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Dr. Bales dedicates this book in honor of her brand new
grandchildren, Ada Elizabeth and William Thomas Britton.
Thank you for reminding us that tomorrow brings new life,
[fresh beginnings, and hope for a better world!

Dr. Locher dedicates this work to those in health care
and community settings who are working together

to comprehensively address nutrition risk and food
insecurity among older adults.

Dr. Saltzman: To my mentors and those who have

served as role models, whose contributions

to my success have been incalculably great

and for which I am more grateful than words can express.






Foreword

This new edition of the Handbook of Clinical Nutrition and Aging, edited by Connie Bales, Edward
Saltzman, and Julie Locher, is a most timely comprehensive overview of relevant new findings for
practitioners, investigators, and policy makers. The individual chapters share knowledge and expertise
from authors who are preeminent leaders in the field.

As the twenty-first century unfolds, the world will confront many challenges in caring for aged
adults that far exceed any ever experienced previously. The US population aged 65 years and older has
increased by 21 % over the past two decades. In the coming years, it will grow even more rapidly,
increasing more than twofold by 2060. Even more rapid change is projected for the oldest-old; those
85 years and older are expected to triple between 2012 and 2040. Such unprecedented increases in the
numbers of adults reaching old age will produce major changes in population age distributions, not
only in the Western world but around the globe, i.e., in developed as well as developing nations. These
dramatic changes will have an indelible impact on health care and the practice of clinical nutrition.

To some extent, this is old news. These predictions have been on the radar for at least two decades,
prompting efforts to consider new comprehensive systems of healthcare delivery for older persons.
However, as we now engage the aging cohort of the “baby boomer” generation, the future has arrived,
and we must face the realities of shifting demographics and limited resources. What it means to be an
older person has also continued to evolve. Who imagined even 100 years ago that life expectancies
would rise to the current degree? Who imagined that, for some, age 70 would functionally become the
new age 60?7 Who imagined that so many older persons would have such active, rich, and fulfilling
lives? Unfortunately a substantial number of older persons will not have these opportunities because
they suffer aging-associated conditions like chronic disease, depression, dementia, poor oral health,
sarcopenia, functional decline, and frailty. Malnutrition is associated with many of these conditions,
both as a precipitating factor and as an adverse outcome that blunts the success of medical therapies
and contributes to decline. Obesity has also become common among older persons and is strongly
associated with disease burden and functional limitation. Sarcopenic obesity is especially common
and may contribute to functional impairment. Paradoxically, many obese older persons consume poor
quality diets and also suffer micronutrient deficiencies. Therefore, as highlighted in this book, practi-
tioners will confront a complex spectrum of nutritional concerns among older persons, everything
from malnutrition in the setting of classic starvation to malnutrition in the setting of disease or injury
to malnutrition in the setting of obesity.

In most Western countries, including the United States, diet-related chronic diseases are the single
largest cause of morbidity and mortality. Optimally implemented, preventive nutrition and medical
nutrition therapies have the potential to be major determinants of the ultimate impact of aging on
world populations. Sound nutrition offers opportunities to favorably alter health-related quality of life
as well as healthcare resource use by older persons. With respect to related aging policies, we are
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witnessing two evolving trends that bring nutritional concerns of older persons to the forefront. First,
there is a growing movement to shift the emphasis of long-term care from institutional settings to
home- and community-based settings. Central to this movement is the provision of nutrition services
to older adults residing in the community who are at nutritional risk, especially those lacking resources
(both financial and social), and those who experience chronic disease burden and functional decline
that increase their likelihood of being hospitalized or placed in a skilled nursing facility. Second, there
are increasing financial penalties to hospitals and healthcare providers when patients experience
adverse outcomes like premature hospital readmission. Malnutrition is strongly associated with
increased risk for such undesirable outcomes. Connecting medical and social services that address
nutritional needs is vital in caring for older persons. An important new feature of this edition of this
book is a focus on elders residing in the community and how best, both effectively and efficiently, to
meet their nutritional needs.

Gordon L. Jensen, M.D., Ph.D.



Preface

It has been a decade since the first edition of this Handbook was created. The intervening time has
indeed brought a mixture of blessings and concerns. Rapid scientific progress and advances in infor-
mation transfer have fostered medical discoveries and dissemination of health-related information at
an unprecedented rate. Consumers are more aware of the value of health-promoting behaviors than
ever before, and older adults are paying close attention. For example, older persons are the greatest
consumers of dietary supplements. Many employers have introduced wellness in the workplace initia-
tives, including to their retirees. Yet, the stark economic difficulties of the past few years have added
unanticipated challenges for many individuals and families, often making it difficult to take advantage
of these advances. The stress of limited time and resources and the confusion resulting from mixed
messages in the media can be particularly challenging for older adults. Many are living on a fixed
income and coping with a number of comorbidities as they make choices about health-related behav-
iors, including nutrition. As a result, they may not rank nutrition highly amongst the complex array of
health-related recommendations they are offered, but we believe that they should!

In later life, as at any age, a poor diet and related factors like inactivity and obesity increase the risk
of developing a long list of chronic conditions, such as cardiovascular disease, type 2 diabetes, meta-
bolic syndrome, gallbladder disease, and cancer. Conversely, adherence to medical nutrition therapies
for age-associated conditions such as renal disease and chronic heart failure can foster important
improvements in health-related quality of life by preserving organ function and reducing problematic
symptoms. With this in mind, we sought in this third edition of the Handbook to emphasize newer
topics that have received limited attention heretofore, as well as mainstay topics for which assessment
and therapies have continued to evolve and improve. For example, the increased recognition of physi-
cal function as a determinant of independence and well-being in later life is supported by three rele-
vant chapters (Chaps. 6, 7, and 22). Two chapters (Chaps. 8 and 18) deal with aspects of diet and
cognition, a current “hot topic” in geriatric nutrition. Chapters on food insecurity (Chap. 9), pressure
ulcers (Chap. 14), feeding in late dementia (again, Chap. 18), and end of life issues (Chap. 19) high-
light nutritional concerns in highly vulnerable populations. As in past editions, our “menu” of chap-
ters on clinical conditions includes obesity, diabetes, heart failure, cancer, kidney disease, and
osteoporosis. We are also pleased to include a new chapter on nutrition and anti-aging (Chap. 20) and
the latest information on the ever-challenging topic of dietary supplements (Chap. 22), as well as a
number of additional chapters relating to new knowledge about the role of nutrition in aging on a
broader scope. The contents of these chapters reflect an optimistic outlook. Clearly, the authors con-
tributing chapters to the Handbook support the idea that optimal nutrition benefits all older adults and
they offer specific suggestions for accomplishing these benefits.
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As with the first two editions, this book is a uniquely comprehensive and current resource on the
topic of secondary disease prevention and medical nutrition therapy for older adults. We hope that it
will be a valuable guide to clinical nutritionists/dietitians, physicians, nurses, and therapists in speech-
language and occupational therapy, as well as many other health professionals, including social work-
ers and case managers, who provide care for this high-risk population. We are indebted to many
individuals who contributed as we put together this edition of the Handbook. In particular, we sin-
cerely thank Diane Lamsback, Developmental Editor at Springer. With the consuming demands on
the time of both editors and authors, her ongoing support was invaluable and truly helped to make this
edition become a reality. CWB thanks Sarah B. Rose, MS, RD, who assisted with all the initial chapter
reviews and supported the Duke Center for Aging work on the Handbook. CWB also thanks Amanda
Quinn, who was with Springer until recently, for support and guidance as three editions of this
Handbook have come together. We all as editors especially acknowledge the encouragement from our
series editor, Dr. Adrianne Bendich, to explore the critical clinical issues in geriatric nutrition through
this collaboration with the gifted and dedicated scientists who study them. It is these scientist-authors
who ultimately made the book a successfully reality and we thank them all.

Durham, NC, USA Connie Watkins Bales, Ph.D., R.D.
Birmingham, AL, USA Julie L. Locher, Ph.D.
Boston, MA, USA Edward Saltzman, M.D.



Series Editor Page

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 patient 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 as well as in the choice of
chapter authors. The international perspective, especially with regard to public health initiatives, is
emphasized 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 chap-
ters are coordinated so that the resulting volume imparts greater knowledge than the sum of the infor-
mation contained in the individual chapters.

Handbook of Clinical Nutrition and Aging, Third Edition, edited by Connie W. Bales Ph.D., RD,
Julie L. Locher Ph.D., MSPH and Edward Saltzman, M.D. is a very welcome addition to the Nutrition
and Health Series and fully exemplifies the Series’ goals. The first volume was published in 2004 and
the Second Edition was published in 2009. Both volumes were given excellent evidence-based reviews
by health professionals in both the geriatrics and clinical nutrition professional communities. Over the
past 5 years, there have been major advances in the treatment of senior individuals, especially those
with chronic diseases who require multiple medications, advanced treatments, and/or surgery.
Likewise, research on the nutritional requirements of geriatric patients has expanded and reflects the
changes in demographics, technical advances, and further emphasis on the interactions among a num-
ber of disease states that are at increased risk with aging. This Third Edition is therefore especially
timely as almost 10 % of the US adult population is over 65 years of age and the number of seniors
around the world is increasing. At the same time, major adverse health risks including obesity and
diabetes continue to increase in this already at risk population.

The three editors of this volume, Connie W. Bales, Julie L. Locher, and Edward Saltzman, are
internationally recognized leaders in the fields of clinical nutrition and geriatrics research, treatment
and management. Each has extensive experience in academic medicine and collectively, they have
over 500 peer-reviewed publications and numerous awards for their efforts to improve the care of the
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geriatric population. The editors are excellent communicators and they have worked tirelessly to
develop a book that is destined to continue as the benchmark in the field of nutrition and aging. Over
the past 5 years, the editors have grown in their prominence in their fields and it is of benefit to the
reader that these practice and research-oriented editors are committed to providing readers with the
most up-to-date objective and balanced reviews as found in the last two excellent editions.

Dr. Connie Bales is a Professor in the Division of Geriatrics in the Department of Medicine and
Senior Fellow in the Center for the Study of Aging and Human Development at Duke University
Medical Center. She also serves as Associate Director for Education and Evaluation of the Geriatrics
Research, Education, and Clinical Center at the Durham VA Medical Center. Dr. Bales received her
doctorate in Nutritional Sciences at the University of Tennessee-Knoxville and held an appointment
in the Graduate Nutrition Division at the University of Texas-Austin before joining the faculty at
Duke. She maintains a clinical research laboratory at Duke’s Center for Aging and is a well-recog-
nized expert in the field of nutrition and aging. She has published broadly on such topics as obesity in
later life, nutritional frailty, nutritional interventions for chronic diseases in aging, and calorie restric-
tion as a modifier of the aging process. She is the recipient of numerous awards, including the Grace
Goldsmith Award and Max K. Horwitt Distinguished Lectureship and has served on numerous grant
review panels and editorial boards. She currently serves the American Society for Nutrition as Chair
of the Medical Nutrition Council and is a past-president of the American College of Nutrition.
Dr. Bales also serves as the Editor of the Journal of Nutrition in Gerontology and Geriatrics.

Dr. Julie L. Locher is a medical sociologist and health services researcher. She is Professor of
Medicine, Public Health, and Medical Sociology at the University of Alabama at Birmingham (UAB).
Her primary area of research focuses on social and environmental factors (including especially the
roles of social support and community and healthcare practices and policies) that affect eating behav-
iors and nutrition-related health outcomes in different populations, especially older adults (particu-
larly those who are frail and those who are transitioning from hospitals to home) and in cancer patients
and survivors. She is the recipient of an Academic Career Leadership Award from the National
Institute on Aging to build the UAB Program in Translational Nutrition and Aging.

Dr. Edward Saltzman is a physician specializing in clinical nutrition. He currently serves as Chair
of the Department of Nutrition Sciences at the Friedman School of Nutrition Science and Policy at
Tufts University and is a scientist in the Energy Metabolism Laboratory of the Jean Mayer USDA
Human Nutrition Research Center at Tufts University. He also serves as Chief of the Division of
Clinical Nutrition at Tufts Medical Center. Dr. Saltzman serves on the editorial board of the American
Journal of Clinical Nutrition as well as other journals, and is a member of the board of the directors
of the American Society for Nutrition.

This updated text, containing 23 chapters that integrate clinical practice and the underlying science,
continues to include many unique features, such as highly relevant descriptions of case studies that
help to illustrate the complexity of treating the aging patient. The volume is relevant for practicing as
well as research-centered healthcare professionals as there are in-depth discussions of the basic
assessment tools; demographics of the different diseases and disease conditions that affect the aging
population preferentially, such as age-related macular degeneration and alterations in muscle metabo-
lism that are often adversely affected by the aging process. There are also clear, concise recommenda-
tions about dietary intakes and use of drugs and supplements across the stages of aging. Thus, this
volume provides a broad base of knowledge concerning the changes in anatomy, physiology, and
pathology associated with growing older. This volume is appropriate for health professionals, stu-
dents, and faculty who have an interest in the latest, up-to-date information on the consequences of
loss of certain body functions, treatment of infectious, as well as the chronic diseases of aging and
disease-related morbidity and mortality.

This volume serves a dual purpose of providing in-depth focus on the nutritional aspects of treating
elderly individuals throughout the last 30 or more years of their lifespan who have lost some of their
organ/tissue functions, as well as examining the current clinical modalities used in treating a number
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of the chronic diseases of aging and the consequences of the treatments on nutritional status. The book
is organized as a stand-alone resource text that provides the basics of nutritional assessment of the
patient, intervention in healthy elderly and patients, and reflects upon the necessity of medical nutri-
tion support as a keystone for disease management. The volume includes extensive, in-depth chapters
covering the most important aspects of the complex interactions between diet, obesity, cardiovascular
disease, diabetes, and loss of cognitive functions, development of sarcopenia, as examples, and the
impact of loss of certain functions on nutritional status.

Handbook of Clinical Nutrition and Aging, Third Edition is organized into four relevant sections.
The three introductory chapters in the first part, entitled “Overarching Issues for Nutritional Well-
Being in Later Life” provide readers with the basics so that the more clinically related chapters can be
easily understood. The first chapter describes the process of aging as a time in the life cycle where
there are progressive physical, cognitive, and psychosocially related functional declines resulting in
disproportionately high healthcare utilization especially in the final years of life. The chapter, that
includes over 100 references, uses a multilevel approach to describe factors influencing the nutritional
status and food intake of older adults, explores major concepts in the planning, implementation, and
evaluation of nutrition interventions specific to older adults, provides examples of current and emerg-
ing nutrition interventions, and discusses future directions while taking into consideration the hetero-
geneity and varied needs of aging individuals. The next chapter reviews the importance of using
systematic review processes, such as meta-analyses, to better understand the totality of the evidence
concerning nutritional issues and the aging population. The basic steps in conducting such reviews are
examined. Unique issues specific to nutrition-related topics include baseline exposure, nutrient status,
nutrient bioavailability, nutrient bioequivalence, biological stores, multiple biological functions,
undefined nature of nutrient intervention, and uncertainties in assessing dose-response relationships
are discussed. The third chapter reviews and recommends nutrition assessment tools for screening
elderly at risk for undernutrition including the Mini-Nutritional Assessment-Short Form and the
Determine Checklist. These tools are recommended for evaluation of patients upon admission to the
hospital and long-term care settings, upon first home care visit, enrollment in community-based pro-
grams and during annual primary care visits. The chapter describes the assessment exam which is a
comprehensive exam focused on assessment of weight changes, body composition status, physical
examination, comorbid conditions, functional status, medication history, dietary intake, and psycho-
social and economic status. Additionally, adult disease-related malnutrition diagnoses applicable to
older adults including starvation, chronic disease-related malnutrition, and acute disease-related mal-
nutrition are described in detail.

The next six chapters (Chaps. 4-9) describe the fundamentals of nutrition with regard to geriatric
syndromes. The next chapter, containing over 100 up-to-date references, reviews the major effects of
aging on the eye. Both individual essential nutrients and foods containing these nutrients are exam-
ined with regard to primary and secondary reduction in risk of cataracts and age-related macular
degeneration. Chapter 5 identifies and tabulates the critical requirement of the evaluation of the nutri-
tional status of the geriatric patient who has suffered from adverse changes in the oral cavity. The
chapter includes extensive discussions of edentulism, dental caries, periodontitis, oral cancer, and
their effects on consumption of certain nutrients and dietary patterns. Chapters 6 and 7 examine the
importance of voluntary, skeletal muscle function in the aging population and also the effects of obe-
sity on muscle status. In aging, there may be the loss of muscle mass and/or muscle strength.
Sarcopenia refers to the process of age-related skeletal muscle mass loss, and dynapenia refers to the
process of age-related muscle strength loss. The chapter reviews the well-designed longitudinal stud-
ies that show little or no association between sarcopenia and the risk of impaired physical function,
falls, and mortality. Conversely, dynapenia is consistently associated with these outcomes. Either or
both of these losses of muscle function can be seen in the obese geriatric patient. Unfortunately,
weight loss is associated with both muscle mass and muscle strength loss. The chapter includes a
discussion of the benefits of resistance exercise as it is one of the most promising approaches for
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preventing and treating both sarcopenia and dynapenia in obese and non-obese older adults. Muscle
physiology is further explored in the next chapter, containing over 100 relevant references, that con-
trasts the effects of different types of exercise on the aging skeletal muscle. The authors conclude that
endurance exercise should be recommended for the elderly as this type of exercise increases both
mitochondrial and myofibrillar protein synthesis. Chapter 8 examines the potential for certain nutri-
ents and dietary constituents to reduce the risk of cognitive decline and reviews the findings from
published survey studies and intervention trials. Substances reviewed include chocolate, omega-3
fatty acids, B vitamins, vitamin D, and the Mediterranean diet. The chapter includes over 180 targeted
references. The final chapter in this section, Chap. 9, discusses the consequences of food insecurity
for the elderly population. The chapter reviews the public health responses to dealing with food inse-
curity among older adults in the United States. There is an extensive discussion of the need for a
multipronged approach, including continued support for government programs, such as the nutrition
services provided for by the Older Americans Act and the Supplemental Nutrition Assistance Program,
and private sector programs, such as food banks.

The third section, entitled “Common Clinical Conditions” contains ten practice-oriented chapters
covering topics from pressure ulcers to end of life nutritional decisions.

Chapters 10 and 11 review the effects of obesity, diabetes, and the metabolic syndrome and the
potential to develop strategies that can improve activities of daily living while reducing the risk of loss
of skeletal muscle functions as described in an earlier chapter. We learn that there is an age-related
increase in the prevalence of all of the components of the metabolic syndrome. Relative to those who
are <35 years of age, the odds of having metabolic syndrome for those who are over 65 years are
almost six times greater in men and about five times greater in women. Increased abdominal fat is
independently associated with metabolic syndrome in adults aged 70-79 years. The prevalence of
type 2 diabetes mellitus is highest in older persons. The age-related increase in visceral fat is associ-
ated with the increased prevalence of diabetes mellitus and insulin resistance in the elderly. Chapter
11 emphasizes the consequences of diabetes in the elderly and the potential for beneficial interven-
tions. The aim of diabetes intervention is to prevent or delay the development of long-term complica-
tions of high blood glucose and related metabolic abnormalities and improve the quality of life. The
chapter includes over 100 references that are reviewed with regard to diabetes-related comorbidities
including diabetic retinopathy, cardiovascular disease, peripheral vascular disease, and congestive
heart failure that can limit activities of daily living, including transportation, shopping for food, and
ability to read food labels and restaurant menus. The next two chapters follow logically and examine
the effects of aging on the heart and the potential for preventive cardiology. The authors explain that
preventive cardiology focuses on the prevention of future cardiovascular disease by reducing the bur-
den of known cardiovascular risk factors such as hypertension, dyslipidemia, glucose intolerance, and
obesity. Special concerns that affect implementation of cardiac prevention strategies in older at-risk
adults include complicated comorbidities; functional limitations; alterations in taste, smell, and appe-
tite, difficulties with medication use/effectiveness; and limited financial, social, and/or caregiver
resources. Preventive cardiology nutrition recommendations stress increasing the intake of fruits, veg-
etables, whole grains, and omega-3 and omega-6 fatty acids while substituting non-hydrogenated
unsaturated fats for saturated and frans-fats and minimizing the intake of beverages and foods with
added sugar. The next chapter examines a major consequence of cardiac disease in the elderly and the
potential nutritional interventions for secondary prevention of further adverse effects. We learn that
heart failure is the leading cause of hospitalization in the elderly. The prognosis for established heart
failure in those over age 65 is poor with 5-year survival rates of less than 50 % in both men and
women. Unintentional weight loss in heart failure is likely due to both increased energy utilization
and decreased availability of fat, protein, and carbohydrates despite normal caloric intake.
Recommendations include moderate dietary sodium restriction and supplementation with potassium,
calcium, and/or magnesium if adequate amounts cannot be obtained from the diet. The authors, who
have reviewed the literature extensively and cite almost 150 references, note that the importance of
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most vitamins and other micronutrients in the pathogenesis and treatment of chronic heart failure has
not been well characterized.

Chapter 14 examines the relationship between nutritional status and the development and treat-
ment of pressure ulcers that are frequently seen in elderly with limited mobility. There is a consistent
epidemiological association between nutritional status and the incidence, progression, and severity of
pressure sores. At present, however, there are inconsistent data from intervention trials with macro-
and/or micronutrients that may be linked to underlying diseases that result in the synthesis of cachexia-
inducing molecules.

Chapter 15 examines the conflicting data concerning the provision of nutrition support defined as
the prescription and administration of enteral or parenteral nutrition to patients with incurable cancer
at the last stages of their disease. The authors provide a sensitive analysis of this emotional as well as
nutritionally related medical dilemma. Chronic kidney disease can be a serious adverse effect of dia-
betes and/or cardiovascular disease. Chapter 16 reviews the importance of nutritional support for the
older patient with this disease that is often further complicated by other disease processes. There are
discussions of both the development and progression of chronic kidney disease that is influenced by a
number of dietary factors including salt, protein intake, and energy balance. High-protein intakes are
detrimental to individuals with mild impairment of renal function. Specific dietary recommendations
regarding protein level and intakes of sodium, phosphorus, potassium, and fluids are reviewed in
detail. Osteoporosis is another chronic disease of aging that has a critical nutritional component that
is reviewed in the next chapter (Chap. 17). The roles of calcium and vitamin D are discussed in detail
and recommendations for supplementation levels are included. Bone physiology is stressed within the
context of the balance between bone formation and bone loss that continues to favor bone loss
throughout most of adult life. Chapter 18 provides practice-based recommendations for the nutrition
management of dementia patients in long-term care facilities. The chapter concentrates on one of the
major risk factors for experiencing nutritional problems in nursing homes which is cognitive impair-
ment and/or severe dementia. Approximately 65 % of nursing home residents have documented mod-
erate to severe dementia. The chapter provides a framework for reducing the risk of undernutrition due
to mealtime difficulties. The final chapter in this section, Chap. 19, is related to the sensitive discus-
sions in Chap. 15 concerning nutritional support in end-stage cancer patients. Chapter 19 examines
the role of nutritional support at the end of life. The authors remind us that many of those emotionally
attached to the terminal patient consider nutrition and fluid intake as an essential part of life and not a
part of medical treatment. However, case law in the United States considers artificial nutrition (both
enteral and parenteral) to be medical treatment and thus recognizes a patient’s right to refuse artificial
nutritional support. The chapter includes a discussion of feeding options as a key component of the
overall goals of care for the patient, whether it is for curative treatment, rehabilitative treatment, or
comfort-focused treatment.

The last section, that reviews contemporary diet-focused concerns, contains four insightful chap-
ters. There has been a great deal of interest in the potential for calorie restriction to increase the lifes-
pan. Chapter 20 looks at whether there are any antiaging effects of nutritional modification. The
chapter reviews the data from earlier studies that examined the biochemical consequences of calorie
restriction including reductions in oxidative biomarkers and insulin resistance. The chapter includes a
detailed discussion of the ongoing intervention study, CALERIE, which is a randomized controlled
trial that is testing the effects of prolonged calorie restriction in humans on biomarkers of aging and
the rate of living theory hypothesis. Chapter 21 reviews the high-risk nutrients in the aging population.
This comprehensive chapter that includes almost 150 references indicates that seniors have lower
energy requirements and higher requirements for some nutrients. Population data indicate inadequate
intakes of macronutrients including protein, n-3 fatty acids, and dietary fiber; vitamins B6, B12, D, E,
and carotenoids; calcium, magnesium, and potassium. Individual supplements may not be as effective
as obtaining the nutrients from whole foods. The exceptions are reviewed and include vitamin D and
vitamin B12. Foods that are emphasized include fruit, vegetables, legumes, whole grains, nuts or
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seeds, fish, lean meat, poultry, and low-fat fluid dairy products. The final two chapters in this compre-
hensive volume examine the role of physical activity and dietary supplements. The rationale for
including physical activity in the management of age-related chronic diseases is provided in Chap. 22.
There are discussions of cardiovascular disease, cancer, osteoporosis, obesity, diabetes, age-related
loss of physical function and frailty, as well as the importance of exercise for improving mood and
reducing the risk of depression. Public health guidelines for physical activity are reviewed and several
are described. Specific programs that include aerobic exercise, resistance training, flexibility and bal-
ance exercises for older adults to decrease the risk of falls are reviewed based upon data from evi-
dence-based programs. There is an emphasis on community-based programs that include both physical
activity and nutrition programs. The last chapter in the volume provides an encyclopedic examination
of the dietary supplements available in the United States and their use in seniors. The chapter, contain-
ing almost 250 references, includes detailed discussions of the demographics of supplement use, the
regulatory structure, the claims made on supplements, and the evidence of both benefit and risk of
using dietary supplements by seniors in the United States.

The above description of the volume’s 23 chapters attests to the depth of information provided by
the 49 well-recognized and respected chapter authors. Each chapter includes complete definitions of
terms with the abbreviations fully defined for the reader and consistent use of terms between chap-
ters. The volume includes over 75 detailed tables and informative figures, an extensive, detailed
index, and more than 2,300 up-to-date references that provide the reader with excellent sources of
worthwhile information.

In conclusion, Handbook of Clinical Nutrition and Aging, Third Edition, edited by Connie W. Bales
Ph.D., RD, Julie L. Locher Ph.D., MSPH, and Edward Saltzman, M.D. provides health professionals
in many areas of research and practice with the most up-to-date, well-referenced volume on the
importance of maintaining the nutritional status of the elderly patient regardless of cause. The vol-
ume’s chapters carefully document the critical value of medical nutrition evaluation, treatment sup-
port, and management for patients with many of the chronic diseases of aging that are extensively
reviewed. This volume will serve the reader as the benchmark in this complex area of interrelation-
ships between diet, nutritional, and non-nutritional supplements and the specific products for main-
taining the nutritional status of the geriatric patient. Moreover, these physiological and pathological
interactions are clearly delineated so that students as well as practitioners can better understand the
complexities of these interactions. Unique chapters that examine the effects of the aging process on
critical organ systems such as the eye, bone, brain, and heart are included along with resources for
enhancing behaviors that can increase patient adherence to nutritional therapies. The editors are
applauded for their efforts to develop the most authoritative resource in the field to date and this excel-
lent text is a very welcome addition to the Nutrition and Health Series.

Adrianne Bendich, Ph.D., FA.C.N., FA.S.N.
Series Editor
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Chapter 1
Nutrition Interventions for Aging Populations

Jylana L. Sheats, Sandra J. Winter, and Abby C. King

Key Points

* Optimal nutrition is essential for successful and healthy aging, as advancing age increased the risk
of chronic disease and other health concerns.

* Aging populations are heterogeneous and require tailored, theory-based interventions to help
ensure that their nutritional challenges are appropriately met.

* Recognition of issues specific to the population and using a variety of intervention delivery chan-
nels and strategies, will assist in the development of appropriate and clear intervention goals,
measures, and outcomes.

* Nutrition-related behaviors are complex; thus, interventions need to be evaluated before, during,
and after implementation.

