. Many inherited metabolic disorders (IMD) have
severe symptoms, which may lead to significant disability and mortality, if not rapidly diagnosed and
treated shortly after birth. IMD primarily result from toxic accumulation of precursors or end products
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of metabolism. Specific disorders are difficult to diagnose due to the fact that many IMD show similar
symptom profiles. Thus, rapid testing after birth is required to determine the exact disorder afflicting
the patient to determine the correct course of treatment.

IMD Diagnostic Classifications

IMD can be divided into three categories according to their clinical presentation [2].

Disorders Presenting as Intoxication or Encephalopathy

Syndromes of intoxication or encephalopathy may be caused by an accumulation of toxic metabolites
due to a metabolic block of an essential product or a defective transport process. This group includes
inborn errors of intermediary metabolism, such as aminoacidopathies, organic acidurias, urea cycle
disorders, sugar intolerances, metal disorders, and porphyrias. Clinically, infants with these disorders
appear normal at birth and are symptom free for hours or days. Lethargy, poor feeding, vomiting,
increased muscle tone, seizures, liver failure, and coma ensue, often quite rapidly. Some newborns
have respiratory symptoms, such as apnea or hyperventilation, the latter being more likely if the dis-
order causes metabolic acidosis. Neurologic findings, such as hyper- or hypotonia, opisthotonus, ped-
aling, coarse tremors, and myoclonic jerking, are typical of the disorders presenting as intoxication or
encephalopathy.

Disorders of Energy Metabolism

Hypoglycemia is a consistent symptom of disorders of energy metabolism including disorders of fatty
acid oxidation. Other clinical features are lactic acidosis, hypotonia, and cardiac involvement (cardio-
myopathy, arrhythmias, conduction disturbances, and congestive heart failure), but lethargy and coma
rarely occur.

Disorders Involving Complex Molecules

These disorders affect either the synthesis or catabolism of complex molecules. These disorders
involve cellular organelles, such as the lysosomes and peroxisomes. Symptoms of these disorders are
generally present immediately after birth and include facial dysmorphia (facial deformities) and
severe neurologic dysfunction.

Newborn Testing for Inherited Metabolic Disorders

Rapid newborn of newborns screening is critical for early detection of IMD in order to prevent mor-
bidity and mortality and represents one of the major advances in newborn health within the last cen-
tury. Newborn screening originated with the work of Robert Guthrie in the 1960s to identify and treat
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prevalent IMD in infants, such as PKU, and in which the symptoms could be controlled [2]. In theory,
using newborn screening for genetic diseases such as IMD is a noble idea. However, according to
Wilson and Junger, its path to implementation is fairly difficult, as there are offsets in providing treat-
ment to those with previously undetected IMD, while on the other hand not causing harm to those not
in need of treatment [3].

Development of Screening Criteria

In 1968, Wilson and Junger proposed a series of criteria for newborn screening that were adopted by
the World Health Organization (WHO) and are mainly still the standard today [4]. The Wilson-Junger
Criteria cover aspects of screening that include identification of a health problem, education of the
patient, as well as cost of testing and treatment. Based on the Wilson-Junger Criteria, a modern set of
criteria for whether to screen for inborn errors of metabolism, as well as other genetic disorders, were
developed, along with a set of criteria for the actual screening tests [4]. Three main criteria for whether
to screen for these disorders are used [4]:

1. Incidence of the disorder
2. Clinically identifiable signs and symptoms within the first 24 h
3. Burden of the disease if not initially treated

For the actual screening test, the following seven criteria should apply [4]:

—_—

. Availability of a test for the specific disorder

. Ability to test blood spots, an alternative specimen or by some other simple, in-nursery
procedure

. The test is based on a platform that offers high throughput capability

. The cost of the test is less than $1 per infant screened

. Multiple analytes relevant to one condition can be detected in a single run

. Other conditions (secondary targets) can be identified by the same analytes

. Multiple conditions can be detected by the same test.

[\
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Screening for IMD by Tandem Mass Spectrometry

Tandem mass spectrometry (MS/MS) allows for a complete metabolite profile and detection of
either reduced or increased levels above a normal baseline [5, 6]. It allows for a more accurate and
rapid detection of IMD, and only requires a single blood spot taken after birth. The method gener-
ates a complete acylcarnitine and amino acid profile on a blood specimen. It is being used in an
increasing number of countries to screen for organic acid and fatty acid oxidation and amino acid
disorders, including maple syrup urine disease (MSUD), homocystinuria, phenylketonuria (PKU),
and hereditary tyrosinemia [7]. Most of these diseases respond well to dietary manipulations, but,
unfortunately, a large number of patients suffer irreversible damage before any warning symptoms
appear. Currently, MS/MS is best suited for identification of acidemias, both amino and organic,
such as maple syrup urine disease and phenylketonuria, as well as fatty acid oxidation disorders,
such as MCAD [5, 6].
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Nutritional Management of Inherited Metabolic Disorders: The General
Approach

One common goal that is central to nutritional management of all inherited metabolic disorders is to
provide sufficient energy, amino acids, and nitrogen to support and maintain normal growth and devel-
opment. Shils et al. [8] have suggested 12 general approaches to therapy for this group of diseases
which may be used sequentially or simultaneously:

1. Enhancing anabolism and depressing catabolism
2. Correcting the primary metabolic imbalance by using both the dietary restrictions to reduce sub-
strate accumulation as well as provision of products that may be deficient
3. Enhancing excretion of accumulated substrate. The kidney may aid as a dialysis organ while
maintaining the equilibrium between diuresis and hydration
4. Providing alternative metabolic pathways to decrease accumulated toxic precursors in blocked
reaction sequences
5. Using metabolic inhibitors to lower overproduced products
6. Supplying products of blocked secondary pathways
7. Stabilizing altered enzymes
8. Replacing deficient coenzymes
9. Artificially inducing enzyme production
10. Replacing enzymes
11. Transplanting organs
12. Correcting the underlying defects in DNA so that the body can manufacture its own functionally
normal enzymes

Nutritional Management of Inherited Metabolic Disorders: Disease-Specific
Approach

Although more than 300 genetic disorders have been reported, only the primary examples of the more
debilitating or common IMD are considered in this chapter. Until improved methods of providing
patient gene therapy are developed, treatment must generally focus on nutritional management and
palliative therapy.

Medium-Chain Acyl-CoA Dehydrogenase Deficiency (MCAD Deficiency)

The autosomal recessive disorder, medium-chain acyl-CoA dehydrogenase deficiency, is the most
common abnormality of fatty acid metabolism seen in the population. Caucasians of Northern
European descent exhibit the highest frequency of this disorder [9], with an incidence of one in
15,000. Common symptoms of MCAD disorder include recurrent hypoglycemia (when fasting for
more than 10-12 h), vomiting, lethargy, encephalopathy, respiratory arrest, hepatomegaly, seizures,
apnea, cardiac arrest, coma, and sudden death. Long-term outcomes may include developmental and
behavioral disability, chronic muscle weakness, failure to thrive, cerebral palsy, and attention deficit
disorder. Mutations in MCAD gene result in the autosomal recessive MCAD deficiency, which results
in production of an abnormal MCAD enzyme.
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Nutritional management focuses mainly on restricting dietary fat intake to 20% [10] or 30% or less
[11] of total caloric intake. Due to decreased fat intake, caloric intake from carbohydrates as well as
from night feeding (or extra snack before bed) should be increased to prevent lipolysis and hypogly-
cemia. For instance, children at 8 month of age (when pancreatic enzymes become fully functional)
should be started on a diet of uncooked corn starch [12], with dosing initially at 1.0-1.5 g/kg and
gradually increased to 1.75 g/kg by the second year of age [13]. This will allow for the necessary
sustained release of glucose. Carnitine supplementation may also be used during prolonged unavoid-
able fasting, such as for surgery as well as other medical testing. Medium-chain triglyceride oils,
flaxseed, canola, walnut, or safflower oils are used for alternate fat form and to avoid essential fatty
acid deficiency [14]. Daily multivitamin and mineral supplements that include all fat soluble vitamins
are also recommended.

Although no specific commercial dietary formulas are available to meet the complex needs of
patients with fatty acid oxidation disorders, a combination of different formulas to provide a diet
high in complex carbohydrate, low in fat, and adequate in vitamins and minerals [11] are usually
prescribed.

Maple Syrup Urine Disease

This is a rare IMD in which the patient has a deficiency of the 2-keto acid dehydrogenase enzyme.
This results in the inability to effectively metabolize branched-chain amino acids, such as isoleucine
and leucine. Internationally, it has an incidence of one in 185,000 newborns; however, it has a much
higher incidence of one in 176 in Mennonite populations. The excess buildup of branched-chain
amino acids in these patients will cause the urine to have a sweet smell similar to maple syrup.
Clinical symptoms of MSUD include neurotoxicity, including opisthotonos, seizures, blindness, men-
tal retardation, and coma, which are due to elevated plasma levels of branched-chain amino acids [15].
Without proper treatment, individuals with this disorder will die at a very early age.

Dietary therapy for MSUD requires lifelong restriction of branched-chain amino acid intake, to
control the plasma levels of these amino acids, particularly leucine. It is important to control the levels
of branched-chain amino acids without impairing growth and intellectual development of the patient.
Recommendations include the measurement of plasma amino acid levels at appropriate intervals for
the first 6-12 months of life. In addition to dietary therapy, thiamine (10-1000 mg/day) should be
administered, irrespective of clinical phenotype [16]. This high dose has become common practice by
pediatricians due to the fact that excess thiamine poses no harm and is excreted in the urine [16].

Phenylketonuria

PKU is caused by amino acid substitutions in the phenylalanine hydroxylase enzyme, which impair
its ability to sufficiently metabolize the amino acid phenylalanine. One in 14,000 Caucasian newborns
and one in 132,000 African-American newborns are affected by PKU. Symptoms include mental
retardation, seizures, hyperactivity, and muscular hypertonicity. Untreated maternal PKU during
pregnancy has extremely harmful effects on fetal development, including mental retardation, micro-
cephaly, maternal phenylketonuric syndrome, congenital heart disease, and intrauterine growth retar-
dation [2, 8, 17-19].

Therapy for PKU consists of a diet with a low content of phenylalanine. This includes a diet of fruits,
vegetables, regular/special low-protein breads, pastas, and cereals, which are low in phenylalanine.
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Foods that contain large amounts of phenylalanine, such as milk, dairy products, meat, fish, chicken,
eggs, beans, and nuts, must be eliminated. Since these foods are also high in protein, adequate protein
intake is achieved by adding special phenylalanine-free formulas, and therefore, most of the patient’s
nutrient intake will be through phenylalanine-free formulas. Although phenylalanine intake should be
restricted in individuals with PKU, it should not be outright eliminated, especially during the critical
period of brain development early in infancy. Plasma phenylalanine levels maintained above
1-2 mg/100 mL were consistent with better growth and levels up to 7 mg/100 mL allowed for good
mental development [20].

Individuals with PKU should also show caution with respect their use of artificial sweeteners.
Aspartame (Equol®) contains phenyalanine and is a common ingredient in many reduced- or low calo-
rie foods and beverages [21]. Suggested alternative phenylalanine-free artificial sweeteners such as
sucralose (Splenda®) or saccharin (Sweet’n Low®) may be suggested.

Homocystinuria

Homocystinuria is an autosomal recessive disorder caused by deficiency of the enzyme cystathionine
beta-synthase. This renders the patient unable to properly metabolize homocysteine, which is an inter-
mediate in the metabolism of the amino acid methionine. Newborn screening in 13 countries found
only one case in 334,000 infants but the frequency is much higher in infants of Irish descent: one in
58,000 [22]. Common symptoms of include dislocated lenses, intravascular thrombosis, skeletal
changes, osteoporosis, and mental retardation.

Patients with homocystinuria should be given a methionine-restricted diet, which is supplemented
with betaine and I-cysteine [8]. Some examples of commercially available methionine-free medical
foods are HOM-2 (Milupa), Hominex-2 (Abbott), HCY-1 and HCY-2 (enfamil), and XMET Maxamaid
(Nutricia). Additionally, some patients may respond well to supplements of vitamin B and folic acid [8].
Nutritional support should be followed throughout adulthood, as termination of nutrition support in
adulthood may increase the risk to thromboembolisms and lens dislocation [23, 24].

Galactosemia

Galactosemia is an autosomal recessive disorder caused by a deficiency of the galactose-1-phosphate
uridyltransferase (GALT) enzyme (Type I), the galactokinase 1 (Type II), or UDP-galactose-4-
epimerase (Type III) [25]. Type I galactosemia is by far the most common in the population and has
two variants, the Classic and the Duarte variants, with the Duarte patients still retaining 14-25%
GALT activity [26]. The GALT enzyme is necessary for the breakdown of the monosaccharide galac-
tose and thus deficiencies of galactose-1-phosphate will manifest as hyperglycemia. The incidence of
all three types of galactosemia is 1 in 30,000—60,000 births [25]. Symptoms of galactosemia include
acute hepatotoxicity and prolonged jaundice may appear with the start of human milk or infant for-
mulas containing lactose (a disaccharide that is digested to galactose and glucose). Other complica-
tions include delayed speech development, severe mental retardation, irregular menstrual cycles, and
decreased ovarian function and ovarian failure. The condition is irreversible and requires abstinence
from milk, milk products, and galactose-containing foods for life [8].

Generally, patients with galactosemia should have a diet of foods that contain neither galac-
tose nor lactose. Patients retaining a small amount of GALT activity may be able to tolerate small
amounts of galactose found in muscle meat, fruits, and vegetables [8]. Due to the dairy
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restrictions these patients must endure, calcium supplements are recommended to offset the lack
of dietary calcium intake. Infants with this disorder also should not be fed milk, instead they can
be fed with soy formula, meat-based formula, Nutramigen (a protein hydrolysate formula), or
other lactose-free formula [26].

Coverage for Treatment of IMD

Treatment of IMD is expensive and must be strictly adhered to throughout the life of the patient.
Depending on the disorder, treatment requires the use of modified low-protein foods, supplements,
feeding supplies, or medical foods. According to the FDA, medical foods are those which are taken
under supervision of a physician, and which are intended for specific dietary management of a disease
for which distinctive nutritional requirements are established through medical evaluation [27]. The
cost of using medical foods can be anywhere from 10 to 20 times their unmodified counterparts,
whereas using modified low-protein foods can cost between 2 and 8 times their unmodified counter-
parts [28]. Although many patients or their families carry insurance that covers the use of medical
foods, coverage is oftentimes incomplete, requiring significant out-of-pocket expenses [28].

Conclusions

Many of the inherited metabolic disorders are now included in routine neonatal screening. Diagnosis
of these disorders at birth through MS/MS may facilitate early intervention, prior to further confirma-
tion from follow-up tests. The main course of treatment is nutritional management, which prevents
severe pathologic complications by reducing the overproduction and accumulation of toxic metabo-
lites. Treatment is by nutritional management which also provides the necessary nutritional constitu-
ents that are deficient, allowing support and maintenance of sufficient growth and development
throughout the life span. However, treatment is lifelong and comes at a significant expense. More
complete insurance coverage is needed for medical foods.
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Chapter 17
Food Allergy and Intolerance: Diagnosis and Nutritional
Management

Janetta Harbron

Key Points

Food hypersensitivity is categorized as reactions that are either immune-mediated (food allergy) or
nonimmune-mediated (food intolerances).

Diagnosis of food allergy consists of clinical history combined with diagnostic testing (through
skin prick testing or serum-specific immunoglobulin E [IgE] testing) or oral food challenge.
Nutritional management of food allergy involves avoidance of exposure to the allergen and estab-
lishing through oral food challenges (OFC) whether baked forms of the allergen are tolerated.
Food intolerance is diagnosed with an elimination diet and OFC.

Treatment of food intolerance does not usually require complete avoidance, but determining lower
amounts that can be tolerated.

Keywords Food allergy ¢ Food intolerance ® Non-allergic hypersensitivity ¢ IgE tests e Oral food
challenge ¢ Elimination diet

Introduction

Adverse reactions to food may develop at any age and to any food [1]. They are classified as non-toxic
(food hypersensitivity [FHS]), toxic (e.g., food poisoning), or psychologically based (food aversion)
[1]. This chapter focuses on non-toxic FHS, which include FHS causing an immune response (food
allergy; FA) and FHS where the immune system is not involved (food intolerance or non-allergic food
hypersensitivity) (Fig. 17.1) [1-4].
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Fig. 17.1 Classification of food allergy and intolerances

The prevalence of FA and food intolerances has substantially increased over the past two decades
and are a growing public health concern worldwide. In the United States (US), the prevalence of FA
almost doubled in children from 1997 to 2011 [5]. It is estimated that 8% of children and 4% of
adults in the US have FA [5]. The prevalence of FA in pre-school children in developed countries is
estimated to be around 10% [6], while the prevalence of food intolerance ranges between 15% and
20% [7].

While elimination diets of causative food can be successful in managing these conditions, it can be
cumbersome and lead to unnecessary food avoidance and nutritional inadequacies. It is important that
the physician identifies these conditions in primary care, follows correct diagnostic procedures, and
refers the patient to a dietitian or allergy specialist when necessary.

Food Allergy

FA develop due to an adverse immune response towards one or more proteins or other molecules
(allergens) in food and are classified based on the underlying immunology as immunoglobulin E
(IgE)-mediated, non-IgE-mediated, or mixed type (overlap between IgE and non-IgE mechanisms)
[1, 2]. The distinct symptoms of each are illustrated in Table 17.1. The symptoms may range from
mild to severe and involve one or several organ systems [2].
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Table 17.1 Symptoms and diagnosis of food allergies and intolerance
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IgE

Non-IgE and mixed-type

Food intolerance

Symptom onset

* Rapid within minutes to 2 h of ingestion
* Acute reactions

e Can result in multi-system manifestations

e Symptoms recur every time when exposed to food

e Severity of symptoms may change over time

Immediate to delayed onset
(see Tables 17.2 and 17.3)

e Delayed onset

¢ Prolonged symptomatic
phase

e Symptoms often dependent
on dose of causative food,
with small doses being
tolerated

Symptoms

Dermatological symptoms

Urticaria/hives, flushing, angioedema, pruritus, atopic
dermatitis, exacerbation of existing eczema

Oral and orbital

Itching of mouth, tongue, lips

Swelling of lips/tongue

Eye itching, redness and watering

Periorbital edema

Gastrointestinal symptoms

Throat discomfort, reflux, nausea, vomiting,
abdominal cramps, diarrhea

Respiratory symptoms

Nasal itching, rhinorrhea and nasal obstruction,
sneezing, laryngospasm, cough, chest tightness,
dyspnea, wheezing, asthma

Systemic

Hypotension, arrhythmia, vascular collapse

Oral allergy syndrome

Mild symptoms affecting lip, mouth and throat.
Immediate urticarial, itching, tingling of lips,
tongue and throat. Angioedema/blistering
occasionally. Symptoms are worse during high
pollen season. Anaphylaxis can occur, but rare

Dermatological

Contact dermatitis, atopic
dermatitis/eczema

Gastrointestinal

Abdominal pain, nausea,
vomiting

Diarrhea

Malabsorption

Constipation

Rectal bleed with mucus in a
healthy neonate, bloody
stools.

Ascites

Chronic diarrhea/steatorrhea

Dysphagia

Food impaction

Heartburn

Other

Mostly absence of systemic
symptoms

Failure to thrive

Feeding difficulties

Irritability

Weight loss

Anemia

Growth failure

Dermatological symptoms

Urticaria/hives, flushing,
angioedema, pruritus, eczema

Gastrointestinal upset

Bloating

Flatulence

Vomiting

Abdominal cramps

Diarrhea

Respiratory symptoms

Nasal obstruction, runny nose,
asthma, shortness of breath

Other symptoms

(some fall within spectrum of
common medically
unexplained symptoms)

Headaches and migraine

Fatigue

Musculoskeletal problems

Behavioral changes

Dizziness

Balance problems

Visual disturbances

Diagnosis

1. Clinical history and physical examination
2. IgE testing: SPT or sIgE

3. Oral food challenges (OFC)

4. Elimination diets

1. Clinical history and
physical examination

2. Elimination diets and
OFC

3. SPT or IgE testing
mostly not helpful

4. Endoscopic evaluation
and GI biopsies

1. Clinical history and
physical examination
2. Fructose and lactose breath

testing
3. Elimination diets
4. OFC

Sources: Refs. [1-4, 7-9, 11-13]

Types of Food Allergies

IgE-Mediated FA

About 90% of all FA are caused by eight “major” food allergens including cow’s milk (CM), egg, pea-
nuts, tree nuts, soy, wheat, fish, and shellfish [1, 8]. In infants, the most common allergies are to CM and
egg. Allergies to peanuts, tree nuts, seafood, CM, and eggs are usually observed in older children, while
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adults are more prone to peanuts, tree nuts, seafood, and pollen allergies causing cross-reactive FA [1].
The “major” food allergens mostly cause Type I hypersensitivity reactions, which occur when the
immune system that naturally reacts to parasites/pathogens targets food allergens [1]. The consequent
food-specific IgE antibodies that are produced bind to mast cells or basophils, which are now sensitized
to the allergen (IgE sensitization). During subsequent exposure, the food allergen binds to the specific
IgE antibodies resulting in degranulation of the mast cells or basophils to release mediators, such as
histamine, leukotrienes, and prostaglandins, which induce immediate hypersensitivity reactions [1].

Oral allergy syndrome (OAS) is an allergic reaction to certain fruit, vegetables, and nuts that devel-
ops due to cross-reactivity (e.g., the same IgE antibody recognizes distinct antigens found in common
pollens, or house dust mite and in fruit, vegetables and nuts). Almost all patients with OAS first
develop IgE sensitization to the aeroallergen; this often presents as seasonal rhinitis if pollen is the
aeroallergen. The subsequent ingestion of fruit or vegetables that have proteins with homologue epit-
opes to the aeroallergen results in an immune reaction and allergy symptoms. Examples of common
overlapping antigens in OAS include [1, 4]:

* Birch pollen with apple, peach, plum, cherry, apricot, almond, carrot, celery, parsley, or hazelnut.
* Ragweed pollen with melon, watermelon, cantaloupe, cucumber, zucchini, banana, or kiwi.

*  Mugwort pollen with celery, carrot, parsley, peppers, mustard, cauliflower, broccoli, garlic, or onion.
e Orchard grass with melon, peanut, potato, or tomato.

* Timothy grass with Swiss chard or orange.

e Chironomidae (house dust mite) with shellfish.

Latex-food syndrome refers to an allergic reaction to certain fruit and vegetables that develop in
more than half of individuals with latex allergies due to cross-reactivity. The food involved include
avocado, kiwi fruit, chestnut, papaya, banana, mango, papaya, passion fruit, tomato, and potato [1].

Food-dependent exercise-induced anaphylaxis (FDEIA) refers to the presence of signs and symp-
toms of anaphylaxis during or soon after exercise and within 2—4 h after ingestion of a food allergen.
Symptoms should be absent when the food is consumed without exercise or when vigorous exercise
is performed alone. IgE sensitization to the food should be evident through skin prick testing (SPT) or
serum immunoglobulin E (sIgE testing) [2].

Non-IgE-Mediated and Mixed-Type FA

The underlying mechanisms involved in non-IgE-mediated FA are not well-understood [1]. They
occur mostly in children and are usually outgrown. The classification of these FA is illustrated in Fig.
17.1 and the main symptoms, diagnostic procedures, and treatment recommendations for some of
these are briefly summarized in Tables 17.2 and 17.3.

Diagnosis

The diagnosis of FA requires evidence of immune system sensitization as well as reproducible symp-
toms after exposure to the allergen. The first-line diagnostic approach is a thorough clinical examina-
tion and history of the patient’s experiences with the suspected food [3]. If the clinical history suggests
FA, further tests are necessary to confirm sensitization. The second-line approach involves either in
vivo (SPT) or in vitro food-specific sIgE testing of the suspected food(s) identified through the clinical
history [3]. The third-line approach is to carry out elimination diets and oral food challenges (OFC)
to establish clinical relevance of SPT or sIgE results, if necessary to confirm the diagnosis or to estab-
lish tolerability levels [1].
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Table 17.2 Features of non-IgE-mediated food allergy (FA)
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Food protein-induced enterocolitis
syndrome (FPIES)

Food protein-induced allergic
proctocolitis (FPIAP)

Food protein-induced
enteropathy (FPIE)

Age of onset

Primary FA

Symptoms

onset

Symptoms

Diagnosis

Treatment

Symptom
resolution

Natural
course

Infants <9 months, usually within
first few weeks of life

Newborn or first few weeks of
life

Delayed in breastfed infants to >5 months

Infants: cow’s milk (CM), soy

Older children/ adults (>1 solid
food): rice, oats, barley, meat,
chicken, eggs, orange vegetables,
fruit, fish, shellfish

Infants: around 2 h after ingestion,
resolve within 6-12 h

Older children/adults: delayed onset of

reaction

Infants: severe form with protracted
vomiting 1-3 h after feeding,
(bloody) diarrhea, hypotension,
severe dehydration

Other: irritability, anemia, abdominal
distention, failure-to-thrive

Older children/adults: mild chronic form

with nausea, abdominal cramps,

lethargy vomiting, hypoproteinemia

Presence of symptoms with
improvement after elimination

Supervised OFC to confirm diagnosis
if needed

SPT or sIgE usually negative and not
recommended (however, 25%
have raised sIgE to causative food)

Completely eliminate causal food

Avoid potentially cross-reactive food
if not yet been introduced

Avoid breastfeeding if it causes
symptoms in child

Symptoms improve within 24 h

90% develop tolerance by age 3 years
FPIES to solid food tend to resolve at
older age

Infants: CM
Breastfed infants: CM, soy or
egg in mother’s diet.

Delayed, 48—72 h after
ingestion

Stools with fresh blood and
mucus; infant is otherwise
healthy

Stools may be more frequent
but diarrhoea is absent

Disappearance of bloody
stools with causal food
exclusion and reappearance
after OFC

SPT/sIgE not recommended

Colonoscopy and biopsies
usually not necessary and
only used if symptoms persist
after trial elimination diets

With breastfeeding mothers,
test the exclusion of CM
first, then soy, then egg

With other infants, change to
elemental formula

Symptoms resolve within
48-72 h

Tolerance in most at age 1 year

Infants or toddlers 0-24
months of age

Primarily: CM
Other: soy, egg, rice, poultry,
fish, shellfish

Gradual onset within few
weeks after intro of causal
food

Chronic diarrhoea,
steatorrhea, failure to
thrive

Also anemia,
hypoalbuminemia

Clinical history

Often confirmed with
endoscopy and biopsy

SPT and sIgE not
recommended

Completely eliminate causal
food

Symptoms resolve within 1-3
weeks

Tolerance in most by age 2-3
years

Sources: Refs. [1, 2, 4, 8]

Clinical History and Examination

The clinical history aims to identify the possible presence of FA, trigger food, and the underlying
immunological mechanism (e.g., IgE, non-IgE, or mixed). It is recommended that structured ques-
tions be used to obtain information on [2, 3, 8]:
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Table 17.3 Features of mixed-type IgE and non-IgE food allergy (FA)

J. Harbron

Eosinophilic esophagitis (EoE)

Eosinophilic gastroenteritis (EG)

Atopic dermatitis (AD)

Age of onset

Any age

Primary causal Cow’s milk (CM), soy, egg,

food

Symptoms
onset

Symptoms

Diagnosis

Dietary
treatment

Symptom
resolution
Natural course

wheat

Gastrointestinal (GI) tract
symptoms occur after
eating but are chronic

Symptoms after eating: reflux,
vomiting, dysphagia,
abdominal pain, food
impaction, cough, chest
pain

Young children: reflux,
feeding difficulties,
failure-to-thrive, irritability

Adolescents and adults:
dysphagia, food impaction,
heartburn

50% have other atopic diseases
(asthma, allergic rhinitis,
eczema)

Any age

CM, egg

Can be after intake but mostly
delayed and chronic

Can affect any part of GI tract
from esophagus to colon, e.g.,

¢ Eosinophilic gastritis

* Eosinophilic enteropathy

* Eosinophilic colitis

Symptoms (depend on site
affected): ascites, nausea,
vomiting, diarrhoea,
malabsorption, edema,

obstruction, anemia, abdominal

pain, weight loss
Infants: projectile vomiting
Eosinophilic colitis: abdominal
pain, bloody stools, diarrhea
50% have other atopic diseases

* Diagnosis is challenging. SPT/sIgE indicate sensitization to
multiple food and aeroallergens, can sometimes be helpful to

indicate role of FA

* Diagnosis is confirmed with elimination diet (choose between a

targeted one-food or six-food, four-food or total elimination
diet) for 2—6 weeks, followed by symptom improvement and

OFC of one food at a time

* Endoscopy with multiple biopsies often performed and repeated

after OFC to confirm histologic remission

Completely eliminate causal
food

2-6 weeks

Likely persistent
Often poor response to
anti-reflux drugs

Completely eliminate causal food

2-6 weeks

Some resolve before age 5 years

In many patients, EG is persistent

at 5 years follow-up

Early infancy, can also present
in children/adults

Associated with FA in 35% of
children with moderate to
severe AD. Major food
allergens: CM, egg, peanut

Symptoms can be a
combination of immediate
within 2 h or delayed,
6-48 h after OFC

In general, extreme pruritic,
erythematous, morbilliform
rash

Immediate symptoms: urticaria,
angioedema, flush, and
pruritus

Delayed symptoms: eczema
flares with typical
distribution at specific sites

e Clinical history

e Children <5 years with
moderate to severe AD
should be evaluated for
major allergens with

e SPT/sIgE testing

¢ Elimination diet, symptom
improvement and, if
necessary, an OFC to
confirm diagnosis

Eliminate causal food. Whether
strict avoidance is always
necessary is still being
debated

2-6 weeks

AD usually resolves during
childhood; however, if
peanut or tree nut FA is the
cause, it is more likely to be
persistent

Source: [1, 2, 4, 8]

1. Causative food: type (probe regarding the eight major food allergens or certain fruit and vegetables
if suspecting oral allergy syndrome (OAS)), amount ingested that cause a reaction and form of
food (processed, raw, baked, heated, dried), route of exposure (oral, inhalation, skin).

2. Symptoms: reaction type, duration and severity of symptoms, reproducibility of symptoms, fre-
quency of symptoms, time frame involved from exposure to symptom onset, age when symptoms

started.
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IV}

. Co-factors that may augment FA reaction: alcohol, exercise, NSAID, fever, and acute infection.

4. Socio-demographic factors: age, geographic location, and ethnic dietary habits of the patient; these
may all give clues regarding trigger food.

5. Other factors: known risk factors (exposure at school, work, home), family history of allergies, any
other coexisting medical problems or allergic diseases (e.g., asthma, allergic rhinitis, atopic derma-
titis); if a child, the duration of breastfeeding.

6. Treatment: details on how symptoms were treated.

The clinical examination may reveal acute or chronic signs of asthma, allergic rhinitis, or atopic
dermatitis, although this is not necessarily important for FA diagnostic purposes [8].

A dietary history, preferably performed by a dietitian, should include evaluation of nutritional
status, including growth monitoring in children and dietary intake. A review of food labels and
detailed food diaries may assist in identifying possible causative food, hidden ingredients, or pattern
of reactions [3].

Diagnostic Test for IgE Sensitization

Both SPT and sIgE tests (Table 17.4) are reliable and validated to detect [gE-mediated sensitiza-
tion to food allergens, but cannot be used as the sole tests for clinical allergy diagnosis [9]. One
reason for this is false positives. This refers to positive SPT or sIgE test results, but where there
are no symptoms or signs of FA when exposed to the specific food allergen. Such individuals do
not have FA and it is therefore recommended that the clinical history should always guide diag-
nostic testing. Testing for large panels of food allergens should be discouraged as false positive
SPT or sIgE results may lead to unnecessary dietary elimination and nutritional inadequacies [2,
3]. False negative results are another problem. Accordingly, negative SPT or sIgE results com-
bined with a strong clinical history suggesting FA should be interpreted with caution and warrant
further investigation [8]. False negative SPT or sIgE results may, for instance, be possible due to
the commercial test extract not containing the relevant allergen found in the raw food [8]. SPT
tests are often preferred over sIgE tests due to their lower costs and near instant results [8]. SIgE
testing should be used when SPT is contraindicated or ineffective [3].

Promising Diagnostic Tests

Technological advancement in tests, such as component-resolved diagnosis (CRD), make it possible
to detect IgE sensitization in specific proteins or protein components instead of the whole food extract,
which results in a low misclassification rate and a high sensitivity and specificity [1, 2]. The basophil
activation test (BAT) has been used to effectively discriminate between sensitization to some allergens
and clinical allergy [3, 8, 9]. However, further research is necessary before these tests can be used for
routine diagnosis of FA [3, 8, 9].

Elimination Diets

Elimination diets cannot confirm FA diagnosis on their own, but can help to identify causative food in
IgE and non-IgE-mediated FA [3]. These diets are also effective in reversing the clinical severity of
mixed-type FA such as eosinophilic gastrointestinal disorders (EGIDs) [2]. The clinical history,
allergy-focused diet history, and SPT or sIgE testing should guide which food should be eliminated [8].
There are several different types of elimination diets that can be used including the allergy-directed diet
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Table 17.4 Characteristics of skin prick tests and serum-specific IgE tests for diagnosis of food allergy

Skin prick testing (SPT) sIgE
Advantages e Near instant results (within 15 min) No risk of anaphylaxis
* High sensitivity (>90%) e Order from physician’s office without specialist
referral
e High negative predictive value e Can be used when SPT is contraindicated or
accuracy, e.g., a negative SPT ineffective:
correctly indicates absence of — Pregnant women
IgE-mediated allergy in 90-95% of — Significant anaphylaxis risk
cases — Severe skin disease (dermographism,
e Can be performed on all age groups extended or severe atopic dermatitis)
(even infants) — Unable to stop using B-blockers or
e Causes minimal discomfort antihistamine for testing purposes
* Suspected food samples can be tested
even if no commercial tests or food
extracts are available
Disadvantages * Moderately specific (=50%) * High chance of false positive results (e.g., the

Procedure (short
summary)

Moderate positive predictive value
(50%), e.g., a positive results
indicate sensitization but not allergy
Cannot be used as a screening tool
Cannot predict prognosis

Cannot predict severity of future
reactions

Requires referral to specialist/allergy
clinic

Apply small drop of commercially
prepared food extract on skin of the
forearm or upper back

3 c¢cm between drops

One drop with positive control
(histamine) and one with negative
control (physiological glycerine)
Prick (1 mm) each drop with a new
sterile lancet

Hold for 3 s to avoid bleeding
Remove allergen with blotting paper
If the individual is sensitive to the
food IgE antibodies, a wheal will
develop on the skin.

Measure wheal diameter after 15 min

Prick-to-prick method:

To establish sensitization to:
— fresh food such as fruit and
vegetables
— food for which commercial
extracts are not available
Method: prick the fresh fruit or
vegetable and then the patient’s skin
with the same lancet, followed by
usual SPT protocol

individual is not allergic)

Lower sensitivity (e.g., it may miss 10-25% of
true allergies)

Cannot predict prognosis

Cannot predict severity of future reactions

Phlebotomy required
Analyses of the blood sample for food sIgE
antibodies using standardized assays in certified
laboratories.
— Fluorescence enzyme immunoassay (FEIA)
tests such a ImmunoCap®
— Radioallergosorbent test (RAST®)
Results available depending on laboratory
schedule, usually the next day

(continued)
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Table 17.4 (continued)

Skin prick testing (SPT) sIgE
Diagnosis of e In general, a positive SPT result is e Food-specific diagnostic cut-offs for sIgE
sensitization to a defined by a wheal diameter >3 mm results where clinical symptoms are associated
food measured after 15 min with a PPV >95% have been identified for
¢ Different wheal diameter cut-offs several of the major food allergens
have been defined for egg, milk, and e« A high total IgE level is often associated with
peanut FA in children [9] multiple false-positive food sIgE levels and this

is particularly important to consider in patients
with severe eczema

Source: Refs. [1-3, 8, 9]

(elimination of specific food(s)), the oligo-antigenic diet, the extensively-hydrolyzed or amino acid-
based elemental diet, the six-food group elimination diet, the four-food group elimination diet, the
gluten-free diet, and the milk-elimination diet [2, 3]. In order to achieve symptom relief, the elimina-
tion diet should be followed for a period of 2—4 weeks if suspecting IgE-mediated FA, or for up to 6
weeks for non-IgE-mediated FA [8]. The elimination phase is then followed by a well-planned reintro-
duction phase of eliminated allergens according to specified guidelines [8].

Oral Food Challenges (OFC)

The double-blind placebo-controlled oral food challenge is the gold standard procedure for objective
diagnosis of FA [2, 3, 9]. As this test is expensive, labor intensive, and time-consuming [3, 8], open
or single-blinded OFC are often used in clinical practice [10]. When open or single-blinded OFC
cause an objective unequivocal reaction, it is deemed sufficient to diagnose a FA [8], while the double-
blind challenge is recommended when symptoms are subjective.

Food challenges are usually performed in a specialist practice where emergency treatment is avail-
able for severe allergic reactions [8, 9]. Protocols for performing OFC exist and involve re-introduction
to one food allergen at a time, in specific dosages that increase in a stepwise manner over several
hours while monitoring reactions [2, 8].

Alternative Tests

Alternative tests are often used by the public, but should not be advised or used for the diagnosis of
FA or food intolerances as they lack evidence to support their use in clinical practice [1, 8, 11].
Examples are as follows:

e Electrodermal tests

* Hair analyses

e Applied kinesiology

* IgG and food-specific IgG4 levels
e Iridology

e Lymphocyte stimulation

e Facial thermography

e Gastric juice analyses

* Endoscopic allergen provocation
* Cytotoxicity assays

* Mediator relapse test

e Pulse test
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Furthermore, intradermal testing to food and atopy patch tests are not validated and standardized
and thus not routinely recommended for investigating FA [3].

Monitoring for Tolerance

As about 70-80% of children outgrow FA to egg, CM, wheat, and soy by adolescence, regular
monitoring is important to identify when tolerance has been reached in order to avoid unnecessary
dietary eliminations. Peanut and tree-nut allergies most often continue into adulthood [12].
Favorable factors associated with outgrowing FA include younger age, type of allergy (e.g., CM,
egg, soy, wheat), lower sIgE levels, mild symptoms, and absence of other FA. A decline in IgE
sensitization indicates that the patient is likely outgrowing the FA and may help in deciding when
an oral food challenge (OFC) is warranted [10]. It is recommended that diagnostic tests (SPT or
sIgE) be repeated every 12—18 months in children <5 year old and every 2—4 years in those >5 year
old to establish change in sensitization [10]. An OFC is the gold standard procedure to confirm that
FA is no longer present [10].

Nutritional Management

General Dietary Recommendations for FA

Dietary elimination of the food allergen(s) is key in the management of FA [8]. However, exposure to
the food allergen may occur through the skin, the lungs, or by oral intake. Oral intake may result in
mild to severe reactions when ingesting a very small amount of the allergenic food, by ingesting food
that is cross-contaminated with the allergen, or due to cross-reactivity [10]. Self-elimination of food
or food groups can cause nutritional deficiencies, significant stress, poor quality of life, and impact
negatively on family life. It is therefore important that referral to a dietitian is made to ensure effective
dietary management of FA. During dietetic consultations, education and practical advice on any of the
following (applicable to the patient or caregiver) can be provided [13]:

* Diet sheet indicating food allowed and restricted/eliminated as well as alternatives for these.

*  Well-planned nutritionally balanced avoidance diet [8].

* Supplementation if necessary.

* Reading labels and examples of terms used in the ingredient list that refer to the causative allergen
(by law in most countries food labels must indicate if the food contains the eight major food
allergens).

e Commercial food products and available brands that can be used instead of the usual product that
contains the allergen (e.g., imitation cheese instead of regular cheeses or yoghurt not made from CM).

» Recipe adaptations. Provide example recipes and alternatives that can be used instead of CM, egg,
flour, etc.

* High-risk situations where cross-contamination is likely and how to deal with this, e.g., ice cream
parlors, ethnic restaurants, bakeries (peanut, egg, CM, and tree nuts), and buffets (all food) [10].

» Eating in restaurants: order plain food, be careful of fried food, sauces, condiments, pastries, bak-
ery items, desserts.

» Tips for travelling abroad as this can be particularly challenging. Translated information may be
necessary on food products and emergency treatment [14].

* Special occasions such as children’s birthday parties. There may be a need to inform the host of the
FA and take own food.
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e School food environment: ideas for lunch boxes and arrangements with school canteen.

e Importance of education for all caregivers: teachers, grandparents, friends’ parents.

e Cross-reactive food. Cross-reactivity often occurs between the following food and exclusion of the
other food in the same group may be necessary [1]:

Peanuts with other tree nuts and sesame

CM with goat’s milk

— All fish species

Chicken eggs with eggs of other species such as turkey, duck, and goose.

e Contamination of food during preparation, serving, and storage. Provide designated areas in fridge
and storage area. Label dishes, cutlery, crockery, and cutting boards that are used solely for
allergen-free food preparation.

e Breastfeeding. Although food allergens are detected in breastmilk, breastfeeding remains the first
choice milk for infants with FA. In rare cases, however, it might be necessary for the mother to
follow an allergen-elimination diet [1, 8].

e Milk choice for infants with cow’s milk protein allergy (CMPA) that are formula fed [1, 8]:

— Partially hydrolyzed formula milk is inappropriate for CMPA and should not be recommended.

— Extensively hydrolyzed milk is the first choice for mild to moderate CMPA.

— Amino acid-based formula is indicated for a subgroup of infants; usually those with severe
CMPA.

— Plant-based milks (rice and oat milk) are not suitable as a sole infant formula, but might be used
in older children, adolescents, and adults.

— Goat, sheep, and other mammalian milks are not suitable due to high cross-reactivity (e.g., 95%
of children with CMPA react to goat’s milk).

¢ Food reintroduction and “milk ladder” [15].
* Tolerance to baked CM and egg (see below).

Managing Oral Allergy Syndrome

Patients with OAS must avoid the raw trigger fruit and vegetables [1]. However, they may eat the trig-
ger fruit and vegetable when cooked or processed as structural changes in the proteins occur which
reduce the binding capacity to IgE antibodies [1, 2]. In some instances, peeling the trigger fruit or
vegetable may also be effective as the epitopes are often in the skin [1].

Ingestion of Baked Cow’s Milk or Egg

Results from various studies indicate that about 69-83% or 63—-84% of children with CM or egg
allergy, respectively, can tolerate baked CM or egg as the extensive heating modifies certain CM or
egg proteins to be less allergenic and interactions with a food matrix, such as wheat, during baking
decrease IgE recognition. Adding baked CM and egg to the diet of a child with CM or egg allergy
generally improves quality of life, variety of food choices, and nutritional content. Furthermore, chil-
dren who regularly consumed the baked forms were more likely to outgrow their CM or egg allergy
compared to those who never or infrequently consumed baked CM or egg. It is therefore recom-
mended that tolerance to baked egg and CM should be established and those who can tolerate the
baked forms should regularly consume these [16].
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Although most studies indicate that higher sIgE and SPT levels are associated with intolerance to
baked egg or CM, no definite cut-points have been defined. Therefore, to diagnose tolerance to baked
CM or egg, physician-led OFCs according to standardized protocols are recommended as anaphylaxis
to baked CM or egg have been reported. Those tolerant to baked egg or CM should still eliminate all
fresh CM, other dairy products, raw egg and eggs that are not extensively heated for a long duration
such as stove-top egg preparations [17].

Peanut Allergy

Some individuals are highly sensitive to peanut allergens and may react to an environment or mucosa
that has been contaminated with peanuts. The peanut antigen has been detected 110 days after peanut
butter was smeared onto a table [1]. While normal dishwashing liquid is not sufficient to remove the
antigen from cutlery, a disinfectant wipe can be used to clean surfaces to eliminate the allergen [1].

The severity of symptoms that develop due to accidental peanut exposure may change over time,
e.g., achild may initially only present with hives to peanut exposure, but in subsequent exposures may
develop anaphylaxis. It is thus important that care-givers do not become at ease to exposure of small
amounts of the allergen if reactions are initially mild [10]. Furthermore, FA and eczema in early life
(<2 years of age) may progress into asthma and allergic rhinitis, known as the atopic march [18].

Compared to other FA, a lower percentage of children (20—25%) outgrow peanut and tree nut aller-
gies [4, 19]. SPT and sIgE cut-points that predict persistence of peanut allergy after age 4 years have
been published [19]. However, children who outgrow peanut allergy can at a later stage re-acquire the
allergy, especially if peanuts have been avoided [4]. Recently, the results of the Learning Early About
Peanut Allergy (LEAP) randomized controlled trial indicated that “high risk” infants who were intro-
duced to peanuts early in life (between 4 and 11 months of age) and consumed 6 g peanut protein
(equal to 24 g peanuts or three teaspoons peanut butter) per week for 5 years had a relative risk reduc-
tion of 80% for development of peanut allergy by age 5 years compared to the group who avoided
peanut consumption during the first 5 years of life [20]. Consequently, various allergy associations
have published an interim guideline that recommends the early introduction of peanuts in the diets of
“high-risk” infants [21]. It is suggested that infants with severe early onset eczema or egg allergy in
the first 4-6 months of life be referred to an allergist to perform SPT and possibly peanut OFC (if SPT
is <4 mm) and to provide a recommendation regarding the implementation of these guidelines. The
recommendation for infants or children with a SPT wheal diameter >5 mm to peanuts is to avoid
peanuts and follow-up SPTs should be done on an annual basis [21]. Further research is necessary to
establish the effect of sporadic peanut intake, alternative peanut dosages, early discontinuation of
peanut intake, and minimum time necessary to induce risk reduction [21].