* Special populations such as racial/ethnic minorities, persons with low socio-economic status, those
with physical or cognitive impairments or limited access to food stores and food-related services,
as well as persons who live in rural communities, may present unique nutrition challenges.

* Technology-based health promotion and intervention strategies may help reduce the burden of
nutrition-related disease.

Keywords Older adults ¢ Nutrition * Diet ¢ Intervention ¢ Health promotion * Health behavior
change * Theory ¢ Ecological model ¢ Technology
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Introduction

Understanding Global Aging Trends, Successful Aging,
and the Role of Nutrition

A major accomplishment of industrialized countries in the twentieth century has been vast improvements
in human life expectancy [1]. In the United States it has been projected that the number of older adults,
defined as individuals aged 65 years or older [2], will double from the current estimate of 40.2 million
to 88.5 million [3]; and by 2030 the population of oldest-old Americans (i.e., aged 85 years or older)
could grow to 19 million [3]. The “graying of America” is attributed to people living longer [1], the
aging of the “baby boomer” cohort (those born between 1946 and 1964), and immigration [3]. It is also
expected that there will be a demographic shift toward a more racially and ethnically diverse population
of older Americans, with minorities (i.e., all races and ethnic groups other than non-Hispanic White)
becoming the majority by 2042 [3]. As in the United States, it has been predicted that by 2036 the
population of older adults in Canada will double [4]. Comparable trends are being experienced by other
industrialized parts of the world, such as Europe [5], Australia [6], New Zealand, and Japan [1].

Aging can be characterized as a time in the life cycle where one experiences progressive physical,
cognitive, and psychosocially related functional declines resulting in disproportionately high health-
care utilization in the final years of life [7]. However, there are older adults who live healthy lives full
of vitality [8]. According to the U.S. Administration on Aging [9], 41.6 % of noninstitutionalized
older adults perceive their heath as “excellent” or “very good” relative to 64.5 % for individuals aged
1864 years. Further, many adults aged 85 years or older are able to engage in Independent Activities
of Daily Living (IADLs) [10], such as the ability to perform household tasks such as housework and
laundry, shopping, preparing food, and handling finances. Positive health behaviors practiced early in
life, such as routinely eating a healthful diet, are essential for healthy, successful aging [8]. While defi-
nitions vary, essential characteristics of successful aging have included factors such as having high
levels of physical and cognitive functioning, the absence of significant chronic disease and disability,
and the ability to socially engage with others [11].

The primary goal for the nation’s older adults, as documented by Healthy People 2020, is to
“improve health, function, and quality of life” [12]. Given the approaching “silver tsunami” [13],
optimal nutrition is key and has the ability to improve health outcomes, quality of life, and well-being [ 14].
Individuals are products of their environment, and the factors that influence food intake, the etiology of
health conditions, and the support of positive health behaviors often involve factors beyond the indi-
vidual, so a holistic multilevel approach is suggested—especially in regard to addressing the nutritional
health of older adults [15-17]. Thus, researchers increasingly use ecological models that focus on
individual factors, as well as factors within a broader environmental context that may contribute to
positive or negative health behavior and/or health outcomes [18]. Ecological perspectives posit that
intrapersonal (individual characteristics), interpersonal processes, institutional, community, and public
policy have the potential to impact behavior [18]. This chapter will use a multilevel approach to
describe factors influencing the nutritional status and food intake of older adults; explore major con-
cepts in the planning, implementation, and evaluation of nutrition interventions specific to older adults;
provide examples of current and emerging nutrition interventions; and discuss future directions while
taking into consideration their heterogeneity and varied needs.

Nutritional Status of Older Adults

As individuals age, they experience various life transitions and are at increased risk for having health
problems [19, 20]. Nutrition status is typically a self-managed condition wherein small self-care and
lifestyle improvements can yield significant benefits [14, 21]. Yet, a pilot study conducted by the U.S.
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Administration on Aging [22] found that 48 % and 43 % of respondents had moderate or high nutritional
risk, respectively. With advancing age individuals may have lower energy intake requirements and
require more nutrient-dense foods (i.e., foods that are high in nutrients, but low in calories) [23].
Subsequently, they may have higher requirements for foods and/or supplements rich in antioxidant
nutrients, calcium, fiber, folic acid, zinc, and vitamins A, B,, C, D, and E [8, 24] to address age-
related issues including, but not limited to, chronic disease, low bone density [8], poor vision [25],
and cognitive impairment [26]. Studies have shown that older adults have problems meeting
national recommendations for each food group—particularly, the grain group and dairy group, for
example [27-30]. Further, of the six most frequently occurring health conditions reported among
older adults (i.e., uncontrolled hypertension (34 %), diagnosed arthritis (50 %), all types of heart
disease (32 %), any cancer (23 %), diabetes (19 %), and sinusitis (14 %)), four are nutrition-related
chronic diseases. This is not surprising given that 80 % of older adults have at least one chronic
disease diagnosis [9]; and 50 % have more than two [31]. The importance of a healthy, nutrient-
dense diet of appropriate quantity and quality is essential for health maintenance as well as the
prevention and delay of chronic disease and disability for all sectors of the population, but particularly
for older adults [32].

Factors Influencing Food Intake Among Older Adults

Food intake among older adults can be influenced not only by individual, intrapersonal, and social
level factors, but also by the neighborhood environment, healthcare service, and policy context in
which they reside.

Interpersonal and Intrapersonal Factors

At an interpersonal, or individual level, food intake and appetite may be influenced by life-long eating
behaviors, poor health, disability, and altered sensory functions (e.g., sight, taste, and smell). Among
potentially influential factors are taking multiple medications, drug—nutrient interactions and/or side
effects, poor oral health and functionality, hormone-related changes related to the control of satiety,
difficulty in preparing foods because of arthritic joints, inadequate portion control, lack of informa-
tion related to individual dietary needs, and having a restrictive diet or complex dietary needs due to
current health status or other factors [8, 14, 33]. Other factors to consider are poverty or limited finan-
cial resources, transportation issues affecting access to food stores and meal/nutrition programs, and
lack of food storage and preparation facilities [34—38]. Intrapersonal factors cited in the literature
include self-efficacy, perceived barriers, intentions, and social support [38, 39].

Social Factors

Food intake among older adults is also affected by social factors such as loss of role functions
caused by changes in employment status (e.g., retirement), an altered family structure (e.g.,
“empty nest”), loss of independent living, loneliness and social isolation due to the death or depar-
ture of family members and/or friends, caregivers, socio-cultural and religious/spiritual influences
[8, 34-36].
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Neighborhood Environment, Healthcare Services,
and Policy-Related Factors

Older adults may live in neighborhoods where the availability of food stores offering healthy foods is
scarce [34]; or where there is limited availability of nutrition support programs and services [40].
Many of the agencies offering nutritional support report being unable to meet increased demand, so
prioritizing those most in need of services is required [40]. In addition, healthcare services are increas-
ingly being provided in ambulatory rather than acute care settings. This shift in healthcare service
delivery, in combination with early hospital discharge policies, can strain the ability of sick or recov-
ering older adults to obtain and prepare healthy food [40, 41]. Circumstances such as this place older
adults at higher nutritional risk and have been associated with an increased prevalence of depression
and food-related anxiety [41]. Ensuring that a nutrition component is part of hospital discharge plan-
ning may ameliorate this burden. Finally, it has been noted that policies that promote community
gardens, locally grown produce, and farmers markets may be useful in improving access to more
healthful foods [40].

In summary, an examination of factors influencing the diets of older adults is an area that is com-
plex and not well understood [42]. Regardless of age, improved dietary intake and habits have the
ability to improve nutritional status [21]. Yet, diet-related behavior change can be difficult and may
take a significant amount of time and effort [21]. In addition to the factors described here, age-related
health concerns and changing nutritional requirements present unique challenges for older adults and
require the development of tailored nutrition interventions [43].

Helping Older Adults Meet Nutritional Challenges
Through Intervention

Nutrition Intervention Planning and Design

Nutrition interventions are typically designed to improve and where appropriate increase intake and
variety of foods and/or nutrients (including oral supplementation), provide nutrition education or
counseling, and/or increase access and availability of healthful foods for individuals and/or communi-
ties. Successful nutrition interventions have the potential to reduce the burden of disease and improve
quality of life and well-being [42]. Addressing nutrition challenges experienced by older adults
through the development and implementation of effective nutrition interventions is thus important.
For older adults, however, staying current with changes taking place in the field of nutrition promotion
and recommendations can be confusing. Therefore, identifying and implementing evidence-based
best practices specifically targeted and developed for this population are essential [40, 37, 44].
Recognition of issues specific to the target population will assist in the development of appropriate
and clear intervention goals, measures, and outcomes.

Frameworks to Guide the Development and Implementation of Nutrition
Interventions

In an effort to assist interventionists, Bartholomew and colleagues [45] identified a framework for
mapping interventions, proposing six fundamental steps:
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. Conducting a needs assessment.

. Creating change objectives based on behavioral determinants and environmental factors.
. Selecting theory-based intervention methods and practical strategies.

. Translating methods and theories into an organized program.

. Planning for adoption, implementation, and sustainability of the program.

. Creating an evaluation plan.

AN A W=

In utilizing this approach, a thorough review of the literature and formative research with the target
population should be conducted. For older adults (i.e., community-dwelling, homebound, institution-
alized), interventionists should consider the heterogeneity of the population and factors influencing
food choice/selection and intake and preparation, as well as perceived motivators and barriers, nutri-
tion risks, needs, preferences, and contextual factors [46]. An evaluation of these factors for both the
older adult and their caregivers (who may also be aged) is essential for successful interventions [47, 48].
Assessment methods may include dietary recalls and other nutrition assessment and screening tools
such as interviews, surveys, and structured group discussions/focus groups and home visits [41, 47].
Other effective intervention design principles have been identified by Freudenberg and colleagues
[49], who suggest that successful interventions: be tailored to the target audience and setting; involve
participants in planning, implementation, and evaluation; link participant health concerns to broader
life concerns and society as whole; use existing environmental resources; build on the strengths of
participants and their communities; advocate for policy changes to support the achievement of health
objectives; prepare and empower participants; support diffusion of innovation; and institutionalize
and replicate effective intervention components. These principles cut across different populations,
settings, and strategies [49].

The use of health behavior change theory to inform and guide interventions has numerous benefits
and is recommended [50]. Such benefits include obtaining a better understanding of possible determi-
nants of both risks and helpful strategies, and identifying methods to help promote changes in the
determinants, behavior, and environmental conditions surrounding the dietary areas being targeted
[45]. Several health behavior change theories and models have been used, or are recommended to
guide nutrition interventions for older adults, such as the Health Belief Model [51], Trans-Theoretical
Model [52], Social Cognitive Theory [48], Theory of Planned Behavior [53], social support models
[54], and ecological models [48, 54]. These theories contain constructs deemed highly applicable to
aging populations. For example, social ecological models are particularly useful for nutrition inter-
ventions in that eating is often influenced by micro and macro-level factors [48]. The effectiveness of
behavior change theory depends on its application as part of an intervention [55, 56]. Thus, there has
been an expressed need for more guidance in the application of theory in practice [45].

Delivery Channels and Intervention Components

The type of nutrition intervention delivery channels used and the specific components introduced into
a population can vary. It is critical, however, that the intervention mechanisms are preferred by the
intended audience [45, 47]. Examples of preferred nutrition delivery channels for older adult popula-
tions include engaging videos, carefully designed PowerPoint presentations (e.g., with large, simple
text, bright colors, use of images with elderly individuals, and generational music) and the provision
of supplemental handouts, and newsletters or pamphlets designed to complement the education com-
ponents of an intervention [57].

Nutrition intervention components designed for older adults that have resulted in positive health
outcomes have included theory-based behavior modification practices; older adults’ active involve-
ment in determining intervention goals and having targeted, clear, simple, yet impactful and
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hard-to-ignore, practical and reinforced messages that are limited in number [15, 55]. Other effective
means for promoting positive changes among older adults include integrating real-life scenarios into
intervention content and processes; allowing for hands on, interactive learning to complement and
promote an understanding of messages; fostering social support; providing access to relevant health-
care professionals and resources; utilizing “geragogical” learning (i.e., guiding the learning of older
adults in a way that is tailored to any special needs; for example, instructor-directed learning, super-
vised decision-making, person-centered activities); and applying relevant education and health behav-
ior change theories [47, 55, 58—60]. Learning styles, abilities, and needs of older adults are often more
varied compared to younger adults. To address this issue, the integration of multiple strategies can be
used to enhance the quality and reach of nutrition interventions for older adults [21, 56, 57].

It is also important to focus on the robustness of intervention components to elicit behavior change
and prevent Type II error (i.e., failing to find intervention effectiveness because the program is poorly
designed or implemented) [45, 61]. Nutrition intervention design characteristics that increase the
robustness of an intervention design highlighted by Kristal and Ollberding [62] include having a rep-
resentative sample of potential participants; one or more measures of the evaluation outcome at the
pre-intervention time point; one or more comparison groups (i.e., control group not receiving the
intervention); randomized assignment to treatment (i.e. intervention group receiving the interven-
tion); and one or more measures of the evaluation outcome at the post-intervention time point. While
each component is important, all do not have to be present within an intervention, with the exception
of the comparison group and post-intervention outcome measures [62].

Nutrition Interventions from an Ecological Perspective

In an assessment of behavioral health interventions Cutler [15] posits that individual behavior change
cannot occur without environmental change (e.g., institutional, organizational, policy-focused inter-
ventions). Supporting this argument, Sahyoun and colleagues [55] advocate for the need to explore
individual and environmental factors that can potentially impact older adults’ nutritional health by
utilizing ecological approaches. Here we provide examples of interpersonal, intrapersonal, institu-
tional, community, policy, and multilevel nutrition interventions as well as insights.

Interpersonal and Intrapersonal Nutrition Interventions

Person-centered interventions (interpersonal, intrapersonal) require individuals to proactively make
lifestyle changes. To address the needs of older adults requiring nutrient dense meals, a number of
interventions have been successful using individual-level methods, such as conducting a series of
personalized nutrition sessions by a trained food and nutrition practitioner [63]; the use of theory-
based behavior change education materials in the form of manuals and newsletters, expert system
assessment reports to personalize feedback, and telephone coaching [52, 56, 64]; and home visits,
bi-weekly telephone contacts, and monthly newsletters that incorporate behavioral modification tech-
niques; goal-setting [53]; and tailoring recommendations to participants’ dietary patterns and lifestyle
[65]. The usefulness of methods mentioned above in the design of nutrition interventions for older
adults, such as tailoring to the individual learning needs of participants, having multiple in-person
or phone-based contacts, and being theory-based, have been documented throughout the literature
[38, 50, 65, 66]. Bernstein and colleagues [65] further note that in such interventions, compliance
with protocols can be encouraged through participants’ record keeping as well as continual monitor-
ing and positive reinforcement from the research team. Future interventions should aim to increase the
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dose of the treatment (i.e., intervention). Although longer-term interventions can be costly, it has been
found that longitudinal health promotion activities can lengthen an older adults’ number of healthy
years [67]. In addition, investigations of older adults’ perceived motivations and barriers to the use of
programs and services should be examined, especially in view of the global economic downturn and
the emergence of the “new poor” who may not be used to accessing nutrition support programs and
services. To date, few randomized controlled intervention trials have included theoretically based
behaviorally focused nutrition interventions targeted specifically at older adults. Randomized con-
trolled trials with suitably representative sample populations and appropriate sample sizes are prefer-
able to observational, cross-sectional, or quasi-experimental design because the randomization
process reduces confounding from known or unknown factors; and allows researchers to posit causal
associations. A major drawback of the sole use of a person-centered perspective is that the achieve-
ment of behavioral targets is ultimately controlled by the individual without recognition of external
factors; changes in behavior are often short-term and not sustainable over time; and there are limited
public health implications for larger segments of the population [53, 55]—further highlighting the
need for an approach at multiple levels of influence.

Institutional and Community-Based Nutrition Interventions

Older adults transitioning from hospital to home have been found to lack in their consumption of fresh
fruits, vegetables, and meat; and experience difficulty shopping for and preparing food [41]. Therefore,
ensuring that a nutrition component is part of discharge planning is recommended. DiMaria-Ghalili
and Amella [68] suggest that an assessment of the location in which meals are served is a key compo-
nent to implementing environmental change. For example, the creation of a “home-like,” environment
as opposed to a traditional institution-like environment in long-term care hospital units has been found
to optimize energy intake by older adults with cognitive impairments [69]. Other examples of changes
that can take place in the food-service environments of institutionalized older adults are improved-
lighting; the observation of rituals and practices prior to institutionalization (e.g., blessing food, wash-
ing hands before a meal); and the stimulation of senses via preparation of food in close proximity to
the dining area [69]. In terms of a geographic, or locally-based community, Abusabha et al. [70]
implemented an innovative, community-based study to increase access and the availability of pro-
duce. Their project was unique in that a Veggie Mobile (i.e., van) traveled to low-income senior hous-
ing sites to sell affordable fruits and vegetables.

Utilization of public health, or population-based, approaches to behavior change through the provi-
sion of information and environmental change (e.g., policy and use of media/mass communication)
have proven successful [15, 56]. Further, collaborations with multidisciplinary institutional and orga-
nizational networks may help eliminate or reduce gaps in service, enhance the types of services avail-
able, reach more people, and increase awareness and the use of available community resources by
older adults, their families, and caregivers [8].

Multilevel and Policy Nutrition Interventions

Person-centered interventions are more frequently conducted and assessed than environmental or
policy interventions. In a review of health promotion interventions, Golden [71] found that of 62
nutrition interventions, 95 % focused on individual activities, 71 % on interpersonal activities, and
only 3 % focused on the policy environment [71]. This review also showed that, compared to other
health behavior change interventions, such as the promotion of physical activity and reductions in
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smoking, nutrition interventions were significantly more likely to target three or more levels of
intervention [71]. Cross-sectional studies have shown that, nutrition-related knowledge [72], self-
efficacy, family support [73], and environmental factors are all associated with the eating behaviors of
mid-life to older adults [74]. Therefore a variety of strategies implemented across multiple settings
may be most promising to ensure successful nutrition interventions [55]. An example of multilevel
intervention strategies successfully used by Johnson [75] to increase consumption of fruits and veg-
etables in an older adult population included: using serving size guides (individual level) and com-
munity volunteers (Meals-on-Wheels drivers) (interpersonal level); creating partnerships with
community organizations and universities (community level); using existing infrastructures with
similar missions (organizational level) as well as existing federal programs available throughout the
United States (institutional level) [75]. Multilevel approaches such as this could potentially extend the
reach of interventions into the population; set the stage for enhanced acceptance and diffusion of
innovation by the target population and decision-makers alike; and have implications for policy [75].
To further increase the chance of success, a thorough understanding of older adults’ social support
systems and networks, or lack thereof, is essential in the development and implementation of multi-
level nutrition interventions [55]. Within the policy realm, and relevant to both farmer’s markets and
the sale of reduced priced produce, a recent review of food subsidization programs in seven countries,
including the United States, found that the subsidization of healthy foods (e.g., through supermarkets,
restaurants, and farmers markets) can be effective in changing dietary behaviors [76]. The federal
Senior Farmer’s Market Nutrition Program (SFMNP) is an example of such a program. The SFMNP
utilizes a coupon distribution system so that older adults can purchase locally grown, fresh fruits and
vegetables [75], has the potential to help reduce food insecurity. Similar to person-centered interven-
tions, robust assessments and evaluation methods beyond for example, cross-sectional and quasi-
experimental designs, should be considered.

As a means to advance the science of multilevel intervention design, interventionists and nutrition
practitioners may find it beneficial to consult with research scientists to assess proposed intervention
methods. While consultation services may exceed the budgets of nonprofit and government programs,
such efforts will help assess the efficacy, effectiveness, and validity of intervention findings [62].
Partnering with academic institutions and/or other organizations may help alleviate the burden of
associated costs. To better inform policy, research studies should aim to identify predictive factors and
interventions that can reduce food insecurity among older populations. Researchers should be encour-
aged to ensure that research budgets include appropriations to fund the translation and dissemination
of research findings to the targeted populations. An increased effort to monitor and evaluate the impact
and efficacy of food assistance programs is critical for the development of policy. Increased advocacy
that involves multilevel collaborations focusing on reducing food insecurity, removing barriers to
healthy eating, and improving the quality of older adults’ diets will also inform program and service
design as well as future nutrition policies.

Nutrition Intervention Evaluation and Assessment

There has been a call for the evaluation of well-designed intervention studies and methods to deter-
mine their effectiveness on nutrition outcomes [77]. Evaluating a wide range of nutrition intervention
outcomes is particularly important because nutrition behavior is complex, individuals’ self-report data
are not always reliable, improving nutrition knowledge does not always lead to changes in behavior,
and short-term programs do not necessarily result in long-term changes [78]. Thus, it is imperative
that evaluations are conducted before, during, and after the implementation of interventions [45].
There are three types of evaluations: (1) formative evaluations, (2) process evaluations, and (3) out-
come evaluations. Formative evaluation helps to ensure that the intervention is appropriate for both
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the target audience and setting. Process evaluation helps to ensure that the intervention will be
implemented as planned. Outcome evaluation helps to ensure that the desired objectives of the inter-
vention have been met [62]. Formative evaluation methods used in nutrition interventions include
interviews, focus groups, pilot testing, and, in some cases, participant-completed surveys [79, 80].
Process evaluation methods include post-intervention participant satisfaction questionnaires, evalua-
tion of intervention fidelity (i.e., how well intervention personnel have followed intervention proce-
dures and protocols), participation metrics (e.g., participant involvement in intervention activities and
adherence to intervention components), and interviews of both participants and intervention person-
nel relating to intervention delivery and uptake [50]. Staff- and participant-maintained program activ-
ity notes, resource allocation documents, and video or audio recordings of the intervention processes
can be reviewed to ensure the fidelity of interventions to protocols [81]. Outcome evaluations—the
most frequently conducted type of intervention evaluation, can include a variety of outcomes, for
example:

* Physiologic measures such as weight, waist circumference, body mass index, blood pressure, and
serum cholesterol and glucose levels [82].

* Knowledge outcomes, including declarative knowledge (knowledge about facts and events) and
procedural knowledge (knowing how to apply declarative knowledge) [83] for example, knowing
that an adequate dietary intake of protein is important for older adults [84], and how to incorporate
an adequate amount of protein into the diet.

* Psychological outcomes such as movement through motivational stages of behavior change, and
changes in behavior-specific outcome expectations and self-efficacy [83].

* Behavior change outcomes such as reduction in daily percent energy consumption from fat, or
increase in daily consumption of fruits and vegetables [55].

Interventions for all populations, including aging populations, must be carefully designed.
Evidence- and theory-based strategies should be used in the planning, implementation, and evaluation
phases of tailored nutrition interventions. Formative, process, and outcome evaluations should be
conducted to tailor interventions and assess their quality of delivery and effectiveness. It has been
suggested that complex interventions having multiple components consider utilizing a phased
approach to intervention delivery as well as both quantitative and qualitative evaluation methods [85].
Further, if an ecological intervention approach is used that targets not only individual level character-
istics but also social, environmental, and policy determinants, then an evaluation should be conducted
for each level of intervention.

In summary, there is currently a need for more comprehensive evaluations of nutrition interven-
tions that include: (1) formative, process, and outcome assessments, (2) a program or behavioral
maintenance component to help individuals and communities sustain nutritional gains over the longer-
term, and (3) a multilevel perspective to accommodate a social-ecological perspective.

Tailoring Interventions for Special Populations

As Americans increase in age, number, and diversity, nutritional interventions tailored to meet the
needs of special populations will increasingly be required. Racial and ethnic minorities—the fastest
growing population group in the nation—often have unique dietary patterns and differential disease
risk profiles which require culturally tailored nutritional programs and policies [86, 87]. Nutrition
screening and assessment tools, educational material, and interventions should be designed and vali-
dated for ethnic-specific diets [36], and interventions should be available in multiple languages and
literacy levels [40].
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Living in rural areas has been associated with higher rates of chronic disease, obesity, and poorer
health [88]. A greater number of older adults live in rural areas than urban areas [89]. Social isolation,
lower incomes, lack of transportation, increased distances to purchase food or utilize nutrition pro-
grams, low quality diets types of “country cooking” eating patterns that emphasize higher fat and
sodium-based methods of food preparation; reduced availability of healthy foods and higher rates of
physical inactivity may all be contributing factors to consider when tailoring interventions for this
population [37, 88, 89]. Policies that support the operation of rural food stores and improvements in
rural transportation networks are needed to address some of these issues [90].

Older adults with physical impairments, as well as those with difficulties traveling, have been
shown to have reduced access to food sources and nutrition support programs, which increases risk of
poor nutrition and health outcomes [91]. Older adults at risk for, or suffering from, chronic or degen-
erative conditions have also been shown to be at increased risk of poor nutrition [34, 35] and to benefit
from tailored medical nutrition therapy (MNT) services [34, 92, 93] MNT is provided by a registered
dietitian, focuses on disease management, and involves detailed and individualized nutrition diagnos-
tic, therapeutic, and counseling services [94].

Individuals with fewer financial resources have been shown to be more likely to choose foods that
are highly processed with increased calories and sugar content. These foods are generally less expen-
sive [40]. Alarmingly, food insecurity issues have increased among older adults in the United States
since 2007 [95]. Older adults are at higher risk for negative physical and mental health outcomes.
In 2009, 15.6 million adults aged 50 years or older faced the threat of hunger (i.e., were marginally
food insecure), 8.8 million faced the risk of hunger (i.e., were food insecure), and 3.5 million experi-
enced hunger (i.e., were very low food secure) [95]. There are various government (e.g., Older
American’s Act Elderly Nutrition Program, Nutrition Services Incentive Program, Supplemental
Nutrition Assistance Program, Senior Farmers’ Market Program, and Child and Adult Care Food
Program) and nongovernmental food assistance programs either targeted specifically to community-
dwelling older adults or that allow their participation [32]. Unfortunately, a lack of awareness of these
resources may result in less than optimal participation rates [40]. Efforts should be made to ensure that
older adults and their caregivers are aware of such programs.

Implementing flexible programs can help broaden their reach to better accommodate subgroups
within the older adult population. For example, it has been suggested that the traditional model of
home-delivery programs be reevaluated. There is a need to target specific subgroups of recipients who
may have differing nutrition needs, as, for example, food insufficient individuals who need more
nutrient dense meals [96, 97]. Other examples include providing programs at various sites—including
private households and institutional settings such as senior housing sites, assisted living and extended
care facilities, and nursing homes [34], and using voucher programs that enable participants to obtain
food from restaurants, grocery stores, homeless shelters, and hospital cafeterias [40].

In summary, while they are diverse in their purpose and strategies, nutrition interventions may be
a potentially useful gateway through which special populations of older adults can have improved
health and access to other needed social and health programs and services [34, 36].

Health-Promoting Information Technology: Emerging Interventions

Older adults have a range of barriers that may prohibit participation in community health promotion
programs (e.g., poor health, physical mobility, transportation difficulties, and social factors) [98]. The
development and design of technology-based health promotion has been described as a promising
intervention strategy [99] and may be a viable option for meeting the demands of aging populations
[100-105]. Older adults are increasingly using digital communication technology for a range of pur-
poses. A recent nationwide survey conducted by the Pew Research Center’s Internet and American



1 Nutrition Interventions for Aging Populations 13

Life Project reports that 53 % of U.S. adults aged 65 years or older use the Internet or e-mail, 69 %
have a mobile phone, and 33 % use social networking sites [106]. The use of technology-based health
promotion using computers (traditional, touchscreen, kiosk), electronic-tablets, smartphones, Personal
Digital Assistants (PDAs), and automated telephone systems provide opportunities to implement indi-
vidually tailored, real time, convenient, cost-effective, and widely distributed evidence and theoreti-
cally based interventions. Nutritional interventions using PDAs [100, 107] the Internet [108, 109], and
telephones [110] have been tested in older adult populations and have been successfully used to moni-
tor changes in health, promote and support positive health behavior change, and provide personal
feedback [111, 112]. Given that technology-based interventions do not require face-to-face interac-
tion, interventionists may be able to reach more individuals compared to traditional intervention and
health promotion strategies. Increasingly, innovative applications have been used to encourage health
behavior change and adherence (e.g., for diet, physical activity, medication) though smartphones and
wearable technologies, some of which utilize point-of-decision prompts [113, 114]. These innovative
approaches warrant additional systematic evaluation to determine the effectiveness of such
approaches [99, 115]. This is especially important for interventions designed for older adult popula-
tions [99, 116]. In designing electronic technologies for use by older adults, special considerations
should be made to account for the sensory, motor skills, computer literacy, and cognitive abilities of
older adults, for example, by creating simple user interfaces with large clear typefaces and easy navi-
gation elements [117-119].