Prevention

The avoidance of major allergenic food during pregnancy, breastfeeding, and infancy is not recom-
mended for allergy prevention. Exclusive breastfeeding for the first 6 months of life is widely recom-
mended for various health benefits, but whether it protects against FA is unclear due to conflicting
results from various studies [22].

In the past decade, several studies have indicated that the delayed introduction of the major aller-
genic food is not protective against the development of FA [22]. Early introduction and regular con-
sumption of peanuts have actually been associated with FA prevention [20]. However, it is unknown
whether early introduction of the other major allergenic food prevents FA; research in this regard is
ongoing [22]. Detailed practical guidelines on the introduction of complementary food, including the
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major allergenic food, from 4 to 6 months of age are outlined elsewhere [22]. Once allergenic food
have been introduced and shown to be well-tolerated, regular consumption is advised so as to main-
tain tolerance, although the appropriate amount and frequency is not known [22].

Food Intolerance

Food intolerance is a non-allergic reaction to food with the immune system not being involved (Fig.
17.1) [1]. The differences and similarities in symptoms between FA and food intolerance are sum-
marized in Table 17.1.

Types of Food Intolerance

Enzymatic Deficiencies or Transport Defects

The majority of reported food intolerance is caused by either enzymatic deficiencies or transport
defects in the gastrointestinal (GI) tract, which leads to incomplete digestion or absorption of food
that contain substances collectively termed FODMAPs (fermentable oligo-, di-, mono-saccharides,
and polyols). These substances are short-chain carbohydrates that consequently enter the colon where
bacteria will ferment them and produce gas. This gives rise to symptoms of food intolerance in some
individuals such as abdominal distention, cramping, bloating, and flatulence. Nausea, vomiting, and
osmotic diarrhea may also occur as increased water in the lumen is needed to dilute the osmotic load
[1, 11]. FODMAPs include lactose (disaccharide), fructose (monosaccharide), fructans and galactans
(oligosaccharides), and polyols such as sorbitol, mannitol, and xylitol [11]. Individuals may have a
food intolerance to one of these FODMAPs (e.g., most notably lactose or fructose intolerance) or a
combination of different ones.

The enzyme lactase digests lactose in the GI tract to glucose and galactose, which can then be
absorbed [7, 11]. Newborns have the highest concentration of lactase, which declines during child-
hood to <10% of pre-weaning levels [7]. Lactase deficiency may lead to lactose malabsorption (no
symptoms) or lactose intolerance (malabsorption with symptoms). There are three types of lactase
deficiencies, namely congenital, primary late onset, or secondary. The majority of lactose intolerance
seen today is due to primary late-onset hypolactasia, i.e., a gradual decrease of lactase activity from
age 2 years with symptoms manifesting from age of 5—6 years, but in the majority of cases only during
adolescence or adulthood [7].

The capacity for fructose absorption in the GI tract is limited. Fructose malabsorption occurs when
the absorption process is incomplete, when the total fructose intake or load is too high, or when too
much “free fructose” food (that have high fructose and low glucose content) are consumed [1].

Humans lack enzymes to completely digest food with fructans (branched fructose polymers) and
galactans (galactose polymers). Polyols are passively absorbed in the GI tract, but the rate of absorp-
tion may vary between individuals and consequently cause a laxative effect [1, 23].

Reactions to Pharmacological Agents in Food
Some individuals are sensitive to certain pharmacological agents in food such as vasoactive or bio-

genic amines (e.g., histamine, tyramine, and phenylethylamine). Histamine intolerance occurs mostly
due to enzyme deficiencies, while a drug—food interaction between tyramine in food and monoamine
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oxidase inhibitors leads to majority of cases of tyramine intolerance. Symptoms range from migraine
headaches and dizziness to urticaria, eczema, nausea, and vomiting [11].

Reactions to Food Additives

Intolerance to specific food additives such as salicylates, nitrates and nitrites, glutamates (e.g., mono-
sodium glutamate), artificial colorants (e.g., tartrazine), benzoates, butylated hydroxyanisole (BHA),
and butylated hydroxytoluene (BHT) can also cause adverse reactions manifesting in a variety of
symptoms such as hives, asthma, angioedema, migraine, and GI tract symptoms. Underlying mecha-
nisms have been proposed, but the pathophysiology is, in general, poorly understood [11].

Noncoeliac Gluten Sensitivity

Noncoeliac gluten sensitivity (NCGS) is a relatively new term that describes individuals who develop
GI tract symptoms to gluten exposure, but do not have coeliac disease or wheat allergy [1, 11]. These
individuals report that dietary gluten elimination results in improvement of a wide array of symptoms;
however, clinical studies are inconsistent and unreliable to confirm NCGS [11]. The underlying mech-
anism is unclear, but it is possible that it overlaps with IBS [1].

Diagnosis

Food Exclusion, Symptom Improvement, and Food Challenge

The most reliable method for diagnosing food intolerance is exclusion or reduced intake of possible
trigger food followed by symptom improvement, as well as gradual reintroduction of the food followed
by symptom induction. If the diet history points to one specific food or food component (e.g., lactose),
the food exclusion and challenge can be executed based on the elimination of all food that contain
lactose. However, it is often difficult to identify specific trigger food or it is possible that more than one
food intolerance contributes to the symptoms. It is then recommended that the low FODMAP (ferment-
able oligo-, di-, mono-saccharides, and polyols) diet be followed for 3—4 weeks followed by the rein-
troduction of food using a specific food challenge process under expert guidance to identify trigger
food and individual tolerance thresholds to these food [11].

Breath Tests

Hydrogen and/or methane breath testing can be used to assess lactose or fructose malabsorption in the
GI tract as these products are produced by bacterial fermentation of the undigested lactose or fructose,
rapidly absorbed, and expelled through the lungs. Various protocols exist with most involving either
50 g of lactose or 25-35 g of fructose that must be ingested after an overnight fast. Breath hydrogen
or methane is measured at baseline and every 15 or 30 min for 3-5 h depending on the protocol used.
Malabsorption is indicated by a 10-20 ppm increase in breath hydrogen or methane above baseline on
two consecutive measurements [11]. These tests should not be used alone for diagnostic purposes as
the results only indicate malabsorption; many patients with a positive test may not experience any
symptoms and are therefore not intolerant. Breath tests for sorbitol, mannitol, fructans, and galactans
are not useful for identifying malabsorption and are therefore not recommended [11].
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Other Tests

The lactose tolerance blood test, which measures change in blood glucose levels following a lactose
load, is less sensitive than breath tests and is not recommended for diagnostic purposes [7]. No further
objective tests currently exist that can identify food intolerance. Confocal laser endomicroscopy is a
novel technique that explores the real-time effect of food antigens on the GI tract. It may be useful in
future to diagnose food intolerance, but more research is necessary to validate the procedure and use-
fulness in clinical practice [11].

Nutritional Management

Food sources of lactose include milk produced by cows, sheep, and goats and products from these
such as yoghurt, ice-cream, custard, buttermilk, and soft cheeses. It is unnecessary to completely
eliminate lactose from the diet as the majority of lactose-intolerant individuals can consume about
12-15 g (250-320 mL) of milk daily, or even higher amounts, without any symptoms [1, 7, 11]. The
tolerance threshold is dependent on several factors and should be individually determined [11]. It is
recommended that intakes should be spread throughout the day [11]. Fermented products such as
yoghurt and buttermilk are better tolerated [11]. Lactose-free milk is also available in food stores. It
is important to advise patients regarding the benefits of still including a tolerable amount of lactose in
their diet as dairy food provide several essential nutrients, such as calcium and vitamin B,,. An addi-
tional reason for milk ingestion is to help build up tolerance to lactose. Although lactase supplements
can be prescribed, this is expensive and unnecessary for the majority of patients. It is controversial
whether hypolactasia causes infantile colic; lactose-free formulas are not recommended, while breast-
feeding remains the preferred option [7].

Fructose is naturally found in fruit, sugarcane, and honey. It is also added as a sweetener to sugar-
sweetened beverages (SSBs) and other food, often as high-fructose corn syrup (HFCS). Dietary rec-
ommendations include limiting the total fructose content of a meal/snack to <3 g. Food that usually
contain >3 g fructose per standard serving include dried fruit, fruit bars, two or more fresh fruits, fruit
juice, fruit concentrate, fortified wines (sherry), food sweetened with HFCS, SSBs, and indulgent
quantities of confectionaries. The intake of “free fructose” food should be limited [23].

Food high in fructans include wheat products, vegetables (e.g., artichoke, garlic, leeks, onion), and
other food (added as fructo-oligosaccharides (FOS), inulin, oligofructose). Galactans are found in
human milk, legumes, some grains, and nuts. Polyols are found naturally in higher amounts in certain
fruit (apricots, peaches, cherries, apples, pears) and vegetables (mushrooms and cauliflower), but are
also added as artificial sweeteners to food products. It is advised to restrict FODMAPs globally using
a low FODMAP diet rather than restricting individual FODMAPs, unless only lactose or fructose
intolerance is diagnosed [23].

Food additives and pharmacological agents are widely spread in food and elimination may lead to
nutritional inadequacies; careful planning of such elimination diets are necessary [11].

Conclusion

The prevalence of food allergies and intolerances is increasing world-wide. The underlying mecha-
nisms involved in food allergies (FA) and food intolerances are different; an immune response is only
triggered in FA. However, a variety of symptoms caused by food intolerances are similar to those
caused by FA. The adverse reactions of food intolerance are less severe and small tolerable amounts
of the offending food/substance might still be allowed. FA, by contrast, may cause life-threatening
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anaphylaxes; complete dietary elimination of the allergen is necessary to prevent symptoms. It is
therefore important to rule out FA through clinical history, diagnostic testing, and oral food chal-
lenges. Referral to a dietitian is necessary to help educate patients and plan nutritionally balanced and
individualized elimination diets.
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Chapter 18
Bone Health: Sound Suggestions for Stronger Bones

Laura A.G. Armas and Corrine Hanson

Key Points

* Bone requires calcium, vitamin D, protein, and phosphorus for optimal growth and maintenance.

* Food is the best source for most of the nutrients required by bone.

e Many in the population are consuming diets with inadequate calcium and protein.

e Most adults require additional vitamin D supplementation, especially if they have little sun
exposure.

e Improvements in nutrition can make a significant difference to bone health, even if started later in life.

Keywords Bone health ¢ Calcium ¢ Vitamin D ¢ Phosphorus ¢ Magnesium ¢ Protein

Introduction

Bone is a complicated organ made of collagen, proteins, calcium, phosphate, and cells that remodel
and maintain bone. It requires many nutrients obtained from the diet for remodeling and maintaining
the bony structure. Nutrition science has identified a select few of these nutrients as particularly
important for bone health. We will highlight those here. But remember that in food, these nutrients do
not occur in isolation; they are present in nature packaged in various combinations of fat, protein,
minerals, etc. Only in the past few decades has it been possible to consume these nutrients in isolation
in the form of supplements. As is often the case, the whole is greater than the sum of its parts and in
making recommendations for bone health we will emphasize obtaining these nutrients from food
sources whenever possible.

More than 40 million Americans have osteoporosis and over two million of them experience a fra-
gility fracture due to osteoporosis every year. If a patient is being treated with medication for osteopo-
rosis, we emphasize that these nutrients, the essential nutrients required for bone formation, are the
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building blocks that the medication uses to form bone. This seems a simplistic explanation, but many
patients think that the medications themselves contain these nutrients. All bone-active pharmacologic
agents have been tested in clinical trials with additional supplemental calcium and most with vitamin
D as well. Presumably, the effects of the pharmacologic agents depend to some extent on these supple-
mental nutrients.

Calcium

For over 100 years we have been aware of calcium’s effects on bone health. Of the nearly 100
clinical trials using calcium supplements or dairy foods, all but four have shown positive out-
comes, i.e., greater bone mass during growth, reduced bone loss with age, and reduced fractures.
Despite this knowledge, about 85% of the female population fails to get the recommended intake
of calcium.

The body’s calcium requirements have to come from dietary sources. The blood level of calcium
is tightly maintained despite fluctuations in dietary intake. This constancy is ensured in the face of
poor dietary intake by decreasing urinary calcium output, by improving gastrointestinal calcium
absorption, and, more importantly, by increasing resorption of bone tissue, thereby releasing its cal-
cium. In brief, blood levels of calcium are maintained during long-term dietary calcium deprivation at
the expense of calcium in the skeleton.

The body systems do not act in isolation: calcium intake and regulation of the calcium economy
have effects on other body systems and diseases including hypertension, colon cancer, renolithiasis
(kidney stones), obesity, premenstrual syndrome, and polycystic ovary syndrome. However, this
review will confine itself to the skeletal effects of calcium (and of nutrition, generally).

Dietary Calcium Requirements

The gut absorbs about 30% of dietary calcium, depending on vitamin D status, but the mineral is also
lost through gastrointestinal secretions. As a result net intestinal absorption is only 10-15%.
Additionally, calcium is lost in urine and sweat [1, 2]. These so-called “obligatory losses” amount to
about 200 mg/day in adults. Hence, net absorption must be at least that much to maintain zero bal-
ance. That amount of net absorption requires a daily total intake of 1000—-1500 mg (the equivalent of
3-5 dairy servings). See Table 18.1.

During growth, net absorption is more efficient and bones will accumulate mass (and calcium),
although when persons consume a low-calcium diet, the bones cannot reach their full potential. Later in
life, absorption and retention are less efficient and the bones are unable to maintain their mass. Calcium
retention rises in proportion to the intake up to a certain threshold level, above which excess calcium is
excreted. There is no storage mechanism for extra calcium except what is needed by the skeleton.

Because blood levels of calcium are so tightly regulated, a serum measurement tells one little about
the body’s calcium intake or reserve. The reserve must be severely depleted, or some other disease
present, for hypocalcemia to occur.

Dietary sodium needs a brief mention here. Sodium chloride increases urinary calcium excretion
(i.e., it contributes to the obligatory loss), and this could theoretically lead to bone loss on a low-
calcium diet. This sodium-induced urinary calcium loss can generally be offset by consuming more
calcium in the diet.
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Table 18.1 Dietary reference intakes (DRI) for calcium

Age group DRI (mg)
Childhood 700-1300
Adolescence 1300
Adult 19-50 years 1000
Adult >50 years 1200

Source: Ref. [3]

Calcium Sources

Important sources of calcium are natural foods (principally dairy, a few greens and nuts, and a few
crustaceans) and calcium-fortified foods (some cereals, breads, and fruit juices). Dairy products are
the richest dietary sources of calcium. In fact, it is difficult to get enough calcium on a dairy-free diet.
This is especially problematic for those following a vegetarian diet. One serving of dairy has approxi-
mately 300 mg of calcium in addition to protein, phosphorus, vitamins, and trace minerals. Even
patients with lactose intolerance can “wean” themselves onto dairy foods if done slowly and milk is
taken with other foods [4].

Not all food sources of calcium are equally bioavailable. For example, spinach contains 122 mg of
calcium per 90 g serving, but very little (about 5%) is absorbed because the oxalate in the spinach
interferes with calcium absorption. This can be source of clinical confusion to patients who are
depending on the calcium content of certain foods but are still deficient with respect to calcium stores
and bone mineral density.

Calcium supplements may be needed in order to reach the recommended daily intake. Most cal-
cium salts (citrate, carbonate, phosphate) exhibit similar bioavailability. Brand name or chewable
products have been shown to be the most reliable. Even relatively less soluble salts, such as carbonate,
absorb well if taken with food. All calcium sources should be taken with meals and in small amounts
throughout the day to ensure optimal absorption.

In recent years, there has been considerable controversy over the use of calcium supplements in
raising cardiovascular risk. Meta-analyses of calcium supplement studies have showed either no
increase in risk [5] or a small increase in risk of cardiovascular disease with calcium supplements [6],
but these reports have been widely disputed by the scientific community [7].

Vitamin D

A second nutrient that has been closely linked to bone health is vitamin D. Deficiency of this vitamin
is classically associated with unmineralized bone matrix, expressed as rickets in the growing skeleton
and osteomalacia in the fully formed skeleton. Vitamin D is not truly a nutrient, at least in humans,
because the body makes the vitamin for itself when a precursor in the skin is exposed to ultraviolet B
light. This reaction forms pre-vitamin D, which is then spontaneously converted to vitamin D. At prev-
alent levels of sun exposure, vitamin D is converted almost entirely to 25-hydroxyvitamin D (25-OHD)
by the liver. 25-OHD is the form of vitamin D that correlates best with calcium absorption in adults and
is converted by the kidney and other cells to the active form of vitamin D, 1,25-dihydroxyvitamin D
(1,25-OH,D). Like calcium, 1,25-OH,D is physiologically regulated and serum measurements do not
reflect vitamin D status. The mechanism by which vitamin D has been implicated in cancer prevention,
immune response, and cell cycle regulation has been elucidated in recent years [8—10].
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Vitamin D is essential for active absorption of calcium. From multiple calcium absorption studies
it has been established that absorption plateaus at about 32 ng/mL [11]. Population-based studies
demonstrate that bone mineral density increases in relation to 25-OHD status [12]. Reduction in risk
of fracture has been reported in clinical trials of vitamin D supplements [13]. The decrease in fractures
appears to be the result of at least two mechanisms: first, vitamin D increases calcium absorption,
which in turn increases bone mineral density, and second, vitamin D has an effect on muscle strength
and balance. Even short-term studies show a reduction in falls [14-16].

Vitamin D Requirements

Vitamin D intake recommendations have been a source of considerable controversy in recent years. In
2011, the Food & Nutrition Board (Institute of Medicine) revised their recommendations to 600-800 ITU
daily [3], but that was challenged by several groups as being too low for optimal health [17-19]. Unlike
calcium and other nutrients, vitamin D is made in the skin. The total input is difficult to quantify and is
dependent on many environmental factors; these are discussed below. Those of us who live away from
the equator and work indoors are at greater risk of deficiency. The simplest way to assess vitamin D
status is by checking 25-OHD levels. If the level is less than 32 ng/mL, supplementation with an oral
vitamin D product is the simplest way for a person to get an adequate amount (see below).

Sources of Vitamin D

Food

Few foods are sources of vitamin D. The best food source is oily fish such as salmon, but there are
large differences in vitamin D content between farm-raised and wild salmon. Farm-raised salmon has
approximately 188 IU/3.5 oz serving whereas wild salmon has much more, approximately
1090 1U/3.5 oz serving [20]. Milk in the United States and Canada is routinely fortified with small
amounts of vitamin D, typically 100 IU per cup. Some cheeses, yogurt, and cereals are also fortified
with a small amount of the vitamin.

Sun

Many variables affect the skin’s ability to produce vitamin D, including weather, season, latitude,
altitude, pollution, clothing, age, and sunscreen. Skin pigmentation also interferes with vitamin D
production as melanin acts as a natural sunscreen.

Season of the year plays a large part in determining the production of vitamin D. Those with light
skin require an exposure to summer midday sun of about 15 min daily to allow adequate synthesis of
vitamin D. This is with a relatively high proportion of the skin exposed and before sunscreen is applied.
It is not necessary to burn or redden the skin. Those with darker skin require at least twice as much time
in the sun. In the winter, UVB rays do not penetrate the atmosphere, except close to the equator. During
that season, therefore, no vitamin D can be produced and most patients will need to use supplements.

The light source used in tanning booths may be able to produce UVB rays and this can therefore
be a source of vitamin D. However, tanning booths are not regulated by the FDA and it is difficult to
know how much, if any, UVB rays are produced [21]. Moreover, the light source may also generate
UVA rays which can cause skin aging.
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Supplements

Nutritional supplements for vitamin D come in two forms. Vitamin D, is produced by irradiating
yeast, while vitamin Dj; is the animal form produced by the skin. Several studies have shown that
vitamin D; is between three and nine times more potent at maintaining 25-OHD levels [22-24]. The
question always arises as to how much to give. Rather than rely on a “one size fits all” recommenda-
tion, which does not account for differences in skin pigmentation, sun exposure, age, or weight, the
simplest method is to measure the patient’s 25-OHD level. In calculating supplement dose for a nor-
mal weight person, a good rule of thumb is 100-150 IU daily will raise 25-OHD levels by ~1 ng/
mL. In practice, this translates to between 1000 and 2000 IU daily for most patients. For an obese
patient, who will have a greater volume to fill, we found the following formula is helpful: Additional
daily vitamin D; dose (IU) = [Weight (kg) * desired change in 25-(OH)D * 2.5] — 10 [25]. Occasionally,
patients with malabsorption or gastrointestinal surgery may require substantially more vitamin D and
in this case the 25-OHD level dictates the dose.

These recommendations are based on several clinical studies of different doses of vitamin D and
also on clinical experience. This approach treats patients with lower vitamin D levels with higher
amounts of vitamin D. Of course, empiric treatment regimens can be used and again, 10002000 TU
daily seems to be adequate for many patients and is a good place to start without risk of toxicity.

Safety

Vitamin D is a fat-soluble vitamin and there is a valid concern that toxicity may occur at high intakes.
Fortunately, there is a wide gap between the amounts of vitamin D that we typically recommend to
patients and potentially toxic amounts. A review of toxicity reports and clinical trials found that doses
<30,000 IU daily or achieved 25-OHD levels <200 ng/mL were not associated with toxicity and con-
cluded that the tolerable upper limit should be 10,000 IU daily [26]. The IOM used a more conserva-
tive tolerable upper limit of 4000 IU daily [3]. We find in practice that we occasionally need to give
>10,000 IU daily to particular patients who have obvious reasons for malabsorption.

Other Vitamins

There are other vitamins besides vitamin D which might contribute to healthy bones. One of these is
vitamin K. This vitamin is best known for its role in blood clotting, but there is new evidence to sug-
gest that it may play an important role in bone health. Bones contain a protein called osteocalcin,
which is used as “glue” to help strengthen bones. Vitamin K is required for the production of osteo-
calcin, and when vitamin K is low or insufficient these proteins will not be activated. Some recent
studies have shown that vitamin K deficiency was associated with low bone mineral density and an
increased risk of fractures.