In summary, studies have been conducted to assess the use of technology-based and/or web-based
interventions among older adults [99], but more research needs to be conducted to determine their
efficacy, especially in view of the increasing use of the Internet and information technology by older
populations.

Conclusion and Recommendations

With the global increase in persons aged 65 years or older, the translation and application of nutrition
research findings into tailored interventions that are evidence-based and have a broad reach is of
utmost importance to promote successful aging. Improvement in health outcomes will most often be
experienced following improvements in diet and related behaviors, particularly after such behavior
changes have been sustained for long periods of time [50]. The heterogeneity of older adult popula-
tions and the varied influential factors on diet and related behaviors may impact the length of time in
which objective and subjective changes in health and well-being are observed. Over 20 years ago,
researchers identified three categories of older adults based on their health status. Aging categories
created by Rowe and Kahn [120] were “Successful Agers” (i.e., absence of chronic disease, minimal
age-related physiological changes) and “Usual Agers” (i.e., the presence of chronic age-related medi-
cal conditions and disability), with “High-Risk Agers” (experiencing the heaviest burden of chronic
disease and ability) subsequently described by Harris and Feldman [121]. Conceptualizing older
adults in this way may help interventionists, and food, nutrition, and/or healthcare practitioners priori-
tize and tailor nutrition interventions accordingly. Other areas of prioritization and focus for future
work should include:

* Meeting the needs of special populations such as the older-old (i.e., aged >75 years) [27], racial/
ethnic minorities, people living in rural areas, and those experiencing economic hardships.

* Creating programs and services that address the needs of older adults along the continuum of
weight status, i.e., those who are underweight and those who are obese or overweight.

» Explicitly targeting both nutritional and physical activity behaviors together in developing pro-
grams for aging adults, in light of the physiological and behavioral synergies accompanying the
optimization of both of these key health behaviors [113].
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* Creating urban and rural environments that support healthy behaviors through infrastructures that
facilitate access to healthful food and physical activity opportunities;

* Promoting collaborative community partnerships (e.g., food banks, nonprofits, and faith-based
institutions) specifically targeted toward older adults (with a dual advantage of meeting both nutri-
tional and social engagement needs).

* Developing and using communication and technology-based interventions specifically targeted to
the needs and preferences of older adults to promote positive health behaviors among older popula-
tions in an effort to reduce the burden of disease and help decrease the digital divide.

The increasing prevalence of obesity on a global scale, including among aging populations [122],
emphasizes the need for evidence and theory-based nutrition interventions that adopt a life-course
perspective—and take into account the social and environmental contexts in which people live. Such
approaches have the potential to improve the health status and quality of life of many individuals in a
cost-effective, yet efficient, manner. While much work remains to be done in this area, focusing sci-
entific as well as public health energy and resources on the types of areas described above may yield
important insights that can advance the field. Given current population trends in the aging field, the
United States and other nations have much to gain from such investments, which can help older adults
reach their full potential as individuals and as citizens, maximizing the potential of an aging popula-
tion through shaping an active and vital old age [123].
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Chapter 2
Systematic Reviews in the Field of Nutrition

Alice H. Lichtenstein

Key Points

» Systematic reviews are valuable tools for staying abreast of evolving nutrition and aging-related
topics, formulating dietary guidelines, establishing nutrient reference intakes, formulating clinical
practice guidance, evaluating health claims, and setting research agendas.

* Basic steps of conducting a systematic review include identifying a review team, developing an
analytic framework, formulating key questions, selecting inclusion/exclusion criteria, identifying
search terms, searching the literature, selecting publications for inclusion, extracting and summa-
rizing data, rating the methodological quality of the included studies, and if adequate data is avail-
able, conducting a meta-analysis.

» Unique issues specific to nutrition-related topics include baseline exposure, nutrient status, nutri-
ent bioavailability, nutrient bioequivalence, biological stores, multiple biological functions, unde-
fined nature of nutrient intervention, and uncertainties in assessing dose—response relationships

» Conclusions of systematic reviews or meta-analysis are helpful tools that can contribute to deci-
sions but do not in themselves establish guidelines or research agendas.

Keywords Nutrition * Diet * Systematic review ¢ Key questions * Analytic framework ¢ Evidence
tables * Meta-analysis * Bioavailability * Bioequivalence ¢ Dietary supplements ¢ Older adults

The amount of scientific literature published each year increases exponentially. Very few individuals
have the time to keep abreast of the latest findings, and even fewer have the time to integrate the latest
findings into prior work. For topics unaligned with one’s primary area of expertise or research focus
the task can become insurmountable. Under these circumstances, review articles can serve an impor-
tant function.

There are two general types of reviews; narrative and systematic. Both summarize the literature on
a specific topic. For the most part, narrative reviews do not use a consistent methodological approach
to accomplish this task. Unclear are the criteria used to include or exclude studies, making it difficult
to determine whether the review is a comprehensive and unbiased evaluation of the literature.
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A systematic review specifies inclusion/exclusion criteria and follows a relatively standard format
designed to provide an impartial and complete assessment of all the literature available on the topic.
This chapter will focus on the latter type, systematic review, and the unique considerations that should
be addressed when performing a review of nutrition-related topics.

Background

Systematic review methodology was first developed in the field of medicine as an approach to formulate
clinical practice guidelines [1-3]. The approach has been used to not only establish guidelines [4, 5] but
also set research agendas [6] and formulate scientific consensus statements [7, 8]. More recently system-
atic review methodology has been applied to the field of nutrition [9-11]. In addition to helping profes-
sionals stay abreast of evolving topics, the reviews also serve as the basis for formulating dietary
guidelines [12], establishing nutrient reference intakes [13], formulating clinical practice guidance [14],
evaluating health claims [15], and setting research agendas [16].

Steps to Conducting Systematic Reviews

There are basic components that are integral to the systematic review process [17-19]. Critical is the
ability to identify and synthesize all the available data in an unbiased manner to answer prespecified
questions. A key component of conducting a systematic review is to thoroughly document all aspects
of the process. This latter point is important not only to ensure validity and reproducibility but to also
facilitate cost-effective periodic updates as new data emerge. Cochrane Collaboration [20] and the
Agency for Healthcare Research and Quality [21] are two organizations that have developed guide-
lines for conducting systematic reviews.

Review Team

Prior to commencing work on a systematic review, it is important to identify the individuals who will be
working on the project and their roles. The size of the team will depend on expertise of those involved,
the range, number, and detailed nature of research questions to be addressed, and the scope of available
literature. In addition to those individuals who will be responsible for conducting the actual systematic
review, there may be others involved. These individuals are domain experts, commonly referred to as a
technical expert panel. Particularly in the field of nutrition, it is important to include domain experts who
represent multiple disciplines. Domain experts provide guidance in terms of refining the research ques-
tions and identifying search terms. They typically are not involved in the actual review process so as to
ensure independence of those conducting the systematic review and to avoid potential bias or the appear-
ance of bias according to prior publications or public statements. Once the systematic review is completed
it is not uncommon for the technical expert panel to serve as reviewers.

Analytic Framework

An analytic framework provides a graphic representation of the organizational structure of a systematic
review and includes the basic elements of the review: exposure(s), indicator marker(s), surrogate
outcome(s), and clinical outcome(s) of interest. A generic analytic framework is depicted in Fig. 2.1 [11].
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Fig. 2.1 Generic analytic framework of dietary reference intakes [22]. Reprinted with permission of the Agency for
Healthcare Research and Quality from M. Chung, et al. Vitamin D and Calcium: A Systematic Review of Health
Outcomes, p. 23

In general, solid lines indicate established paths between exposure, and indicator markers, surro-
gate markers, or clinical outcomes. The dashed lines indicate possible or yet to be validated rela-
tionships. Some component of each research question should be included in the analytical
framework. The complexity of the analytic framework depends on the breadth of the topic and the
number of questions to be addressed. For example, Fig. 2.2 depicts an analytical framework devel-
oped to address five key questions involving two nutrients, vitamin D and calcium [22]. This ana-
lytic framework was developed jointly by the methodologists and domain experts, prior to starting
the systemic literature review.

Research (Key) Questions

The initial research questions, henceforth referred to as key questions, are drafted by either the spon-
sor or researchers. These questions are carefully reviewed, and frequently modified, by the research
team to improve clarity or increase specificity. For example, a single question may be divided into
multiple questions, each defined by specific criteria. The essential components of each key question
are summarized by the acronym PICO. PICO is an abbreviation for population/patient (P), interven-
tion/independent variable (I), comparator (C), and outcome (O). In some cases, PICO-D is used, with
the D representing study design. Key questions must be carefully formulated to match the intent of the
systemic review because they will define the literature search terms, inclusion criteria, and exclusion
criteria. Prior to finalizing the key questions it is helpful to evaluate the available resources for the
project and potential extent of the literature (horizon scan). This information may lead to a reassess-
ment of the project scope and/or modifications in the PICO criteria.
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Fig. 2.2 Analytic framework for vitamin D and/or calcium estimated average requirement [22]. Reprinted with permis-
sion of the Agency for Healthcare Research and Quality from M. Chung, et al. Vitamin D and Calcium: A Systematic
Review of Health Outcomes, p. 23

Inclusion/Exclusion Criteria

After the key questions are finalized, the next step in the systematic review process is to define the
inclusion/exclusion criteria. These decisions should be made on the basis of the PICO components.
The population will be defined by specific characteristics, e.g., age range, sex, health status. The inter-
vention will be defined by the specific dietary component(s) (in the case of nutrition-related system-
atic reviews), dose, chemical form, and duration of intervention. For example, if the area of interest is
omega-3 fatty acids, the intervention could be all omega-3 fatty acids, alpha-linolenic acid, eicosapen-
taenoic acid or docosahexaenoic acid, fish oil or fish, or some combination thereof. The dose could
have minimum and maximum daily limits and the duration could be limited in terms of minimum/
maximum length of time. To carry the omega-3 fatty acids example forward, the comparator(s) could
be a placebo, such as another vegetable oil or, if the intervention is fish, an alternate food that has an
equivalent amount of protein. The outcomes could be broad, e.g., all-cause mortality; narrow, e.g.,
coronary heart disease and stroke; or limited to indicator biomarkers, e.g., plasma triglyceride or
C-reactive protein concentrations. For some topics if the analytical methodologies for the indicator
biomarker have changed over time or the number of publications that appear to address the key ques-
tions is large, a cut-off publication date can be used as an inclusion criterion.
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Search Terms

Search terms are identified on the basis of the key question components. Both the methodologists and
domain experts should participate in identifying the search terms to ensure they are comprehensive
enough to adequately capture all the available literature and specific enough to minimize identifying
extraneous literature that does not address the key questions. Filtering out extraneous literature can be
a time-consuming burden.

Literature Search

At this point the domain experts step back from the systematic review process and the remaining
members of the research team should conduct the literature search. This division of labor is necessary
to avoid potential bias or the appearance of bias during the review process. To ensure that all literature
meeting the inclusion criteria is identified, multiple databases should be searched (e.g., Medline, CAB
Abstracts, and Cochrane Library Central) and citations of recent publications should be reviewed to
ensure the most relevant literature was identified by the search strategy. If more than a few relevant
articles are identified using the latter approach the search terms should be reassessed by the research
team. At all stages of the literature search it is critical to meticulously document the methodology.

Literature Selection

As a general rule, the majority of publications identified during the literature search will not meet the
inclusion criteria. Screening is initially done on the basis of abstracts. Reasons for excluding publica-
tions are dictated by the inclusion/exclusion criteria. Typical reasons for exclusion include the type of
article (e.g., editorials, reviews, case studies), study design (e.g., inadequate statistical analysis, lack
of control group), and not meeting the inclusion criteria (relevant exposure or outcome measures,
inadequate intervention period, study subject characteristics out of range). During the screening pro-
cess it is important to generate a flow diagram that documents information for the total number of
publications identified, and the number remaining during the preliminary screening process, with
particular attention to documenting publications filtered out. The next step is to retrieve full texts of
the remaining publications. As for the prior screening step, the reasons for screening out studies
should be fully documented. One example of a flow diagram is shown in Fig. 2.3 [23].

Extract and Summarize Data

A system must be developed to accurately and comprehensively extract data from the included publi-
cations. This is assisted by the development of an evidence table template. The format can be unique
to each systematic review. Critical components may include participant characteristics, study design,
intervention, methods used to measure compliance, results, statistical significance, and outcomes. It
is important to include all the information necessary to answer the key questions in a format that will
facilitate comparisons among studies. Data extraction is time consuming and every effort should be
made to avoid having to re-extract data due to an omission. Some systematic reviews include publica-
tions of studies with very different designs, such as clinical interventions and observation cohorts. In
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those cases separate evidence tables may be constructed to ensure the critical components of each type
of study design is adequately captured. Evidence tables tend to be large in size and cumbersome to
work with. Comparison among studies is facilitated by using the evidence tables to construct sum-
mary evidence tables that capture the specific elements necessary to synthesize the data.

Methodological Quality and Applicability of Studies

Some type of quality assessment is usually part of a systematic review. Table 2.1 proves a simple
example with some common elements [17]. A number of quality assessment tools are available, for
example, Cochrane Collaboration [20], the U.S. Preventive Services Task Force [21] and the Grading
Recommendations Assessment, Development and Evaluation working group [24]. The choice of
which to use depends on the topic and characteristics of the review.
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Table 2.1 One approach to assessing methodological quality and applicability of studies®

Methodological quality

A Least bias; results are valid.

B Susceptible to some bias, but not sufficient to invalidate the results.

C Significant bias that may invalidate the results.

Applicability

I Sample is representative of the target population. It should be sufficiently large to cover both sexes, a wide age
range, and other important features of the target population (e.g., diet).

II Sample is representative of a relevant subgroup of the target population, but not the entire population.

IIT Sample is representative of a narrow subgroup of subjects only, and is of limited applicability to other subgroups.

Overall effect

++ Clinically meaningful benefit demonstrated.

+ A clinically meaningful beneficial trend exists but is not conclusive.
0 Clinically meaningful effect not demonstrated or is unlikely.

— Harmful effect demonstrated or is likely.

*Adapted from [17]

Meta-analysis

Meta-analysis use statistical approaches to combine the data from multiple studies to derive a conclu-
sion about the totality of the data. Frequently the result of a meta-analysis is to calculate an overall
effect estimate. In some cases, a meta-regression can be performed to evaluate discrepancies among
studies and to explore factors such as dose—response relationships. The major concern when perform-
ing and interpreting a meta-analysis is the appropriateness of combining studies that did not use
identical experimental protocols. Decisions on whether it is appropriate to combine studies must be
made on a case by case basis. Meta-analysis should not be confused with a pooled analysis. For a
pooled analysis primary data from multiple individual studies are combined and analyzed. For a meta-
analysis mean data derived from published studies are combined and analyzed.

Unique Issues Related to Nutrition-Related Systematic Reviews

Methodological approaches to performing systematic reviews were first developed to address ques-
tions in the field of medicine [25]. The literature on pharmaceutical interventions tends to be more
straightforward than that related to nutrition. There are a number of unique factors that must be
accounted for when performing systematic reviews of nutrition-related topics (Table 2.2). It is impor-
tant to be aware of these prior to starting the review process so that accommodations, when necessary,
can be made.

Baseline Exposure

There is a baseline exposure for all essential nutrients. This exposure can be the variable of interest,
as for observational studies, or a starting point to be accounted for in interventional studies. For inter-
ventional studies this information is used as a starting point from which to increase or decrease intake.
Inaccurate accounting for potential differences in baseline exposure among study subjects can alter
the conclusions drawn from the data. Baseline exposure most commonly comes from foods and
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Table 2.2 Unique issues related to nutrition-related systematic
reviews

* Baseline exposure

¢ Nutrient status at baseline

* Nutrient bioavailability

* Nutrient bioequivalence

* Biological stores

e Multiple and interrelated biological functions

¢ Undefined nature of nutrient/food intervention

¢ Uncertainty in assessing dose—response relationships

beverages, nutrient and herbal supplements, endogenous synthesis (e.g., vitamin D, vitamin K), and/
or environmental contamination (e.g., iron cooking pot). Limitations in accurately quantifying base-
line nutrient exposure include factors such as the subjective nature of self-reported food and beverage
intake, incomplete data bases with which to analyze the data, subject burden associated with collect-
ing intake data, and inadequate methodology for quantifying in vivo synthesis. Currently, few bio-
markers to characterize baseline nutrient exposure are available. Information on how the baseline
food/nutrient intake is assessed should be included in the systematic review methodology section.

Nutrient Status

The nutrient status of an individual or population at baseline will impact on the ability to assess poten-
tial relationships between intake and outcomes within a cohort, and the response to altering the intake
after an intervention. There is a wide range of approaches used to determine nutrient status, including,
but not limited to concentrations in blood-borne cells, hard tissue concentrations (hair, nails), activity
of enzymes for which the nutrient is a cofactor, saturation of carrier proteins, and nutrient or metabo-
lite excretion. Homeostatic mechanisms, trafficking of nutrients to different tissues and storage capac-
ity for the nutrient of interest precludes, with rare exceptions, the use of plasma concentrations as an
indicator of nutrient status.

Nutrient Bioavailability

Not all forms of a nutrient are absorbed to the same degree of efficiency, otherwise referred to as
bioavailability. Many factors determine nutrient bioavailability. These include, but are not limited to
ionic state (e.g., ferric [Fe**])/ferrous [Fe®*]); chemical form (e.g., folic acid/folate); nutrient—nutrient
interactions (e.g., vitamin C and non-heme iron); nutrient—food interactions (e.g., dietary fat facili-
tates fat-soluble vitamin absorption, phytic acid/oxalic acid-containing foods impedes zinc absorp-
tion); nutrient—drug interactions (e.g., isoniazid and vitamin B, coumadin and vitamin K, folate and
metformin); mineral salts (e.g., calcium carbonate, calcium citrate, calcium malate); single versus
multiple daily doses (e.g., calcium, iron), and habitual intake (e.g., iron, vitamin C). Additional factors
that may alter nutrient bioavailability include biological status (e.g., iron and pregnancy, vitamin B,
and achlorhydria), food processing (e.g., particle size and dietary fiber, lye-treatment [corn] and tryp-
tophan, heat treatment and carotenoids), and for nutrient supplements completeness or rate of release
(e.g., coatings, excipients, surfactants).
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Nutrient Bioequivalence

Many nutrients occur in multiple forms that have different biological activity, commonly referred to
as bioequivalence. The general approach used to address this issue is to calculate nutrient equivalents
as was done when setting the recommended dietary allowances for vitamin A (preformed vitamin A
and carotenoids), folate (folate and folic acid), vitamin K (phylloquinone and menaquinone), and
niacin (niacin and tryptophan) [26-28]. The challenge of determining accurate conversion factors for
the calculation of nutrient equivalents has recently been demonstrated for beta-carotene [27].

Nutrient Availability from Biological Stores

In humans, release of nutrients from storage depots can be unrelated to biological need. The release
of vitamin A from hepatic stores is dependent on protein nutriture. The release or deposition in adipo-
cytes of fat-soluble vitamins can be determined by changes in tissue mass rather than biological need
for the nutrients.

Multiple and Interrelated Biological Functions of Nutrients

Most nutrients have multiple biological functions. The key questions define the nutrient-specific
scope of the systematic review. This is often accomplished by narrowing the range of the work (e.g.,
vitamin D and bone health or breast cancer risk, vitamin A and infectious disease or xerophthalmia).
Some biological functions of nutrients are dependent on the biological status of other nutrients (e.g.,
folate/vitamin B,/vitamin By, vitamin D/calcium) and must be accounted for.

Undefined Nature of Nutrient Intervention

Food-based interventions, in contrast to supplement-based interventions, present unique challenges in
accurately attributing a cause and effect to an individual nutrient or group of nutrients. For example,
one approach to increasing very long-chain n-3 fatty acid (eicosapentaenoic acid [EPA] and
docosahexaenoic acid [DHAY]) intake is to provide or instruct study participants to increase fish intake.
However, there is considerable variability in the levels of EPA and DHA in different fish, within
species of the same type of fish [29], season the fish was caught and animal husbandry practices for
farm-raised fish. In addition, there are other compounds in fish, in addition to EPA and DHA, that
could alter the biological outcomes assessed. Evaluating the effect of EPA and DHA using nutrient
supplements is not without similar challenges due to the wide range of fatty acid profiles in available
fish oil, potential changes in absolute levels during prolonged storage or heat exposure, and different
chemical forms of the fatty acids (e.g., triglyceride, ethyl esters). Documentation of nutrient intake
assessment is important to record.
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Uncertainties in Assessing Dose—Response Relationships

It is difficult to accurately assess food, hence, nutrient intakes. In some cases systematic bias is
unavoidable using currently available dietary instruments. This can be particularly important for sys-
tematic reviews designed to assess absolute rather than relative dose—response relationships. In gen-
eral, food frequency questionnaires underestimate energy and protein intakes with greater biases than
24-h recall [30]. Potential biases for other nutrient intake estimates are not adequately documented but
likely exist. Assay procedures for biomarkers of nutritional status can also significantly affect the
mean and distribution of reported values and need to be factored into data interpretation [31, 32].

Strengths and Limitations of Systematic Review Approach
for Nutrition Applications

Applying the systematic review approach to nutrition applications has both strengths and limitations
(Table 2.3).

Strengths

Strengths of the systematic review process include representing an objective process while avoiding
the appearance of bias, summarizing a comprehensive assessment of the available literature, defining
the scope of the review as reflected in key questions, documenting the search strategy in a detailed
manner, allowing for flexibility to customize searches by each topic without compromising rigorous-
ness, generating a report that can be updated in a cost effective manner, identifying a transparent
process of review, enhancing statistical power by simultaneously assessing multiple and frequently
small studies, incorporating some ability to detect publication bias, providing an assessment of meth-
odological quality, applicability and overall effect, and facilitating identification of research gaps.

Table 2.3 Strengths and limitations of the systematic review process

Strengths

* Represents an objective process and avoids the appearance of bias

* Summarizes a comprehensive assessment of the available literature

¢ Defines scope of the review as reflected in key questions

* Documents search strategy in a detailed manner

* Allows for flexibility to customize searches by each topic without compromising rigorousness

* Generates a report that can be updated in cost effective manner

» Identifies a transparent process of review

* Enhances statistical power by simultaneously assessing multiple and frequently small studies

* Incorporates some ability to detect publication bias

* Provides an assessment of methodological quality, applicability and overall effect

» Facilitates identification of research gaps

Limitations

* Confines imposed by key questions in terms of population, intervention, comparator and outcome measures
» Restrictions impact on the number of studies meeting the inclusion criteria

» Limitations imposed by the quality and scope of available data (e.g., poor study design, missing data, publication bias)
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The detailed level of documentation is an integral part of the systematic review process. A beneficial
byproduct of the systematic reviews is the ability to identify needed improvements in the quality and
nature of data reporting. This is particularly valuable in the field of nutrition where the number of
studies available to answer a key question is often limited.

Limitations

Limitations of the systematic review process include confines imposed by the key questions in terms
of population, intervention, comparator and outcome measures, restrictions that impact on the number
of studies meeting the inclusion criteria, and limitations imposed by the quality and scope of available
data (e.g., poor study design, missing data, publication bias).

Confusion can be caused when multiple systematic reviews addressing what appear to be on the
same topic come to different conclusions [9, 33, 34]. Such discrepancies can usually be attributed to
differences in the key questions, study inclusion/exclusion criteria, evolution of available data, and
changes in the analytical approaches used to generate the data or quality of the data. Meticulous docu-
mentation of the process can avoid confusion.

Contribution of Systematic Reviews to Nutritional Status of Older Adults

It is difficult to isolate an independent contribution of systematic reviews in defining the nutritional
status specifically of older adults or understanding their unique nutritional challenges. However, the
contribution of systematic reviews to the understanding of health outcomes, particularly in terms of
chronic disease risk, has had a marked effect.

In 2013, it was reported that the prevalence of multi-morbidity, the concurrent existence of two or
more chronic disorders, is increasing in the United States, paralleling the increased life-span and
demographic shift in the population to the older aged groups [35]. The rates of multi-morbidity in
individuals aged <65 years, 65—74 years, 75-84 years, and >85 years is 50 %, 62 %, 76 %, and 82 %,
respectively. These data were corroborated using previously published systematic reviews [35]. It can
be difficult to address the nutritional needs of individuals with multi-morbidities. To be most effica-
cious intervention approaches may need to be tailored to different age groups. However, a systematic
review of nutrition and health literacy literature concluded that health literacy was a stronger predictor
of health status than age, income, employment, education, and race [36]. This type of information is
critical when designing intervention programs to improve health status of older adults.

Evaluating the nutritional status of older adults is an important component when assessing health
status. A challenge is determining which nutritional screening tool is the best predictor of status for
older adults and most likely to provide useful information to optimize health outcomes. A systematic
review of the instruments available was used to address this issue [37]. In addition to providing valu-
able information on the relative strengths of each instrument for which data were available, research
gaps that would benefit from being addressed were also identified. The most recent iteration of the
Dietary Reference Intakes for calcium and vitamin D relied heavily on a systemic review of the evi-
dence [13, 22]. The conclusions of the review resulted in changes in the vitamin D dietary reference
intakes for most age groups, including individuals >70 years [22].

Multivitamins use is common in older adults [38, 39]. Strikingly, use is most prevalent among
those with the most nutrient adequate diets [40, 41]. Conclusions of a systematic review indicate the
most prominent motivator for nutrient supplement use among all U.S. adults is desire to improve
overall health [42]. However, for older adults this is not the case, their motivations stem more from
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specific health concerns and nutrient supplement use parallels engaging in more favorable health and
lifestyle behaviors [42]. Recently, concern has been raised that multivitamin—multimineral supple-
ment use in older adults is associated with increased mortality [43—45]. A systematic review was
conducted to address this issue. The totality of the data indicated that there was no trend of multivita-
min—multimineral supplement use with all-cause mortality, and there was a trend for reduced mortal-
ity from vascular and cancer causes [46]. In addition, no statistically significant evidence for
heterogeneity or publication bias in the data was identified by the systematic review. Only an unbiased
approach that considered all the data together could have adequately addressed this issue.

Conclusion

Systematic reviews are by their very nature an objective assessment of the available literature on a
defined topic. The availability of systematic reviews that have addressed nutrition-related questions is
extremely useful. The process is flexible, allowing for a wide range of topics to be addressed and
facilitates periodic updates as new data emerge. However, it is important to note that by definition,
systematic reviews are limited in scope as defined by the key question and restricted to what is fre-
quently a less than complete dataset. The key questions answered are discrete units rather than inter-
related entities. The conclusions of systematic reviews or meta-analysis do not in themselves establish
guidelines or research agendas. They are an important tool that can contribute to decisions in these
areas. A well-documented transparent process is critical for reviewing the data, and if inadequate data
are available and expert opinion impacts on the final recommendations, there is a clear indication of
when that occurred and within what context.
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Chapter 3
Nutrition Assessment

Rose Ann DiMaria-Ghalili and Michi Yukawa

Key Points

¢ QOlder adults are at risk for malnutrition (undernutrition) across the care continuum.

* Nutrition screening should be conducted upon admission to the hospital and long-term care
settings, upon first home care visit, enrollment in community-based programs, and during annual
primary care visits.

* Recommended nutrition screening tools are the Mini-Nutritional Assessment-Short Form and the
Determine Checklist.