There are several different types of vitamin K. The vitamin K available from our diet (K,) is found
mostly in leafy green vegetables, such as spinach, broccoli, and kale. As a general rule, the darker
green the vegetable, the more vitamin K it contains. Vegetable oils can also contain significant
amounts of vitamin K. Vitamin K is also produced by the bacteria that line the GI tract (K,). Finally,
vitamin K is also available in a synthetic form as a supplement. At this time, it is not recommended
to take vitamin K supplements to prevent osteoporosis or fractures. Taking a supplement doesn’t
always have the same effect as eating whole foods that contain the same nutrient, and because of the
role vitamin K plays in blood clotting, getting too much could cause problems in people at risk for
blood clots.
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Because of vitamin K’s effects on clotting, people taking certain anti-coagulation medications are
often advised to limit their intake of these types of foods. Patients taking these types of medications
should work with their healthcare providers to make sure their diet contains adequate amounts of
healthy nutrients.

Protein

Bone is one of the most protein-dense tissues. When bone is remodeled and new bone is laid down, it
requires additional dietary protein. Dietary protein is known to increase urine calcium excretion but
this effect is offset by higher calcium intakes. Studies of protein intake show that, overall, it is good
for bone both as a source of building materials (amino acids) and through its effects on insulin-like
growth factor. In the Framingham Study, age-related bone loss was inversely related to protein intake
[27]. In a calcium intervention trial, only subjects with the highest protein intake and calcium supple-
mentation gained bone [28]. In patients with hip fractures, mortality and recovery is improved if the
patients have adequate protein intake (~1 g protein/kg body weight/day) [29].

The general population of the United States has adequate protein intake, but the population at most
risk for fracture are the ones most likely to consume a diet deficient in protein. The recommended
dietary allowances (RDA) for protein for adults is 0.8 g of protein per kg body weight per day although
this may not be adequate for a patient with a recent fracture. Animal protein foods include meat, poul-
try, fish, dairy products, and eggs. Plant foods include beans, nuts, and seeds.

Phosphorus

Bone mineral consists of calcium phosphate. Adequate dietary phosphorus is therefore as important
as calcium for building bone. Without it, the patient will develop a form of osteomalacia; they will not
mineralize the skeleton. Fortunately, phosphorus is plentiful in many plant and animal tissues and if
one has a diet with adequate protein, it also likely contains adequate phosphorus. Dairy products,
meat, and fish are good sources of phosphorus.

Absorption of phosphorus is highly efficient. Net absorption is about 55-80%. Phosphorus is also
efficiently retained by the body by reducing urinary phosphorus excretion. However, calcium supple-
ments may interfere with phosphorus by acting as a binder and reducing its absorption from the GI
tract. This is a good example of the general rule that food sources of nutrients are superior to a nutrient
ingested in isolation. In this case, a serving of dairy food will supply phosphorus in addition to the
calcium and protein needed for bone health.

The RDA for phosphorus for adults is 700 mg/day and most of the US population obtains enough of
the mineral from their diet. However, some groups may have an inadequate intake such as people eating
a weight-reduction diet. Another problem group is older women who eat poorly: 10% of women
>60 years and 15% of women >80 years consume <70% of the RDA for phosphorus. This group is also
likely to have a diet deficient in other nutrients, including calcium and protein. Also of concern are
those eating very strict vegetarian diets as these do not contain enough phosphorus in a usable form.

Magnesium

About half of the body’s magnesium resides in the skeleton. It may serve as a reservoir for maintain-
ing the extracellular magnesium concentration. Unprocessed foods are good sources of magnesium.
Rich sources include fresh leafy vegetables, whole grains, and nuts. The body is efficient at absorbing
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magnesium from the diet and about 40-60% is absorbed. The kidney is also efficient at retaining
magnesium unless the patient has diabetes or alcoholism that leads to urinary magnesium loss.
Measuring magnesium status can be difficult clinically because serum measurements correlate poorly
with intracellular levels.

Currently, the role of magnesium in maintaining bone density and preventing osteoporosis is
unclear. Cross-sectional studies have not revealed any relationship between magnesium intake and
bone density. Controlled studies of magnesium supplementation show a possible increase in bone
mineral density. With the paucity of evidence for bone health, we would recommend that patients
increase fruit and vegetable intake for general health, but would not make specific recommendations
for magnesium supplementation.

Summary

In summary, bone requires many nutrients obtained from the diet for remodeling and maintaining the
bony structure. We have emphasized calcium and vitamin D in this chapter, but protein and phospho-
rus are also important. A balanced variety of foods is a key factor in intake and supplements should
not be relied on exclusively for meeting the needs of the skeleton.
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Chapter 19
Diet, Physical Activity, and Cancer Prevention

Elaine B. Trujillo, Sharon A. Ross, and Cindy D. Davis

Key Points

Achieve and maintain a healthy weight throughout life; this is one of the most important ways to
reduce cancer risk.

Eat mostly foods of plant origin, including at least 2-2% cups (14-20 oz or 400-575 g) of a variety
of non-starchy vegetables and fruits. Eat whole grains and/or legumes with every meal, and limit
refined starchy foods.

Limit consumption of red meat to 18 0z (510 g) per week and limit processed meat consumption.
Limit daily alcoholic drinks to two drinks a day for men and one for women.

Minimize sedentary behavior and engage in regular physical activity of all types, including occu-
pational, household, transport, and recreational for cancer prevention.

Cancer survivors should follow the recommendations for cancer prevention regarding diet, body
weight, and physical activity.

Keywords Cancer ¢ Diet and prevention ® Body mass index ¢ Phytochemicals ¢ Meat ¢ Alcohol

Introduction

Cancer is a leading cause of death in the USA. Cancer is a general term that represents more than 100
diseases, each with their own etiology. Cancer risk is influenced by both genetic and environmental
factors including dietary habits. While each type of cancer has unique characteristics, all cancers
share one common feature, unregulated cell division. All cancers begin when a single cell acquires
multiple genetic changes and loses control of its normal growth and replication processes. The cancer
process, which can occur over decades, includes fundamental, yet diverse, wide cellular processes,
such as cellular differentiation, cellular proliferation/signaling, and apoptosis [1]. These processes can
be influenced by diet.
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Evidence continues to mount that altering dietary habits is an effective and cost-efficient
approach for both reducing cancer risk and modifying the biological behavior of tumors [2]. The
importance of diet was emphasized more than a quarter century ago when Doll and Peto [3] sug-
gested that approximately 35% (10-70%) of all cancers in the USA might be attributable to
dietary factors. In 2007, similar conclusions were reached by the World Cancer Research Fund/
American Institute of Cancer Research (WCRF/AICR) in the most comprehensive evidence-
based report on the role of food, nutrition, and cancer prevention; the report concluded that diet
and physical activity were major determinants of cancer risk [2]. On a global scale, diet and
physical activity could potentially prevent over three to four million cancer cases each year [2].
The WCRF/AICR provides an ongoing update of diet, nutrition, and physical activity and cancer
risk through the Continuous Update Project [4].

The American Cancer Society’s (ACS) latest annual report on cancer incidence, mortality, and
survival indicates a 23% drop in the cancer death rate since its peak in 1991; overall, cancer incidence
is stable in women and declining by 3.1% per year in men. This trend is thought to be due to steady
reductions in smoking combined with advances in cancer prevention, early detection, and treatment
of some of the leading causes of cancer death [5]. Greater attention to environmental factors, such as
dietary habits and smoking, holds promise to make even greater reductions in cancer rates. Cancer is
no longer being viewed as an inevitable consequence of aging. Only about 5—10% of cancers can be
classified as familial. The capability of utilizing smoking cessation, food and nutrition strategies, and
the promotion of physical activity suggests that cancer is a largely preventable disease.

While considerable evidence points to diet as a critical factor in determining cancer risk, there
are numerous inconsistencies in the literature. Much of this variation in response may relate to
the genetic background of the individual which can markedly influence the response to specific
foods [6]. By utilizing genetic information, we may be able to identify those individuals who
must assure an adequate intake of a particular nutrient for cancer prevention. For example, dietary
calcium can interact with a polymorphism in the vitamin D receptor (the Fok [ restriction site) to
affect colon cancer risk. In this example, dietary calcium was not associated with colon cancer
risk in individuals who were homozygous for the capital F genotype for the vitamin D receptor,
but low dietary calcium was found to be associated with increased colon cancer risk with
increased copies of the little f allele for the vitamin D receptor [6]. Selected polymorphisms may
also be useful as surrogate markers for those who might be placed at risk from excessive expo-
sures. However, the existence of about 30,000 genes and many million single nucleotide poly-
morphisms indicate that understanding individual responses to foods or components is extremely
complicated.

Overweight and Obesity

The latest estimates from the Center for Disease Control and Prevention (CDC) show that obesity rates
among adults rose to almost 38% in 2013/2014, up from 35% in 2011/2012 [7]. Excess body weight has
been suggested as a risk factor for most, but not all, cancers [8]. On the other hand, overweight and
obesity are protective against lung cancer, especially in current and former smokers [9]. In addition to
differences in cancer etiology, the lack of an association across all cancers may reflect the imprecision
in using body mass index (BMI) as a surrogate risk marker. BMI is the most common marker for over-
weight and obesity; overweight and obesity are defined as a BMI >25 and >30, respectively. BMI has
been shown to correlate with direct body fat measures. However, in older persons or those who have
muscle loss or wasting, BMI may indicate a lesser degree of body fatness than is actually the case and,
conversely, BMI may reflect a higher degree of body fatness in persons with higher lean body mass.
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The use of biomarkers of the metabolic syndrome holds promise for determining which shifts in
body energetics are likely contributing to increased cancer risk or changes in the behavior of tumors [10].
Regardless, the WCRF/AICR panel judged the evidence as convincing that greater body fatness is a
cause of cancers of the esophagus, pancreas, colorectum, postmenopausal breast, endometrium, and
kidney [2, 4]. Greater body fatness is probably a cause of cancer of the gallbladder, both directly and
indirectly, through the formation of gallstones [2]. Location of body fat also appears important since
intra-abdominal visceral fat accumulation may be more detrimental than peripheral subcutaneous fat
accumulations [8]. Hence, a high waist circumference may be especially hazardous.

Energy balance is often used to describe the complex interaction between diet, physical activity,
and genetics on growth and body weight over an individual’s lifetime. The influence of energy bal-
ance on cancer risk involves many potential interrelated mechanisms, including insulin resistance,
altered sex hormone metabolism, and increased inflammation (Fig. 19.1).

Early in the twentieth century, research began to emerge that caloric restriction was an effective
strategy for increasing longevity and decreasing cancer risk. Caloric restriction has several favorable
effects on cancer processes including decreased mitogenic response, increased rates of apoptosis,
reduced inflammatory response, induction of DNA repair enzymes, altered drug-metabolizing enzyme
expression, and modified cell-mediated immune function [10]. At least parts of these anticancer prop-
erties associated with caloric restriction likely involve changes in the IGF-1 pathway [10]. Modalities
for the treatment of the metabolic syndrome, such as bariatric surgery and metformin, also may miti-
gate cancer development through altering IGF-1 [11]. Attainment and maintenance of a healthy body
weight throughout life may be one important way to protect against cancer and other common chronic
diseases including hypertension and stroke, type 2 diabetes, and coronary heart disease.
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Fig. 19.1 Long-term positive energy balance due to excessive energy intake and/or low levels of energy expenditure
can lead to obesity. The metabolic consequences of long-term positive energy balance and the accumulation of exces-
sive body fat include increased IGF-1, insulin, and leptin concentrations. These effects can stimulate cellular prolifera-
tion, inhibit apoptosis, increase insulin resistance, alter steroid hormone metabolism, and stimulate inflammatory/
oxidative stress processes, all of which can contribute to increased cancer risk [8]
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A major challenge in understanding the complex relationship between obesity and cancer is deter-
mining which host characteristics are causative and which are associative. Recent research suggests
that obesity is associated with alterations in the gut microbiome [12], but it is not yet clear whether
these obesity-microbiome changes cause the increased cancer risk associated with obesity. The human
gastrointestinal tract harbors trillions of microorganisms, most of which are commensal and have
adapted over time to the milieu of the human colon. The mutualistic relationship between the intesti-
nal microbiota, particularly bacteria, and their mammalian host is thought to be influenced, at least in
part, by diet. Consumption of various nutrients and other food components affects the structure of the
microbial community and provides substrates for microbial metabolism. Eating patterns modify
microbial community structure, and microorganisms can also generate new compounds from food
components. Some of these compounds are beneficial while others may be harmful. Many of the spe-
cific bacterial taxa, as well as microbially generated metabolites, may have a role in health and disease
development including obesity and cancer.

Physical Activity

A key variable in the energy balance equation is energy expended via physical activity. Despite the
numerous health benefits associated with physical activity, Americans are not incorporating enough
physical activity into their daily routines. The CDC estimates that less than half of all adults meet the
2008 Physical Activity Guidelines and that less than three in ten high school students get at least
60 min of physical activity every day [13]. Overall, industrialization, urbanization, and mechanization
have fostered a largely sedentary population in many parts of the world.

Regular, sustained physical activity protects against cancer of some sites independent of its effects
on body fatness [2]. The WCRF/AICR panel found convincing evidence that physical activity protects
against colon cancer [2, 4]. It probably also protects against endometrial and postmenopausal breast
cancer; however, the evidence for premenopausal breast cancer is limited [2, 4]. Because physical
activity promotes a healthy body weight, physical activity also likely protects against those cancers
whose risk is increased by obesity.

Physical activity may influence cancer development through multiple, perhaps overlapping, biologi-
cal pathways, several of which are mentioned in Fig. 19.1. Physical activity promotes regular bowel
movements, which may decrease the time the colon is exposed to potential carcinogens. Additionally,
physical activity causes changes in insulin resistance, metabolism, and hormone levels, which may
help prevent tumor development, and alters a number of inflammatory and immune factors [14].

The WCRF/AICR recommends that individuals should be moderately physically active, equivalent
to brisk walking for at least 30 min every day. As fitness improves, individuals should aim for at least
60 min of moderate activity, or 30 min of more vigorous physical activity, everyday [2].

Plant Foods

Evidence that plant foods protect against cancer comes principally from epidemiological, animal, and
cell culture studies. Plant-based diets are high in nutrients and dietary fiber, low in energy density, rich
in phytochemicals, vitamins, and minerals, and are associated with protection from various cancers.
Phytochemicals refer to a variety of plant components that often perform important functions in the
plant, such as providing color, flavor, or protection. The phytochemical composition of fruits and
vegetables depends on the species and the subtype, as well as the environmental, cultivation, growing,
harvesting, and storage conditions. Many of the health benefits, including cancer prevention, of diets
rich in fruits and vegetables are due, in part, to the presence of multiple phytochemicals (Table 19.1).
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Table 19.1 Selected dietary compounds and cancer risk
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Cancer

Phytochemical/nutrient

effect
Dietary sources

[1,1,1] Potential cancer site[s] Comments

Phytochemicals
Allyl sulfur compounds

Carotenoids

p-Carotene

Lycopene

Phytates, lignin, plant
stanols, sterols
Quercetin

Soy isoflavones [genistein
and daidzein]

Nutrients
Calcium

Folate

Onions, garlic, |
leeks, chives

Citrus fruit, carrots, |
squash, pumpkin

Green leafy |
vegetables, 1

carrots, pumpkin,
sweet potatoes,
squash, spinach,
apricots,
cantaloupe, pink
grapefruit, green
peppers

Tomatoes, tomato |
products, guava,
watermelon, pink
grapefruit,
apricots

Whole grain and l
cereal products

Onion, red grapes, |
citrus fruit,
broccoli

Soybeans I

Milk, cheese and |
other dairy
products

Vegetables l
[especially dark
green leafy
vegetables],
fruits, and liver

Stomach, CRC Although compounds in garlic
demonstrate anticancer
activity, there is insufficient
clinical evidence for
recommending garlic
supplements

Mouth, pharynx,
larynx, lung

Esophageal

Lung Evidence is from high-dose
[-carotene supplements

Prostate Epidemiological studies suggest

that consuming foods

containing lycopene

decreases prostate cancer

risk, interventional studies

do not confirm the effect
CRC, stomach

Lung

Breast Because of the potential to
stimulate growth of
estrogen-dependent human
tumor cells [in animals],
women on antiestrogen
treatments should avoid soy
isoflavone supplementation.
No risk associated with soy
isoflavones from food.
Foods containing soy may
decrease all-cause mortality
in cancer survivors

CRC Milk [from cows] and
supplemental calcium
[1200 mg/day] probably
decrease CRC risk; cheese
may increase CRC risk

Folic acid is the supplemented
form of folate and is added
to bread and grain products
to decrease occurrence of
neural tube defects in
newborns

Pancreatic,
esophageal, CRC

(continued)
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Phytochemical/nutrient

Dietary sources

Cancer
effect

[1,1,1] Potential cancer site[s] Comments

n-3 Fatty acids

n-6 Fatty acids

Selenium

Vitamin B6 [pyridoxine]

Vitamin C

Vitamin D

Vitamin E

Fish [salmon, tuna]

Vegetable oils [corn,

soybean,

sunflower], salad

dressings

Seafood, organ
meats, muscle
meats, cereals

and other grains,

dairy products,
poultry, fish,

€ggs

Fish, beef liver, organ

meats, starchy
vegetables, fruit
[other than
citrus], fortified
cereals, beef,
poultry

Fruits and

vegetables: citrus

fruits, tomatoes

and tomato juice,
potatoes, red and

green peppers,
kiwifruit,
broccoli,
strawberries,

Brussels sprouts,

cantaloupe
Fortified dairy
products, eggs,

mushrooms, fish

Nuts, seeds,
vegetable oils,
green leafy
vegetables,
fortified cereals

Ifor | CRC

Ifor 1 Breast

| Prostate, stomach,
lung, CRC

) Prostate

l Esophageal

l Esophageal

l CRC
| Esophageal, prostate

Evidence refers to n-3 fatty
acids from fish [DHA and
EPA, not alpha-linolenic
acid found in flax, soy,
walnuts]

WINS trial found that reducing
dietary fat intake to 20%
calories from fat with
weight loss may reduce
breast cancer recurrence,
especially in women with
ER disease

AICR CUP downgraded
evidence for prostate cancer
risk from strong to no
conclusions

SELECT trial found that high
dose selenium supplements
doubled the risk of
developing high-grade
cancer in men who started
the trial with high selenium
levels

2014 US Preventive Services
Task Force: no conclusions
could be drawn regarding
the benefits or harms for
cancer prevention

(continued)
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Table 19.1 (continued)
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Phytochemical/nutrient

Dietary sources

[1,1,1] Potential cancer site[s] Comments

Macronutrients
Fat

Fiber

Sugar

Specific foods/beverages
Alcohol

Coffee

Legumes

Processed meat

Red and processed meat

Salt and salty foods

Dietary fats from
plant and animal
foods

Whole grains, fruits,
vegetables,
legumes

Sugar in foods
[juices, milk,
honey, syrups,
high-fructose
corn syrup],
sugars added to
foods [sugar-
sweetened
beverages, baked
goods, cereals,
canned products]

Beers, wines, spirits/
liquors

Coffee beverages
from ground,
roasted coffee
beans

Beans, lentils, peas,
peanuts

Ham, bacon, hot
dogs, pastrami,
salami, sausages

Beef, lamb, pork,
goat

Added table salt,
salt-preserved
foods [salted
meat, fish,
vegetables], salty
processed foods
[chips, nuts,
snack foods]

Lung, postmenopausal Total fat may increase risk of

breast, CRC lung and postmenopausal
breast; animal fat may
increase risk of CRC
CRC, breast Fiber may decrease all-cause
mortality for cancer
survivors
CRC
CRC, mouth, pharynx,
larynx, esophageal,
postmenopausal
breast, liver
Kidney Alcohol intakes up to 30 g/day

[about two drinks]
Endometrial, liver

Prostate, stomach

CRC, esophageal, Convincing for CRC
lung, stomach,
prostate

CRC, stomach, Convincing for CRC

esophagus, lung,

pancreas,

endometrial
Stomach

1 increased cancer risk, | decreased cancer risk, / inconclusive effects on cancer risk, CRC colorectal cancer, ER estro-
gen receptor, DHA docosahexaenoic acid, EPA eicosapentaenoic acid
Source: Refs. [2, 4, 15, 16, 28-30]
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Vegetables, particularly the non-starchy vegetables, and fruits may be protective for a variety of
cancers, notably stomach, colorectal, mouth, pharynx, larynx, lung, esophageal, and pancreatic [2].
While these relationships are based on the epidemiologic literature, there are a number of limitations
that are specific to the analysis of dietary intake of fruit and vegetables, including: most studies of
consumption of dietary fruit and vegetables have been conducted in populations with relatively homo-
geneous diets; smokers consume less fruit and vegetables than nonsmokers; fat intake inversely cor-
relates with fruit and vegetable intake in the United States; and studies using self-reporting tend to
overreport vegetable and fruit consumption. Thus, many uncertainties exist about the relationship
between plant-based diets and cancer prevention.

The magnitude of the response to vegetables and fruits and other dietary components is probably
influenced by many factors, including individual genetic background and a host of environmental fac-
tors, as well as the type, quantity, and duration of consumption of these foods, and interactions among
food components. The allium family, which contains about 500 food species including garlic, onion,
leeks, and chives, illustrates the complexity of food. The allyl sulfur compounds within the allium
family are thought to contain anticancer properties. However, these foods also contain many other
potentially protective constituents, including amino acids, carbohydrates, and flavonoids. Similarly,
other foods contain multitude phytochemicals that make drawing conclusions about the health bene-
fits of a single compound in a food difficult.

Common green, yellow, red, and orange vegetables and fruits contain a variety of carotenoids, includ-
ing lutein, zeaxanthin, cryptoxanthin, lycopene, f-carotene, and a-carotene. Carotenoid intake is associ-
ated with reduced risk of cancer of the mouth, pharynx, larynx, and lung [2]. Although epidemiological
studies reported that high intakes of f-carotene-rich fruits and vegetables or high plasma concentrations
of the pB-carotene are inversely associated with lung cancer risk [2], in two randomized intervention tri-
als, the intake of P-carotene supplements were found to have adverse effects. The a-Tocopherol
B-Carotene Study (ATBC) and the B-Carotene and Retinol Efficacy Trial (CARET) showed increased
lung cancer incidence in high-risk subjects (active smokers) [15, 16]. Unlike p-carotene supplements,
B-carotene-rich vegetables and fruits contain many other compounds that may be protective against
cancer, which may explain the variability seen in these studies. In fact, f-carotene may simply be a
marker for the actual protective substances in vegetables and fruit. Alternatively, the protective effect at
dietary intake amounts of carotenoids may be lost or reversed at the pharmacological levels found in
supplements. The ATBC and CARET studies illustrate that consumption of supplements for cancer
prevention might have unexpected adverse effects in certain populations and that definitive evidence for
safety and efficacy is required before dietary supplementation guidance can be proposed.