* Nutrition assessment should be performed for any older adult at nutrition risk.

* Nutrition assessment is a comprehensive exam focused on weight changes, body composition
status, physical examination, comorbid conditions, functional status, medication history, dietary
intake, and psychosocial and economic status.

e Adult disease-related malnutrition diagnosis applicable to older adults include: starvation, chronic
disease-related malnutrition, and acute disease-related malnutrition.

* All health professionals (physicians, nurses, dietitians, pharmacists, dentists, speech pathologists,
and physical therapists) should be knowledgeable about appropriate approaches for the nutrition
screening and assessment of older adults.
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Introduction

Nutrition plays an important role in the promotion and maintenance of optimal physical functioning and
quality of life in older adults [1]. Nutritional status is the balance of nutrient intake, physiological
demands, and metabolic rate. Malnutrition includes both undernutrition (protein and/or calorie defi-
ciency) and overnutrition (obesity); in older adults malnutrition more commonly refers to undernutri-
tion. Obesity (BMI >30 kg/m?) is a key indicator of well-being in older adults, and 38 % of older
Americans were obese in 2009-2010 [2]. While obesity is often easy to identify, unintentional weight
loss and malnutrition are not. Malnutrition is a common geriatric syndrome [3] and 12-72 % of older
adults are malnourished or at risk for malnutrition [4-9]. Malnutrition can impact quality of life [10, 11]
and is associated with measurable adverse outcomes which include infections, pressure ulcers, falls,
increased length of hospital stay, institutionalization, increased cost of care, and death [9, 12-19].
Identification of malnourished older adults through nutrition screening and assessment can lead to
prompt interventions to promote or maintain nutritional health and improve health outcomes.

Nutrition Screening

Meeting the nutritional needs of the older adults includes screening for nutrition risk, performing a
nutrition assessment, implementing nutrition interventions, monitoring responses to interventions,
rescreening, and when appropriate diagnosing malnutrition (Table 3.1). Nutrition screening is the first
step [20] and is defined as “a process to identify an individual who is malnourished or who is at risk
for malnutrition to determine if a detailed nutrition assessment is indicated” [21]. Nutrition screening
and rescreening can be performed by any health care professionals in any practice setting with valid
and reliable tools for older adults [22]. Since nutrition screening can take place in a variety of care
settings (primary care, ambulatory care, acute care, home care, community, and long-term care) the
selection of the screening tool and timing of screening should be appropriate to the setting [22].

Nutrition Screening Regulations

Hospital or Acute Care Settings

In the hospital setting the Joint Commission mandates that every patient admitted to the hospital or acute
care setting have a nutrition screen performed within 24 h of admission [23]. The standard is not differ-
ent for older patients and the elements to be included in the nutrition screen are not specified. Nutrition
screening on admission identifies those patients at risk and who would benefit from in-depth nutrition
assessment; it triggers follow-up by a dietitian at the beginning of hospital treatment. Nutrition status can
deteriorate during the course of admission, and an older adult may be at increased risk for malnutrition
at discharge than upon admission. Presently there is no regulatory requirement for continued rescreening
of nutrition status during hospitalization, and most importantly, upon discharge.

Long-Term Care
Federal regulations require nutrition screening for new residents within 14 days of admission to the

skilled care facility (nursing home). Nutritional status and unintentional weight loss in long-term care
residents are monitored very closely. In fact, one of the quality measures mandated by the Centers for
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Medicare and Medicaid Services (CMS) is “significant weight loss” in residents of a long-term care
facility. The MDS (Minimum Data Set) 3.0 tracks weights on nursing home residents, and CMS
defines significant weight loss as weight loss of >5 % in 1 month or >10 % weight loss in the last two
quarters in residents who were not on prescribed weight-loss regimen (www.CMS.gov/medicare/
Quality-Initiative-Patient- Assessment-Instruments). The MDS nurse coordinator contacts the physi-
cian when a resident has lost significant weight.

Primary Care

According to the Joint Commission, ambulatory clinics, office practices, and primary care settings
should have an organizational policy that details when nutritional screenings and assessments are
performed [24]. The Joint Commission recommends “nutritional screening may be performed at
the first visit” [24], and rescreening and assessment are needed only “when appropriate to the reason
the patient is presenting for care” [24]. If a primary care practice is not accredited by the Joint
Commission there is no specific regulation mandating monitoring of weight or nutrition screening.
However, experts advocate for the monitoring of weight loss in geriatric patients [25-27].

Community

Significant weight loss in community-dwelling older adults is defined as >5 % weight loss in 1 year
[26, 27]. The US Preventive Services Task Force does not provide a recommendation on monitoring
weight changes or nutrition screening in older adults. However, the Academy of Nutrition and
Dietetics’ evidence-based nutrition practice guideline on unintended weight loss in older adults
strongly recommends “older adults are screened for unintended weight loss regardless of setting”
[28]. The Administration on Aging does require nutrition screening with the DETERMINE checklist
[29, 30] for all community-dwelling older adults who receive home-delivered meals or take part in
congregate meal programs through the Title IIT Older American Act Nutrition Programs [31].

Homecare

Nutrition screening is not included in the Outcomes and Assessment Information Set (OASIS) for
Medicare home health agencies [32]. However, questions are asked regarding whether patient can
perform certain activities for oneself, including feeding, preparing meals, and food shopping. The
Joint Commission requires that a home care agency defines in writing which nutrition status informa-
tion it collects in the patient’s assessment and reassessment [33].

Types of Screening Tools

Nutrition screening tools identify those who have, or are at risk for, malnutrition [22]. In the United
States, there is no standardized tool to screen for nutrition risk in older adults. Using different tools
across practice settings and institutions limits the ability to benchmark nutrition risk or malnutrition
and to determine the yearly prevalence of malnutrition. One literature review identified 21 different
nutrition screening and assessment tools for use with older adults [34]. However, many of these tools
are not fully developed and the validity, reliability, sensitivity, and specificity are not established [34].
The Mini-Nutritional Assessment Short-Form (MNA-SF), and the DETERMINE checklist are nutri-
tion screening instruments recommended for use in older adults.


http://www.cms.gov/medicare/Quality-Initiative-Patient-Assessment-Instruments
http://www.cms.gov/medicare/Quality-Initiative-Patient-Assessment-Instruments
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Mini-Nutrition Assessment-Short Form (MNA-SF)

The original or full MNA (www.mna-elderly.com) was developed in 1991 and consists of 18 items
derived from four parameters of assessment: anthropometric, general, dietary, and subjective [35].
The full MNA has two components: a nutrition screen and a complete nutrition assessment. The full
MNA is available in 24 languages and has been used in over 122 international studies in 30,000 older
adults in different settings [35]. The reliability and validity of the full MNA is well established across
care settings and the tool has a reported sensitivity of 96 % and specificity of 98 % [35]. The MNA-SF
is a screening tool to identify older adults who are malnourished or at risk of malnutrition. The most
recent version of the MNA-SF consists of six questions on food intake, weight loss, mobility, psycho-
logical stress or acute disease, presence of dementia or depression, and body mass index (BMI). When
BMI is not available, then calf circumference is measured and used in place of BMI. The MNA-SF
has a sensitivity of 89 %, specificity of 82 %, and a strong positive predictive value (Youden
Index=0.70) [36]. While the MNA-SF was developed from the full MNA, reliability of the MNA-SF
is not yet available [37]. The MNA-SF takes about 5 min to complete and is a recommended evidence-
based screening tool for use in older adults [20, 22, 38].

DETERMINE Checklist

The DETERMINE checklist was developed by the Nutrition Screening Initiative to assess nutrition
risk in older adults. The tool was designed to be self-administered, though health professionals can
administer the screen. The DETERMINE checklist consists of ten items that assesses eating and
drinking habits, mouth problems, income, eating alone, medications, weight loss/gain, and ability to
shop/cook/feed self [29, 30]. The tool has established validity [34], but it has a high positive screen
rate [39]. While the DETERMINE checklist is recommended for use in older adults as an evidence-
based nutrition risk screen [38], the tool is most appropriate for use in community-dwelling older
adults [31] and in the primary care setting.

Developing Screening Programs

Nutrition risk screening can be easily incorporated into the routine care of older adults across prac-
tice settings. The DETERMINE checklist and the Self-MNA (www.mna-elderly.com) nutrition risk
questionnaires can be completed by older adults in a physician waiting room and the results can be
discussed during the office visit. Nutrition risk screening tools (MNA-SF) can be incorporated into
the nursing admission assessment for older adults admitted to the hospital, extended care facility,
long-term care, or home health. While nutrition screening programs identify those older adults at
nutritional risk who need a more in-depth nutrition assessment and/or nutrition intervention, screen-
ing only provides a snapshot of nutrition risk at a precise point in time. While there are no evidence-
based criteria for rescreening, any changes in the medical history, psychological status, social status,
or functional status can impact the level of nutrition risk and warranting further rescreening.
Hospitalized older adults may benefit from a nutrition screen upon discharge to identify nutrition
concerns during the transition from hospital to home [40, 41]. Institutionalized older adults should
be rescreened every 3 months, and normally nourished community-dwelling older adults should be
rescreened annually [42] (Table 3.1).


http://www.mna-elderly.com/
http://www.mna-elderly.com/
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Nutrition Assessment

Nutrition assessment is a “comprehensive approach to diagnosing nutrition problems that uses a combi-
nation of the following: medical, nutrition, and medication histories; physical examination; anthropo-
metric measurements; and laboratory data” [21]. Psychosocial status, economic factors, and functional
status are also important components of a comprehensive nutrition assessment for older adults.

Anthropometrics

Weight

Body weight is the mass of an individual and represents the sum of individual body compartments.
Body weight is characterized at the atomic (oxygen, carbon, hydrogen, other), molecular (water, lipid,
protein, other), cellular (cell mass, extracellular fluid, extracellular solids), tissue (skeletal muscle,
adipose tissue, bone, blood, other), and whole body (head, neck, trunk, lower extremities, upper
extremities) levels [43]. Change in one of these compartments can cause change in weight. On the
molecular level, body weight is the sum of water (60 % of body weight in healthy individual is water)
and dry body weight (minerals, protein, and lipid) [43]. Lean body mass and fat free mass are essen-
tially the same—both include water, protein, and minerals, while lean body mass does not include the
relatively small amount of essential lipids [43]. Body weight is dynamic as it represents the balance
of energy intake and energy expended in the form of physical activity and metabolism.

Weight is a critical vital sign in older adults. Weight should be measured without shoes or heavy
clothing. Bed scales and chair scales can be used for older adults who cannot stand erect. The percent-
age of weight loss should be calculated as follows: usual weight —current weight/usual weight x 100 %)
[46]. If an individual cannot recall whether or not they have lost weight, ask about changes in clothing
size, examination of the belt, or ask significant others [44]. Daily fluctuations in total body weight are
minimal in healthy adults (i.e., less than +0.5 kg) [45], while an increase in 1-2 kg/day indicates fluid
retention [44] or fluid overload in individuals with heart failure [46]. Weight gain and/or weight loss
over time reflect changes in body composition [47]; furthermore, body composition can change over
time (i.e., increase or decrease in fat or lean mass) without a change in body weight [47, 48].

An acceleration of weight loss is not part of normal aging. Body weight changes throughout
adulthood, generally increasing until age 60 [48], stabilizing until about age 70 [49] and then slowly
decreasing after age 70—75 [50]. Studies in very healthy elderly subjects indicate that only very small
decrements in weight (0.1-0.2 kg/year) appear to occur in association with normal aging [49].
Further research needs to be conducted to understand the normal weight trajectory in those 80 years
of age and older.

Body weight may decrease 50-60 % of ideal weight during chronic semi-starvation [45].
Physiological function is significantly impaired when more than 20 % of body protein is lost [51].
Hill’s early work demonstrated that a weight loss of >10 % of body weight is associated with physi-
ological impairment [51] and protein loss is usually clinically significant when more than 15 % of
body weight has been lost [51]; however, these studies were not performed exclusively in the elderly.
While a weight loss of 4 % of usual body weight in 1 year was reported to be the most sensitive and
specific cut-point to define clinically important weight loss [25, 52], a weight loss of 5 % of usual
body weight over 6—12 months is the most widely accepted definition for clinically important weight
loss in older adults [44].
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Intentional Versus Unintentional Weight Loss

The intentionality of weight change should be considered when assessing weight loss. Voluntary
weight loss is due to either intentional planned restrictions or modifications in dietary intake (i.e.,
dieting), increase in physical activity, or both. Involuntary or unintentional weight loss is a decrease
in weight over a defined period of time without a desire or intention of the individual to reduce body
weight. Unintentional weight loss is considered unexplained when a definitive cause of the weight
loss cannot be made [53]. Unexplained, ongoing, weight loss in persons without a history of weight
fluctuations (e.g., “yo yo” dieting) is cause for concern [44]. Unintentional weight loss can occur in
isolation [50] or as component of geriatric syndromes such as malnutrition (undernutrition) [54] and
frailty [55], as well as secondary to sarcopenia [56], cachexia [56], and inflammatory conditions [56].
Some patients may ignore or minimize their unintentional weight loss [44] and not report it to the
physician [57]. Older adults who lose weight unintentionally may report being satisfied with weight
loss after years of struggling to lose weight and indicate that they do not want to regain the weight they
lost [57]. One study found cancer patients who lost up to 60 Ib of their pre-cancer weight were pleased
with the unintentional weight loss despite the impact on functional status [58]. Unintentional weight
loss may go untreated if clinicians do not monitor weight changes in older adults over time.
Unintentional weight loss in older adults is associated with increased morbidity and mortality, primar-
ily due to the loss of muscle mass [48]. Clinicians should consider weight in older adults as an impor-
tant vital sign.

Adverse Effects of Unintentional Weight Loss

Any weight loss in older adults is associated with a loss of lean mass [48, 59] and accelerates the devel-
opment of sarcopenia [59], resulting in functional decline [60, 61]. Unintentional weight loss is associ-
ated with frailty [55], lower levels of self-reported physical health [62], hospital readmission [63, 64],
and falls [65, 66]. Unintentional weight loss is a risk factor for malnutrition (i.e., undernutrition) [67]
and increases the risk for death [52, 68—70]. If unintentional weight loss is from total starvation, death
occurs when the maximal weight loss is approximately 30 % of initial body weight [45].

Height. Since older adults may lose height as part of normal aging [71], it is important to measure height
(without shoes) at least on a yearly basis. Alternatives to standing height include demi-span measure-
ment [71] or knee-height with a caliper when an older adult has difficulty standing erect [71, 72].

Body Mass Index. Body mass index is an indicator of body fatness. Compared to young adults of the
same BMI, older adults have more body fat, and BMI may overestimate health risks with higher BMIs
in the elderly [48]. BMI is the best metric to determine if weight for height is within normal limits
since ideal body weight tables are not norm-based for older adults [73, 74]. However, the recommen-
dations for normal BMI for older adults are conflicting (Table 3.2).

Body Composition

Important changes in body composition occur with normal aging. The decline in lean mass, mostly
muscle, with and without intentional weight loss [48], starts in the third decade at a rate of 0.3 kg/year
[50]. By the age of 70 there is an estimated loss of 40 % of lean mass since age 30 [75]. Loss of lean
mass is attributed in part to physiological aging from physical inactivity, age-related declines in ana-
bolic hormones, adverse effects of free radicals, increased cytokines, and effects of acute illness [50].
Both men and women lose lean body mass with aging [76], although women lose lean mass to a lesser
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Table 3.2 BMI recommendations for older adults

Source Normal BMI (kg/m?) for older adults
Centers for Medicare and Medicaid Services [101]  >23 and <30

Medline Plus [102] 25-27

National Heart, Lung, and Blood Institute [103]* 18.5-24.9

Nutrition Screening Initiative [30] 22-27

“National Heart, Lung, and Blood Institute Guidelines do not differentiate BMI recommenda-
tions for young, middle-aged, and older adults

extent than men [76]. Individuals >75 years of age lose more lean mass over time (men: 0.4 kg/year;
women: 0.2 kg/year) than those aged 6574 years [76].

Lean mass is replaced by fat until around age 65-70 [50] and the distribution of fat changes with
aging. Subcutaneous fat increases up to around age 60 [77] and lower circumferences in arms and legs
are observed in older versus younger adults [77]. In those over 65 years of age there is an increase in
waist diameters [77], higher waist to hip or waist to thigh ratios [76, 77], and an increase in abdominal
adiposity [76, 77]. Changes in body composition with aging are also dependent on other age-related
factors, such as acute and chronic illness, physical activity, medications, hormone, and nutrient intake
[76]. Increased physical activity during aging may attenuate the loss of lean mass [76]. Most experts
agree that weight loss should not be dismissed as part of normal aging [48, 50, 68], and that measure-
ment of weight loss cannot distinguish between alterations in lean versus fat mass [68].

A variety of methods are available to measure body composition in older adults. Specialized mea-
surements such as whole-body immersion, air-displacement plethysmography, neutron activation
analysis, and dilution techniques are accurate and precise, but are available only in specialized
research facilities [78]. Furthermore, frail older adults may not be able to withstand the testing proce-
dures. Computed tomography, MRI scanning, and dual energy X-ray absorptiometry (DXA) are also
used to assess body composition. Whole-body DXA is considered the gold standard in epidemiologic
cohort studies on aging, is generally well tolerated, clinically applicable, and has minimal radiation
exposure [78]. Bioelectrical impedance analysis (BIA) is relatively inexpensive, safe, portable, and
easy to perform in the clinical setting [78]. Anthropometric measurements are the most inexpensive
body composition measures and are easy to obtain in clinical practice. These measurements include
skinfold thickness (estimate of subcutaneous body fat) as well as upper arm and calf circumference
measurements (estimates muscle mass). While researchers continue to advance the field of body com-
position, these methods are not routinely integrated into clinical practice. Normal ranges need to be
developed for the elderly. When suitable, body composition measurements should be performed over
time to assess changes in fat and muscle mass by appropriately trained individuals.

Physical Exam

Physical signs of malnutrition should be noted during a physical exam: loss of subcutaneous fat (orbital,
triceps over rib cage); muscle loss (wasting of the temples, clavicles, shoulders, interosseous muscles,
scapula, and calf); and fluid accumulation (extremities, vulvar/scrotal edema, or ascites) [67].
Diminished immune response, cognitive dysfunction, osteopenia, and anemia have also been associ-
ated with protein malnutrition [79, 80]. Protein malnourished individuals may develop anasarca or
lower extremity pitting edema due to loss of oncotic pressure to maintain intravascular volume, as well
as dry, atrophic skin and dull hypopigmented fragile hair. Protein malnutrition may be physically indis-
tinguishable from cachexia and sarcopenia. Starvation or chronic protein malnutrition can be reversed
with refeeding, while cachexia and sarcopenia are not easily treated with increased calorie intake [56].



3 Nutrition Assessment 43

Table 3.3 Physical findings of micronutrient deficiencies [104]

Physical findings

Fat-soluble vitamin deficiency

A [105] Night blindness, xerophthalmia, decrease immune function, dry skin, follicular hyperkeratosis,
poor wound healing

E [106] Spinocerebellar ataxia, areflexia or decreased deep tendon reflexes, peripheral neuropathy,
myopathy, impairment of proprioception and vibratory sense, retinopathy, extraocular muscle
paresis

D Osteomalacia, osteoporosis, frequent falls, increased risk for vertebral and nonvertebral fractures

K Increased risk for bleeding

Water-soluble vitamin deficiency

B1 (thiamine) Wernicke’s encephalopathy (confusion, ataxia and nystagmus), Korsakoff’s syndrome
(retrograde amnesia, confabulation, inability to learn new things), beriberi, foot-drop or
wrist-drop from nerve damages

B2 (riboflavin) Corneal neovascularization, cheilosis, glossitis

B3 (niacin) Diarrhea, cognitive impairment (delirium, memory loss, depression, mania and paranoia),
dermatitis (bullae, vesicles, intertrigo, or chronic hypertrophy with hyperpigmentation)

B6 (pyridoxine) Stomatitis, glossitis, angular cheilosis, sideroblastic anemia

B12 Peripheral neuropathy, depression, cognitive dysfunction, megaloblastic anemia

C[107] Poor wound healing, reduced collagen cross-linking, hemarthrosis, perifollicular petechiae,
hypertrophic gingivitis, gingival bleeding, ecchymoses, petechiae, nail bed splinter
hemorrhages

Folate Megaloblastic anemia

Minerals

Copper [108] Muscle weakness, ataxia, neuropathy, cognitive deficits, abnormally formed hair,
depigmentation of the skin

Todine [109] Goiter, hypothyroidism

Iron Microcytic, hypochromic anemia, lethargy

Manganese [84] Scaly dermatitis, dyslipidemia

Selenium [100, 110] Cardiomyopathy, skeletal muscle dysfunction, mood disorders, decreased immune function

Zinc [111, 112] Poor wound healing, decreased immune function, impotence, hypogonadism, decreased taste,
alopecia, acrodermatitis enteropathica

Older adults with protein calorie malnutrition may also experience micronutrient deficiencies.
Physical findings associated with vitamin and trace mineral deficiencies are detailed in Table 3.3.
While vitamin D is most notable for its impact on calcium and bone physiology, research on Vitamin
D deficiency has been expanding due to its pleiotropic clinical effects. Vitamin D deficiencies have
been linked to increased risk for arterial disease, heart failure, insulin resistance, poor glycemic con-
trol, and even cancer [81-83]. However, most notable physiological signs of vitamin D deficiency are
osteomalacia, osteoporosis, and increased risk for fall, balance problems, and fractures. Although
deficiency in manganese is very rare, one clinical study showed that it is associated with dyslipidemia
and scaly dermatitis [84].

Visceral Proteins

While serum albumin, transferrin, and prealbumin are visceral protein measures, they lack sensitivity
and specificity as indicators of nutrition status during inflammation [67, 72]. In order to determine if
the depleted measures of albumin and prealbumin reflect malnutrition, it is recommended to obtain a
C-reactive protein level [72]. If C-reactive protein is elevated and albumin and prealbumin are low
then the changes in albumin and prealbumin are due to an underlying inflammation [72].
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Dietary Intake

Dietary intake can be assessed with a modified diet history or 24-h food recall [72], though food recall
may be inaccurate especially in older adults with cognitive impairment. If the older adult is in a health
care setting, a 3-day calorie count [71] can help determine current intake from total calories as well as
protein, fat, and carbohydrates. Older adults may have diminished dietary intake due to loss of appe-
tite related to side effects of medications, depression, or anorexia of aging [27] (see also Chap. 18).
Also chronic conditions that lead to an impairment in ADL or TADL may limit the ability to physically
shop, cook, or feed self [71]. Dysphagia, difficulty swallowing, and poor oral health (cavities, gum
disease, missing teeth) can limit dietary intake [71]. Poor oral health is a special concern in older
adults since dental coverage is not provided under Medicare and many older adults may not have the
money to visit the dentist (see also Chap. 5).

Functional Status

Physical performance is a component of a geriatric assessment. Unintentional weight loss and malnu-
trition can negatively impact muscle strength and muscle mass leading to frailty and physical disabil-
ity. Hand-grip strength, an indicator of upper body muscle function, is used as an outcome variable in
nutrition intervention studies as well as a marker of nutritional status [85]. Hand-grip strength mea-
surements are noninvasive, portable, and can easily be measured at the bed side [86]. Ergonomic
characteristics vary with each dynamometer, and the Jamar is considered as the “gold standard” [86].
The American Society for Parenteral and Enteral Nutrition and the Academy of Nutrition and Dietetics
recommend reduced hand-grip strength as a clinical indicator of malnutrition [67]. However, there is
a need to develop standardized measurement protocols as well as normative data to widely translate
the use of hand-grip measurements to clinical practice [67, 85].

Medications

Side effects of medications can contribute to weight loss in geriatric patients [87, 88]. Common pre-
scription and over-the-counter medications associated with unintentional weight loss are listed in
Table 3.4. Some medications can cause dry mouth, and alter taste or smell, which can lead to decreased
appetite. Other medications can slow gastric motility causing a sensation of persistent fullness leading
to decreased food intake. Reviewing all medications, including over-the-counter medications, vita-
mins, and prescription medications in patients who are losing weight is recommended.

Psychosocial and Economic Factors

Poverty or limited income can impact shopping patterns; for example, financial limitations and/or lack
of transportation may reduce availability of fresh fruits or vegetables and high quality protein foods
[71]. Older adults with reduced income have also reported limiting the number of meals eaten each
day for economic reasons [71]. Older adults who are primary caretakers of their grandchildren are
more likely to have food insecurity [89]. Psychosocial factors can contribute to unintentional weight
loss by either decreasing appetite, or reducing dietary intake. Older adults who live alone may be
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Table 3.4 Nutrition-related side effects of medications [87, 88, 96, 113]

Nutritional alteration Medications

Anorexic Amantadine, amphetamine, benzodiazepines, digoxin, gold, levodopa, metformin, nicotine,
opiates, SSRIs, theophylline

Altered taste or smell ACE inhibitors, calcium channel blockers, spironolactone, iron, levodopa, pergolide,
selegiline, opiates, gold, allopurinol

Dry mouth Anticholinergic, diuretics, antihistamines

Nausea/vomiting Antibiotics (atovaquone, ciprofloxacin clarithromycin, doxycycline, ethambutol,

metronidazole, ofloxacin, pentamidine, rifabutin, tetracycline)
Bisphosphonates, digoxin, levodopa, opiates, tricyclic antidepressants, SSRI
Slow gastric motility Antibiotic (erythromycin)

SSRI selective serotonin reuptake inhibitors, ACE angiotensin converting enzyme

lonely and lose the desire to eat [71]. Grief due to loss of a spouse can impact desire to eat or enjoy-
ment in eating [71]. If the wife was the primary caretaker of the home, older men who lose their
spouse may not be accustomed to shopping for food, preparing meals, or cooking. Depression is a
major contributor to decreased appetite in older adults [71].

Unintentional weight loss is a classic sign of Alzheimer’s disease (AD) [90-92], occurring in
25-90 % of patients across the stages of the disease [52, 92, 93]. AD is considered a pro-inflammatory
condition and elevations in cytokines can contribute to weight loss and wasting associated with AD
[94]. While the exact mechanism is unclear, unintentional weight loss starts in the preclinical stage
[90]. Neuropathological changes in the brain contributing to weight loss in AD include changes in
feeding behavior and memory [90-92], disturbed appetite signaling [90], lower orexigenic factor
concentrations [90], volitional swallowing disorders [91], and alterations in taste and smell [91]. Also,
side effects of medications used to treat AD can impact appetite or ability to eat [90, 92]. Behavioral
changes at each stage of the AD can profoundly impact dietary intake and contribute to unintentional
weight loss.

Comorbid Conditions

A review of the medical history can identify comorbid conditions which are associated with uninten-
tional weight loss and malnutrition. Medical conditions associated with unintentional weight loss are
listed in Table 3.5. Involuntary weight loss can be categorized into three causes: malignant, nonmalig-
nant, and idiopathic. The landmark studies on unintentional weight loss patients [95, 96] from the
1980s showed that 19-36.6 % of patients had a malignancy, 40.5 % had nonmalignant disease, and in
23.2-35 % no underlying causes could be found despite extensive work-up. The most common malig-
nant diseases were gastrointestinal in origin (pancreatic, hepatic, esophageal, and colorectal) followed
by genitourinary, hematologic, lung, breast, and brain [96]. For nonmalignant causes of weight loss,
gastrointestinal disorders were frequently noted (26 %) and psychiatric disorders accounted for
10.3 % of involuntary weight loss [96]. Recent studies confirmed the previous findings that 38 % of
patients with involuntary weight loss have underlying neoplasms; GI malignancies accounted for
majority of the cases [87, 97, 98]. Twenty-three percent of patients had underlying psychiatric illness
and nonmalignant GI causes were also more commonly seen in patients with unintentional weight
loss. In approximately 11-25 % of cases, the cause of weight loss was not determined. For geriatric
patients, underlying dementia could lead to unintentional weight loss, as previously noted.
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Table 3.5 Comorbid conditions contributing to involuntary weight loss in older adults [87, 88, 96, 113]

Malignant causes Nonmalignant causes
Gastrointestinal malignancy (esophageal, GI disorders (motility or swallow dysfunction, mesenteric
pancreatic, gastric cancer, colorectal, hepatic, ischemia, peptic ulcers, inflammatory bowel disease, chronic
biliary tract) liver disease, chronic pancreatitis)
Lung Congestive heart failure
Lymphoma/leukemia Dementia
Prostate COPD
Ovarian Endocrine disorder (diabetes mellitus, hyperthyroidism,
hyperparathyroidism)
Bladder Stroke
Breast End-stage renal failure
Brain Infectious disease (tuberculosis, HIV)
Alcoholism
Connective tissue diseases (rtheumatoid arthritis, polymalgia
rheumatica)
Oral or dental problems
Psychiatric causes Unknown causes
Depression

Anxiety disorder

Diagnosing Malnutrition

The purpose of nutrition screening and assessment is to identify findings associated with malnutrition
(undernutrition). Over the years, researchers and clinicians used a variety of clinical criteria to define
malnutrition, as well as a variety of terminologies. Marasmus, kwashiorkor, and mixed-marasmus
kwashiorkor were terms developed to classify macronutrient deficiencies in children during famine,
and subsequently became used to characterize and diagnose disease-related malnutrition in adults.
Leaders from the American Society for Parenteral and Enteral Nutrition (ASPEN) and the European
Society for Parenteral and Enteral Nutrition (ESPEN) formed an International Consensus Guideline
committee to propose an etiology-based diagnosis for adult starvation and disease-related malnutri-
tion [99]. Inflammation has long been recognized as having a negative impact on nutrition status due
to breakdown of skeletal muscle [99] and is now the cornerstone of the new adult malnutrition clas-
sification. ASPEN and the Academy of Nutrition and Dietetics (The Academy) published a consensus
statement in 2012 on characteristics for the identification and documentation of adult malnutrition
(undernutrition) [67], which is also applicable to older adults.

The three types of adult malnutrition are: starvation-related malnutrition or malnutrition in the
context of social or environmental circumstances (i.e., pure chronic starvation, anorexia nervosa),
chronic disease-related malnutrition (inflammation of a mild to moderate degree, for example, condi-
tions such as organ failure, pancreatic cancer, rheumatoid arthritis, sarcopenic obesity), and acute
disease-related malnutrition (acute inflammation with a marked inflammatory response, for example,
major infection, burns, trauma, closed head injury) [67]. Each of the three types of malnutrition is
further characterized as nonsevere/moderate and severe. Clinical characteristics include: decreased
energy intake, weight loss, loss of body fat and muscle mass, fluid accumulation, and reduced grip
strength [67]. A summary of the clinical characteristics to diagnosis malnutrition and associated
ICD-9 codes is found in Table 3.6. ASPEN and The Academy recommend for the diagnosis of severe
or nonsevere malnutrition (of either type, namely, starvation-related malnutrition, chronic disease-
related malnutrition, or acute disease-related malnutrition) at least two of the six characteristics should
be present [67]. These recommended clinical characteristics of adult malnutrition (see Table 3.6) will
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Table 3.6 Clinical characteristics and associated reimbursement codes for adult malnutrition

Clinical characteristics® ICD-9 Codes
Weight (amount  Estimated  Subcutaneous Muscle Edema Hand grip 260 261 262 263.0
weight loss/time) energy fat mass strength
intake
required

Starvation (malnutrition in the context of social or environmental circumstances)

Moderate 5 %/1 month <75 % for | ! + NA NA NA No Yes
7.5 %/3 months >3
10 %/6 months months
20 %/1 year

Severe >5 %/1 month <50 % for |ll 1l +++ Reduced NA NA Yes No
>7.5 %/3 months >1
>10 %/6 months month

>20 %l/1 year

Chronic disease-related malnutrition

Moderate 5 %/1 month <75 % for | l + NA NA NA No Yes
7.5 %/3 months >1
10 %/6 months month
20 %/1 year

Severe >5 %/1 month <75 % for |ll Wl ++ Reduced NA NA Yes No
>7.5 %/3 months >1
>10 %/6 months month

>20 %/1 year

Acute disease-related malnutrition

Moderate 1-2 %/1 week <75 % for ] | + NA NA NA No Yes
5 %/1 month >7 days
7.5 %/3 months

Severe >2 %l/1 week <50 % for |l 1l ++ Reduced NA NA Yes No
>5 %/1 month >5 days

>7.5 %/3 months
Adapted from [67]
NA, not applicable; |, mild decrease; ||, moderate decrease; |||, severe decrease; +, present to a mild degree; ++, pres-
ent to a moderate degree; +++, present to a severe degree
2A minimum of two of the six characteristics is recommended for the diagnosis of either severe or nonsevere
malnutrition

continually be updated as new evidence becomes available [67]. It should be noted that acute phase
proteins are no longer considered valid markers of nutrition status and instead are associated with the
degree of inflammation [99].

Conclusion: Nutrition Screening and Assessment
Across the Health Professions

Nutrition education and training in many health professions programs is inadequate, especially when it
comes to geriatric nutrition. The Institute of Medicine noted, ‘“Poor nutrition is prevalent among seniors,
but most professionals are still not trained in the nutritional needs of older adults” [3]. Recently, the
National Heart Lung and Blood Institute of the National Institutes of Health convened a “Working Group
on Future Directions for Implementing Nutrition Across the Continuum of Medical and Health Professions
Education and Training, and Research” (http://www.nhlbi.nih.gov/meetings/workshops/nutrition.htm).
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The guiding principles summarized in the executive summary of this 2-day meeting are applicable to
nutrition screening and nutrition assessment of older adults:

e Health professionals should implement recommended nutrition practices and promote current
Dietary Guidelines for the prevention and treatment of disease with all patients.

* Health professionals should understand the fundamentals of the Nutrition Care Process, including
assessing nutritional status and dietary intakes, diagnosing nutrition-related problems, and imple-
menting, and monitoring and evaluating nutrition care plans. The roles and responsibilities of dif-
ferent health professionals—when to refer, how to interact, and how multidisciplinary teams
work—need to be understood.

* The dietitian plays an important role on the health-care team and can help provide training for
other health professionals as well as partner with physicians in the nutrition assessment, therapeu-
tic recommendations, and joint follow-up of patients.

 Inter-professional nutrition education is critical to instill a team approach to teaching, training and
learning and to patient care.

* Health professionals should know where to access nutrition education and advocacy resources and
should use innovative approaches, including online resources and case-based approaches to
enhance learning.

* Nutrition education in medical/professional schools should strive for a longitudinal integrated
approach rather than single courses and involve a collaborative effort of multiple stakeholders.

* Research is needed to identify and validate strategies for providing nutrition education to health
professional students and practicing clinicians.

* Health professionals should understand the role of evidence-based research in the development of
diet and nutrition guidelines for public health and must be able to apply that knowledge toward
better patient outcomes.

Nutrition screening and assessment is a responsibility of all health professionals (physicians, dieti-
tians, nurses, pharmacists, physical therapists, occupational therapists, speech language pathologists)
who provide care to older adults. Nutritional interventions should be implemented in a timely fashion
when an older adult is malnourished. Under optimal circumstances, the older adult should be referred
to a registered dietitian (RD) for an in-depth nutrition assessment and nutritional plan of care.
However, work-force and policy issues, such as limited reimbursement for medical nutrition therapy
provided by RDs in independent practice in primary care, home care, or community settings, can lead
to long waits for consultation with an RD outside of the hospital setting. Therefore, all health profes-
sionals who provide care for older adults should develop competence in nutrition screening and
assessment, and be knowledgeable of evidence-based diet and nutrition guidelines for older adults.
Furthermore, there is an urgent need to increase efforts to advocate for expanded reimbursement for
medical nutrition therapy for RDs who specialize in geriatrics.

Clinical recommendations include:

e Nutrition screening should be conducted upon admission to the hospital and long-term care
settings, upon first home care visit, enrollment in community-based programs and during annual
primary care visits.

* Recommended nutrition screening tools are the Mini-Nutritional Assessment-Short Form and the
Determine Checklist.

* Nutrition assessment should be performed for any older adult at nutrition risk.

* A weightloss of 5 % of usual body weight over 6—12 months is the most widely accepted definition
for clinically important weight loss in older adults.

* Nutrition assessment is a comprehensive exam focused on weight changes, body composition
status, physical examination, comorbid conditions, functional status, medication history, dietary
intake, and psychosocial and economic status.
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Chapter 4
Nutrition and the Aging Eye

Elizabeth J. Johnson

Key Points

* There is growing interest in the role that nutrition plays in modifying the development and/or
progression of vision disorders in older persons, including age-related cataract and macular
degeneration.

* Available evidence to date supports a possible protective role of several nutrients, including
vitamins C and E, the carotenoids lutein and zeaxanthin, and the omega-3 fatty acids.

* Due to inconsistencies among the findings of currently available studies regarding doses and com-
binations of nutrients, it may be most practical to recommend specific natural diet choices rich in
vitamins C and E, lutein and zeaxanthin, omega-3 fatty acids and zinc, which would also provide
potential benefits from other components of these natural food sources.

Keywords Cataract » Macular degeneration * Eye disease * Retina

Introduction

Vision loss among the elderly is an important health problem. Approximately one person in three has
some form of vision-reducing eye disease by the age of 65 [1]. Age-related cataract and age-related
macular degeneration (AMD) are the major causes of visual impairment and blindness in the aging
US population. Approximately 50 % of the 30-50 million cases of blindness worldwide result from
unoperated cataracts [2, 3]. A clinically significant cataract is present in about 5 % of Caucasian
Americans aged 52—64 years and rises to 46 % in those aged 7585 years [4]. In the United States,
cataract extraction accompanied by ocular lens implant is currently the most common surgical proce-
dure done in Medicare beneficiaries [5]. Lens implantation is highly successful in restoring vision.
However, the procedure is costly, accounting for 12 % of the Medicare budget and accounts for more
than $3 billion in annual health expenditures [5, 6]. For these reasons, there is much interest in the
prevention of cataract as an alternative to surgery.
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The prevalence of AMD also increases dramatically with age. Nearly 30 % of Americans over the
age of 75 have early signs of AMD and 7 % have late stage disease, whereas the respective prevalence
among people 43-54 years are 8 and 0.1 % [4]. Dry AMD is the most common form of AMD in its
early or intermediate stages. It occurs in about 90 % of the people with the condition. Wet AMD is
more severe than the early and intermediate stages of the dry form. Wet AMD occurs when abnormal
blood vessels behind the retina start to grow under the macula. These new blood vessels can be fragile
and leak blood and fluid. The blood and fluid cause the macula to swell and damage occurs rapidly.
The damage may also cause scarring of the retina.

AMD is the leading cause of blindness among the elderly in industrialized countries. Because there
are currently no effective treatment strategies for most patients with AMD, attention has focused on
efforts to stop the progression of the disease or to prevent the damage leading to this condition [7].

Cataract and AMD share common modifiable risk factors, such as light exposure and smoking [7, 8].
Of particular interest is the possibility that nutritional counseling or intervention might reduce the inci-
dence or retard the progression of these diseases. The components of the diet that may be important in
the prevention of cataract and AMD are vitamins C and E, the carotenoids, lutein and zeaxanthin, the
omega-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
and zinc.

Both vitamins C and E are found in the lens [9—11]. Omega-3 fatty acids, lutein, and zinc are highly
concentrated in the eye [12—15]. Given that the lens and retina suffer oxidative damage, some of these
nutrients are thought to be protective through their role as antioxidants. Vitamin E and carotenoids are
lipid-soluble oxidant scavangers that protect biomembranes. Vitamin C is an important water-soluble
antioxidant and also promotes the regeneration of vitamin E. Of the 20-30 carotenoids found in
human blood and tissues [16], only lutein and zeaxanthin are found in the lens and retina [10, 17].
Lutein and zeaxanthin are concentrated in the macula or central region of the retina and are referred
to as macular pigment. In addition to their role as antioxidants, lutein and zeaxanthin are believed to
limit retinal oxidative damage by absorbing incoming blue light and/or quenching reactive oxygen
species. Many putative risk-factors for AMD have been linked to a lack of macular pigment, including
female gender, lens density, smoking, light iris color, obesity, and reduced visual sensitivity [7, 18].
Given that inflammation is also a component to the etiology of age-related eye disease [13, 19], the
omega-3 fatty acids are thought to be protective. It has been suggested that atherosclerosis of the
blood vessels that supply the retina contributes to the risk of AMD, analogous to the mechanism
underlying coronary heart disease [20]. Long-chain omega-3 fatty acids may have a special role in the
function of the retina in addition to their antithrombotic and hypolipidemic effects on the cardiovas-
cular system. DHA is the omega-3 fatty acid of key interest. DHA is a major fatty acid found in the
retina [21]. Rod outer segments of vertebrate retina have a high DHA content [21, 22]. Since photo-
receptor outer segments are constantly being renewed, a constant supply of DHA may be required for
proper retinal function and a marginal depletion may impair retinal function and influence the devel-
opment of AMD.

Physiological Basis of Cataracts and AMD

The role of the lens is to transmit and focus light on the retina. Therefore, for optimal performance the
lens must be transparent. The lens is an encapsulated organ without blood vessels or nerves (Fig. 4.1).
The anterior hemisphere is covered by a single layer of epithelial cells containing subcellular organ-
elles. At the lens equator the epithelial cells begin to elongate and differentiate to become fiber cells.
Fully differentiated fiber cells have no organelles but are filled with proteins called crystallins, orga-
nized in a repeating lattice. The high density and repetitive spatial arrangement of crystallins produce
a medium of nearly uniform refractive index with dimensions similar to light wavelengths [23].
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Fig. 4.1 The human eye showing typical organization and terminology. Courtesy of National Eye Institute, National
Institute of Health

Cataracts result when certain events, e.g., light exposure, cause a loss of order and results in abrupt
fluctuations in refractive index causing increased light scattering and loss in transparency in the lens.
It is proposed that lens opacity results from damage to lens enzymes, proteins, and membranes by
activated oxygen species, e.g., hydrogen peroxide, superoxide anion, and hydroxyl free radicals,
which are the results of exposure to light and other types of radiation. There are three types of cataract,
defined by their location in the lens. Nuclear cataract occurs in the center, or nucleus of the lens.
Cortical cataract begins at the outer rim of the lens, which is referred to as the cortex, and progresses
towards the center. Posterior subcapsular cataract (PSC) occurs in the central posterior cortex, just
under the posterior capsule, the membrane that envelops the lens. Nuclear cataract is the most com-
mon type of cataract [1]. It interferes with a person’s ability to see distant objects and is usually the
result of advancing age. Cortical cataract is most commonly seen in patients who have diabetes. PSC
can be present in younger individuals and progresses more rapidly resulting in glare and blurriness
[24]. This type of cataract is usually seen in patients who use steroids, or who suffer from diabetes or
extreme nearsightedness.

AMD is a disease affecting the central area of the retina (macula) (see Fig. 4.1) resulting in loss of
central vision. In the early stages of the disease, lipid material (drusen) accumulates in deposits under-
neath the retinal pigment epithelium (RPE). This is believed to arise after failure of the RPE to per-
form its digestive function adequately and can be seen as pale yellow spots on the retina. The presence
of a few small, hard drusen is normal with advancing age. However, the presence of indistinct, soft,
larger, reticular, and more numerous drusen in the macula is a common early sign of AMD [25]. The
pigment of the RPE may become disturbed with areas of hyperpigmentation and hypopigmentation.
In the later stages of the disease, the RPE may atrophy completely. This loss can occur in small focal
areas or can be widespread. In some cases, new blood vessels grow under the RPE and occasionally
into the subretinal space (exudative or neovascular AMD). Hemorrhage can occur which often results
in increased scarring of the retina. The early stages of AMD are in general asymptomatic. In the later
stages there may be considerable distortion of vision and complete loss of visual function, particularly
in the central area of vision [7]. Although the specific pathogenesis of AMD is still unknown, chemi-
cal and light-induced oxidative damage to the photoreceptors is thought to be important in the dysfunc-
tion of the RPE. The retina is particularly susceptible to oxidative stress because of its high consumption
of oxygen, its high proportion of polyunsaturated fatty acids, and its exposure to visible light.
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Currently, there is no treatment which can restore vision in AMD. Therefore, efforts have focused on
its prevention or delay in progression.

Given the role of light damage in the etiology of cataracts and AMD, many antioxidant nutrients
may prevent damage in the lens by reacting with free radicals produced in the process of light absorp-
tion as well as decrease oxidative stress in photoreceptors in the retina.

Epidemiological Studies on Dietary Intake and Blood Levels
of Nutrients and Eye Disease

Studies with human subjects provide information on the strength of associations between nutritional
factors and the frequency of a disease. Such studies can be a valuable means of identifying and evalu-
ating risk factors. Although there are limitations to such studies, consistency of findings among stud-
ies lends credibility to the role that nutrition can play in age-related eye health.

Cataract

Vitamin C

Several studies have found a relationship between increased dietary vitamin C and decreased risk of
cataract (Table 4.1). For example, it was observed that the prevalence of nuclear cataract was lower
for men with total vitamin C intakes in the highest quintile category relative to the lowest intake quin-
tile [26]. It has also been observed that the prevalence of cataract was about 75 % lower in persons
with vitamin C intakes >490 mg/day than in those with intakes <125 mg/day [27]. Others have
reported that vitamin C intake had no effect on cortical cataract, posterior subcapsular (PSC) and cata-
ract extraction [26, 28-32].

Compared to diet, plasma concentrations of a nutrient are considered to be a better measure of
nutrient status. There are many reports of an inverse relationship between plasma ascorbic acid con-
centrations and the prevalence of cataract [27, 33-36]. For example, the National Health and Nutrition
Examination Survey II (NHANES II) correlated a 1 mg/dL increase in plasma ascorbate with a 26 %
decreased risk of cataracts in older (6270 years) Americans [33]. However, others have observed that
plasma vitamin C concentrations were not associated with risk of nuclear or cortical cataract [30, 37].
Furthermore, the India-United States case control study of age-related cataracts found an increased
prevalence of (PSC) and nuclear cataracts with increased plasma vitamin C concentrations [38].
In this study, however, when vitamin C status was combined with other indicators of antioxidant status
(glutathione peroxidase, vitamin E, and glucose-6-phosphate dehydrogenase) the relationship became
significantly protective (Table 4.2). This may reflect the synergistic actions of antioxidant systems.

Vitamin E

A protective effect of dietary vitamin E has been observed in several studies (Table 4.3). Persons in
the highest quintile for vitamin E intake were reported to be 50 % less likely to undergo cataract extrac-
tion compared to those in the lowest quintile for vitamin E intake [31]. Mares-Perlman et al. [26]
observed a lower prevalence of nuclear cataract in men in the highest quintile category of total vitamin
E intake relative to those in the lowest vitamin E intake. Similarly, Leske et al. [39] reported that
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Table 4.1 Summary of epidemiologic studies of dietary vitamin C* and cataract
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Data analysis method

Result

Reference

Positive outcome

Highest vs. lowest quintile (men,
104 vs. 33 mg/day)
>490 mg/day vs. <125 mg/day

Case-control
Highest vs. lowest quintile
(767 vs. 101 mg/day)
Null outcome
Highest vs. lowest quintile
(women, 171 vs. 34 mg/day)
Highest vs. lowest quintile
(705 vs. 70 mg/day) (women)
Highest vs. lowest quintile

Highest vs. lowest quartile
(261.1 vs. 114.4 mg/day)
Multiple logistic regression

Highest vs. lowest quintile
(767 vs. 101 mg/day)

Lower prevalence of cataract in highest
quintile

75 % lower prevalence of cataract
with high intake

Lower dietary vit C in nuclear cataract

45 % lower incidence of nuclear
cataract

No difference in prevalence of cataract
between groups

No difference in prevalence of cataract
between groups

No difference in prevalence of cataract
extraction between groups

No difference in prevalence or nuclear
or cortical cataract between groups

No association of dietary vit C with
nuclear or cortical cataract

No difference in incidence of cortical

Mares-Perlman et al. [26]
Jacques et al. [27]

Leske et al. [39]
Tan et al. [32]

Mares-Perlman et al. [26]
Hankinson et al. [29]
Tavani et al. [31]

Vitale et al. [30]

Italian American Cataract

Study Group [28]
Tan et al. [32]

and PSC cataract or cataract surgery

*RDA for adults: 60 mg/day

Table 4.2 Summary of epidemiologic studies of plasma vitamin C* and cataract

Data analysis method

Result

Reference

Positive outcome
Multiple logistic regression

>90 vs. <40 pmol/L

Increase of 1 mg/mL plasma
vitamin C

Case-control

Highest vs. lowest tertile >15
vs. <6.3 pmol/L

Null outcome
Highest vs. lowest quartile

Multivariate logistic regression

Negative outcome

Serum vit C inversely associated with prevalence of
cataract (p=0.03)

Lower prevalence of cataract with high plasma levels

26 % decrease risk of cataracts

Mean plasma vit C significantly lower in cataract patients
than in controls (0.96 vs. 1.12 mg/dL, respectively)
Serum vit C inversely related risk of cataract

Plasma vit C levels were not associated with risk of
cortical or nuclear cataract
No relationship between plasma vit C and cataract

Higher prevalence of cataract with increased plasma vit C

Simon et al. [33]

Jacques et al. [27]
Valero et al. [34]

Jalal et al. [36]

Dherani et al. [35]

Vitale et al. [30]

Ferrigno et al. [37]

Mohan et al. [38]

“Reference range: 23—125 pmol/L (Nutrition Evaluation Laboratory, Tufts University, 2001)

persons with vitamin E intakes in the highest quintile category had an approximately 40 % lower
prevalence of cataract relative to persons with intakes in the lowest quintile category. Jacques and
Chylack [27] found that although persons with vitamin E intake greater than 35.7 mg/day had a 55 %
lower prevalence of cataract than did persons with intakes less than 8.4 mg/day, a significant differ-
ence was not found. Two other studies also reported no difference in cataract prevalence between
persons with high and low vitamin E intake [26, 29]. In the first of these two studies, the null
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Table 4.3 Summary of epidemiologic studies of dietary vitamin E?* and cataract

Data analysis method Result Reference
Positive outcome
Highest vs. lowest quintile 50 % lower cataract extraction in highest ~ Tavani et al. [31]
quintile
Highest vs. Lower prevalence of nuclear cataract Mares-Perlman et al. [26]
Lowest quintile (men, 12.8 vs. 4.0 mg/day)  Cataract in highest quintile
Highest vs. lowest quintile 40 % lower prevalence of cataract Leske et al. [39]

in highest quintile
Null outcome
>35.7 mg/day vs. <8.4 mg/day No difference between groups Jacques et al. [27]
Highest vs. lowest quintile (women, 19.9 No difference between groups Mares-Perlman et al. [26]
vs. 5 mg/day)

No relationship between dietary vit E Hankinson et al. [29]
and cataract extraction in women

“RDA: 8 mg/day and 10 mg/day, women and men, respectively

relationship was in women only (in men, dietary vitamin E was protective). In the second study only
women were studied.

Results from studies reporting relationships between plasma vitamin E and cataract have been
mixed. In five of eight studies examining this issue, increased plasma vitamin E was observed to be
protective against the risk of cataract [30, 40-43] (Table 4.4). However, one study observed that the
prevalence of cataract was not related to plasma vitamin E concentrations [28] and one study observed
that the prevalence of cortical cataract did not differ between those with high (>30 pmol/L) and low
(<19 pmol/L) plasma vitamin E concentrations [30]. Mares-Perlman et al. reported a significantly
increased prevalence of nuclear cataract among women and men in the highest serum vitamin E quin-
tile relative to those in the lowest quintile. Several other studies have found increased levels of plasma
alpha-tocopherol to be a risk factor for nuclear cataract [44], cortical [28, 37], and PSC cataracts [28].
These results are contrary to what would be expected. Because these are cross-sectional observational
studies, there is the possibility that unadjusted confounding affected the findings.

Lutein and Zeaxanthin

The majority of the epidemiological data suggest that dietary lutein and zeaxanthin function in cata-
ract prevention. The Melbourne Visual Impairment Study, an observational study of >3,000 over the
age of 40 years, reported an inverse correlation between high lutein and zeaxanthin intake and the risk
of nuclear cataracts [45].

Lower intake of lutein-rich foods, e.g., green leafy vegetables, was reported to be related to an
increased rate of cataract extraction [29]. Similarly, it was observed that women in the highest quintile
of lutein intake had a 27 % lower prevalence of nuclear cataract than those in the lowest lutein intake
quintile [26]. In this study, this was not observed in men. In the Nurses’ Health Study, those with the
highest quintile of intake of lutein and zeaxanthin had a 22 % decreased risk of cataract surgery and
nuclear cataract compared with those in the lowest quintile after adjusting for other risk factors [46].
The intake of other dietary carotenoids was not associated with nuclear cataract. Similar findings were
observed in the US male Health Professional’s prospective study, in which men in the highest fifth of
lutein and zeaxanthin intake had a 19 % lower risk of cataract surgery relative to men in the lowest
fifth. There was no relationship observed with the other carotenoids [47]. The Beaver Dam Eye Study
found that the incidence of nuclear cataract in subjects in the highest quintile of lutein intake was half
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Table 4.4 Summary of epidemiologic studies of plasma vitamin E* and cataract
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Data analysis method

Result

Reference

Positive outcome
Highest vs. lowest quartile

>30 pmol/L vs. <19 pmol/L
>20 pmol/L vs. <20 pmol/L

Highest vs. lowest quintile
Regression model

Multivariate logistic regression

Decrease in cortical cataract progression
in highest quintile

Less nuclear cataract in high plasma vit E group

Higher plasma levels of vit E had one-half the
amount of cataract surgery

Lower prevalence of nuclear cataract in highest
quintile

High plasma vit E related to decreased
prevalence of nuclear cataract

Plasma vit E significantly lower in patients with

Rouhiainen et al. [42]

Vitale et al. [30]
Knekt et al. [40]

Leske et al. [41]
Leske et al. [43]

Nourmohammadi et al. [113]

cataract than in controls (9.16 vs. 13.26 mg/
mL, respectively)
Null outcome
>30 pmol/L vs. <19 pmol/L
Multivariate logistic regression

Vitale et al. [30]
Italian-American Cataract
Study Group [28]

No difference in cortical cataract progression
No relationship between plasma vit E
and cataract
Negative outcome
Highest vs. lowest quintile men,
37.8 vs. 16.9 pmol/L women,
46.5 vs. 18.2 pmol/L
Multivariate logistic regression

Increased prevalence of nuclear cataract Mares-Perlman [26]

in highest

Higher plasma vit E associated with increase
prevalence of cortical, PSC or any cataract

Ferrigno et al. [37]

aReference range: 12.0-43.2 mol/L (Nutrition Evaluation Laboratory, Tufts University, 2001)

of that found in those in the lowest quintile [48]. Data from an observational study of 372 volunteers
found that the risk of PSC cataract was lowest in those with the highest plasma concentrations of
lutein [49]. There was no relationship between plasma lutein and zeaxanthin and cortical and PSC
cataract. In a prospective observational study higher intakes of lutein and zeaxanthin from both food
and supplements were significantly related to a 20 % decreased risk of cataract [50]. Delcourt et al.
[51] observed a 75 % lower risk of nuclear cataracts among individuals with high plasma zeaxanthin,
but not lutein, in a prospective study of 899 adults aged >60 years. A summary of studies evaluating
the relationship between lutein and cataract is found in Table 4.5.