Folate, an essential B vitamin found in dark green leafy vegetables, legumes, and fruits, serves as
an example for the importance of diet—gene interactions. The mechanisms by which folate can modu-
late carcinogenesis are related to the sole biochemical function of folate—mediating the transfer of
one-carbon moieties. In this role, folate is an important factor in DNA synthesis, stability, integrity,
and repair. Evidence from cell culture, animal, and human studies indicates that folate deficiency is
associated with DNA strand breaks, impaired DNA repair, and increased mutations. Folic acid, the
supplement form of this vitamin, can correct some of the defects induced by folate deficiency.
Epidemiologic and intervention studies support the role of folate in reducing the risk of colorectal
cancer [2]. However, a common polymorphism in methylenetetrahydrofolate reductase (MTHFR) can
potentially modify the effect of folate on colorectal cancer risk. Several MTHFR genes appear to
influence colorectal cancer risk. MTHFR 677C>T has been studied extensively and is most strongly
related to colorectal cancer risk, though not for risk of colorectal adenoma [17]. Furthermore, other
MTHEFR polymorphisms, combined with low plasma folate levels, may increase colorectal cancer risk
[18]. Possibly 50—100 genes, either directly or indirectly, are involved with folate metabolism, which
illustrates the complexity of diet—gene interactions. Not all individuals respond identically to folate
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and other bioactive food components. A further understanding of the genetics of folate metabolism
will clarify the optimal quantity of folate intake at a population and potentially individual level.

Whole grain intake also has been linked to a reduction in cancer risk, particularly those of the
colon/rectum and stomach. Benefits attributed to whole grain consumption are observed at relatively
low intakes (between two and three servings per day). However, in some Western countries, typical
consumption of whole grain foods is less than one serving per day. Brown rice, bulgur, pearl barley,
whole grain corn, whole oats, whole rye, and whole wheat are widely available whole grains in the
USA. Unraveling the effects of grains is complicated by the fact that individuals consuming enhanced
quantities of whole grains and cereal fibers have better health status, lower BMIs, lower intakes of
alcohol and red meat, smoke less, and are more physically active [19]. Several compounds, including
phytate, phytoestrogens such as lignan, plant stanols, and sterols, and several vitamins and minerals,
present in whole grains may contribute to the observed lower risk of cancer. Additionally, the high
fiber content of whole grains, and also of fruit and vegetables, is satiating and therefore helps prevent
overconsumption of energy and may explain in part their anti-carcinogenic properties.

Just as individual foods are complex, containing multiple phytochemicals that may affect health
and disease risk, the diet and dietary pattern is also complex and may affect disease risk. Individuals
eat varying quantities, proportions, and combinations of foods and beverages at different frequencies.
How various dietary patterns affect disease risk is an emerging area of nutrition research.

The Dietary Patterns Methods Project (DPMP) analyzed the association of select dietary patterns
as characterized by dietary quality indices and mortality outcomes using three large cohort studies in
the USA. Using four dietary indices commonly used in the USA, the Healthy Eating Index 2010, the
Alternative Healthy Eating Index 2010, the alternate Mediterranean Diet score, and the Dietary
Approaches to Stop Hypertension score, the DPMP found that high dietary quality scores were asso-
ciated with a 19-24% and a 11-23% lower cancer mortality in men and women, respectively [20].

Several leading organizations provide public guidance on the optimal diet for cancer prevention.
According to the WCRF/AICR, the ACS, and the World Health Organization, a cancer prevention diet
is plant-based and includes vegetables and fruits, legumes, whole grains, and nuts [2, 21, 22]. Specifically,
the guidelines include consuming 2-2% cups (1420 oz or 400-574 g) of a variety of non-starchy veg-
etables and fruits daily, and foods prepared with whole grains instead of refined grains [2, 21, 22].

Meat Intake

Meat, including all animal flesh apart from fish and seafood, can be classified as red or white. White
meat is generally poultry and usually has more white than red muscle fibers. Red meat is unprocessed
mammalian muscle meat, including beef, veal, pork, lamb, mutton, horse, or goat meat. Processed meat
refers to meats preserved by smoking, curing, salting, or addition of chemical preservatives [2]. In
2015, the International Agency for Research on Cancer (IARC) concluded that there is sufficient evi-
dence to conclude that processed meat is carcinogenic in humans; they classified the consumption of
processed meat as a Group 1 carcinogen. These conclusions were based on the weight of evidence for
colorectal cancer. A positive association was also found between the consumption of processed meat
and stomach cancer. In regard to red meat consumption, the ITARC found limited evidence for carcino-
genicity; consumption of red meat was classified as Group 2A, probably carcinogenic to humans [23].

A range of mechanisms may account for the observed relationship between meat consumption and
colorectal cancer risk. Cooking methods may foster the formation of carcinogens including polycyclic
aromatic hydrocarbons (PAHs) and heterocyclic amines (HCAs) [23]. The formation of PAHs and
HCA:s is dependent on cooking time and temperature; the amounts of these compounds are increased
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in meats that are cooked at high temperatures until well done [24]. PAHs are formed from the pyroly-
sis of fats that occurs when fat drips from meat onto hot coals, forming smoke that is redeposited on
the meat surface. HCAs are formed during high-temperature cooking by the reaction between creati-
nine or creatinine, amino acids, and sugars found in muscle meats [24]. In view of the possible role of
PAHs and HCAs in human carcinogenesis, minimizing exposure, such as by avoiding overheating and
overcooking, seems prudent.

Nitrites and nitrates are often used as preservatives in meats and add the red-pink color to cured
meats. These additives are not carcinogenic, but they can interact with dietary substances such as
amines or amides to produce N-nitroso compounds which are carcinogenic to humans [24]. Several
naturally occurring foods and their constituents, including tea, garlic, and cruciferous vegetables, may
inhibit the formation of endogenous nitrosamines. This reduction in carcinogen formation may con-
tribute to the generally protective effect of fruit and vegetables on cancer risk.

Iron deficiency is the most common and widespread nutritional deficiency in the world. Heme iron
from animal sources is better absorbed than iron from plant sources, and thus animal food is important
in minimizing iron deficiency. However, heme iron can act as a catalyst in the formation of N-nitroso
compounds in the gut and may increase cell proliferation in the mucosa [24]. Environmental pollut-
ants, such as some heavy metals, polychlorinated dibenzo-p-dioxins, and dibenzofurans, dioxin-like
polychlorinated biphenyls, and others contained in raw or unprocessed meat, may play a role in car-
cinogenesis [25]. Genetic mutations and diet—gene interactions with red meat intake also may make
individuals and/or populations susceptible to increased cancer risk, particularly colorectal cancer.

Meat can be a valuable source of many nutrients, including protein, iron, zinc, selenium, and vitamins
Bs and B,,. Therefore, consumption of red meat in moderation can be part of a healthy diet. Cancer
prevention guidelines include moderate consumption of red meat, if eaten at all, and suggest limiting
intake to less than 18 oz (510 g) per week. Very little, if any, processed meat is recommended [2, 21].

Alcohol

Dietary alcohol (ethanol) has been classified by the IARC as a human carcinogen [26]. It is both a
source of dietary energy and a drug, and can therefore influence both mental and physical perfor-
mance. The WCRF/AICR panel judged that there is convincing evidence that alcoholic drinks increase
cancer of the mouth, pharynx and larynx, esophagus, colorectum (men), and breast [2, 4]. Alcoholic
drinks are probably also a cause of liver and colorectal cancers in women [2, 4]. Conversely, evidence
suggests that moderate alcohol intake may decrease the risk of kidney cancer [2, 4]. The type of bever-
age consumed does not appear to influence risk and thus total alcohol appears to be the primary agent
leading to the transformation of cells to neoplastic lesions.

Acetaldehyde, the first and most toxic metabolite of alcohol metabolism, is particularly damaging
to cells. It reacts with DNA in experimental animals to form cancer-promoting compounds [27]. In
addition, highly reactive, oxygen-containing molecules formed during alcohol metabolism can dam-
age DNA, thus promoting tumor development. Experimentally, chronic alcohol consumption has been
reported to promote tumor proliferation via increased vascular endothelial growth factor expression
and tumor angiogenesis [27]. Considerable evidence also points to the ability of alcohol to alter reti-
noid metabolism and thus interfere with differentiation. A change in DNA methylation may be an
overarching factor accounting for changes in multiple cancer-related processes [27]. The response to
alcohol may depend on multiple factors including smoking, adequacy of the diet, and genetic suscep-
tibility. A true understanding of the effect of dietary alcohol may be clouded because of the com-
pounds found in alcohol, which can both promote and potentially suppress tumorigenesis.
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Conclusions

Accumulating evidence continues to demonstrate that food can have a profound effect on cancer risk
and tumor behavior. The overall response is likely dependent on literally thousands of bioactive com-
ponents that occur in food and their interactions with other environmental factors, the gut microbiota,
and the consumer’s genetics. These effects, which may be inhibitory or stimulatory depending on the
specific bioactive food component, are mediated through diverse biological mechanisms. The identi-
fication and elucidation of the specific molecular sites for food components is critical for identifying
those who will benefit maximally or be placed at risk from excess exposure. Until this information is
available it remains prudent to eat a variety of foods and to maintain a healthy weight through control-
ling caloric intake and exercise.

Expanding knowledge about the physiological consequences of nutrigenomics —which includes
nutrigenetic (genetic profiles that modulate the response to food components), nutritional transcrip-
tomics (influence of food components on gene expression profiles), and nutritional epigenomics
(influence of food components on DNA methylation and other epigenetic events and vice versa)—
should help identify those who will and will not respond to particular dietary interventions. New
reports are constantly surfacing that population studies are underestimating the significance of diet in
overall cancer prevention and therapy and that subpopulations may be particularly sensitive to subtle
changes in eating behaviors. To identify those who will benefit most from dietary change, more atten-
tion needs to be given to the identification of three types of biomarkers: (1) those reflecting exposures
needed to bring about a desired response; (2) those which indicate a change in a physiologically rel-
evant biological process which is linked to cancer; and (3) those which can be used to predict a per-
sonalized susceptibility based on nutrient—nutrient interactions and gene—nutrient interactions.

As the science of nutrition unfolds, a clearer understanding will surely emerge about how food
components modulate cancer, and how the food supply might be modified through agronomic
approaches and/or biotechnology. While the challenges to unraveling the relationships between diet
and cancer prevention are enormous, so is the societal and health benefits that will occur because of
these discoveries.
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Chapter 20
Vegetarian and Vegan Diets: Weighing the Claims

Caroline McGirr, Claire T. McEvoy, and Jayne V. Woodside

Key Points

e Between | and 10% of the population in developed countries are thought to be vegetarian. Women
are more likely to be vegetarian than men. Vegetarian and vegan diets are heterogeneous in nature,
which makes provision of dietary recommendations difficult.

e Populations following vegetarian diets have potential health benefits including reduced risk of
coronary heart disease and obesity.

e Very restrictive or unbalanced vegetarian diets can result in nutrient deficiencies particularly iron,
calcium, zinc, and vitamins B, and D.

e Carefully planned vegetarian and vegan diets can provide adequate nutrition for all stages of life.

Keywords Vegetarian ¢ Vegan ¢ Nutrient status

Introduction

Vegetarian diets are becoming increasingly popular in developed countries. While no reliable preva-
lence data for vegetarian populations exist, results of polls and surveys have reported population
prevalence of between 1 and 10% in the European Union, the United States, and Canada [1]. A
recent study in the United States reported that 2.8% of respondents never ate meat, poultry, fish, or
other seafood, although 4-10% would classify themselves as vegetarian [2]. Vegetarian diets are
often heterogeneous in nature, involving a wide range of dietary practices. These are summarized in
Table 20.1. Even within classifications of dietary practices, there can be a high level of variability
depending on the individual dietary restriction(s). Vegetarian or vegan diets may be practiced for a
variety of reasons, including health, cultural, philosophical, religious, and ecological beliefs, or sim-
ply because of taste preferences. This chapter will discuss vegetarian and vegan diets and their
impact on human health.
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Table 20.1 Classification of vegetarian and vegan diet

Vegetarian diet ~ Description

Semi- or Demi-  Excludes red meat. May exclude poultry. Fish is usually eaten

Pescetarian Excludes red meat and poultry but eats fish and possibly shellfish

Lacto-ovo- Excludes all meat, fish, and poultry. Milk, milk products, and eggs are usually eaten

Vegan Consumes no food of animal origin. Eats plant food, grains, legumes, nuts, seeds, vegetable oils
Raw food An extreme form of veganism with emphasis on organic, home-grown, or wild food in their raw or

natural state. Usually comprises 80% by weight raw plants. Periods of fasting and laxative use
may be practiced

Fruitarian An extreme form of veganism which excludes all food of animal origin and also living plants. Diet
is mainly raw: 70-80% fruit with small amounts of beans, bread, tofu, nuts, and seeds
Macrobiotic This extreme diet progresses through ten levels becoming increasingly restrictive. It is based on

50-60% wholegrain, 25-30% fruit and vegetables (fruits can also be restricted), 5-10% beans
and sea vegetables, and restricted beverages. Fish may be eaten initially 2-3 times per week

Food may be gradually eliminated through the ten levels. At the final level, only cereal (brown
rice) is eaten

Health Benefits of Vegetarian Diets

There has been renewed interest in the proposed benefit of plant-based diets in reducing the risk of
chronic diseases such as cardiovascular disease (CVD), cancer, and type 2 diabetes. Mediterranean-
style diets are associated with a reduced risk of CVD; this occurs through modification of known risk
factors, including blood pressure, body mass index (BMI), insulin resistance, and lipid profiles. The
Mediterranean diet is characterized by a moderate/low intake of red meat and an increased intake of
olive oil, fresh fruit, vegetables, legumes, nuts, wholegrains, and oily fish. Balanced vegetarian diets
also tend to be rich in complex carbohydrate, dietary fiber, n—6 fatty acids, folate, vitamins C and E,
and magnesium. However, in contrast to a Mediterranean or omnivorous diet, vegetarian diets (par-
ticularly vegan diets) tend to be lower in protein, n—3 fatty acids, vitamin A and B,, zinc, and cal-
cium; this is due to the absence of red meat, animal protein, and/or dairy products.

Epidemiological evidence suggests that vegetarians have a relatively low mortality rate compared to
the general Western population [3]. Much of this evidence comes from studies where different popula-
tions have been compared. However, we must at this point inject a note of caution. These studies have
investigated health-conscious populations such as Seventh Day Adventists. Such populations not only
have a high prevalence of vegetarianism, but also generally have numerous other lifestyle differences
from the general population, including consuming little alcohol, having low rates of smoking, and pos-
sibly having increased levels of physical activity. These confounding factors make it difficult for epide-
miologists to disentangle the role of vegetarianism from the other factors. Another line of research is
prospective cohort studies, i.e., comparing vegetarians vs. omnivores within the same population and
tracking the development of disease. In addition to nutritional differences, vegetarians typically have
lifestyle differences from omnivores, making it extremely difficult to make definitive conclusions
regarding the relationship between a vegetarian diet and risk of disease. The above problems also apply
to studies on the relationship between vegetarianism and specific diseases, such as CVD and cancer.

Vegetarian Diets and Cardiovascular Disease

Systematic reviews of epidemiological studies have reported that vegetarians have a reduced risk of
CVD mortality (i.e., both coronary heart disease (CHD) and stroke) when compared to omnivores [4, 5].
Generally, the lowest risk is seen in those eating fish but not meat. These findings may be explained,
in part, by the observed differences in lipid profiles, blood pressure, and weight measures.
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Vegetarian Diet and Serum Lipids

Vegetarians generally have lower serum levels of total cholesterol and low-density lipoprotein (LDL)-
cholesterol when compared to omnivores [6]. This can be explained, to a large extent, by the fact that
vegetarian diets, particularly vegan diets, tend to be lower in saturated fat and trans fat and higher in
dietary fiber compared to omnivorous diets [7]. Vegetarian diets may also include many functional
foods such as oats (B-glucans), psyllium, soy protein, and plant sterols, which have independent cardio-
protective effects.

Nuts are consumed more frequently in vegetarian diets and they are inversely correlated with CHD
risk. Nuts, especially almonds and hazelnuts, are high in monounsaturated fat and have produced
appreciable reductions in LDL-cholesterol. This topic is also discussed in Chap. 11.

Vegetarian Diets and Blood Pressure

Vegetarian diets appear to reduce blood pressure, which is associated with the risk of CVD [7, 8].
Nonvegetarians, both normotensives and hypertensives, prescribed vegetarian diets demonstrate lower
blood pressure. Furthermore, the prevalence of hypertension appears to be lower in vegetarian popula-
tions, especially vegans [9].

Important findings came from the Dietary Approaches to Stop Hypertension (DASH) study. The
DASH diet had a significant lowering effect on blood pressure, independent of sodium intake, in both
hypertensive and normotensive adults [10]. The DASH diet is largely plant-based, high in nuts, allows
plenty of low-fat milk, recommends fish/chicken rather than red meat, and is low in saturated fat,
cholesterol, and refined carbohydrates. The diet is therefore similar to a varied vegetarian diet.

Vegetarian Diets and Obesity

Vegetarians, and particularly vegans, have lower body weights than the general population, with a low
prevalence of obesity [11, 12]. BMI is on average 1-2 kg/m? less in vegetarians and vegans compared
with nonvegetarians [7, 11]. Actual nutrient intakes in vegetarian diets are discussed in more detail
later in this chapter.

Cancer

It is widely recognized that dietary risk factors is one of the most important avoidable causes of can-
cer, after smoking. It has been suggested that approximately one third of cancer deaths can be avoided
by changes in diet [13]. There is little scientific evidence evaluating whole dietary approaches in the
prevention of cancer; therefore, limited recommendations advocating vegetarian diets can be made.
However, there is some good evidence for a protective effect of some dietary components that are
more likely to be consumed in greater frequency within a vegetarian diet. Fruit and vegetable intake
have been found to be protective for certain cancers, particularly for mouth, esophageal, larynx, lung,
gastric, and possibly prostate cancer [13, 14]. It is currently recommended that diets should include
400 g of total fruit and vegetables per day, which equates to about five servings [13, 14].
Additionally, there is a growing body of evidence demonstrating a very direct and positive relation-
ship between red and processed meat consumption and colon cancer risk. A recent report by the
International Agency for Research on Cancer [15] investigated relevant cohort and case-control
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studies and concluded that there is evidence to support a carcinogenic effect of processed meat con-
sumption, but limited evidence to support a carcinogenic effect of red meat consumption, although it
is classified as ‘probably carcinogenic’ [15].

Type 2 Diabetes

Clinical studies investigating the impact of vegan/vegetarian diets in people with type 2 diabetes have
shown significant reductions in fasting blood sugar, cholesterol, and triglyceride levels [16, 17].
Epidemiological studies have supported the hypothesis that vegetarian diets protect against type 2 diabe-
tes [18]. Results of a cohort study with up to 433,000 participants reported that high intakes of red meat
and processed meat are potential risk factors for the development of type 2 diabetes [19]. A meta-analysis,
involving 442,101 participants and 28,228 incident diabetes cases, reported that daily consumption of
50 g processed red meat per day or 100 g unprocessed red meat per day was associated with a 51% and a
19% increase in the risk of type 2 diabetes, respectively [20]. Further clinical studies are, however, needed
to assess the impact of vegetarian diets on outcome measurements and incidence in type 2 diabetes.

Bone Health

Adequate calcium intake is important for optimal bone mineral density. This is achievable for vegetar-
ians consuming dairy products, but is more challenging for vegans. There is surprisingly little infor-
mation regarding the long-term bone health of vegans, although there is some suggestion that bone
mineral density may be reduced especially in those following macrobiotic and strict vegetarian diets.
However, bone quality is also important for fracture prevention. There is a growing body of evidence
suggesting that a diet high in fruit and vegetables and low in animal protein can reduce the renal acid
load and therefore reduce calcium loss and bone resorption [21].

Nutrient Deficiencies in Vegetarian Diets

Carefully planned vegetarian and vegan diets can provide adequate nutrients for optimum health [22].
Evidence suggests that infants and children can be successfully reared on vegan and vegetarian diets
[23, 24]. However, all dietary practices, including nonvegetarian diets, can be deleterious for health if
essential nutrients are not consumed according to individual needs. Therefore, it is essential that veg-
etarian and vegan diets contain a balance of nutrients from a wide variety of food. If the diet becomes
more restrictive, the risk of specific nutritional deficiencies increases. This is particularly the case for
infants and children, and for women who are pregnant, lactating, or menstruating. Nutrients most
likely to be deficient in unbalanced or very restrictive vegetarian diets are energy, protein, calcium,
iron, zinc, iodine, vitamins A and B,,, and n—3 fatty acids. These are discussed in more detail below.

Energy

Energy intakes are comparable in vegetarian and nonvegetarians [25]. However, energy intake may
be of concern in vegan infants and children, particularly those following macrobiotic or raw food
diets. The growth rates of vegetarian children have been found to be similar to nonvegetarian
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children [25]. However, vegan children can show a tendency for smaller stature when compared to a
reference population; height measurements may still reside within normal limits and catch-up growth
usually occurs by the age of 10 years [24]. In a UK study, vegan children, both boys and girls, were
found to be slightly lighter than a reference population [23]. This may, of course, be advantageous.
Failure to thrive in infants and children has been observed in extremely restrictive diets, such as
fruitarian diets, and these diets are not recommended for children. Furthermore, protein-energy mal-
nutrition and nutrient deficiencies have been reported in infants and children fed with inappropriate
vegetarian diets [25]. The vegan diet is bulky, owing to an increased content of dietary fiber, which
may cause early satiety in children, thereby limiting energy intake. Frequent meals and snacks, using
soy protein, and alternative fat sources can be used to increase the energy density of the diet and
support growth and development in vegan children. Nut and nut butters, which are calorific, can be
introduced after 3 years [23].

Protein

Protein intakes tend to be lower in vegetarian and vegan adults and children [24, 25]. It is reported to
be approximately 12% of energy intake, which is sufficient for nitrogen balance, provided energy
intake is adequate [25]. Plant proteins tend to have lower biological values than animal protein and
the protein is in a less utilizable form. However, when a wide range of plant protein is consumed (soy
protein, textured vegetable protein, legumes, nuts, seeds, and grains), essential amino acid require-
ments can be adequately met. It is generally felt that there is no need for protein combining at meal-
times [24]. Protein requirements may be higher in vegan athletes, lactating or pregnant women,
infants, and children. Infants should be breastfed exclusively for the first 6 months or a commercial
soy-based formula used. Products such as home-prepared milks or milk from rice, nuts, or seeds
should not be used to replace breast milk or commercial soy milk for infants under 1 year due to dif-
ferences in macronutrient and micronutrient ratio. The weaning guidelines for vegetarian infants are
the same as nonvegetarian infants [22]. Protein requirements are therefore likely to be met in vegan
diets when adequate energy intake is consumed.