Omega-3 Fatty Acids

Cataract formation is associated with perturbations of lens membrane composition, structure, and func-
tion [52-54], as well as changes in fatty acid composition [55]. Studies in rats find that high intake of
polyunsaturated fatty acids delays the cataract formation [56, 57]. High intakes of dietary omega-3
polyunsaturated fatty acids were shown to reduce the incidence of nuclear cataract in the Blue Mountains
Eye Study cohort [58]. In a prospective study examining the relationship between dietary fat and cataract
extraction in women (n=71,083, 16-years follow-up), women in the highest quintile of long-chain
omega-3 fatty acids (0.21 % of energy) had a 12 % lower risk of cataract extraction compared to those
in the lowest quintile (0.03 % of energy) (relative risk=0.88, 95 % CI: 0.79-0.98, p for trend=0.02)
[59]. Both Arnarsson et al. [60] and Cumming et al. [61] report that there was no association between
the intake of foods or oils containing omega-3 fatty acids and age-related cataract prevalence.
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Table 4.5 Summary of epidemiologic studies of lutein/zeaxanthin status and cataract

Data analysis method Result Reference

Positive outcome

Relationship with lutein/zeaxanthin intake Inverse relationship with risk of nuclear ~ Vu et al. [45]
cataract (nonsmoking women)

Consumption >5x/week vs. <1x/month 29 % decrease risk of cataract extraction  Hankinson et al. [29]

spinach (women)

Highest vs. lowest quintile lutein/zeaxanthin 27 % lower prevalence of nuclear cataract Mares-Perlman et al. [26]
intake (women)

Highest vs. lowest quintile lutein/zeaxanthin 22 % decrease risk of cataract extraction — Chasen-Taber et al. [46]
intake (women)

Highest vs. lowest quintile lutein/zeaxanthin 19 % decrease risk of cataract extraction ~ Brown et al. [47]
intake (men)

Highest vs. lowest quintile lutein/zeaxanthin 14 % decrease risk of incident cataract Christen et al. [50]
intake (women)

Highest vs. lowest quintile lutein/zeaxanthin ~ Persons in the highest quintile were half ~ Lyle et al. [48]

intake (1,245 vs. 298 pg/18 MJ) as likely to have incident cataract as
persons in the lowest quintile
Logistic regression analysis of plasma Risk of posterior subcapsular cataract Gale et al. [49]
carotenoids was lowest in those with higher
concentrations of lutein
Relationship with serum carotenoids 75 % decreased risk of nuclear cataracts  Delcourt et al. [51]

with increased serum zeaxanthin

Null outcome

Risk estimated for tertiles 2 and 3 relative Serum lutein not associated with nuclear Lyle et al. [114]
to tertile 1 using odds ratios cataract
Highest vs. lowest quintile lutein intake (men) No difference in prevalence of nuclear Mares-Perlman et al. [26]
cataract
AMD
Vitamin C

Seddon et al. [62] observed that persons in the highest and lowest intake quintiles for vitamin C had
the same prevalence of advanced AMD. No relationship between dietary intake of vitamin C and cata-
ract risk was observed in the Age-Related Eye Disease Study [63]. However, in that study results
examining relationships between plasma levels of vitamin C and AMD suggests that increased plasma
vitamin C may decrease the risk of AMD. West et al. [64] reported that individuals with plasma vita-
min C concentrations >80 pmol/L had a 45 % lower prevalence of AMD compared with individuals
who had concentrations <60 pmol/L. Others have reported that individuals with serum vitamin C
concentrations >91 pmol/L had a 30 % lower prevalence of neovascular AMD compared with those
who had concentrations <40 pmol/L [65] (Table 4.6).

Vitamin E

A protective effect of increased diet and plasma vitamin E against AMD has been found in some
[62, 64, 65], but not in others [44, 66] (Table 4.7).
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Table 4.6 Summary of epidemiologic studies of dietary and plasma vitamin C* with AMD

Data analysis method Result Reference

Dietary vitamin C

Highest vs. lowest quintile for vit C intake No difference in prevalence of Seddon et al. [62]
(1,039 vs. 65 mg/day) advanced AMD between groups

Vit C intake energy adjusted, classified by Vit C intake not associated AREDS [63]
quintiles. Relationship between diet and AMD with AMD

assessed with logistic regression analyses.
Plasma vitamin C

>80 pmol/L vs. <60 pmol/L 45 % lower prevalence of AMD West et al. [64]
in high plasma vit C group
>91 pmol/L vs. <40 pmol/L Lower prevalence of neovascular EDCCSG [65]

AMD in high plasma vit C group
2RDA for adults: 60 mg/day. Reference range 23—125 pmol/L (Nutrition Evaluation Laboratory, Tufts University, 2001)

Table 4.7 Summary of epidemiologic studies of dietary and plasma vitamin E* with AMD

Data analysis method Result Reference
Dietary vitamin E
Highest vs. lowest quintile for vit No difference in prevalence of Seddon et al. [62]
E intake (405 vs. 3.4 mg/day) advanced AMD between groups
Plasma vitamin E
>30 pmol/L vs. <19 pmol/L Lower prevalence of AMD with high West et al. [64]
plasma vit E
>43 pmol/L vs. <25 pmol/L Lower prevalence of AMD with high EDCCSG [65]
plasma vit E
>23 pmol/L vs. <23 pmol/L No difference between groups in Mares-Perlman J et al. [44]
prevalence of AMD
Patients with AMD vs. age-, No difference in plasma concentration Sanders et al. [66]
sex-matched controls of vit E between groups

“RDA: 8 mg/day and 10 mg/day, women and men, respectively. Reference range: 12.0-43.2 pmol/L (Nutrition
Evaluation Laboratory, Tufts University)

Lutein and Zeaxanthin

Findings from several case control studies suggest that high intakes of carotenoids, particularly lutein
and zeaxanthin, are related to lower risk of advanced neovascular AMD [62, 65, 67]. A relationship
between carotenoid status and age-related eye disease risk was evaluated in the Carotenoids in Age-
Related Eye Disease Study (CAREDS), a cross sectional study of 1,678 women (54—86 years) [68]. In
CAREDS, high dietary lutein and zeaxanthin were related to a decreased risk of intermediate AMD in
women <75 years, but not in women >75 years [68]. Similarly, the Blue Mountain Eye Study found
that high intake of lutein/zeaxanthin was related to a reduced risk of incident neovascular AMD and
indistinct soft or reticular drusen over 5 and 10 years [69]. In the Age-Related Eye Diseases (AREDS)
study, lutein/zeaxanthin intake was associated with a decreased risk of prevalent neovascular AMD and
large or extensive intermediate drusen when comparing the highest and lowest quintiles of intakes [63].
However, a nested case control study from the Beaver Dam Eye Study found no difference in serum
levels of lutein/zeaxanthin between early AMD and age-, sex-, and smoking-matched controls [44].
Evidence that high macular pigment concentrations may lower the risk of AMD comes from analy-
sis of retinas from donors with AMD and controls for lutein and zeaxanthin [70]. Concentrations of
lutein and zeaxanthin in retinal tissue were less, on average, for the AMD donors than for the controls.
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Table 4.8 Summary of studies of lutein/zeaxanthin status and AMD

Study design Result Reference

Positive outcome

Case-control Dietary lutein/zeaxanthin was significantly associated Seddon et al. [62]
with a decreased risk for AMD

Case-control Risk of neovascular AMD decreased by half in the >20th EDCCSG [65]

to 80th percentile of lutein/zeaxanthin intake group
compared to the low percentile group (<20th percentile)

Case-control Prevalence of AMD in subjects with low lutein intake was Snellen et al. [67]
twice as high as that in subject with high intake
Cross-sectional Prevalence of intermediate AMD was not different between Moeller et al. [68]

high and low lutein/zeaxanthin intake groups. Lower
odds ratio in women <75 years at risk for diet changes
compared to women >75 years

Prospective Subjects in the top tertile for dietary lutein/zeaxanthin were Tan et al. [69]
significantly less likely to develop neovascular AMD
and indistinct soft drusen

Case-control High lutein/zeaxanthin intake associated with lower odds AREDS [63]
of neovascular AMD, geographic atrophy and large
or extensive intermediate drusen

Case-control Higher quartile of retinal lutein/zeaxanthin associated with Bone et al. [70]
82 % decreased risk of AMD compared to lowest quartile

Healthy eyes at risk for AMD  Healthy eyes at risk had significantly less macular pigment Beatty et al. [72]

healthy eye not at risk

Case-control 32 % lower macular pigment in AMD patients than Bernstein et al. [73]
in controls

Prospective Higher macular pigment significantly related to decreased Schweitzer et al. [74]
risk of late AMD

Null outcome

Case-control No association between serum lutein/zeaxanthin Mares-Perlman
and AMD risk et al. [44]

Cross-sectional Risk for AMD among women in the highest and lowest LaRowe et al. [75]

quintile for macular pigment not different

Macular pigment can be measured noninvasively in vivo [71]. In subjects (21-81 year) with healthy
eyes and in healthy eyes of subjects at high-risk of AMD due to advanced disease in the fellow eye,
at-risk eyes had significantly less macular pigment than eyes not at risk [72]. In another study, macular
pigment in the eyes of AMD patients were 32 % lower in than that in healthy eyes [73]. In a prospec-
tive study in patients with early and late AMD, their children, and normal controls, it was found that
macular pigment density was reduced in late AMD [74]. In contrast, in CAREDS, macular pigment
density was not related to AMD [75]. Inconsistencies among studies may be due to the cross-sectional
study design, suggesting that prospective studies are needed to determine if there is a relationship
between AMD risk and macular pigment density. A summary of studies evaluating the relationship
between lutein/zeaxanthin status and AMD risk is found in Table 4.8.

Omega-3 Fatty Acids

A meta-analysis, including nine prospective studies and three randomized clinical trials, reported that
a high dietary intake of omega-3 fatty acids was associated with a 38 % reduction in the risk of late
AMD [76]. Fish intake at least twice a week was associated with a 24 % reduced risk for early AMD
and 33 % reduced risk for late AMD (pooled OR, 0.67; 95 % CI, 0.53-0.85). In a prospective
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follow-up study of the Nurses’ Health Study and the Health Professionals Follow-up Study, odds of
AMD decreased with increased DHA intake. Consumption of >4 servings of fish per week was asso-
ciated with a 35 % lower risk of AMD compared with <3 servings per month in pooled multivariate
analysis [77]. Of the individual fish types examined, a significant inverse association was found only
with tuna intake.

The Dietary Ancillary Study of the Eye Disease Case—Control Study [65] reported results for par-
ticipants with neovascular AMD and control subjects without AMD [78]. In demographically adjusted
analyses, increasing intake of linoleic acid (an unsaturated n-6 fatty acid) was significantly associated
with higher prevalence of AMD (p for trend=0.004). This association remained in multivariate analy-
ses (p for trend=0.02). However, intake of omega-3 fatty acids was not associated with AMD after
controlling for confounding variables. When the study population was stratified by linoleic acid intake
(<5.5 or >5.6 g/day), the risk for AMD significantly decreased with high intake of omega-3 fatty
acids only among those with low linoleic acid intake (p for trend=0.05; p for continuous vari-
able=0.03). A prospective cohort study reported similar findings. In this study, 261 persons aged 60
years or older at baseline with an average follow-up of 4.6 years were evaluated for progression to late
AMD. Higher fish intake was associated with a 64 % lower risk of progression to advanced AMD
among subjects with lower linoleic acid intake [79]. Others have also observed a benefit of a high
omega-3 fatty acid intake with low intake of linoleic acid [80]. These findings indicate an interaction
or competition between omega-3 and omega-6 fatty acids such that both the levels of omega-3 fatty
acids and its ratio to the n-6 acids may be important when considering the risk/benefit to AMD.

The Blue Mountain Eye Study was a population-based survey of vision, in which patients (>49 years)
were evaluated for AMD at baseline, 5 and 10 years after initial enrollment and energy-adjusted nutri-
ent intakes were assessed for relationships with AMD risk [81]. In the 2,915 subjects, more frequent
consumption of fish was related to a decreased risk of late AMD after adjusting for age, sex, and smok-
ing. The protective effect of fish intake was observed at a relatively low consumption (1-3 times per
month compared with intake <1 time per month (OR=0.23, 95 % CI: 0.08-0.63 after adjusting for age,
sex, and smoking). Although the OR was approximately 0.5 at higher intakes, this was not significant.
There was little evidence of a decreased risk for early AMD with increased fish intake. A prospective
cohort study from the AREDS trial found that increased intakes of omega-3 fatty acids reduced the risk
by 30 % of developing central geographic atrophy and neovascular AMD [82].

In the Beaver Dam Eye Study, a retrospective population-based study, a relationship between fish
intake, neovascular AMD, or geographic atrophy was not found. A null finding may be due to the
observation that fish intakes were very low [83] and not varied enough to measure a difference in risk
for AMD. In the NHANES III study, consuming fish more than once a week compared with once a
month or less was not associated with either early or late AMD [84]. A summary of the studies that
have evaluated the relationship between omega-3 fatty acids and AMD can be found in Table 4.9.

AREDS 2 clinical trial evaluated the benefit of 1 g eicosapentaenoic acid+DHA (2:1) on the pro-
gression to late AMD [85]. Addition of DHA +EPA to the AREDS formulation in primary analyses
did not further reduce risk of progression to advanced AMD.

Zinc

In a study by Newsome et al. [85], zinc supplementation given to elderly people with early stages of
AMD resulted in better maintenance of visual acuity than in those receiving placebo; scientific evi-
dence that zinc intake is associated with the development or progression of AMD is limited. A recent
study found zinc levels in the RPE and choroid to be reduced significantly by 24 % in AMD eyes
compared to normal eyes, lending support to the possible importance of zinc in AMD [87].
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Table 4.9 Multivariable odds ratios for neovascular AMD and late ARM and omega-3 fatty acid intake

Study Sample design Exposure (high vs. low)  Outcome Cases OR 95%CI  Reference
NHS/HPFU Prospective LCPUFA NV AMD 9 04 0.2-12 [77]
EDCCS Case-control LCPUFA NV AMD 349 06 03-14 [78]
BDES Population-based  Fish Late ARM 30 0.8 0.2-1.5 [83]
NHANES National Survey Fish Late ARM 9 04 02-12 [84]
BMES Population-based  Fish Late ARM 46 05 02-12 [81]
Seddon et al.  Prospective Fish Late AMD 261 04 0.1-095 [79]

Adapted from [13]

Abbreviations: BDES Beaver Dam Eye Study, BMES Blue Mountains Eye Study, NHS/HPFU Nurses’ Health Study/
Health Professionals Follow-Up, NHANES National Health and Nutrition Survey, EDCCS Eye Disease Case-control
Study, AREDS Age-related Eye Disease Study, Late ARM biographic atrophy or neovascular age-related macular degen-
eration, NV AMD neovascular age-related macular degeneration

In the Blue Mountain Eye Study, the relative risk comparing the top decile of zinc intake (>15.8 mg/
day) with the remaining population was 0.56 (95 % CI, 0.32-0.97) for all forms of AMD and 0.54
(95 % CI, 0.30-0.97) for early AMD. However, in two large prospective studies (Nurses’ Health
Study and the Health Professionals Follow-up Study) involving men and women (n="72,489) with no
diagnosis of AMD at baseline, zinc intake, either in food or in supplements, was not associated with
a reduced risk of AMD [88]. Furthermore, no association was observed between zinc intake and
prevalence of AMD-related drusen in the cohort of the Nurses’ Health Study who also participated in
the Nutrition and Vision project [89]. A protective effect of zinc is in contrast to the findings of high
concentrations in sub RPE deposits, with levels being particularly high in eyes with AMD [14].

In summary, the studies examining dietary intakes of certain nutrients and eye disease relationships
are not entirely consistent. Methodology differences among studies may, in part, explain the inconsis-
tencies. Also, there are limitations to such studies that examine relationships between a nutrient and
disease because calculations from dietary recall may not always accurately estimate nutrient intakes
due to limitations of the database or recall abilities of the subjects. Furthermore, a single blood value
for a nutrient may not always be an accurate indicator of long-term status. In addition, the high degree
of correlation in intake among the various dietary micronutrients makes it difficult to determine which
specific nutrient or nutrients are related to the observed relationships. Despite these drawbacks, a pos-
sible protective role of certain nutrients cannot be dismissed given the number of studies that found a
protective effect and the comparatively fewer studies that found a negative effect. In some cases, it
may be difficult to measure an outcome if nutrient intake levels are at those found in diet alone. That
is, dietary and plasma levels may not be sufficiently high to see an effect. In this regard, review of
studies that have examined the relationship between supplemental nutrient intake with cataract and
AMD risk may be useful.

The Effect of Nutrient Supplements on Eye Disease Risk

Supplemental vitamins C and E have been long available to the general public. Currently, there are a
variety of supplement products available in health food stores that contain lutein in amounts of
6-25 mg/capsule. At this point lutein can be found in a few multi-vitamin products. Centrum was the
first multivitamin supplement with lutein and contains 250 pg per capsule. Alcon Laboratories and
Bausch & Lomb have made available multivitamin supplements formulated for eye care. These prod-
ucts contain lutein in higher amounts.
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Table 4.10 Summary of epidemiologic studies of supplemental vitamin C* and cataract
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Data analysis method

Result

Reference

Positive outcome
Usage >10 year vs. usage <10 year

Usage >10 year vs. usage <10 year

>300 mg/day vs. nonusers of vitamin C
supplements

Decrease in cataract in long-term users
of vit C supplements

Decrease in cataract surgery with
increased usage of vit C supplement

Lower prevalence of cataract in vit C
supplement users

Jacques et al. [90]
Hankinson et al. [29]

Robertson et al. [91]

Null outcome
Usage >10 year vs. nonusers
Logistic regression analysis

Chasen-Taber et al. [92]
Vitale et al. [30]

No difference between groups

No relationship between serum vit C
and cortical and nuclear cataract

No relationship between vit C intake
and cataract extraction

No relationship between vit C intake
and cataract extraction

No relationship between vit C intake
and cataract

Regression models Tavani et al. [31]

Highest vs. lowest quintile for intake Hankinson et al. [29]
(705 vs. 70 mg/day)

Case-control Italian-American

Cataract Study [28]
Negative outcome

Usage 5-9 years vs. 1-4 years

1,000 mg/day vit C vs. multivitamin use
4RDA for adults: 60 mg/day

Gritz et al. [93]
Rautianen et al. [94]

Increase risk of cortical cataract
Increase risk of cataract

Cataract

Jacques et al. [90] observed a >75 % lower prevalence of early opacities in women who used vitamin
C supplement for >10 years (Table 4.10). None of the 26 women who used vitamin C supplements for
>10 years had more advanced nuclear cataract. Hankinson et al. [29] observed that women who
reported use of vitamin C supplement for >10 years had a 45 % reduction in rate of cataract surgery.
The study of Robertson et al. [91] observed that the prevalence of cataract in persons who consumed
vitamin C supplement of >300 mg/day was approximately one-third the prevalence in persons who did
not consume vitamin C supplements. However, Chasen-Tabar et al. [92] prospectively examined the
association between vitamin supplement intake and the incidence of cataract extraction during 12 years
of follow-up in a cohort of 73,956 female nurses. After adjusting for cataract risk factors, including
cigarette smoking, body mass index, and diabetes mellitus, there was no difference in the incidence of
cataract between users of vitamin C supplements for 10 years or more and nonusers. There was an
increased risk of cortical cataract in older women (>60 years) who consumed vitamin C supplements
for 5-9 years compared to the those taking vitamin C for 1-4 years, >10 years and those who never
used vitamin C supplements [93]. Similarly, in a population-based, prospective study involving 24,593
women (=65 years), a significantly higher risk of cataract was observed in those consuming ~1,000 mg
vitamin C supplements but not among those consuming a multivitamin, which contain much lower
levels of vitamin C [94]. However, such relationship was not always observed [28-31].

Nadalin et al. [95] cross-sectionally examined the association between prior supplementation with
vitamin E and early cataract changes in volunteers (Table 4.11). Of 1,111 participants 26 % reported
prior supplementation with vitamin E. Only 8.8 % of these participants took supplementation greater
than the recommended daily intake (10 mg/day). A statistically significant association was found
between prior supplementation and the absence of cortical opacity, after adjusting for age. However,
the levels of nuclear opacity were not statistically different between those who reported intake and
those with no prior vitamin E supplementation. Leske et al. [43] examined the association of



70 E.J. Johnson

Table 4.11 Summary of epidemiologic studies of supplemental vitamin E* and cataract

Data analysis method Result Reference

Positive outcome

Vit E supplement users vs. nonusers Decrease in cortical cataract in users Nadalin et al. [95]
of vit E supplements

Vit E supplements users vs. nonusers Decrease in nuclear cataract in users Leske et al. [41]

Vit E supplements users vs. nonusers Decrease in cataract in users Robertson et al. [91]

Null outcome

Vit E supplement users vs. nonusers No difference in nuclear cataract Nadalin et al. [95]

Vit E supplement users vs. nonusers No difference in prevalence of cataract Hankinson et al. [29]

between users and nonusers

“RDA: 810 mg/day and 10 mg/day, women and men, respectively

antioxidant nutrients and risk of nuclear opacification in a longitudinal study. The risk of nuclear
opacification at follow-up was decreased in regular users of multivitamin supplements, vitamin E
supplements, and in persons with higher plasma levels of vitamin E. The investigators concluded that
in regular users of multivitamin supplements, the risk of nuclear opacification was reduced by one-
third. They also reported that in regular users of vitamin E supplement and persons with higher plasma
levels of vitamin E, the risk was reduced by approximately half. These results are confirmed by
Robertson et al. [91] who reported that the prevalence of cataract was 56 % lower in persons who
consumed vitamin E supplement than in persons not consuming supplements. One study observed no
relation between risk of cataract and vitamin E supplements [29, 95].

To date, there are few data from intervention trials of vitamins and cataract risk. There has been
only one randomized, double-masked, placebo controlled trial evaluating a vitamin E intervention and
cataract prevention. Pharmacological doses of vitamin E (500 IU) for 4 years was reported to reduce
the incidence or progression of nuclear, cortical, or PSC cataracts in subjects aged 55-80 years [96].
This may provide the best evidence for a role for vitamin E in cataract prevention.

It was reported that a high dose combination of antioxidants (vitamins C and E, beta-carotene, and
zinc) had no significant effect on the development or progression of cataract [97]. The LINXIAN trial
[98] examined the role of antioxidants in prevention of cataract, and effect is not clear. The interven-
tion was a combination dose of 14 vitamins and 12 minerals. Therefore, a specific role of any one
nutrient could not be accurately evaluated. The multivitamin component demonstrated that nutrition
can modify the risk of nuclear cataract, but specific nutrients were not evaluated. Also, the population
examined had suboptimal nutritional intakes at the study start and the effect may have been due to a
correction of certain nutrient deficiencies.

The Roche European-American Anticataract Trial (REACT) was carried out to examine if a mix-
ture of oral antioxidant micronutrients (beta-carotene, 18 mg/day; vitamin C, 750 mg/day; vitamin E,
600 mg/day) would modify the progression of age-related cataract [99]. This was a multi-center pro-
spective double-masked randomized placebo-controlled 3-year trial in 445 patients with early age-
related cataract. REACT demonstrated a statistically significant positive treatment effect after 2 years
for US patients and for both subgroups (US, UK) after 3 years, but no effect for the UK patients alone.
The conclusion from this study was that daily supplementation with these nutrients for 3 years pro-
duced a small deceleration in progression of age-related cataract.

AMD

A recent study reported that high levels of antioxidants and zinc significantly reduce the risk of AMD
and its associated vision loss [97]. In the AREDS study it was found that people at high risk for develop-
ing advanced stages of AMD (people with intermediate AMD or advanced AMD in one eye but not the
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Table 4.12 Summary of epidemiologic studies of supplement use and AMD

Data analysis method Result Reference
Positive outcome
Vitamins C, E, p-carotene zinc, 25 % decrease in risk for late AMD, in patients Age-Related
copper (AREDS formulation) with intermediate or advanced AMD in one eye Eye Disease
Study [97]
Zinc vs. placebo Better visual acuity with zinc supplementation in patients Newsome
with early AMD et al. [86]
Zinc (50 mg/day, 6 months) Improved macular function in dry AMD Newsome
vs. placebo et al. [106]
Vitamins C, E, B-carotene zinc, = Those with low dietary intake of lutein/zeaxanthin at the start Age-Related
copper (AREDs formulation of the study, but took AREDS formulation with Eye Disease
plus lutein (10 mg/day)) lutein + zeaxanthin during, were ~25 % less likely to Study [85]
and zeaxanthin (2 mg/day) develop advanced AMD compared with those with similar

dietary intake who did not take lutein and zeaxanthin

Null outcome

Vitamin C supplement users No difference between groups in AMD prevalence EDCCSG [65]
(>2 years) vs. nonusers

Vitamin E supplement users No difference between groups in AMD prevalence Seddon et al. [101]
(>2 years) vs. nonusers

Vitamin E (600 IU/day, 10 year) No effect on risk of AMD Christen
vs. placebo (women) etal. [102]

Vitamin E (500 IU, 4 years) vs.  No effect on risk of AMD Taylor et al. [103]
placebo

Vitamin E (50 mg/day 5-8 years) No effect on risk of AMD Teikari et al. [104]
vs. placebo

other eye) lowered their risk by about 25 % when treated with a high-dose combination of vitamins C
and E, beta-carotene, and zinc. In the same high risk group the nutrients reduced the risk of vision loss
caused by advance AMD by about 19 % [97] (Table 4.12). For those subjects who had either no AMD
or early AMD, the nutrients did not provide a measured benefit. Because single nutrients were not evalu-
ated, specific effects could not be determined. AREDS 2 aimed to refine the findings of AREDS by
including the xanthophylls lutein and zeathanxin as well as omega-3 fatty acids into the test formulation
[100]. In secondary analysis, lutein and zeaxanthin supplements on top of the AREDS supplement low-
ered the progression to advanced AMD in persons with low dietary lutein and zeaxanthin [85].

It has been reported that the prevalence of AMD in persons who consumed vitamin C supplement
for >2 years was similar to those who never took vitamin C supplements [65] (see Table 4.12). In a
study conducted by Seddon et al. [101] the prevalence of AMD was also similar between those who
took vitamin E supplement for >2 years and those who never took vitamin E supplements. The results
of three double-masked, placebo-controlled primary prevention studies involving high doses of vitamin
E and AMD found that there was no association of treatment group with any sign of AMD [102-104].
The Alpha-Tocopherol, Beta-Carotene trial evaluated the effect of nutritional antioxidants on
AMD. Overall there were 728 people randomized to any antioxidant (alpha-tocopherol and/or
B-carotene) and 213 to placebo. The results of this study found that there was no association of treat-
ment group with any sign of maculopathy. There were 216 cases of the disease in the antioxidant
groups and 53 in the placebo group. The majority of these cases were early age-related maculopathy.
There was no association with the treatment group and development of early stages of the disease. The
findings are similar when each of the antioxidant groups—alpha-tocopherol, beta-carotene, alpha-
tocopherol + beta-carotene—are compared with placebo. Although this was a large, high quality study
there were few cases of late AMD (14 cases in total) which means that the study had limited power to
address the question as to whether supplementation prevents late AMD. Furthermore, the 5-8-year
intervention with alpha-tocopherol and/or beta-carotene may not have been a long enough intervention
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period to assess a difference in the prevalence of late AMD. This study was conducted in Finnish male
smokers and caution must be taken when extrapolating the findings to other geographical areas, to
people in other age-groups, to women, and to nonsmokers. However, the incidence of AMD, particu-
larly neovascular disease, is likely to be higher in smokers [105], which means that they provide a good
population to demonstrate any potential protective effects of antioxidant supplementation.

As mentioned above, The AREDS 2 trial found that lutein and zeaxanthin supplements lowered the
progression to advanced AMD in persons with low dietary lutein and zeaxanthin.

Zinc supplementation (100 mg zinc sulfate for 12-24 months) given to elderly people with early
stages of AMD resulted in better maintenance of visual acuity than in those receiving placebo [86].
A more recent randomized, placebo-controlled study showed supplementation with 50 mg/day for
6 months of zinc monocysteine significantly improved macular function in persons with dry AMD
[106]. However, patients with wet AMD in one eye had no positive effect on the other eye diagnosed
with drusen after 200 mg/day zinc supplementation for 2 years [107].

In summary, of the studies that have examined nutrient supplement use vs. the risk of eye disease,
it is difficult to determine if supplements provide any added protection against eye disease. The num-
ber of studies reporting a positive outcome, i.e., a decreased risk, was about the same as the number
of null outcomes. Further, in a recent meta-analysis it was concluded that there is insufficient evidence
to support the role of dietary antioxidants including the use of dietary antioxidant supplements for the
primary prevention of AMD [108]. However, AREDS 1 and 2 strongly support the beneficial effects
of supplementation with a combination of antioxidants on delaying the progression from intermediate
to late AMD.

Clinical Recommendations/Treatment Guidelines

The inconsistencies among studies in terms of the amount of nutrient required for protection against
eye disease makes it difficult to make specific recommendations for dietary intakes of these antioxi-
dants. Therefore, it may be more practical to recommend specific food choices rich in vitamins C and
E, lutein and zeaxanthin, omega-3 fatty acids and zinc, thereby benefiting from possible effects of the
components in food that may also be important. This necessitates an awareness of dietary sources of
nutritional antioxidants for both the patient and clinician. Good sources of vitamin C include citrus
fruit, berries, tomatoes, and broccoli (Table 4.13). Good sources of vitamin E are vegetable oils, wheat
germ, whole grain cereals, nuts, and legumes (Table 4.14). The two foods that were found to have the
highest amount of lutein and zeaxanthin are kale and spinach (Table 4.15). Other major sources
include broccoli, peas, and brussels sprouts. Fish oils are the primary source of omega-3 fatty acids
(Table 4.16)

A healthy diet including a variety of fresh fruit and vegetables, legumes, fish, and nuts, will have
many benefits, will not do any harm, and will be a good source of the antioxidant vitamins and miner-
als implicated (but not proven) in the etiology of cataract and age-related macular degeneration. There
is no evidence that nutrient-dense diets high in these foods, which provide known and unknown anti-
oxidant components, are harmful. In fact, intake of fruits and vegetables is associated with reduced
risk of death due to cancer, cardiovascular disease, and all causes [109]. Thus, recommendations such
as consuming a more nutrient-dense diet, i.e., lower in sweets and fats, and increasing levels of fruit
and vegetable intake do not appear to be harmful and may have other benefits despite their unproven
efficacy in preventing or slowing disease. Until the efficacy and safety of taking supplements
containing nutrients can be determined, current dietary recommendations [110] are advised.

In addition to antioxidant vitamins, patients ask about a wide variety of unproven and often untested
nutritional supplements. These include bilberries, shark cartilage, and Ginko biloba extract.
Unfortunately, little is known about the effect of these products on cataract or AMD: no clinical trials
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Table 4.13 Vitamin C content of foods?

73

Food Amount Milligrams
Orange juice 1 cup 12
Green peppers 1/2 cup 96
Grapefruit juice 1 cup 94
Papaya 1/2 med 94
Brussels sprouts 4 sprouts 73
Broccoli, raw 1/2 cup 70
Orange 1 medium 70
Cantaloupe 1/4 melon 70
Turnip greens, cooked 1/2 cup 50
Cauliflower 1/2 cup 45
Strawberries 1/2 cup 42
Grapefruit 1/2 medium 41
Tomato juice 1 cup 39
Potato, boiled with peel 2 1/2” diam. 19
Cabbage, raw, chopped 1/2 cup 15
Blackberries 1/2 cup 15
Spinach, raw, chopped 1/2 cup 14
Blueberries 1/2 cup 9
Table created with data from [115]

2Edible portion

Table 4.14 Vitamin E content of foods?

Food Amount Milligrams (alpha-tocopherol equivalents)
Wheat germ oil 1 tb 26.2

Sunflower seeds 1/4 cup 16.0

Almonds 1/4cup 14.0

Safflower oil 1tb 4.7

Peanuts 1/4cup 4.2

Corn oil 1tb 29

Peanut butter 2tb 4.0

Soybean oil 1tb 2.0

Pecan, halves 1/4cup 2.0

Table created with data from [115]

2Edible portion

Table 4.15 Lutein/zeaxanthin content of foods*

Food Amount Milligrams
Kale, cooked 1/2 cup 8.7
Spinach, raw 1/2 cup 6.6
Spinach, cooked 1/2 cup 6.3
Broccoli, cooked 1/2 cup 2.0
Corn, sweet, cooked 172 cup 1.5
Peas, green, cooked 1/2 cup 1.1
Brussels sprouts, cooked 1/2 cup 0.9
Lettuce, raw 1/2 cup 0.7

Table created with data from [116]
2Edible portion
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Table 4.16 EPA +DHA content in fish
EPA +DHA, g/3-0z (85 g)

Fish serving (edible portion)
Trout

Farmed 0.15

Wild 0.20
Crab, Alaskan King 0.35
Flounder/sole 0.42
Haddock 0.20
Halibut 0.40-1.00
Herring

Atlantic 1.71

Pacific 1.81

Mackerel 0.34-1.57
Salmon

Atlantic, farmed 1.09-1.83

Atlantic, wild 0.90-1.56

Chinook 1.48

Sockeye 0.68
Sardines 0.98-1.70
Shrimp, mixed species 0.27
Tuna

Fresh 0.24-1.28

White, canned in water, drained 0.73
Created with data from [117]

have been conducted. Patients with eye disease who are offered these often expensive and sometimes
risky treatments are given little information as to their benefit or risk. Patients should be advised to
avoid unproven treatments.

Conclusion

The hypothesis that antioxidant nutrients may protect against the cataract and AMD is a plausable one
given the role of oxidative damage in the etiology of these diseases. It is not known at what stage the
protective effect may be important. The question that needs to be addressed is whether people who
begin to consume antioxidant vitamins in their 60s and 70s alter their risk of age-related macular
degeneration. Although data regarding the use of nutrient supplements suggest protection in cataract,
the data are less convincing for AMD. The research to date has not sufficiently evaluated the effective-
ness vs. safety of nutrient supplements. But advocating the use of nutrient supplementation must be
done with a cautionary note given that there have been trials which have suggested that supplementa-
tion with beta-carotene may have an adverse effect on the incidence of lung cancer in smokers and
workers exposed to asbestos [111, 112]. Clearly further trials are warranted to address the usefulness
of nutrient supplementation in eye disease prevention.

It is likely that cataract and AMD develops over many years and the etiology of these diseases is
due to many factors. There are likely to be differences in the potential protective effect of antioxidant
supplementation depending on the stage of the disease. Future research needs to take into account the
stage at which oxidative damage, and therefore antioxidant supplementation, may be important.
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Chapter 5
Nutrition and Oral Health: A Two-Way Relationship

Cristina Palacios and Kaumudi J. Joshipura

Key Points

* Tooth loss reduces the ability to consume a more varied diet and increases systemic disease risk.

* The consumption of fermentable carbohydrates, along with increased use of xerogenic medica-
tions, places older adults at high risk for dental caries.

* Recent studies suggest an important role for calcium, vitamin D, and possibly vitamin C in reduc-
ing periodontitis risk.

* Diets high in fruits and vegetables have consistently been shown to reduce oral cancer risk.

» Tooth loss is associated with increased tendency among older adults to consume poorer quality
diets, which in turn could increase cardiovascular risk.

Keywords Edentulism ¢ Dental caries * Periodontitis ® Oral cancer ¢ Nutrients ¢ Dietary patterns °
Foods

Introduction: Oral Health Status in Older Adults

Oral health contributes greatly to quality of life in older adults. Poor oral health can hinder a person’s
ability to sustain a satisfying diet, participate in interpersonal relationships, and maintain a positive
self-image [1-3]. Oral health problems may lead to chronic pain, discomfort, and alterations in diet
that may adversely impact systemic disease.

Dental caries and chronic periodontitis are by far the most common oral diseases in the elderly [4].
These two diseases are the major causes of tooth loss and thus the major cause of dental morbidity.
Caries, periodontal disease, and tooth loss still continue to be significant public health problems in the
United States. Other oral diseases or conditions are relatively rare, of lesser importance from a public
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health perspective, and less related to nutrition, even though they may predominantly affect the elderly
(e.g., denture stomatitis and other soft-tissue lesions). We will therefore focus on dental caries, chronic
periodontitis, and tooth loss as the most common oral health problems in the elderly. In addition, we will
also discuss oral cancer, which although rare, is often fatal and thus of high public health importance.

Common Oral Conditions in Older Adults

Dental Caries

Among dentate adults aged 60 years or older, 93 % had caries experience, which was higher among
whites (93.3 %) compared to blacks (84.6 %) and Mexican Americans in 1999-2002 (83.5 %) [4]. In
addition, 18.6 % had untreated tooth decay and there was a mean of 9.1 decayed and filled permanent
teeth. A more recent statistic shows that almost 20 % of dentate adults 65 years of age or older had at
least one tooth with untreated tooth decay in 2005-2008 [5]. On average, these seniors had about 18
decayed, missing, or filled teeth.

Root Caries

Root caries is also an important problem in older adults. Data from the National Health and Nutritional
Examination Survey (NHANES) 1988-1994 and 1999-2002 shows that the prevalence of root caries
is 31.6 % among those aged >60 years [4]. Overall, the prevalence of untreated root caries decreased
in this age group (from 20 to 12.8 %). In addition, approximately 22 % of those aged >60 years had
one or more filled roots (restored), which is higher compared to those aged 40-59 years (8.0 %) and
those aged 20-39 years (1.7 %).

Periodontal Disease

Data from NHANES 2009-2010 show that the prevalence of periodontitis was 47 % in adults aged 30
years and older; and in those aged 65 years and older, 64 % had either moderate or severe periodontitis
[6]. Furthermore, this report also shows that periodontitis was highest among men, Mexican
Americans, current smokers and among those with less than a high school education and below 100 %
of Federal Poverty Levels.

Tooth Loss

In 2009-2010, 15 % of adults aged 65—74 and 23 % of seniors aged 65 and over were edentulous (i.e.,
had lost all their natural teeth) [5]. The good news is that data from several representative health sur-
veys in the United States clearly demonstrate a steady decline in the prevalence of edentulism, caries,
and periodontitis over the past several decades beginning in the 1960s. However, not all segments of
the population have benefited equally from this trend and tremendous heterogeneity and disparities
exist between socioeconomic and racial/ethnic groups. For example, more non-Hispanic black adults
aged 65 and over were edentulous (32 %) compared with non-Hispanic white adults (22 %),
whereas only 16 % of Mexican-American adults had complete tooth loss [5]. Also, data from the
National Health Interview Surveys from 1999 to 2008 shows that there was a significant reduction
in edentulism rates between these years, with the highest rate among Native Americans (24 %),
followed by African Americans (19 %), Caucasians (17 %), Asians (14 %), and Hispanics (14 %) [7].
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Also, the prevalence of complete edentulism was more than twice as high for those living at or below
100 % of the federal poverty level (34 %), compared to those above this level (13 %) among adults
aged 65-74 years but not among those aged 75 and over.

In summary, dental caries and periodontitis remain highly prevalent in the elderly. Although in
most industrialized countries the prevalence of caries has declined over the past decades, dental caries
and periodontitis and the associated tooth loss continue to be major public health problems.

Oral Cancer

The most serious and potentially fatal oral condition among older adults is oral cancer. By far the most
common form of malignant oral cancer is squamous cell carcinoma. Squamous cell carcinoma of the
oral cavity (including the gums, tongue and floor of mouth and other oral cavity), the oropharynx,
hypopharynx, and larynx is frequently called “head and neck squamous cell carcinoma” or “head and
neck cancer.”

More than 7,800 people, mostly older Americans, die from oral and pharyngeal cancers each
year [8]. In 2007, there were 34,360 newly diagnosed cases of oral and pharyngeal cancers (24,180 in
males, 10,180 in females) and 7,550 oral and pharyngeal cancer deaths (5,180 males, 2,370 females)
in the United States [8]. This increased in 2012 to 40,250 newly diagnosed cases of oral (28,540 in
males, 11,710 in females) and 7,850 oral and pharyngeal cancer deaths (5,440 in males and 2,410 in
females) [9]. In 2009, the oral cancer incidence increased from 10.5 cases per 100,000 individuals
in 20002004 to 10.9 cases, with increasing rates in men (16.1/100,000) and in women (6.2/100,000)
[10]. However, this report also showed that mortality from oral and pharyngeal cancer decreased to
2.4/100,000 individuals compared to 2000-2004 (males: 3.7/100,000; females: 1.3/100,000). Oral
and pharyngeal cancer incidence and mortality are the highest among persons 65 years and older. In
2005-2009, the age-standardized incidence rate for this age group was 39.7/100,000 (males:
59.6/100,000, females: 24.9/100,000) and the mortality rate was 11.8/100,000 (males: 17.7/100,000,
females: 7.4/100,000).

There are major racial/ethnic disparities in oral cancer incidence and particularly in oral cancer
mortality and survival. For example, mortality rates per 100,000 were 5.7 and 1.4 for Black males and
females, compared to 3.6 and 1.4 for White males and females, respectively [10]. The 5-year survival
rate for oral and pharyngeal cancer diagnosis slightly improved from 60.4 % in 1999-2001 to 64.6 %
in 2002-2008. This improvement was observed in Whites (55 % in 1975-1977 to 66.5 % in 2002—
2008), as in African Americans (36.1 % in 1975-1977 to 45.2 % in 2002-2008). Although the oral
cavity and pharynx are easily accessible for inspection, only 33 % of oral and pharyngeal cancers are
diagnosed in a localized stage (35 % among Whites, 21 % among Blacks). The 5-year relative survival
rate is highly dependent on stage of diagnosis. More than 80 % of patients with localized disease sur-
vive 5 years, compared to 57.3 and 34.9 % with regional and distant metastases, respectively. However,
even if diagnosed at the same stage, Blacks have lower 5-year relative survival rates than Whites.

Impact of Nutritional Status on Oral Health

Plaque and Calculus Formation

Bacteria in the mouth, or oral flora, form a complex community or biofilm that adheres to teeth and is
called plaque. These bacteria ferment sugars and carbohydrates and generate acid, which can in turn
dissolve minerals in tooth enamel and dentin and lead to dental caries. Furthermore, bacterial products
and components elicit an inflammatory immune response in the gingival epithelium and underlying
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connective tissues (gingivitis) that may lead to periodontitis in susceptible individuals. Although the
presence of plaque itself is not sufficient to cause either caries or periodontitis, the current understand-
ing of the pathogenesis views bacterial plaque as a necessary cause for both diseases. Hence, oral
hygiene measures that aim to remove or reduce bacterial plaque are a key strategy for the prevention
of both caries and periodontitis.

Plaque can be present in subjects who do not consume carbohydrates, but is more prolific and
produces more acid in individuals who eat sucrose-rich food. Frequency of carbohydrate consump-
tion, physical characteristics of food (e.g., softness and stickiness), and timing of food intake all
contribute to plaque formation and composition [11]. Plaque on tooth surfaces mineralizes to form
calculus or tartar, which is often covered by unmineralized biofilm [12]. Hence, dietary factors are
important determinants of plaque quantity and quality and are therefore important in the pathogenesis
of dental disease, in particular dental caries (see below).

Dental Caries

Dental caries are characterized by the demineralization of dental hard tissues (enamel and dentin) by
acids produced by plaque bacteria. Many factors that influence the quantity and timing of bacterial
acid production ultimately determine the risk of caries. Here, diet plays an important role in caries
occurrence and progression. Foods containing fermentable carbohydrates result in acid production by
cariogenic plaque bacteria. The production of organic acids by sugar metabolizing bacteria then leads
to significant decreases in plaque pH. If plaque pH falls below 5.5 for an appreciable period of time,
demineralization of dental enamel occurs. As the plaque pH varies according to the availability of
fermentable carbohydrates to plaque bacteria, de-mineralization and remineralization processes occur
in a dynamic process. Factors other than diet that affect this dynamic process include, for example, the
fluoride concentration. If de-mineralization is not compensated by remineralization, a breakdown of
the enamel surface and formation of a cavity that can extend through the dentin (the part of the tooth
located under the enamel) to the pulp tissue will result.

Because of the complexity of the demineralization/remineralization processes, the effects of fer-
mentable sugars and other carbohydrates are not just determined by their amount. Most importantly,
the frequency of sugar intake (e.g., eating sweets with main meals or as snacks at multiple occasions
between meals) has been clearly shown to be a major determinant of caries risk [13]. Consumption of
soft drinks containing sugar is also related to increased caries prevalence and incidence [14].

Furthermore, the effect of dietary intake of sugars or other carbohydrates is modified by other fac-
tors, primarily fluoride intake and oral hygiene. Fluorides (e.g., in toothpastes) have become highly
abundant over the past decades and dietary factors may be less important in subjects with good oral
hygiene and regular fluoride exposure [15]. Artificial sweeteners such as aspartame and saccharin and
sugar alcohols such as sorbitol, mannitol, and xylitol were shown to be non-cariogenic in clinical tri-
als [16]. Chewing sugar-free gum with added xylitol or sorbitol has been shown in clinical trials to be
effective in reducing caries [17], although this caries-preventive effect of chewing gums with sugar
alcohol could be related to stimulation of the salivary flow. Indeed, saliva also contains components
that can directly attack cariogenic bacteria and contains calcium and phosphates that help remineral-
ize tooth enamel.

Studies have also found the consumption of dairy products is non-cariogenic. A high yogurt intake
was significantly associated with a lower prevalence of dental caries consumption compared with low
yogurt consumption in Japanese children [18]. In addition, cheese consumption was inversely associ-
ated with caries experience in children from Spain [19]. A longitudinal study in 600 Japanese aged 70
years or more also found that intake of milk and other dairy products was protective of root caries [20].
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Chronic Periodontitis

Bacterial plaque is considered a necessary cause of periodontitis, as bacterial components and products
elicit an inflammatory response in the periodontal host tissues. In susceptible individuals, this inflam-
matory response leads to the resorption of periodontal ligament and alveolar bone. Susceptibility to
periodontitis is determined by environmental and genetic host factors. For example, smoking and
diabetes are established as major risk factors for periodontitis and tooth loss [21, 22]. Genetic risk
factors that increase periodontitis susceptibility have been proposed, although to date data on specific
genetic factors remain equivocal [23, 24], except for vitamin D receptor (VDR) polymorphism
(discussed later in the chapter).

Diet and nutrients could affect periodontitis risk by influencing plaque quality and quantity, but
may also, and perhaps more importantly, affect the inflammatory response and thus affect periodonti-
tis susceptibility. It is important to note that research in the nutritional determinants of periodontitis
risk is scant and most of the currently available data are from cross-sectional surveys, particularly
from the NHANES III. In NHANES 111, inverse associations between the intake of calcium [25, 26]
and dairy products [26]—which is highly correlated with calcium intakes in the United States—and
periodontitis prevalence have been reported. In addition, a study in more than 900 Japanese found that
an increased intake of lactic acid foods (yogurt and lactic acid drinks or fermented milk, also known
as kefir) was associated significantly with lower periodontal disease [27]. An intake of 55 g or more
of lactic acid significantly lower the prevalence of deep probing depth and severe clinical attachment
loss compared to those not eating these foods, after adjusting for confounding variables. More recently,
a study in older Danish adults showed that intakes of dairy foods, milk, and fermented foods were
significantly associated with a reduction of periodontitis risk (p<0.05), but cheese and other dairy
foods intakes were not associated after adjusting for confounding variables [28]. Krall et al. have
reported a beneficial effect of calcium and vitamin D supplementation on tooth retention [29] in a
small cross-sectional study. Vitamin D status is associated with bone mineral density [30] and a recent
meta-analysis showed that vitamin D supplementation is effective in preventing bone loss and frac-
tures, particularly in doses greater than 800 IU/day and combined with calcium supplementation [31].
Because osteoporosis has been proposed as a risk factor for periodontitis, we studied the association
between vitamin D status and periodontitis and found lower periodontitis prevalence among subjects
older than 50 years of age with higher serum 25(OH)D levels [32]. In a recent publication among
42,730 participants of the Health Professionals Follow-Up Study, the highest quintile of the predicted
25(OH)D score (which is derived from variables known to influence 25(OH)D levels) was associated
with a 20 % lower incidence of tooth loss (risk=0.80, 95 % CI: 0.76-0.85) and 20 % lower incidence
of periodontitis (risk=0.80; 95 % CI: 0.71-0.90) compared to the lowest quintile [33]. In addition to
its established effect on calcium metabolism and bone, vitamin D also has immuno-modulatory func-
tions by which it may reduce periodontitis susceptibility. This hypothesis is consistent with the finding
of a strong inverse association between vitamin D status and gingivitis (a precursor of periodontitis
not affected by osteoporosis) prevalence [34]. If vitamin D status is truly a risk factor for periodontitis,
these findings could have significant public health implications as hypovitaminosis D is highly preva-
lent in the United States and elsewhere [35], particularly in individuals who are overweight/obese
have lower milk intake and/or have less sun protection [36].

Interestingly, VDR polymorphisms are among the genetic factors implicated as putative risk fac-
tors for periodontitis. A meta-analysis exploring the association between VDR polymorphisms (Taq-
I, Bsm-I, Apa-I, and Fok-I) and periodontitis found that in Asians, chronic periodontitis cases had a
significantly lower frequency of bb genotype of Bsml but higher frequency of AA genotype of Apal
with no associations with the other variants or with the aggressive form of the disease [37]. A more
recent meta-analysis found that Taq-I variants could be protective of chronic periodontitis, while
Fok-I locus could be a risk factor of aggressive periodontitis in Asians, but not in whites [38].
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However, intervention studies will be necessary to evaluate if vitamin D supplementation is effective
for periodontitis prevention. Up to date, there are no clinical trials examining this. A small cross-
sectional study in 51 subjects receiving periodontal maintenance therapy found that those taking
calcium (>1,000 mg/day) and vitamin D (>400 IU/day) supplements had a better periodontal health
compared to those not taking supplements [39]. A 1-year follow-up showed that those still taking the
supplements had a modest positive effect on periodontal health compared to those not taking the
supplements [40].

Given our increasing understanding of the role of immune function and inflammatory response in
periodontitis, it is likely that immune-modulating nutrients, such as some antioxidants and omega 3
fatty acids could alter the inflammatory process in periodontitis. Deficiencies of ascorbate have been
associated with severity of gingivitis [41]. Furthermore, NHANES III data demonstrate an inverse
association between vitamin C intakes and periodontitis prevalence in the United States [42]. Serum
levels of vitamin C have been shown to be strongly associated with periodontitis prevalence, which was
also confirmed among never smokers [43]. A retrospective cohort study in community-dwelling older
Japanese found that a higher intake of dietary antioxidants (vitamin C, E, and f-carotene) was inversely
associated with the number of teeth with periodontal disease progression, controlling for other vari-
ables [44]. The carotenoids beta-cryptoxanthin and beta-carotene [45], and omega 3 fatty acids [46],
particularly docosahexaenoic acid [47], could also alter the inflammatory process in periodontitis.
Interestingly, Merchant et al. reported an inverse association between whole-grain intake and risk of
self-reported periodontitis incidence in a large cohort of male U.S. health professionals [48]. Men in
the highest quintile of whole-grain intake were 23 % less likely to develop periodontitis.

Associations between obesity and periodontitis have been noted in several cross-sectional studies
[49, 50] and in a longitudinal study [51]. More recently, a meta-analysis found a 35 % greater risk of
periodontal disease in obese individuals, with some evidence of a stronger association found among
younger adults, women, and nonsmokers [52]. The Risk of periodontal disease was found to be sig-
nificantly greater in men with high BMI (>30 kg/m?) when compared to men with BMI in the normal
weight range (18.5-24.9 kg/m? HR=1.30; 95 % CI: 1.17-1.45) [53]. Increased WC and WHR were
highly associated with a greater risk of periodontal disease (HR for extreme quintiles: WC=1.27,
95 % CI: 1.11-1.46; WHR =1.34, 95 % CI: 1.17-1.54). In addition, a higher mean body mass index
(BMI) was found among periodontal patients and a greater mean clinical attachment loss was found
among obese individuals. Given that adipose tissue serve as a reservoir for inflammatory cytokines, it
is possible that increasing body fat increases the likelihood of an active host inflammatory response in
periodontitis. This was recently evidenced in a study in 893 men followed for 40 years, whereas those
overweight at baseline with the highest rapid weight gain follow-up (>0.19 kg/year) had significantly
more probing pocket depth (PPD) events than those in the lowest tertile of weight gain (<-0.05 kg/
year) [54]. In addition, this study found that an increase in waist circumference (WC) in overweight
men led to more PPD events than those with little change in WC. Furthermore, BMI and WC-to-
height ratio were significantly associated with periodontal disease progression regardless of periodon-
tal disease indicator.

Oral Cancer

Oral cancer is generally preceded by precancerous lesions, which include oral epithelial dysplasia,
erythroplakia, leukoplakia, lichen planus, and submucous fibrosis (rare in Western countries). The
major risk factors for oral cancer are tobacco and alcohol use. In Asian countries chewing tobacco,
beetle nut, and beetle quid are major risk factors. Chewing tobacco use is also increasing in the United
States. The relation between nutrition and oral cancer, and the impact of oral cancer on the patient’s
ability to eat and swallow are discussed below.
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Fruits and Vegetables

Fruits and vegetables are rich in many nutrients, including fiber, vitamin C, vitamin E, folate,
carotenoids, phenolics, isoflavonoids, isothiocyanates, and indoles, among others. The consumption
of these foods has been shown in many studies to be protective of chronic disease, including cancer.
A consistent finding across numerous studies is that a diet high in fruits and vegetables is protective
against oral pre-cancer [55-57] and cancer [58, 59]. A review of six cohort studies and about 40 case—
control studies found a relative risk for high vegetable and fruit consumption of 0.65 (95 % CI:
0.53-0.80) and 0.78 (95 % CI: 0.64-0.95) from three cohort studies on upper aerodigestive tract
cancers and 0.52 (95 % CI: 0.45-0.61) and 0.55 (95 % CI: 0.47-0.65) from 18 case—control studies
of oral and pharyngeal cancer, respectively [60]. In addition, a generous consumption of fruits is asso-
ciated with a 20-80 % reduced risk of oral cancer even when smoking and alcohol intake and other
factors including total caloric intake are taken into account. Furthermore, a high fruit and vegetable
diversity has also been shown to be protective of oral cancer.

However, not all studies show a protective effect of fruits and vegetables in reducing cancer risk
[61]. The inconsistencies may be explained by variation in specific vegetables and fruits consumed,
as there are differences in the ability between these foods to suppress carcinogenesis. Allium vege-
tables (such as onions and garlic), carrots, green and leafy vegetables, cruciferous vegetables, and
tomatoes, have been shown to be fairly consistently oral cancer protective [60, 62]. In particular,
cruciferous vegetables, such as broccoli, cabbage, cauliflower, kale, and mustard, which are rich in
carotenoids, vitamin C, folate, soluble fiber, and glucosinolate, also have potent anti-carcinogenic
activity. A large Japanese study and the lowa Women’s Health Study also found that a high consump-
tion of green and yellow vegetables decrease oral cavity and pharynx cancer risks [63, 64]. Tomato
also shows a strong and consistent inverse association for oral cancer in 12 of 15 studies [65] and in
one study on leukoplakia [57]. Citrus fruits have also been shown to have beneficial effect on oral
and pharyngeal cancer risk [60].

Also, there is more evidence of an anti-carcinogenic effect of raw vegetables compared to cooked
vegetables [66, 67], particularly raw and green/leafy vegetables. Raw tomatoes were more associated
with reduce risk of oral cancer than cooked tomatoes [65]. This difference between raw and cooked
vegetables could be related to changes that occur during cooking, such as loss of some nutrients,
destruction of digestive enzymes, and changes in the structure and digestibility of the food [66]. Studies
that have evaluated subgroups have generally found higher beneficial effects of fruits and vegetables
and their constituent micronutrients among smokers and drinkers than among abstainers [68].

Anti-oxidants and Other Micronutrients

Several nutrients found in vegetables and fruits show an inverse association with oral cancer. These
include vitamin A, vitamin B, vitamin C, tocopherol (vitamin E), retinoids, carotenoids, lycopene,
beta-carotene, folate, glutathione, thiamin, vitamin B, niacin, lutein, and flavonoids have been
inversely associated with oral cancer [58] and pre-cancer [57, 69, 70] in one or more studies.