Calcium

Calcium intakes are adequate for lactovegetarians, but can be lower than recommended amounts in
vegan adults and children [23, 24]. Good sources of calcium in vegan diets are shown in Table 20.2
[26, 27] and a general discussion on calcium and bone health can be found in Chap. 18.

When calcium intake is lower, intestinal absorption is greater; and adequate calcium intake for bone
mass may therefore be achievable at a lower calcium intake. Additionally, high intake of protein,
sodium, and caffeine increase body losses of calcium [28]. As vegans often have a reduced intake of
these dietary components, they may therefore be able to conserve a higher proportion of dietary cal-
cium intake than omnivores [25]. However, any advantage for calcium absorption in vegans could be
offset by the high phytate and oxalate content of the vegan diet. Low oxalate green vegetables, such as
cabbages, spring greens, and kale, have higher calcium bioavailability (49—61%) and should be con-
sumed regularly by vegans [22]. For optimal calcium intake in vegetarians and vegans, the American
Dietetic Association recommends a minimum of eight servings per day of bioavailable calcium foods,
such as those listed in Table 20.2 [26]. This requirement may be greater in teenagers, and women who
are lactating or pregnant.
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Table 20.2 Main sources of nutrients in vegetarian/vegan diets [26]

Amount per
average
Nutrient Main vegetarian source serving Notes

Calcium Green vegetables (broccoli, cabbage, 79-239 mg Oxalate/phytate reduces bioavailability
collard greens, bok choy, turnip
greens, kale)
Fortified soy products (milk, yogurts, 92-430 mg Intestinal absorption increases when intake

tofu, tempeh) reduced
Fortified cereals 55-315 mg
Dried figs (5) 137 mg
Almonds 88 mg
Sesame tahini 128 mg
Iron Cooked soybeans, tofu, tempeh 2.2-6.6 mg Absorption of nonheme iron is enhanced by

ascorbic acid, small amounts of alcohol,
retinol, and carotenes
Cooked legumes (lentils, chickpeas, 2.2-3.3 mg Absorption is inhibited by phytates, tannins/

adzuki, kidney) polyphenols, and soy protein
Dried pumpkin/squash seeds, 2.1-5.2 mg
cashews, sunflower seeds, tahini
Fortified cereal 2.1-18 mg
Baked potato (including skin) 2.3 mg
Zinc Soybeans (cooked/roasted), tofu, 1.0-4.2 mg Phytate reduces bioavailability of zinc
fortified veggie meats
Baked beans, lentils, navy beans 1.8-2.3 mg
Pumpkin/squash seeds dried, 1.8-2.6 mg
cashews, sunflower seeds toasted
Fortified cereal 0.7-15 mg
Wheat germ 1.8 mg
Cooked peas 1.0 mg
Vitamin B, Fortified foods: cereal, yeast, soy 0.6-6.0 pug Supplement may be required
milk 1.5 pg
0.4-1.6 ug
Vitamin D Fortified cereal 0.5-1.0 pug Supplement may be required
Fortified soymilk 0.5-1.5 pg
Vegan margarines Variable
n-3 fatty Ground flaxseed 1.9-22¢ Supplement may be required
acids Flaxseed oil 6.9 g [27]
Canola oil 1.3 g[27]
Cooked soy beans 0.5 g [27]
Walnuts 2.6 g [27]

Iron

Iron deficiency can occur as a result of inadequate intake, but also because of poor absorption from
the GI tract. An adequate intake of iron in vegetarians and vegans can easily be achieved, assuming
their diet is balanced. However, plant sources of nonheme iron are less bioavailable than heme iron
found in meat. Phytate, soy protein, and polyphenols/tannins within the plant-based diet can inhibit
iron absorption. For that reason, it is recommended that iron intakes should be 1.8 times higher in
vegetarians and vegans than in nonvegetarians [22]. Ascorbic acid, retinol, alcohol, and carotenes can
enhance the absorption of nonheme iron.
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The prevalence of iron deficiency anemia is no greater in vegetarians than in omnivores, although
iron stores tend to be lower, especially in women [29]. Women of child-bearing age are at most risk.
Dietary advice should focus on encouraging a variety of nonheme iron sources (cooked legumes,
fortified breads and cereals, baked potatoes, soy proteins), encouraging high intakes of ascorbic acid
with meals to aid absorption, and avoiding consumption of inhibitors, such as tea or coffee with
meals. There is some tentative evidence that fermentation of soy proteins to produce miso and tempeh
can reduce the phytate content and improve iron availability [22]. Additionally, iron cookware may be
advocated, since significant amounts of iron dissolve in food [29].

Zinc

The majority of zinc in the Western diet comes together with animal proteins. Legumes, whole grains,
nuts, and seeds are reasonable plant-substitute sources of zinc. However, the bioavailability of zinc is
reduced by high levels of supplemental calcium and by phytate, which is also found in legumes, whole
grains, nuts, and seeds. Vegetarians and vegans appear to have adequate zinc status, but lower serum
levels than nonvegetarian counterparts [30]. Little is known regarding the effects of marginal zinc
deficiency. Although adaptation to a low intake may occur over time, thanks to increased intestinal
absorption [29], good plant sources of zinc, as shown in Table 20.2, should be encouraged.

Vitamin B, (Cobalamin)

Vitamin B, is required by the body in microgram amounts and is found only in food of animal origin.
Deficiency of this vitamin is extremely rare as the human body stores several years’ worth of it. Elderly
and strict vegan individuals are most at risk. Deficiency of B, can cause pernicious anemia and can
result in megaloblastic anemia with central nervous system demyelination if not treated early. Symptoms
in infants and children include irritability, failure to thrive, and feeding difficulties; prolonged defi-
ciency can lead to permanent developmental disabilities [31, 32]. Diagnosing B, deficiency prior to
symptom development in vegetarians is difficult, usually due to a high folate intake masking the hema-
tological signs of deficiency. Since folate intake is often higher in vegan diets, elevated serum methyl-
malonic acid, holo transcobalamin, and/or homocysteine may be more sensitive indicators of a By,
deficiency [32]. Purported plant-based sources (tempeh, algae extracts, and sea vegetables) have been
found to contain more inactive corrinoids than true B, [32] and thus they are not reliable sources of
B),. Risk of By, deficiency in vegans is increased if their diet is not supplemented with fortified prod-
ucts (fortified yeast extract, fortified soy products, and some brands of breakfast cereals). It is recom-
mended that vegans include three dietary sources of B, per day. If this is not achievable, a daily
supplement of 5-10 pg is recommended for adults [26]. Supplementation of 25-100 pg/day has been
used to maintain vitamin B, levels in older people. Unless the maternal diet is adequate in B,,, breast-
fed infants should receive 0.4 pg/day from birth to 6 months, and 0.5 pg/day after that time [23].

Vitamin D

If a person has adequate exposure to sunlight and normal liver function, the body can produce
25-hydroxyvitamin D. However, for many people, especially those in urban environments and during
the winter months, dietary supplementation may be important because they do not receive adequate
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exposure to sunlight. This is especially the case if living in high latitudes where there is less opportu-
nity for sunlight exposure. Major dietary sources of vitamin D are limited to animal food. Vegans and
those consuming very restrictive vegetarian diets are therefore at risk of deficiency. There have been
reports of a high prevalence of rickets in children reared on macrobiotic diets [25]. Alternative dietary
sources include fortified soy milks and cheeses and vegan margarines. In some cases, a vitamin D
supplement may be required, particularly in children under 2 years and lactating mothers with inad-
equate vitamin D intake.

n-3 Fatty Acids

Vegetarian diets can be lower in n—3 fatty acids, in particular the marine fatty acids eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), and higher in n—6 fatty acids (linoleic acid). a-Linolenic
acid, the n—3 fatty acid found in plant foods, can be converted to EPA and DHA, but the rate of con-
version is very low and can be further inhibited by a high intake of linoleic acid. These long-chain
fatty acids are thought to be important for immune, cognitive, and cardiac function. Most studies show
lower serum levels of EPA and DHA in vegans [33]. Good vegan sources of n—3 fatty acids include
flaxseed and flaxseed oil, canola oil, walnuts, and/or vegan DHA supplements. For adults, intake of
n—3 fatty acids should be 0.5-2% of total energy intake [34].

Summary

Many individuals and special interest groups claim that vegetarian diets can reduce the aging process,
prolong life, and promote health and vitality. These claims are largely unsubstantiated in terms of
reliable scientific evidence. However, vegetarian and vegan diets may be associated with improved
health outcomes, especially for CHD and certain cancers. Vegetarian lifestyles often encompass atti-
tudes and behaviors which can serve to improve overall health and well-being; for example, physical
activity, not smoking, and limiting alcohol consumption.

It is widely recognized that over-reliance on one single food, or food group, will not provide the
range of nutrients required for optimum health and well-being. This is the case for all diets—omnivo-
rous, vegetarian, and vegan. All dietary practices should aim to meet current recommended nutrient
intakes to prevent chronic diseases [34]. A diet low in fat, sugar, and salt and rich in fruit, vegetables,
wholegrains, and dietary fiber is encouraged. Variety in individual diets is also important. If a particu-
lar food or food group is not consumed routinely, alternative nutrient sources should be included.

Vegetarian and vegan diets can be balanced and healthy for all stages of life, provided appropriate
preparation and planning is given [22]. This is especially the case for groups at risk of nutrient defi-
ciency including infants, small children, menstruating and lactating women, and athletes.
Supplementation of vegan diets may be necessary if adequate intake of nutrients cannot be achieved.
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Chapter 21
Dietary Recommendations for Nonalcoholic Beverages

Ted Wilson and Kerrie Kaspar

Key Points

* Coffee and tea consumption imparts modest health benefits.

» Caffeine is ubiquitous for its effect on wakefulness and has a 3—6 h half-life.

* Fruit and vegetable juices can be a part of a balanced diet, if the consumer can remain mindful of
their contributions to energy and possible salt intake.

e Milk consumption has slowly decreased as consumption of soft drinks has increased; health-care
professionals should suggest that their clients reverse this consumption pattern.

* Nonnutritive (artificial) sweeteners may help reduce caloric intake, but their use may not be associ-
ated with improved weight loss.

e Meal replacement beverages are often used. They can be of value, especially for elderly people.

e Sports drinks can be of some value but many of their claimed benefits lack supporting scientific
evidence.

e Energy drink consumption should be limited and can lead to problems with sleep, especially when
large amounts of caffeine are ingested.

Keywords Beverages ¢ Tea » Coffee ¢ Caffeine ® Milk ¢ Fruit juices ® Sports beverages ¢ Aspartame

We Are (Mainly) What We Drink

Water represents as much as 60% of the body weight in a lean person and as little as 45% in the obese.
The Dietary Recommended Intake (DRI) for water in non-exercising persons is 3.7 L/day for men and
2.7 L/day for women, with newborns and the elderly being most sensitive to dehydration. Beverages
play a major role in determining hydration status and nutritional health.
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Few clinical recommendations exist to help physicians guide patients in their understanding of the
importance of beverages as part of nutritional health. This is surprising given that beverages provide
about one-fifth of our daily caloric intake, with the greatest caloric intake occurring in 19-39-year-olds
[1]. Beverages are widely variable in their nutrient content; they may contain carbohydrates, fats, and
proteins, vitamins, and minerals, whose health effects are well understood, and polyphenolic com-
pounds, whose effects on health are poorly understood. Beverages are also the main source of caffeine
in the diet. The major health implications of alcohol are discussed in Chap. 22. This chapter provides a
short review of the beneficial and detrimental effects of major nonalcoholic beverages, including cof-
fee, tea, fruit juices, soft drinks, energy drinks, sports drinks, drinks for weight management, and water.

Coffee Consumption Poses No Health Risk for Most Persons

Approximately 75% of Americans aged >20 years drink coffee and they consume about 14 oz (1.8
cups or 417 mL) in an average day [2]. Low-to-moderate coffee consumption (<3 cups/day) is safe
for the typical consumer. Indeed, this level of consumption appears to be moderately protective against
cognitive disorders (dementia, Alzheimer’s, and cognitive decline) with the lowest risk ratio (RR) of
0.8 achieved at a daily intake of 1-2 cups [3]. Moderate coffee consumption has also been associated
with neutral or moderately beneficial effects on cardiovascular disease (CVD) risk and overall mortal-
ity [4]. Recent evidence also suggests that coffee consumption may help prevent type 2 diabetes [5].
Epidemiological evidence shows that low-to-moderate levels of coffee intake impart little or no added
risk for cancer and that the beverage may be mildly protective against cancer [4]. Taking the above
evidence as a whole, a general guideline for coffee is a limit of 2—3 cups/day and an intake of 5 cups/
day probably poses a negligible risk to health.

When estimating coffee consumption, it is important to consider the size of the container, the habit
of refilling the cup, the variability of coffee drinking between different days (weekdays/weekends), and
seasonal differences in intake. The method used to prepare coffee from the grounds can also influence
the health effects. Drip coffee makers with paper filters represent how most coffee in the USA is pre-
pared, although French press and espresso methods are also popular. Different brewing methods lead
to slight differences in phenolic extraction, caffeine content, and taste; in this regard, non-drip methods
may result in coffee that provides better cardiovascular protection than French press methods.

Coffee beans may contain 1.0-2.5% caffeine by weight; the actual caffeine content in what a con-
sumer considers to be a “cup” is quite variable (Table 20.1). The size of the cup, mug, or container
used to deliver the coffee ranges from a small one-ounce espresso cup to a mammoth 40-0z mug

Table 20.1 Typical caffeine content of commonly consumed beverages adjusted to a 8 oz (240 mL) serving sizes for
uniform comparison

Drink Caffeine content (mg) Drink (8 oz) Caffeine content (mg)
Filter-drip coffee 95-233 5-Hour energy 800
Instant coffee 27-173 Mountain Dew 36
Decaffeinated coffee 3-20 Diet Mountain Dew 36
Green tea 13-20 Coca-Cola Classic 23
Black tea 66 Diet Coke 31
Chai tea 50 Coke Zero 23
Lipton brisk iced tea 5 Sunkist Orange Soda 27
Arizona iced tea 15-30 Orange Crush 0
Hot chocolate 13 Monster Energy 80
Chocolate milk 5 Monster Hitman Sniper 600

Milk chocolate (28 g) 8 RockStar Energy Drink 80
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popular with many long-haul truckers. Filter-drip methods remain the most popular method and tend
to have shorter periods for the caffeine and phenolic substances in the coffee to be extracted. Persons
seeking more caffeine may wish to use French press methods of brewing because the grounds are
permitted a longer time for caffeine extraction.

Coffee is far more than caffeine: it is a complex mixture of caffeine and phenolic acids. The phenolic
acids in coffee impart its color, taste, and smell, and also help explain the health effects of coffee.

The decaffeination process does not remove all the caffeine; there is much variation in the amount
of residual caffeine in “decaffeinated” coffee. The decaffeination process is also associated with a
reduced phenolic content and the possible introduction of compounds, such as nitric acids and form-
aldehyde, which are sometimes used to extract the caffeine and may impart side effects.

What’s the Buzz Regarding Caffeine?

Caffeine is a stimulant of the nervous system and can improve reaction times and wakefulness. It is
integral to the effects of many beverages and the content of caffeine varies widely in different bever-
ages (Table 20.1). The estimated average consumption of caffeine in the USA is 165 mg/day for all
persons and highest (225 mg/day) for persons aged 50—64 years [6]. Caffeine consumption for those
aged 12—17 years is estimated to be 50 mg/day [7]. Caffeine has also been shown to improve athletic
performance by postponing fatigue, increasing muscle efficiency, and improving oxygen utilization
[8]. However, caffeine intoxication is medically defined as consumption over 400 mg and a lethal dose
is estimated at 10 g [9].

Caffeine has a profound stimulant effect in some persons, although individual sensitivities vary
widely. Caffeine is of course an integral part of coffee, tea, energy drinks, and other beverages that
have been previously described in this chapter. It potentially induces its effects by acting on adenos-
ine receptors and/or by inhibiting phosphodiesterase to increase intracellular cAMP. Surprisingly
few negative health effects have associated with caffeine consumption. However, as a cautious rec-
ommendation, the elderly and pregnant women may wish to limit their intake of caffeinated bever-
ages. Given that caffeine has a half-life of 3—6 h, it can act as a causative agent for insomnia or other
sleep disorders.

Tea Consumption Is Protective and Should Be Encouraged

After water, tea is the most popular beverage in the world. The popularity of tea in the United States
is increasing, possibly in response to reports of its favorable health benefits. Leaves from the tea
plant Camellia sinensis are the source of the primary tea types (green, black, and oolong). Industrial
processing of green and black teas changes their respective polyphenolic profiles. Freshly brewed
green tea contains many phenolic compounds including (—)-epigallocatechin-3-gallate (EGCG),
while black tea contains lower levels of these compounds. EGCG makes up more than 40% of the
total polyphenolic mixture and appears to be responsible for most of the beneficial effects of green
tea. Its maximal plasma concentration is achieved 1.3-2.4 h after consumption. EGCG is classified
by the FDA as “generally recognized as safe” (GRAS) and is a popular food additive and nutraceu-
tical supplement. Tea also contains caffeine though considerably less than the amount in coffee
(Table 20.1).

Many epidemiological studies have reported a protective association between green tea and the
risk of both cancer and CVD [10, 11]. However, this evidence is based heavily on studies in Japan and
China where many people drink eight or more cups per day. Thus, one or two cups/day may have a
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fairly small (though useful) effect. Black tea has also been demonstrated to be protective against
CVD, possibly by helping to improve endothelial cell function and vasodilation [12]. In Western
populations, the consumption of three or more cups/day of black tea has also been strongly associated
with protection from coronary heart disease (CHD) [13]. As a general guideline, consumption of up
to 3—4 cups/day should be recommended.

Milk Is Good for You

Milk has long been recognized as a way to enhance calcium intake and bone health, especially when
it is fortified with vitamin D, a topic discussed more thoroughly in Chap. 18. Nearly all milk sold in
the USA and Canada is fortified with vitamin D to obtain a standardized amount of 400 IU (15 pg) per
cup (250 mL). Milk is also an excellent source of potassium, magnesium, and protein.

Surprisingly, the fat content of milk does not lead to deleterious changes in the lipoprotein profile
nor does it lead to increased risk for CHD. Indeed, the DASH study demonstrated that low-fat and
high-fat dairy consumption lead to similar decreases in blood pressure [14]. Milk consumption may
promote improved weight control and consumption is inversely correlated with the risk of developing
insulin resistance.

Milk consumption is arguably most important in younger persons who are developing bone mass.
Unfortunately, in the last few decades, milk consumption has declined among this age group at the
same time that soft drink consumption has increased. Recommendations for milk have seen ups and
downs and ups over the last 20 years leading to a lack of clarity. Milk consumption should be pro-
moted in persons who are not lactose intolerant. A general guideline is 2—4 cups/day.

Lack of lactase in the intestine results in lactose intolerance. This condition can be dealt with either
by avoiding milk or by consuming lactose-free dairy products. This condition is most common among
persons of southeast Asian decent followed by Native Americans, African-Americans, and
Mediterranean peoples, and is least common among those of northern European descent. Potential
food allergies to milk are discussed in Chap. 17.

Health Benefits of Fruit and Vegetable Juices

It is notable that persons in the lowest quartile of fruit and vegetable consumption are in the highest
quartile for risk of CVD and cancer. The DASH study suggested that the inclusion of fruits and veg-
etables may also be associated with improved blood pressure [14]. For many reasons, the five-a-day
program seeks to boost fruit and vegetable consumption and the American Dietetic Association rec-
ommends that juice consumption can be used to improve fruit and vegetable intake. Because of their
enjoyable taste, widespread accessibility, and ease of storage, juice is a popular way to increase fruit
consumption. However, patients should also be reminded that consumption of fruit juice is only a
partial solution to improving intake of fruit for the following reasons:

(a) Juices are usually a poor source of fiber.

(b) They have a high content of simple sugars, and this can induce an excessive energy intake when
not consumed in moderation.

(c) The vitamin C content decreases over time; products should be consumed within a week of
opening.

(d) The polyphenolic profile of juices is highly related to environmental and processing conditions,
and the fruit source.
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(e) Total consumption recommendations are difficult to make, but should probably not exceed two
8 0z (250 mL) cups per day.

(f) Consumers should be reminded that whole fruits provide better nutritional value, although they
may be more expensive or less available than frozen or pasteurized juice. Ideally, people should
eat whole fruit, not fruit juice.

There are several types of pseudo fruit juices that are, in reality, nutritionally the same as cola.
These include those labeled as fruit beverages, fruit nectar, fruit drink, and fruit punch. Consumers
should not be fooled by pictures of fruit on the main label; it is important to read the ingredients in the
small print and look for the actual percent juice in the product if this info is given.

Health Benefits of Citrus Juice Consumption

Orange juice (OJ) and grapefruit juice represent the two most commonly consumed citrus juices in the
United States. OJ is the most nutrient-dense of the commonly consumed fruit juices. An 8-0z serving
(1 cup or 250 mL) of OJ provides 120 kcal and 72 mg of vitamin C (120% of Daily Value). OJ is also
a good source of potassium (450 mg or 13% of DV), folate (60 pg or 15% of DV), and thiamin
(0.15 mg or 10% of DV). Grapefruit juice differs slightly from OJ in its nutrient profile. An 8-0z serv-
ing of grapefruit juice contains about 90 kcal and has a similar amount of vitamin C as OJ. Grapefruit
juice contains lower concentrations than OJ of potassium, B vitamins, folate, thiamin, and niacin. It
has a different profile of phenolic acids, some of which may be responsible for an alteration of drug
metabolism, a topic discussed at greater length in Chap. 34.

Consumption of citrus juice was found to promote cognitive benefits [15, 16]. It may also help to
protect against CHD by various mechanisms. Consumption of OJ may lead to a reduction in systolic
blood pressure (SBP) [15] and may also help lower LDL cholesterol [17].

Health Effects of Other Types of Fruit Juice

Cranberry juice has been used in folk medicine for hundreds of years. Recent clinical studies have
confirmed its usefulness for the prevention of urinary tract infections [18, 19]. The major bioactive
antibacterial agents in cranberry are proanthocyanidins (PACs). These substances have been shown to
prevent bacterial adhesion to the urinary tract and may also improve oral and gastric health [20, 21].
Consumption of cranberry products is associated with improved antioxidant status and lipid profile in
addition to anti-inflammatory, vasodilatory, and antiplatelet aggregation properties that may make
these products a viable substitute for red wine and Concord grape juice for protection from CHD
[22-24]. However, there is a large range (3—100%) in the amount of cranberry juice actually present
in the beverages available for sale. Based on beverages used in clinical trials, it is recommended that
cranberry juice contains at least 27% cranberry v/v, a value typically found on US beverage labels.
Concord and purple grape juices contain an array of polyphenolic compounds that are similar to those
of red wine as discussed in Chap. 22. The biological effects of grape juice have been demonstrated to
include a small improvement in plasma lipid profile, vasodilation, and antiplatelet aggregation
activities.

Many fruit juices contain a high content of (natural) sugar. For instance, a cup of Concord grape
juice provides an energy intake of around 140 kcal. Grape and pear juices are also used as “natural”
sweeteners in blended juice products. The term “natural” often appeals to the consumer because of its
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“healthful” connotation, but the consumer needs to remember that sugar calories are sugar calories,
regardless of whether they come from high-fructose corn syrup, cane sugar juice, or pear juice. These
considerations lead to the firm conclusion that, as with all things, moderation is best.

And Don’t Forget Vegetable Juices

Tomato juice has been popular for decades. Unfortunately, the health benefits associated with its con-
tent of micronutrients and lycopene are potentially reduced by the excessive content of salt (as high
as 560—660 mg sodium/cup) that is added to improve palatability. However, some brands are low in
salt, which is usually prominently stated on the label. Older and hypertensive patients, in particular,
should be strongly advised to “read the label” before consuming them.

Tomato and other vegetable juices typically have a low energy content (50 kcal/cup as compared
to 110 kcal/cup in OJ and apple juice). It is also important to recognize that some vegetable drinks
include pear, white grape, or other juices as a source of sweeteners; this improves their palatability at
the cost of increased caloric content.

Many vegetable juices can be stored without refrigeration. For these reasons, these products are a
convenient and affordable way for people to inject more vegetables into their diets: they can help
people reach the five-a-day goal for fruit and vegetable consumption.

Health Effects of Soft Drink Consumption

The Dietary Guidelines for Americans recommend that individuals should consume less than 10% of
energy from added sugars [25]. Alas, the sugar in soft drinks may contribute as much at 28% of the
energy intake in the diet of adolescents. There is much evidence that soft drinks pose a significant
health hazard.

Soft drinks can contribute to an increased caloric intake and their consumption is positively cor-
related with weight gain [26]. Part of the problem related to soft drinks and weight gain may stem
from the observation that carbohydrates in a beverage do not promote satiety as efficiently as they do
when present in a solid food, hence subjects may experience an increase in caloric intake [27]. Soft
drink consumption is associated with several diseases, including type 2 diabetes [28], hypertension
[29], and the metabolic syndrome [30]. Soft drinks are also associated with dental decay. These drinks
completely lack vitamins and minerals and may therefore lead to a nutritional imbalance by displace-
ment of more nutritious foods. In particular, consumption of milk is often displaced by soft drinks,
and this leads to a reduced intake of calcium and vitamin D. This may lead to a reduction in bone
density which may be a particular concern for adolescents and the elderly.

Health Effects of Nonnutritive Sweeteners

Diet soft drinks offer the advantage of helping to reduce caloric intake. They substitute what are
termed noncaloric, reduced calorie, artificial, or nonnutritive sweeteners (NNS). The term “diet” on
the label of a beverage implies that they are useful for controlling obesity or reducing weight; how-
ever, documentation of weight loss or control has not been demonstrated in all studies. Indeed, some
studies suggest that consumption of diet soft drinks is associated with weight gain [31]. Consumption
of diet beverages is probably higher for persons with weight management issues, and these persons
are at higher risk for cardiovascular disease [32].
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NNS include sucralose, acesulfame potassium, aspartame, and various plant-derived sweeteners
such as stevia and monk fruit that are rapidly gaining popularity. Aspartame is approximately 200
times sweeter than sucrose, but it is not stable when heated which limits its use in heat-processed
beverages. Sucralose (sold under the brand name Splenda®©) is about 600 times sweeter than sucrose.
Acesulfame potassium (Ace-K) is a heat-stable sweetener that is 200 times sweeter than sucrose.
Steviol glycosides (Stevia) are extracted from the leaves of Stevia rebaudiana, a plant that is native to
South America. Stevia is 200—400 times sweeter than sucrose and appeals to consumers partly due to
its natural plant-based origin.

The average consumer probably has a poor ability to identify NNS on food labels, either as a
chemical name (e.g., sucralose) or trade name (e.g., Splenda®). In a recent survey, approximately two-
thirds of university students were unable to name two NNS by chemical or trade name and only 12%
could name three or more NNS [28]. Hence even if patients ask about NNS, they are unlikely to know
if NNS are actually in their diet.

Meal Replacement Beverages

A variety of meal replacement beverages are available (e.g., Ensure, Boost, and Glucerna). They may
have a place in the regular nutrition of many persons, although consumption of whole foods is best.
These beverages provide consumers with a convenient way to consume a relatively balanced nutri-
tional intake of about 200 kcal along with a typically large protein intake, as well as minerals and
vitamins. The elderly often have a high risk for malnutrition, inadequate protein intake, and poor
weight maintenance. These beverages are readily available and often quite palatable. Most brands can
be stored without refrigeration. For these reasons, meal replacement beverages may be useful and are
commonly consumed. However, consumers should be aware that some brands contain generous
amounts of fat or sugars which are added to improve palatability.

Surprisingly, older persons tend to consume more food during the meal following consumption of
a meal replacement beverage, making these beverages useful for elderly persons attempting to gain
weight, but detrimental for overweight persons attempting to lose weight [33]. Their effects in middle-
aged persons are not clear. While meal replacement beverages may be useful for some persons, the
best nutritional advice for most people is to consume a balanced diet that emphasizes a variety of
foods consumed in their solid form.

Another type of meal replacement beverages are those intended to help with weight loss (e.g., Slim-
Fast, Met-Rx, and Atkins Nutritionals). Supporting evidence regarding their value is not convincing.

Sports Beverages

The loss of a small amount of body water, as little as 2% of body weight, can impair physical and
mental performance. These beverages have been found to be generally effective for improving hydra-
tion and electrolyte status and physical performance. They are also consumed to promote improved
recovery after athletic events. However, there are few peer-reviewed studies to support claims of
improving muscle mass in body builders. Part of the difficulty in performing research on sports bever-
ages is their ever-changing formulation, although a few consistent observations can be made.
Improving hydration during an athletic event is a function of taste; if people like the taste, then they
are more likely to drink more of the beverage before or during exercise, thereby leading to greater
improvements in their hydration status. Many beverages include sodium and glucose; their presence
permits the intestine to cotransport the two substances into the blood. In addition, as sodium and glu-
cose maintain spheres of hydration, this also enhances the rapid absorption of water from the intestine.
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If a beverage contains too much sugar (e.g., soft drinks), it actually promotes an osmotic effect in the
intestine that can paradoxically lead to solvent drag of water into the intestine and dehydration.

Sports beverages can improve electrolyte status, although the effects are most significant for exer-
cise of long duration (e.g., a half marathon or mowing a lawn on a hot summer day for 2 h). However,
if a person is adequately hydrated and has a proper electrolyte balance prior to beginning their exer-
cise, a sports beverage is unlikely to facilitate a significant improvement in physical performance.

A visit to a health food store or perusal of the advertisements in a body building magazine will
demonstrate that a variety of liquid supplements are marketed with the claimed ability to improve
muscle mass, appearance, or performance. While many products include some sort of claim, there is
a dearth of supporting evidence coming from papers published in credible peer-reviewed journals.

A typical product comes in a powdered form that provides a rich content of protein, vitamins, and
minerals, but with a small content of carbohydrate and fat. Some products may also contain creatine
phosphate, caffeine, or plant-derived extracts/compounds. The inclusion of these ingredients is poorly
regulated by the FDA. The price of these sports drinks varies widely from one to ten dollars per liter,
and given this high cost it is a tribute to the power of marketing that they are so popular. For these
reasons, the authors believe that clinicians and other health-care professionals should use their influ-
ence to counsel caution among users. However, many persons who use these beverages do not share
that information.

Energy Drinks Remain Controversial Beverages

The increasing popularity of so-called “energy drinks” is an American and global phenomenon. Their
gross sales are worth several billion dollars per year. They are consumed for perceived enhancements
in mental acuity, wakefulness, and physical performance.

The formulation of energy drinks is highly variable. While caffeine is a primary ingredient in most
brands, its content is quite variable (Table 20.1). Energy drinks generally contain a variety of other
compounds with potential for altering physiological/mental activity. These often include taurine (neu-
rotransmitter function) and various B vitamins. In addition, most brands contain sugars, although
some are nearly calorie free; caloric contents range from 10 to 150 kcal per 8-0z serving.

While energy drinks are commonly believed to have significant physiological effects, documenta-
tion in this regard is relatively scant [34]. However, given the significant number of anecdotal reports
that link cardiac pathologies with consumption of energy drinks, especially when consumed with
alcohol, caution seems warranted. In light of these concerns, the classic energy drink Red Bull® was
banned in some European countries.

Conclusions

We are mainly what we drink. Nonalcoholic beverages contain a variety of components, in addition to
water, that may impact human health. In many cases, as with the micronutrients and phytochemicals
in fruit and vegetable juices, these are likely to be beneficial. Coffee and tea generally have health-
neutral to beneficial effects. Tea has been linked to reduced risk of CHD while coffee may be protec-
tive against type 2 diabetes. Milk has been determined to promote improved cardiovascular health and
its fats may even improve weight control. But beverages can also be a major source of excessive
caloric intake that may contribute to obesity and type 2 diabetes. Regarding sports drinks, energy
drinks, and caffeine, caution should be an operative word; however, conclusive evidence to support
health concerns regarding their consumption generally does not exist. No single beverage can replace
water, that ubiquitous beverage.
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Chapter 22
What Is Best for the Patient: Abstinence
or Moderate Alcohol Consumption?

Ted Wilson and Norman J. Temple

Key Points

*  Moderate consumption of alcohol is generally defined as two drinks a day for a man or one for a
woman.

e This is associated with significant protective effects against coronary heart disease and several
other diseases and health problems.

* Below age 40 alcohol is associated with an increased risk of death.

* For people older than about 50 or 60 alcohol consumption has a J-shaped relationship with risk of
mortality; the lowest risk of death is seen in moderate drinkers.

e Alcohol creates many social problems, such as violence and accidents, as well as negative health
effects, most notably those related to cancer and fetal alcohol syndrome.

Keywords Alcohol drinking ¢ Alcohol-related disorders e Coronary heart disease ® Mortality

Introduction

The widespread consumption of alcoholic beverages and their potentially conflicting health impacts
makes a discussion of this topic vitally important for physicians. Alcohol (ethanol) consumption in
large quantities is strongly linked to dramatic negative health consequences. The acute effects of alco-
hol consumption on behavior, motor function, and health risks are plainly observed in an emergency
room on a Saturday night. The long-term effects of moderate consumption— years rather than hours —
are much less clinically obvious. The biological effects of a drink are mostly related to its alcohol
content, alcohol metabolites, and the other substances found in alcoholic beverages (i.e., sugars and
polyphenolic compounds). While the health effects of alcohol consumption is the topic of countless
reviews, this chapter focuses on issues related to recommendations that physicians may give to their
patients.
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Who Drinks Alcohol, How Much, and What Is Dose Equivalence?

In the USA, a drink is defined as containing 14 g or 0.4 fluid ounces of alcohol. The equivalent beverage
volumes that contain one drink are quite variable (Fig. 22.1) [1]. What can further confuse this message
of a “standard” drink is the variability with regard to alcohol content. Beverage containers in the USA
are required to state the alcohol content, but few consumers actually look at that information. For
example, beer can have an alcohol content of 3.0-9.0%; a 12 oz (355 ml) delivering between 0.6 and
1.8 drink equivalents (8.4-25.2 g alcohol). When one considers the tremendous range of bottle sizes,
glass sizes, and percent alcohol content, it is little wonder that consumers are often confused; this can
play an important role in overconsumption which can lead to harmful health effects.

Alcohol is not technically a nutrient, but becomes a source of calories (7 cal/g) in the form acetate that
is directly oxidized to ATP or used for fatty acid synthesis. One drink therefore delivers about 98 kcal of
energy from alcohol. Alcohol is primarily metabolized in the liver. Alcohol dehydrogenase converts etha-
nol into acetaldehyde which is then converted by acetaldehyde dehydrogenase into acetate. The acetate
can then be converted to fatty acids or oxidized to carbon dioxide in the mitochondria.

Most alcoholic beverages have additional calories because of their content of carbohydrates.
Typically, a glass of wine or a can of beer contains about 100-140 kcal. However, this can be quite
variable; a sweet wine, for example, may have 240 kcal per glass while some brands of “light beer”
are low in sugar and therefore have few nonalcoholic calories. A can of light beer may therefore have
as little as 98 kcal.

Appreciating alcohol consumption patterns is important for making clinical recommendations.
Consumption of alcoholic beverages increased between 1989 and 2012 when 80% of adult Americans
reported consuming at least one drink in the last year [2]. Beer remained the largest single source of
intake although wine consumption steadily increased to 29.6% of intake, especially in those aged over
60 years and women. In this regard, economic crises are known to be associated with an increase in
alcohol consumption and alcohol-related health problems [3]. The economic crisis of 2008—2009 may
therefore be related to changing patterns of alcohol intake. Sadly, access to healthcare and medical
resources also declines during periods of stress and economic crisis, an association that is important
for interpreting the health effects of alcohol consumption.

12flozof = 89flozof = 5flozof = 3-4flozof = 2-3flozof = 1-5flozof =1-5flozshotof
regular beer malt liquor table wine fortified wine cordial, brandy or 80-proof
(shown in a 12- (such as sherry liqueur, or cognac distilled spirits
o0z glass) orport:3.50z aperitif (2.50z (asingle jigger
shown) shown) or shot)

- -
about 5% about 7% about 12% about 17% about 24% about 40% 40% alcohol
alcohol alcohol alcohol alcohol alcohol alcohol

Fig. 22.1 Equivalent beverages volumes that provide the US definition of one “drink” containing 14 g of alcohol [1]
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Health Benefits Associated with Alcohol Consumption

A substantial body of epidemiological evidence has accumulated over the past 20 years that demonstrates
a strong negative association between moderate alcohol consumption and risk of CHD. Our best
evidence is that moderate consumption reduces risk by at least 20%.

This epidemiological story has generated heated debate in the medical literature which reflects the
pitfalls of interpreting the findings of epidemiological studies. One aspect of the debate relates to the
challenge created by “sick quitters.” This refers to persons with a diagnosis of a condition related to
CHD, such as hypertension or diabetes, who quit drinking alcohol. This causes a spurious artificial
jump in the risk of CHD in nondrinkers and a lowering of the risk among drinkers. The debate on this
question has been ongoing with little sign of settlement. However, the assumption is that a moderate
intake of alcohol does indeed offer a significant degree of protection against CHD.

The so-called French Paradox was observed in France where a surprisingly low rate of CHD was
observed, in comparison with some northern European countries, such as the United Kingdom [4].
This could not be easily explained by the “usual suspects” as France has high rates of both smoking
and consumption of foods rich in saturated fat. It was reasoned that the explanation could be found in
the popularity of red wine in that country. However, wine drinkers often have a healthier lifestyle and
a higher socioeconomic status (a factor associated with a lower risk of CHD), as well as drinking
pattern (a glass or two of wine with dinner several times a week is believed to be healthier than the
same quantity of alcohol consumed in one or two “binges”).

A major mechanism by which alcohol prevents CHD is believed to be by elevation of the blood
level of HDL-cholesterol [5]. Furthermore, when consumed in moderation all types of alcoholic
beverages—wine, beer, spirits—probably have a similar potency for CHD prevention although the
phenolic compounds (i.e., catechin, resveratrol) may give red wine a more advantageous effect.

For several aspects of poor health status, there is a J-shaped relationship between alcohol consump-
tion and risk [6, 7]. People who consume alcohol in moderation have a lower risk than that seen in
either heavier drinkers or nondrinkers, while risk increases sharply in those with a high alcohol intake.
Hypertension and the risk of stroke manifest this relationship. While a relatively high intake of alcohol
(more than four drinks per day) is associated with an increased risk of both conditions, moderate
consumers appear to be at relatively low risk. This association is seen most clearly in for ischemic
stroke rather than hemorrhagic stroke.

That excessive alcohol intake leads to poor erectile function is well known. As Shakespeare put it:
“It provokes the desire, but takes away from the performance” (Macbeth). But research findings have
pointed to a modest beneficial effect of moderate alcohol consumption. In the case of erectile dysfunction,
therefore, a J-shaped curve appears to be true in more ways than one.

The same serendipitous discovery has also been made for the cognitive decline that occurs with aging.
It is well known, of course, that heavy drinking has a damaging effect on brain function. But recent
research has revealed that moderate drinkers actually have an enhanced cognitive ability or a slower
rate of decline with aging [8, 9]. This effect is generally more pronounced in women. These benefits
may even extend to the risk of dementia, mostly Alzheimer’s disease. One of the most dramatic effects
is seen with type 2 diabetes. Cohort studies report that moderate consumers of alcohol reduce their
risk of the disease by between one-third and one half.

The effects of alcohol consumption on body weight are unclear. When men consumed 35 g/d of
alcohol (a little less than three glasses of wine) for a period of 6 weeks, this did not affect body weight
[10]. Similar results were seen this when overweight women consumed 25 g/day of alcohol, 5 days/
week, for 10 week [11]. Alcohol, of course, is a source of calories (7 kcal/g) and as mentioned earlier
most types of wine and beer also contain carbohydrates that add additional calories. A half-liter of
wine contains about 350 kcal while three cans of beer supply about 250-450 kcal, clearly enough to
tip the energy balance well into positive territory. However, intervention studies are inconclusive on
the weight-alcohol interaction.
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Several long-term cohort studies have been carried out. In a cohort study of 16,600 men aged
40-75, change in alcohol intake was not associated with change in waist circumference over 9 years
of follow-up [12]. In a cohort study of 19,200 women of normal BMI at baseline, alcohol intake displayed
a clear negative association with risk of becoming overweight or obese over the following 13 years
[13]. In sharp contrast, other cohort studies have reported a positive association between alcohol
consumption and weight gain [14]. At present, therefore, it is far from clear whether alcohol intake is
a risk factor for weight gain.

Harmful Effects of Alcohol

Alcohol consumption may also alter the efficacy, metabolism, and effect of medications, a topic reviewed
in Chap. 34. It is well established that abuse of alcohol, especially binge drinking, is associated with acci-
dents, violence, and suicide. It is a factor in about one-third of all traffic-related deaths in the USA. The
most dramatic evidence of the dangers of binge drinking comes from Russia. Between 1984 and 1994,
there was serious economic decline and great political turmoil in that country and a dramatic jump in
mortality rates reflected by a decline in life expectancy of 4 years in men and 2 years in women. A major
factor was apparently widespread alcohol abuse, particularly binge drinking, which led to large increases
in deaths from accidents, homicide, and suicide, as well as heart disease and stroke.

For many persons, years of alcohol abuse eventually leads to chronic nutritional and health problems.
Alcoholic beverages are relatively poor sources of nutrients, apart from some sugars and minerals,
and in some cases, some amino acids. This is especially true for hard liquors. Heavy drinkers are at
high risk of malnutrition, especially for folate and thiamin (Wernicke—Korsakoff syndrome). The end
result following years of heavy drinking is fatty liver, alcoholic hepatitis, and, eventually cirrhosis.
The consumption of hard liquor is more strongly correlated with alcoholism, cirrhosis, stroke, and
accidental death than is the case with other alcoholic beverages.

Alcohol use during pregnancy can induce fetal alcohol syndrome (FAS). This irreversible condition
encompasses symptoms that include prenatal and postnatal growth retardation, mental retardation,
and the hallmark clinical sign of abnormal facial features. FAS occurs at a level of alcohol intake
which in a nonpregnant woman is well below the level that would be considered alcohol abuse.
A subclinical form of FAS is known as fetal alcohol effects (FAE). Children with FAE may be short
or have only minor facial abnormalities, or develop learning disabilities, behavioral problems, or
motor impairments. Women who have an occasional drink during pregnancy should not fear doing
irreparable harm to their fetus though it is now generally accepted that any woman who is or may
become pregnant should abstain from alcohol.

Heavy consumption of alcohol is associated with an increased risk of numerous types of cancer.
However, the relationship between alcohol intake and overall cancer incidence for light-to-moderate
alcohol intake does not appear to be strong for men; however, breast cancer risk increases for women
at levels as low as 5-15 g alcohol/day [15]. An alcohol intake at the high end of moderation (two
drinks per day in women, four in men) is associated with relative risks (RRs) for different types of
cancer as follows: 1.16 for colorectal cancer, 1.8 for mouth and pharynx, 2.4 for esophagus, and 3.0
for liver [16]. Our best evidence is that lower intakes of alcohol produce proportionately smaller RRs.
For all cancer combined, a significant risk is seen starting at an alcohol intake of two drinks per day,
with an RR of 1.22 at 4 drinks per day [17].
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Effect of Alcohol on Total Mortality

With the opposing health effects of alcohol, a critically important question is the effect of alcohol on
total mortality. Here, age is an important variable. For younger people, alcohol can cause much harm
while doing very little to improve health. That is because the leading cause of death in Americans
under age 40 is accidents, with homicide and suicide also being major causes, especially in men. They
are all associated with alcohol. The sole positive attribute of alcohol for people in this age group is
providing enjoyment.

It is only among people older than about 50 or 60 where alcohol consumption in moderation causes
a reduction in mortality [18]. At that age, the health benefits, especially the prevention of heart dis-
ease, dominate the picture. As a result, it is among this age group that a J-shaped relationship is seen
between alcohol intake and risk of mortality. But, as with coronary heart disease (CHD), there is
debate as to whether this protection is real or spurious [19].

Phytochemicals in Alcholic Beverages

Many alcoholic beverages, especially red wine and dark beers, contain a variety of phytochemicals
with biological activities that may interact with the health effects of alcohol. These mostly come from
the raw plant foods from which the particular beverage is fermented. Red wine contains phenolic
compounds such as resveratrol, tannins, and catechins. These substances have been associated with
antioxidant protection, vasodilatation, inhibition of platelet aggregation, and improved plasma choles-
terol profile, a topic also discussed in Chap. 11. Beer, particularly darker ones, tends to have a higher
polyphenolic content and greater antioxidant capacity relative to light beers. However, spirits, because
of the distillation process, usually have a very low content of phytochemicals.

As is the case with fruits and vegetables, current knowledge regarding the thousands of phyto-
chemicals in alcoholic drinks prepared from various plant foods is still quite limited. While we can
confidently state that a diet rich in foods that contain an abundance of phytochemicals is likely to be
healthy and should be recommended, it is premature to make bold statements as to the disease-
preventing action of specific substances.

What Advice Should a Physician Give?

Despite the potential health benefits of moderate drinking, medical experts should not recommend
that non-drinkers commence light-to-moderate drinking. The reason for this is that around 5-10% of
people in any society, where alcohol is available become abusers of the beverage. However, if a person
is already a light drinker and has no sign of an alcohol-related problem, there is little reason to advise
them to stop. It is, of course, imperative that a person’s past history be considered. For those with a
history of alcoholism, the ability to “stop after just one drink” may not exist. Recommendations
regarding alcohol consumption should remain in larger part a personal decision of the patient based
upon clinical realities.
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Chapter 23
Dietary Fiber: All Fibers Are Not Alike

Johnson W. McRorie

Key Points

1.

What is known about the health benefits of a high-fiber diet is derived primarily from epidemio-
logic studies, which can establish statistical associations, but lack the control necessary to establish
causation.

The association between a high-fiber diet and a reduced risk of cardiovascular disease was used to
establish adequate fiber intake guidelines. It is impossible, however, to separate the health effects
of dietary fiber from other health-promoting dietary components of fruits, vegetables, and whole
grains (e.g., phytochemicals).

. In contrast, isolated fibers, such as fiber supplements, can be assessed for a direct effect on specific

beneficial physiologic effects in well-controlled clinical studies.

(a) In the small bowel, beneficial effects include cholesterol lowering and improved glycemic
control. Only gel-forming fibers [e.g., psyllium, B-glucan (e.g., oatmeal)] have been shown to
provide these effects, and these are highly correlated with the viscosity of the gelling fiber.

(b) In the large bowel, not all fibers provide a laxative effect, and some can actually be constipat-
ing. Only fiber that resists fermentation and remains intact throughout the large bowel can be
present in stool to provide a beneficial effect:

e Poorly fermented coarse insoluble fiber particles (e.g., wheat bran) mechanically irritate the
gut mucosa, causing stimulation of water and mucous secretion, which bulks/softens stool.
Finely ground insoluble fiber can be constipating. The mechanical irritation of insoluble fiber
may not be optimal for patients with irritable bowel syndrome.

e Non-fermented soluble gel-forming fibers, such as psyllium, retain their high water-holding
capacity to resist dehydration throughout the large bowel, providing a dichotomous stool nor-
malizing effect: softens hard stool in constipation (superior to docusate), firms loose/liquid
stool in diarrhea, and normalizes stool form in irritable bowel syndrome. Nonviscous ferment-
able fiber, such as wheat dextrin, can be constipating.
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4. Conclusions: It is reasonable to recommend a diet rich in fruits, vegetables, and whole grains. The
isolated fiber in supplements can be a convenient and concentrated source of fiber, but not all types
of fiber provide beneficial physiologic effects.

(a) Itis important to recognize which physical characteristics of isolated fibers drive specific ben-
eficial effects.

(b) The most appropriate types of fiber supplements are those where there is evidence of clinically
meaningful beneficial physiological effects.

(c) For most fiber-related beneficial effects: “Fiber needs to gel to keep you well.”

Keywords Dietary fiber ¢ Insoluble fiber ® Soluble fiber ® Gel forming ® Glycemic control ¢ Colorectal
cancer

Introduction

The Institute of Medicine (IOM) published a definition of total fiber that differentiated dietary fiber
(non-digestible carbohydrates and lignin that are intrinsic and intact in plants) from functional fiber
(isolated, non-digestible carbohydrates that have been shown to have beneficial physiological effects
in humans) [1]. Much of what we believe about the health benefits of dietary fiber is derived from
population-based (epidemiological) studies, which are useful for establishing “associations” between
consumption of high-fiber diets and observed health effects (or low-fiber diets and increased risk of
disease), but lack the control necessary to establish causation. This lack of control leaves unclear how
much of an observed health benefit can actually be attributed to a direct effect of dietary fiber in the
gut, versus how much might be attributed to other constituents; high-fiber foods tend to be rich in
magnesium, potassium, and other micronutrients, as well as phytochemicals. Some of the benefit of
high-fiber foods may be due to a reduction in fat/calorie intake.

The IOM Adequate Intake (AI) guidelines for adults, based on an association (epidemiologic
data) between reduced risk of cardiovascular disease (CVD) and a high-fiber diet, recommends 14 g
of dietary fiber per 1000 kcal consumed, which for 19-50-year-old adults is about 25 g/day for
women and 38 g/day for men [1]. In contrast to this recommendation, the average American con-
sumes only 15 g/day of dietary fiber [2]. It can be a challenge to consume a sufficient quantity of
fruits, vegetables, and whole grains to meet recommendations for fiber consumption. While fiber
supplements may appear to be a convenient and concentrated source of fiber to make up for this
shortfall, many supplements do not provide the nutritional benefits associated with a high-fiber diet.
In contrast to dietary fiber present in food, the isolated fibers typically found in fiber supplements
have been assessed for their direct effect on specific health benefits in well-controlled clinical stud-
ies. The beneficial physiologic effects of fiber are primarily driven by the physical effects of fiber
in the gut and can be divided into the classic “insoluble” (plastic) and “soluble” (“visco-elastic™)
effects in the small and large bowel [3]. This review will provide an appreciation for the underlying
mechanisms that drive specific beneficial physiologic effects, and summarize which fiber supple-
ments have clinical evidence of a beneficial effect.



23 Dietary Fiber: All Fibers Are Not Alike 231

Physical Effects of Fiber in the Small Intestine

Type 2 Diabetes/Glycemic Control

Epidemiological evidence consistently shows that high consumption of cereal fibers are associated
with a reduced risk of developing type 2 diabetes (relative risk 0.77), but the evidence is less convinc-
ing for fruit fibers (relative risk 0.94) and vegetable fibers (relative risk 0.95) [4]. When isolated fibers
are assessed in well-controlled intervention studies, only soluble gel-forming fibers significantly
improve glycemic control, and the effect is proportional to the viscosity of the gelling fiber [5]. In the
fed state, the motor activity of the small bowel comprises segmental (mixing) contractions. Chyme is
normally low in viscosity and easily mixed with digestive enzymes for degradation. The large surface
area of the mucosa (roughly equivalent to a tennis court) results in efficient absorption of nutrients,
which typically occurs early in the proximal small bowel. Introduction of a gel-forming fiber [e.g.,
B-glucan (oatmeal), psyllium] significantly increases the viscosity of chyme, which slows the mixing
of chyme with digestive enzymes, and slows nutrient absorption, which can decrease postprandial
blood glucose concentrations [3, 5]. It is well established that this effect occurs only with consump-
tion of a gel-forming fiber, and efficacy is highly correlated with the viscosity of the gel-forming fiber
[6]. In a study published in 1978 [6], subjects underwent a glucose (50 g) tolerance test with and
without several different fiber supplements. The study showed that high-viscosity gel-forming fibers
had a significant effect on postprandial peak blood glucose concentration, but as viscosity declined,
so did the effect (r = 0.926; p <0.01) [6].

Gel-forming fibers also have a significant effect on long-term glycemic control. The delay of nutri-
ent absorption can deliver nutrients to the distal ileum (where nutrients are not normally present),
stimulating mucosal L-cells to release glucagon-like peptide-1 (GLP-1), a peptide that has significant
metabolic effects: decreased appetite, increased pancreatic f-cell growth, improved insulin produc-
tion and sensitivity, decreased glucagon-secretion, and stimulation of the “ileal brake” (slowing gas-
tric emptying and small bowel transit) [3, 5]. Note that a viscous, gel-forming fiber can slow the
absorption of nutrients, but it does not reduce total nutrient absorption [5]. The ileal brake phenome-
non effectively slows gastric emptying and small bowel transit to impede the loss of nutrients to the
large bowel [5]. Multi-month clinical studies have demonstrated that consumption of a viscous, gel-
forming fiber (dosed with meals) can lower fasting blood glucose, insulin, and HbA,, in patients with
metabolic syndrome and patients being treated for type 2 diabetes mellitus (T2DM) [3]. The effective-
ness of a gel-forming fiber is proportional to baseline glycemic control: no significant effect in eugly-
cemia, a modest effect in pre-diabetes [e.g., —19.8 mg/dL (—1.1 mmol/L) for psyllium; —9 mg/dL
(—0.5 mmol/L) for guar gum), and the greatest effect in patients being treated for type 2 diabetes [e.g.,
psyllium, —17.3 mg/dL (—1.0 mmol/L) to —89.7 mg/dL (—5.5 mmol/L)] [3]. A recent meta-analysis
of 35 multi-month clinical studies showed that psyllium significantly improved both fasting blood
glucose concentration [—-37 mg/dL (—2.1 mmol/L); p < 0.001] and HbAlc (—1.0; p = 0.048) in
patients being treated for T2DM [7]. The improvements in glycemic control observed with psyllium
are additive to the effects of a restricted diet and stable doses of prescription drugs (sulfonylureas and/
or metformin) [4]. Even though a gel-forming fiber will not directly cause hypoglycemia, fasting
blood glucose concentrations should be monitored when starting an effective fiber therapy in patients
already taking prescription drugs to control blood glucose. The added benefit of a gel-forming fiber
may decrease the required dose for prescription drugs that can cause hypoglycemia.
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Cardiovascular Disease/Cholesterol Lowering

Although the IOM Al guidelines were based on an association between high-fiber consumption and a
reduced risk of CVD [1], a more recent (2016) comprehensive review found only a weak negative asso-
ciation between total fiber intake and risk of CVD (relative risk 0.92) [4]. Findings were similar for
cereal fiber, fruit fiber, and vegetable fiber [4]. The reason for these weak associations may be due to the
lack of differentiation between specific fiber characteristics within “dietary fiber” (e.g., insoluble versus
soluble, nonviscous versus gel-forming). When specific isolated fibers were assessed for lowering ele-
vated cholesterol, the results were similar to improvement in glycemic control: only gel-forming fibers
lowered elevated serum total and low-density lipoprotein (LDL) cholesterol, and the degree of choles-
terol lowering was highly correlated with the viscosity of the gel-forming fiber [8]. The viscosity of a
gel-forming fiber is actually a better predictor of cholesterol-lowering efficacy than the quantity of fiber
consumed [9]. The primary mechanism by which soluble gel-forming fibers lower serum cholesterol is
by trapping and eliminating bile acids [3, 5]. These are normally recovered in the distal ileum and
recycled, potentially several times within a single meal. When bile acids are trapped in a gel-forming
fiber and eliminated via stool, the reduction in the bile acid pool causes hepatocytes to compensate by
increasing LDL-cholesterol clearance to synthesize more bile acids (cholesterol is a component of bile)
to maintain sufficient bile acids for digestion. This clearance of LDL-cholesterol from the blood lowers
serum LDL-cholesterol and total-cholesterol concentrations, without significantly affecting high-den-
sity lipoprotein (HDL) cholesterol concentration [3, 5]. Only viscous, gel-forming fibers (e.g., high
molecular weight B-glucan, raw guar gum, psyllium), consumed with meals to coincide with bile release,
effectively lower elevated serum cholesterol concentrations [3, 5, 7-11].

The importance of viscosity for a gel-forming fiber was demonstrated in a clinical study that
compared the cholesterol-lowering effectiveness of several different viscosities of p-glucan (the fiber
in oatmeal) [8]. The results showed that cholesterol lowering was highly correlated with the viscos-
ity of the gel-forming fiber: the high-viscosity B-glucan (low heat and pressure processing) exhibited
significant LDL-cholesterol lowering (-5.5%; p < 0.05 versus bran placebo), as did the medium-
viscosity (—4.7%; p < 0.05), whereas the lower viscosity did not exhibit a significant cholesterol-
lowering effect [8]. This means that it is not only important to recognize which raw fibers provide a
specific physiologic effect, but to also consider how processing (e.g., heat/extrusion to create cereal
shapes) may affect/eliminate viscosity and efficacy. Note that insoluble fiber (wheat bran) was used
as a negative control in the study. Insoluble fibers (e.g., wheat bran, cellulose) and nonviscous solu-
ble fibers (e.g., wheat dextrin, inulin) do not provide viscosity/gel-dependent physiologic effects and
can be used as a negative control (placebo) in clinical studies [3]. It should also be noted that viscos-
ity alone is not sufficient to provide gel-dependent cholesterol lowering. In a 2-month clinical study
of 163 patients with hyperlipidemia, psyllium, a natural gel-forming fiber, significantly decreased
both LDL and total cholesterol versus placebo (insoluble cellulose), while viscous methylcellulose
(chemically treated wood pulp) and calcium polycarbophil (synthetic polymer) did not significantly
affect cholesterol measures [10].

Psyllium has been well studied for its cholesterol-lowering effects (24 randomized, well-controlled
clinical studies, totaling 1568 subjects) and showed reductions of 6-24% for LDL-cholesterol and
2-20% for total cholesterol, versus placebo [11]. Efficacy tends to be greater in studies assessing
patients with higher baseline cholesterol concentrations, and studies where diet was not restricted
(similar to many patients). Gel-forming fibers are also safe and effective in children. A 2014 study in
51 children and adolescents with hyperlipidemia assessed the effects of psyllium (7 g/day) versus
placebo (cellulose) for cholesterol lowering while on a restricted diet [12]. After 2-months of treat-
ment, both total cholesterol and LDL-cholesterol were significantly decreased (8% and 11%,
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respectively) versus placebo. The authors noted that psyllium therapy was both safe and well tolerated
[12]. There are two fibers approved by the Food and Drug Administration for claims of a reduced risk
of CVD by lowering serum cholesterol: f-glucan (oats and barley) and psyllium, both viscous, gel-
forming fibers [13].

A gel-forming fiber can be an effective lifestyle intervention/co-therapy for statins and bile acid
sequestrants, with the potential to lower the required dose and/or side effects of the drugs [3]. In a
3-month study in 68 patients with hyperlipidemia, low-dose simvastatin (10 mg) combined with
psyllium (15 g/day, divided doses before meals) was superior to low-dose simvastatin alone [LDL-
cholesterol —63 mg/dL (—1.6 mmol/L) versus —55 mg/dL (—1.4 mmol/L), respectively; p = 0.03]
[14]. The combination of psyllium and low-dose simvastatin was equivalent to high-dose (20 mg)
simvastatin alone [both —63 mg/dL)(—1.6 mmol/L)] [14]. Similar results were observed for total
cholesterol and apolipoprotein B, but there were no significant changes from baseline for triglycer-
ide or HDL-cholesterol concentrations [14]. When combined with colestipol or cholestyramine,
psyllium increased cholesterol-lowering efficacy and decreased symptoms associated with seques-
trant therapy [3].

Weight Control

In addition to improved glycemic control and cholesterol lowering, both important factors in meta-
bolic syndrome, a gel-forming fiber can also facilitate weight loss. A 6-month study assessed two
soluble gel-forming fibers in 141 patients with the metabolic syndrome [15]. Patients were fed an
American Heart Association step-2 diet alone (control group) or the same diet supplemented with
psyllium or guar gum (3.5 g twice a day before breakfast and dinner). Both psyllium and guar gum
showed significant improvement in fasting plasma glucose (—27.9%; —11.1%), insulin (—20.4%;
—10.8%), and LDL-cholesterol (—7.9%; —8.5%), respectively [15]. Only psyllium exerted a signifi-
cant improvement in plasma triglyceride concentration (—13.3%) and systolic (—3.9%) and diastolic
blood pressure (—2.6%) [15]. Both the control diet and guar gum (readily fermented) showed an ini-
tial decrease in body weight, followed by weight regain (Fig. 23.1). In contrast to guar gum, psyllium
(non-fermented) showed sustained weight loss across the entire 6-month test period. At the conclu-
sion of the study, 12.5% of patients in the psyllium group no longer qualified for a diagnosis of the
metabolic syndrome, versus 2.1% of patients in the guar gum group and none of the patients in the
diet-control group [15]. It is important to recognize that the fermentation process results in calorie
harvest (e.g., fatty acid production/absorption), so fermentable fibers are not calorie-free and may not
be optimal for weight loss.

The figure shows mean subject weight over time for a 6-month study in patients with the metabolic
syndrome. Only non-fermented psyllium plus diet showed continued weight loss over the 6-month
treatment period.

Large Bowel Effects

Constipation/Diarrhea/Irritable Bowel Syndrome (IBS)

Constipation can be defined as infrequent elimination (e.g., <3 bowel movements per week) of small/
hard difficult to pass stools that require straining [5]. It is a misconception that consuming the
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Fig. 23.1 Weight loss in a 6-month study comparing a restricted diet alone (Diet: AHA step 2 diet) to the same diet with
added fiber supplements: psyllium (PSY) 3.5 g twice a day versus guar gum (GG) 3.5 g twice a day in patients with
metabolic syndrome. Note that only psyllium showed weight loss across all 6-months of treatment

recommended levels of fiber will reduce the risk of constipation. As discussed previously, the
adequate intake guidelines for dietary fiber were based on reducing the risk of CVD, not reducing the
risk of constipation. The American Gastroenterological Association concluded that “Constipation was
associated with low-dietary fiber intake in some, but not other studies. However, these associations do
not necessarily indicate causation. Although it is reasonable to try and modify these risk factors, doing
so may not improve bowel function” [16]. One reason for this inconsistency in population-based stud-
ies is that “dietary fiber”” does not differentiate between specific fiber characteristics, and not all fiber
types provide a laxative effect (some can actually be constipating). For fiber to soften stool and signifi-
cantly increase stool volume, it must resist fermentation to remain intact and present throughout the
large bowel (must be present in stool), and it must increase stool water content, which is the primary
mechanism for both a stool-softening effect and increased stool bulk [17]. There are two mechanisms
by which a fiber can significantly increase stool water content and stool bulk: (1) poorly fermented
coarse insoluble fiber particles, such as wheat bran, mechanically irritate the gut mucosa, stimulating
water/mucous secretion (fine/smooth particles only add to the dry weight of stool and can be consti-
pating); and (2) non-fermented viscous/gel-forming fiber, such as psyllium, retains its water-holding
capacity throughout the large bowel to resist dehydration [17]. Both mechanisms increase stool water
content (softer stool) and stool bulk.

The texture of stool is correlated with percentage of water content, and small changes in stool
water content can lead to large changes in stool texture: hard stool is <72%, normal/formed stool is
~714-75%, soft/formed stool is ~#76%, and loose stool is ~80% water [5, 17]. An effective fiber (e.g.,
coarse wheat bran, psyllium) will increase stool water content, resulting in a significant stool-softening
effect and increased stool bulk, both of which make stools easier to pass without straining. In contrast,
a fiber that adds only to the dry mass of stool, with no water-holding capacity [e.g., wheat dextrin [5]],
will decrease the percentage of stool water content, resulting in harder stools (constipating effect).
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The observation that coarse wheat bran has a greater laxative effect than fine wheat bran suggested
that the insoluble particles themselves may have a direct effect in the large bowel and led to studies
comparing insoluble wheat bran to inert plastic particles (“plastic effect”) [18]. Coarse plastic parti-
cles and coarse wheat bran had a significant laxative effect, while fine/smooth plastic particles and
finely ground wheat bran had no laxative effect [18]. Fine wheat bran, which does not mechanically
stimulate the mucosa and has no water-holding capacity, added only to the dry weight of stool and
caused a decrease in stool water content (stool-hardening/constipating effect) [18]. The laxative effi-
cacy of insoluble fiber is highly dependent on particle size/coarseness, which is one reason why epi-
demiologic data assessing “dietary fiber” may be inconsistent.

In contrast to the mechanical irritating effects of coarse insoluble fiber, a non-fermented, soluble
gel-forming fiber (e.g., psyllium) retains its high water-holding capacity throughout the large bowel,
which significantly increases both stool bulk and stool water content (softens stool). In a clinical study
of 170 patients with chronic idiopathic constipation, psyllium was shown to be superior to docusate
for increasing stool water content (softer stools; p = 0.007) and the frequency of bowel movements
(p =0.02) [19]. If a soluble fiber is nonviscous, it has no water-holding capacity and can add to the dry
mass of stool (similar to fine wheat bran), decreasing the percentage of stool water content (harder
stools). Wheat dextrin, an artificially created “fiber” (heat/acid treated wheat starch), showed a
decrease in stool water content (harder stools), consistent with reports of harder stools by healthy
subjects consuming 15 g/day [20]. Even if a fiber is viscous/gel-forming but is readily fermented
(e.g., guar gum, p-glucan), it loses its water-holding capacity and, like nonviscous fermentable fibers
(e.g., wheat dextrin, inulin), has no laxative effect [17].

A gel-forming fiber that resists fermentation and retains its high water-holding capacity (e.g.,
psyllium) can actually exert a stool normalizing effect: softening hard stool in constipation and
firming loose/liquid stool in diarrhea. Psyllium has been shown to be effective for softening hard
stool in constipation [better than docusate [19]], firming loose/liquid stool in diarrhea [17], and
reducing fecal incontinence episodes [21], making psyllium an effective fiber choice for irritable
bowel syndrome [22].

Colorectal Cancer

The theory that low-fiber consumption is associated with an increased risk of colorectal cancer, and
that a high-fiber diet and high stool output may be protective, is supported by epidemiologic evi-
dence. In a study that assessed fiber intake, stool output, and cancer risk in 20 populations across 12
countries, there was a very wide range in average stool output (72—470 g/day) [23]. The study found
a significant correlation between fiber intake and mean daily stool weight (r = 0.84) and a significant
inverse correlation between stool weight and colon cancer risk (r = —0.78) [23]. The occurrence of
colorectal cancer varies ~25-fold across different regions of the world, and Westernized populations
tend to have the lowest stool weights (e.g., 80—-120 g/day) and the highest colon cancer risk [24].
Recognize that these data do not control for other dietary factors that may influence risk, such as
other risk-reducing constituents of a high-fiber diet (e.g., phytochemicals) or risk-increasing compo-
nents like processed meat [24]. It is noteworthy that the number of new colorectal cancer cases tends
to increase in countries that experience rapid economic growth and adopt a Western lifestyle [24]. As
of 2013, colorectal cancer is the fourth most common type of cancer in the United States, and con-
stipation/laxative use have been hypothesized to increase the risk of colorectal cancer [25]. A pro-
spective population-based study examined the association between colorectal cancer incidence,
constipation, non-fiber-laxative use, and fiber-laxative use in over 75,000 patients [25]. The study
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did not provide evidence of an association between constipation and colorectal cancer risk, but did
show a significant increase in risk with non-fiber-laxative use. In contrast, the study also showed a
decreased risk in developing colorectal cancer with fiber-laxative use [25]. Taken together, epide-
miologic data suggest that a diet that is rich in fruits, vegetables, and whole grains, low in red and
processed meats, and supplemented with an isolated fiber that has been shown to be effective for
increasing stool output in chronic constipation (e.g., coarse wheat bran, psyllium) may decrease the
risk of developing colorectal cancer.

How to Avoid Fiber-Induced Gastrointestinal Symptoms and Enhance
Compliance

Consumption of fermentable fibers can cause significant increases in flatulence, borborygmus
(abdominal rumbling/gurgling), bloating, and discom