Vitamin C, in particular, has been shown to reduce the risk of oral premalignant lesions, but only
from dietary sources, not from supplements in an analysis of the Health Professionals Follow-up
Study in 42,340 men [71]. However, a recent pooled analysis of 12 case—control studies of head and
neck cancer (7,002 cases and 8,383 controls) did find a decreased risk with the ever use of vitamin C,
particularly if used for 10 or more years [72].

Retinoids and beta-carotene in controlled therapeutic doses show protective effects, with fewer
new primary tumors in persons with previous oral cancers and reversals or reduction in size of prema-
lignant lesions [73]. High doses of 13-cisretinoic acid (50-100 mg/m? body surface area/day for a
year) have been effective in the treatment of oral leukoplakia [74]. This therapy has resulted in
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complete resolution in 27-57 % of patients and a partial response in 45-90 % of patients. Trials using
beta-carotene supplements (60 mg/day for 6 months) have shown reduced risk of oral cancers and
remission of pre-cancers with an improvement of at least one grade dysplasia in 39 % and no change
in 61 % [75]. Cohort and case—control studies also suggest reduced risk of oral cancer among people
who consumed different carotenoids [76], including beta-cryptoxanthin and alpha-carotene [71].

Lycopene, a red-colored carotenoid mainly found in tomatoes but also in other fruits and vegeta-
bles, has been shown in epidemiologic studies to have anti-carcinogenic effects for preventing oral
cancer and in preliminary human clinical trials to have potential therapeutic effects in precancerous
lesions [77]. Folate intake has been found to be also associated with oral cancer risk, but a significant
interaction is found with alcohol intake. A cohort of 87,621 women in the Nurses’ Health Study found
that low alcohol intake reduced the risk of oral cancer compared to nondrinkers and to those with high
alcohol intake (RR=0.59; 95 % CI: 0.39-0.87) [78]. However, among those with high alcohol (>30 g/
day) and low folate (<350 pg/day) intakes, cancer risk increased (risk=3.36; 95 % CI: 1.57-7.20)
compared with nondrinkers with low folate intake. This was not observed among those with high
alcohol intake and high-folate (>350 pg/day). This could be explained to interactions between alcohol
and folate intakes with aldehyde dehydrogenase 2 genotype [79]. Glutathione—an antioxidant found
in fruits and vegetables—was protective only if it was derived from fruit and raw vegetables [80].

Other Food and Nutrients

A protective effect of fiber and whole grains was observed for both oral submucous fibrosis and leu-
koplakia [57] and for oral cancer [58], particularly in women [81, 82]. There is a suggestion that meat,
desserts, maize, and saturated fats and/or butter may be risk factors while olive oil may be protective
[58]. Nitrate, nitrite, and nitrate reductase activity in saliva [83] and high intake of nitrite containing
meats [84] have been linked with increased risk. Iron is suggested to be protective against oral cancer
[70] and leukoplakia [85]. Ever use of calcium supplement also has been shown to reduce the risk of
oral cancer [72].

Dietary Patterns

Studies have also investigated the association of dietary patterns with oral cancer risk, as opposed to
individual foods or nutrients. A case—control study in Indonesia found that a dietary pattern character-
ized by cooked and raw vegetable, fast foods, fermented foods, seafood, canned food, snacks high in
fat and sugar increased two times risk of oral cancer (OR=2.17; 95 % CI: 1.02—4.50) [86]. Although
vegetable intake has been shown to reduce the risk in other studies, this case control study did not
observe this when combined with other nonhealthy patterns. However, a dietary pattern characterized
by dairy products, meat, and fruit reduced the risk (OR=0.50; 95 % CI: 0.24—1.00), even though total
meat consumption is related to an increase risk of oral cancer, particularly red meat [87]. Another
case—control study in Brazil found that a pattern characterized by vegetables and raw vegetables, fruit,
dairy products, potato, and fish reduced the risk of oral cancer (OR=0.44; 95% CI: 0.25-0.75) as well
as a pattern characterized by rice and pasta and pulses (OR=0.53; 95% CI: 0.30-0.93), while a pattern
characterized by bread, butter, cheese, pork, sandwich meat, egg, and sweets and dessert appeared to
increase the risk (OR=1.25; 95% CI: 0.73-2.15) [88]. An Italian case—control study in 804 with oral
cancer and 2,080 controls found that a vitamin and fiber-rich dietary pattern was inversely associated
with oral cancer (OR=0.47; 95 % CI: 0.34-0.65) [59]. A recent pooled analysis of five case—control
studies also found that a pattern characterized as rich in antioxidant vitamins and fiber decreased oral
cancer risk (OR=0.64; 95 % CI 0.45-0.90), whereas the fat-rich pattern or the animal products and
cereals pattern did not show a significant association [89]. Another case—control study in Malaysia
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found that a pattern characterized by intake of beverages and starches or a pattern rich in dairy,
fermented/salted, and meat/by-products significantly increased oral cancer risk [90].

In summary, most studies show that a consumption of fruits, vegetables, other fiber-rich foods, and
fish are associated with a reduced cancer risk while saturated fat, processed and refined foods, and fast
foods are associated with an increased risk.

Impact of Oral Health on Nutrition

This section focuses on the impact of tooth loss and dentition status, oral cancer, and xerostomia on
nutrition. Other aspects of oral health such as oral pain, periodontal disease, and altered taste could
also have some impact on nutritional status [91] but will not be reviewed here.

Impact of Tooth Loss on Nutritional Status

A number of studies have demonstrated an association between tooth loss and dietary intake. Many
studies show that edentulous individuals (people with no teeth) are more likely to eat an unhealthy diet
(e.g., ingesting too few nutrient-dense foods and too much calorie-rich, high-fat foods) compared to
people with natural teeth. Joshipura et al. [92] observed that edentulous male health professionals
consumed fewer vegetables, less fiber and carotene, more cholesterol, saturated fat, and calories than
participants with 25 or more teeth after adjusting for age, smoking, exercise, and profession. In a
representative sample from a state in Nigeria among 500 randomly selected Nigerians, aged 50 and
above, people with 20 or fewer teeth were more likely to indicate that they avoided certain food items
because of their teeth/mouth conditions. Multivariable logistic regression analysis, controlling for
age, gender, income, and education showed that the number of remaining teeth was significantly asso-
ciated with the selection of vegetables/fruits and other hard food items [93]. In other studies of healthy
older adults, edentulous individuals have been noted to consume fewer fruits and vegetables, lower
amounts of fiber, and higher amounts of fat [94, 95]. Edentulous individuals are more likely to have
lower intakes of micronutrients, such as calcium, iron, pantothenic acid, vitamins C, and E, than their
dentate counterparts [95-97]. In summary, most of the studies relating tooth loss and nutrition suggest
that people with fewer teeth are more likely to have compromised nutritional intake. Possible changes
in fruit, vegetable, and micronutrient intake after tooth loss may explain part of the associations
between tooth loss and cardiovascular and other systemic disease [98]. Therefore patients with tooth
loss warrant aggressive counseling regarding methods to maintain dietary quality, such as blending or
shredding fresh fruits and vegetables to preserve adequate intake [99].

Although eating with dentures may be preferable to eating with no teeth, most studies suggest that
the diet of denture wearers differs from the diet of people who retained their natural teeth. In a study
of veterans [100], individuals with full dentures consumed fewer calories, thiamin, iron, folate, vita-
min A, and carotene than individuals with a number of natural teeth remaining. Also, those wearing
dentures consume more refined carbohydrates, sugar, and dietary cholesterol than their dentate coun-
terparts [101, 102]. The above studies could be interpreted such that the presence of dentures contrib-
utes to poorer intake across multiple nutrients compared to dentate subjects. Poor denture fit may
contribute to some of these differences. However, all of these studies report cross-sectional associa-
tions, and tooth loss resulting from caries and/or periodontitis may well be the outcome of poor nutri-
tion rather than its determinant. Alternatively, both pathways may have a role and explain the
cross-sectional association between tooth loss and diet.
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Surprisingly, longitudinal studies investigating whether tooth loss leads to dietary changes
(secondary to an assumed functional impairment) are scarce. A longitudinal study of § years among
31,813 male U.S. health professionals found that men who lost five or more teeth had significant
detrimental changes in dietary intakes of dietary fiber, whole fruit, dietary cholesterol, and polyun-
saturated fat compared to men who did not lose teeth [103]. Similarly, results from the Nurses’ Health
Study showed detrimental dietary changes over a 2-year period subsequent to incident tooth loss, with
a tendency for women who lost teeth to avoid hard foods such as raw carrot, fresh apple, or pear [104].
However, these differences were relatively small in absolute terms. The significance of these findings
with respect to chronic disease risk is uncertain, although small effects on several nutrients could add
up to impact disease risk.

Impact of Tooth Loss on Body Weight Status

The relationship between dental status, weight, and BMI varies with the population studied. In nursing
home residents, compromised oral functional status was associated with lower BMI (less than 21 kg/
m?) after controlling for functional dependence and age [105]. Another study in community-dwelling
older adults found a similar association between masticatory ability and lower body weight, after con-
trolling for age and sex [106]. However, another study found that healthy older edentulous adults actu-
ally had higher BMIs, compared to dentate subjects [107]. Similarly, a study in Brazilian older adults
found that edentulous persons wearing only upper dentures and those wearing 0—1 prosthesis were
more likely to be obese [108]. A recently published longitudinal study of 16,416 Swedish older adults
found a significant association between edentulism and obesity, particularly in women [109]. The dif-
ferences in findings in these studies may be due to the different characteristics of the populations evalu-
ated, with sicker older adults more likely to lose weight in response to altered dentition, and healthier
older adults more likely to maintain adequate intake but alter intake to softer foods that are more calorie
dense. However, as noted above, cross-sectional studies are insufficient to make causal inferences and
obesity may itself be a risk factor for tooth loss secondary to caries or periodontitis. One longitudinal
study in community dwelling older adults found that over a 1-year period of follow-up, approximately
one-third of the sample had lost 4 % or more of their previous total body weight, 6 % of men and 11 %
of women lost 10 % or more of their previous body weight [50]. Edentulism remained an independent
risk factor for significant weight loss (OR 1.6 for 4 % weight loss and 2.0 for 10 % weight loss) after
controlling for gender, income, advanced age, and baseline weight.

Impact of Dentate Status on Blood Nutrient Status

The largest study to date to evaluate blood nutrient status in relation to dentate status is the British
National Diet and Nutrition Survey [96]. In their cross-sectional study of 490 free-living and institu-
tionalized older adults, the authors reported that edentulism subjects had significantly lower mean
plasma levels of retinol, ascorbate, and tocopherol than dentate subjects, after controlling for age, sex,
social class, and region of residence. Among dentate subjects, mean plasma vitamin C levels were
positively associated with increased numbers of occlusal pairs of teeth. Another study of adults in
Sweden [107] reported lower serum high-density lipoprotein levels among edentulous individuals
compared to those who were dentate. These results are consistent with the studies relating dietary
intake to dentition status.
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Once again, most studies mentioned are cross-sectional and have to be interpreted with caution; it
is not clear if nutrition impacts tooth loss through its impact on caries and periodontal disease or if
tooth loss impacts nutritional intake or both. Another important issue that needs to be considered
when evaluating the evidence relating to tooth loss and diet is the possibility for residual confounding,
in particular by socioeconomic status and health-conscious behaviors. Although caries and/or peri-
odontitis are the main causes of tooth loss, a decision to extract a tooth is influenced by many other
factors working at the patient, provider (dentist), and community level (access to care), and confound-
ing by socioeconomic factors is a particular concern in this context [110]. In summary, individuals
with compromised dentition tend to have poorer dietary quality. Whether or not this association is
causal, i.e., whether or not tooth loss leads to important unfavorable changes in a person’s diet, is
uncertain [91]. Additional longitudinal studies are necessary to answer this important question.
Prevention of dental caries and periodontal disease, and preventing tooth loss, is likely important for
maintaining chewing ability and facilitating consumption of a healthy diet.

Impact of Tooth Replacement Strategies on the Nutritional Status
of Partially-Dentate Elders

Indirect evidence that functional impairment associated with tooth loss may be a determinant of
dietary changes also comes from studies comparing different modalities of replacements for missing
teeth. In a study of denture wearers in Quebec, those that wore dentures providing poor masticatory
performance consumed significantly less fruits and vegetables than those with dentures that provided
good masticatory performance [111]. Likewise in Swedish older adults, poorly fitting upper dentures
were associated with decreased intake of vitamin C [112]. Among older Australians, women who
reported poorly fitting dentures consumed greater amounts of sweets and dessert items [113].
Studies have also examined dietary differences among edentulous subjects with and without den-
tures. Perhaps not surprisingly, edentulous subjects without dentures usually consume more mashed
food. Whether the placement of dentures in an edentulous patient makes a substantial improvement in
the patient’s intake remains unclear. In the only available randomized controlled trial (RCT) among
patients with partial tooth loss, no differences were found in dietary intakes between patients who
received either no dentures, fixed partial dentures, or removable partial dentures [114]. Sebring et al.
[115] studied the effect of conventional maxillary and implant-supported or conventional mandibular
dentures on patients who were edentulous with no prostheses. In both groups, calorie intake decreased;
percentage of calories from fat also decreased significantly over the subsequent 3 years. Lindquist
[116] evaluated the impact of prosthetic rehabilitation, using optimized complete dentures and then
tissue-integrated mandibular fixed prostheses on 64 dissatisfied complete denture wearers. There was
no change in diet after optimizing complete dentures, but there was a persistent increase in fresh fruit
consumption with the prostheses. Prosthetic relining in addition to dietary counseling in the edentu-
lous found an improvement in chewing ability and fiber intake from fruits and vegetables [117].
However, because there was no group that did not receive dietary counseling, it was not possible to
separate the effect of relining from the counseling. More recently, a RCT to evaluate a conventional
treatment using removable partial dentures versus functionally orientated treatment based on the
shortened dental arch did not find differences in the nutritional assessment tests performed between
groups [118]. A RCT comparing dietary intake in subjects with implant-retained overdentures and
conventionally relined denture found that among those dissatisfied with current complete mandibular
dentures, no significant differences regarding nutrient intake of food choices were found between the
two treatments. In summary, dietary quality may improve with the placement of dental prostheses, but
the changes are not substantial. Dietary counseling at the same time prostheses are fitted may assist
patients in behavioral change and in optimizing the impact of their new chewing capabilities.
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Table 5.1 Problem management in oral cancer patients

Problem Management
Xerostomia, which could lead to Sugar-free mints and gums, artificial saliva, increased intake of water, or
other problems such as caries induce salivation medically by pilocarpine hydrochloride
Increased caries susceptibility Instruction on oral hygiene and avoidance of food high in sugar, dental referral,
daily fluoride gel
Trismus makes chewing difficult Recommend appropriate jaw exercises
Dysphagia Assess swallowing ability and risk of aspiration, monitor feeding capabilities,

modify food consistency as indicated, use alternative route of nutritional
support if necessary
Risk of aspiration Use airway protection techniques and use of feeding devices as indicated
Malnutrition Obtain a dietary consultation. Consider a multivitamin/mineral supplement
and/or enteral or parenteral routes for patients who cannot meet their
nutritional needs by mouth

Impact of Oral Cancer on Nutrition

Oral cancer (OC) has a major impact on eating and swallowing. The location or progression of the
tumor itself and the side effects of treatment hamper feeding and swallowing. Side effects of radiation,
primarily a result of damage to the salivary glands and reduction in saliva production, include xero-
stomia, dental caries, oral mucositis, and bacterial and fungal infections. Side effects of chemotherapy
include mucositis, fungal infections, xerostomia, throat and mouth pain, taste changes, food aver-
sions, nausea, and diarrhea. Other complications include aspiration, osteoradionecrosis, and trismus
[119]. Side effects of surgery vary according to location and extent of surgery. The oral phase of swal-
lowing is affected by surgical resection. Means to counter common problems faced by OC patients are
listed in Table 5.1. These interventions can improve nutritional intake and overall quality of life.

Impact of Xerostomia on Nutrition

Xerostomia is associated with increased risk of dental caries, periodontal disease, speaking problems,
swallowing problems, reduced chewing ability that contributes to malnutrition, and taste disturbances.
With xerostomia, individuals may have inadequate lubrication and moisture in the mouth to chew
food and create an adequate food bolus for swallowing. In addition, xerostomia may contribute to
altered taste perception and to food sticking to the tongue or hard palate. Three studies of xerostomia
have found that diet/nutrition and the quality of saliva were affected by exposure to Sjogren’s syn-
drome (an immunologic disorder in which the body’s immune system mistakenly attacks its own
moisture producing glands) and xerogenic medications. In patients with Sjogren’s syndrome, those
with xerostomia have significantly lower caloric and micronutrient intakes [120]. Also, individuals
with xerostomia were more likely to avoid crunchy vegetables (e.g., carrots), dry foods (e.g., bread),
and sticky foods (e.g., peanut butter) [121] and have significantly lower intakes of energy, protein,
fiber, vitamin A, C, and By, thiamin, riboflavin, calcium, and iron [122]. These studies suggest that
xerostomia impairs optimal nutrient intake; however, these studies are hampered by their small size
and cross-sectional design. These studies also noted that BMI was significantly lower in those with
xerostomia compared to controls, as well as possibly lower triceps, skin fold thickness, and arm
circumference.
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Conclusion

Oral conditions that affect and are affected by nutrition, including dental caries, periodontal disease,
xerostomia, and oral cancer, are more common in older adults. The causal role of dietary behaviors in
the pathogenesis of dental caries throughout the life has been unequivocally demonstrated. Avoidance
of in-between meal snacks, especially those high in refined carbohydrates, use of sugar-free candy or
gum, and consumption of carbohydrates with meals and water, can reduce caries incidence. On the
other hand, a higher meal frequency has metabolic benefits such as improving control of diabetes
[123]. Hence, in order to reduce caries risk without increasing metabolic risk, it may be best to avoid
refined carbohydrates, have more frequent meals and to brush after meals and snacks. Effects of nutri-
tional factors on periodontitis risk and oral cancer risk on the one hand, and dietary effects of tooth
loss on the other hand are highly plausible; however, evidence from well-designed longitudinal or
intervention studies is limited.

Nutritional modulation of immune function, as, for example, through the use of antioxidants, may
reduce progression of periodontal disease, but intervention studies are limited. Many epidemiologic
studies have demonstrated the protective effect of fruits and vegetables and antioxidants on oral can-
cer risk. Studies suggest tooth loss impacts dietary quality and nutrient intake in a manner that may
increase risk for several systemic diseases. Further, impaired dentition may contribute to weight
change, depending on age and other population characteristics. Prevention of oral conditions and
maintaining a healthy dentition is important for maintaining healthy nutrition status. Attention to
dietary quality is particularly important among individuals with chewing disability from tooth loss or
edentulism. Patients with oral cancer experience numerous complications that increase their risk for
poor dietary intake. Close attention should be given to prevention of caries in patients with xerosto-
mia, modification of food consistency in patients with dysphagia, and alternative feeding routes if
nutritional needs cannot be met orally.

Recommendations

1. To help in maintaining a healthy diet, oral health and public health professionals should focus on
preventing and managing caries and periodontal disease, as well as in retaining teeth, by improving
self-care, professional care, and modifying preventable risk factors.

2. Clinicians should advise their dentate patients to restrict between-meal snacks that are high in
sugar and to prefer low-sugar snacks such as low-sugar dairy products, fresh fruits, and nuts. Also,
to eat carbohydrates with meals, and limit sugar and other foods that are cariogenic.

3. Consumption of a diet rich in a diversity of fruits and vegetables appears to reduce the risk for the
development of oral cancer.

4. Patients with tooth loss are at increased risk for poor/inappropriate dietary intake. Clinicians should
counsel patients regarding ways to maintain good nutrition and minimize softer calorie-dense
foods with low nutritional value. Pureed or shredded fruits and vegetables may serve as a means of
ensuring adequate intakes of these food groups. A multivitamin should be considered in this group
as well.

5. Patients with oral cancer and radiation-induced xerostomia should be counseled to use sugar-free
mints and gums and routinely apply fluoride to teeth to prevent dental caries.
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Chapter 6
Loss of Muscle Mass and Muscle Strength
in Obese and Nonobese Older Adults

Danielle R. Bouchard and Ian Janssen

Key Points

» Sarcopenia refers to the process of age-related skeletal muscle mass loss, and dynapenia refers to
the process of age-related muscle strength loss. These terms are often used to describe older adults
with unhealthy skeletal muscle mass and muscle strength levels, respectively.

*  Well-designed longitudinal studies show little or no association between sarcopenia and the risk of
impaired physical function, falls, and mortality.

* Conversely, dynapenia is consistently associated with these outcomes.

* The combination of sarcopenia or dynapenia with obesity among older adults (sarcopenic obesity
and dynapenic obesity) is highly prevalent. The best treatment for these conditions is unknown, as
weight loss is associated with both muscle mass and muscle strength loss.

» Physical activity, particularly resistance exercise, is one of the most promising approaches for
preventing and treating both sarcopenia and dynapenia in obese and nonobese older adults.

Keywords Skeletal muscle * Muscle strength * Obesity ¢ Physical function * Resistance exercise ®
Dietary supplement

Introduction

The terminology used to describe age-related loss of muscle mass and muscle strength has evolved
since 1989 (Fig. 6.1). In 1989, Irwin Rosenberg coined the term sarcopenia to refer to the process
of age-related skeletal muscle loss [1]. Sarcopenia comes from the Greek words sarx (flesh) and
penia (loss).
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Sarcopenia
Loss in muscle mass
(Rosenberg 1989)

Sarcopenic Obesity

Loss of muscle mass + obesity

(Baumgartner al., 2000)

Dynapenia
Loss of muscle strength
(Clark and Manini 2008)

Dynapenic Obesity
Loss of muscle strength + obesity
(Bouchard and Janssen 2009)

Fig. 6.1 Terms related to loss of muscle mass and muscle strength

The term sarcopenic obesity was introduced in 2000 to identify older obese adults that also
presented with a low muscle mass [2]. Over time, the definition of sarcopenia as purely a loss in
muscle mass evolved into one that included both a loss in muscle mass and muscle function [3, 4].
However, as discussed in more detail later on, the loss in muscle strength is not coupled to the loss in
muscle mass. The term dynapenia was coined to refer specifically to the process of losing muscle
strength with advancing age [5]. The term dynapenia is a translation from the Greek—poverty of
strength, power, or force. In this chapter, sarcopenia (loss in muscle mass) and dynapenia (loss in
muscle strength) will be considered as separate phenomenon. Finally, in 2009, dynapenic obesity was
coined to identify obese older adults with low muscle strength [6]. This chapter discusses the preva-
lence, consequences, and possible prevention/treatment strategies of sarcopenia, dynapenia, sarcope-
nic obesity, and dynapenic obesity.

Sarcopenia

With few exceptions, cross-sectional studies have observed that muscle size remains relatively con-
stant in the third and fourth decades, and then starts to decline noticeably at around the fifth decade
[7, 8]. Longitudinal studies, with follow-up lengths of up to 12 years, have confirmed these observa-
tions [9, 10]. It has been estimated that skeletal muscle mass decreases by approximately 6 % per
decade after mid-life [11].

Definition and Prevalence

Although all older adults have lost some muscle [12], there is a considerable variation in the amount
of muscle within the older population. Older adults who had a high peak muscle mass and have lost
muscle at a slow rate have reasonably healthy muscle mass values. Others may have had a low peak
muscle mass and/or lost muscle quickly as they aged, and subsequently have a very low muscle mass.
Many epidemiological studies have tried to identify this later group. Specifically, cut-points have



6 Loss of Muscle Mass and Muscle Strength in Obese and Nonobese Older Adults 101

been used to identify which older adults have skeletal muscle values in the normal and unhealthy
(i.e., sarcopenic) ranges. In 1998, Baumgartner and colleagues [13] proposed a process to determine
which older persons have unhealthy values. Specifically, they determined the average and standard
deviation of the height-adjusted appendicular skeletal mass (muscle mass of legs +arms/height?) of a
young and healthy reference population. Sarcopenia was then diagnosed if an older adult had an
appendicular skeletal muscle mass value equal to or below two standard deviations of the mean of the
young and health reference population. Using this approach, the prevalence of sarcopenia in partici-
pants in the New Mexico Elder Health Survey was 14 % in those aged 65—69 years, and over 50 % in
those 80 years of age or older [13]. Since Baumgartner and colleagues [13], many other researchers
have employed a similar approach for classifying sarcopenia [14, 15] and have reported a prevalence
of 8.5 % [14] to 12.3 % [15] with populations aged 60 years and older. Besides this approach, another
strategy has been employed to identify sarcopenia, namely using two standard deviations of skeletal
muscle mass adjusted for body weight instead of height [16]. Using this approach, the prevalence of
sarcopenia was similar for men (30.8 % vs. 29.5 %), but higher for women (30.3 % vs. 10.2 %), when
compared with Baumgartner’s approach [17].

Consequences of Sarcopenia

Functional Limitation and Physical Disability

The majority of the pre-2005 scientific literature on the health implications of sarcopenia focused on
measures of physical function. These early studies were also cross-sectional in design [14] and, for
the most part, demonstrated that sarcopenia is associated with functional limitation [13, 14]. These
studies have used a variety of methods for measuring muscle size and for classifying sarcopenia. The
strength of the association between sarcopenia and physical function in these cross-sectional studies
would be considered moderate to strong by epidemiological standards. For instance, cross-sectional
findings based on the Cardiovascular Health Study indicated that the likelihood of having physical
disability at the start of the study (i.e., baseline exam) was 79 % greater in those with severe sarcope-
nia than in those with normal muscle mass.

More recently conducted longitudinal analyses have not supported the association observed in the
initial cross-sectional studies. For example, in an 8-year follow-up of older adult participants in the
Cardiovascular Health Study cohort, the risk of developing physical disability was 27 % greater in
those with severe sarcopenia than in those with a normal muscle mass [18]. Thus, the effect of sarco-
penia on disability risk was considerably smaller in the longitudinal analysis than in the cross-sectional
analysis of the same cohort of participants, implying that the effects of sarcopenia on functional
impairment and disability inferred from the cross-sectional studies published in the 1990s and early
2000s may have been overestimated. Other prospective studies [19, 20] have also reported no associa-
tion between loss of muscle mass and functional limitation or physical disability.

Mortality

Studies of community-dwelling [21] and institutionalized [22] older adults have also shown that low
muscle area in the upper arm is a good predictor of both short-term and long-term mortality risk. For
example, in an 8-year follow-up of ~1,400 older Australians, Miller and colleagues [21] found that
mortality risk was increased by twofold in those with an upper arm muscle area below ~21 cm?
Studies have also used total fat-free mass (FFM) to predict mortality risk. In a landmark study of
57,053 adults aged 50—64 years, FFM, as measured with bioelectrical impedance, was associated with
an ~25 % increased mortality risk over 6 years [23].
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Metabolic Health

The metabolic effects of sarcopenia could be based on the fact that loss of muscle mass is associated
with a decreased metabolic rate [24]. It has also been postulated that sarcopenia contributes to cardio-
metabolic diseases such as insulin resistance, type 2 diabetes [25], dyslipidemia, hypertension, and
the metabolic syndrome [26]. However, the literature is mixed and in general does not support this
postulation. For instance, a study of 22 obese postmenopausal women found that those with sarcope-
nia had a more favorable lipid and lipoprotein profile than those without sarcopenia [27]. Additional
research on over 3,000 members of the Cardiovascular Health Study cohort found that sarcopenia per
se was not a risk factor for the development of cardiovascular disease over an 8-year follow-up [28].

Dynapenia

A central belief of early research into the field of sarcopenia was that low muscle mass leads to low
muscle strength [29], which in turn increases the risk of functional impairment and physical disability.
However, the notion that a loss in muscle strength is tightly coupled to sarcopenia has been disproven.
Longitudinal studies of older adults have reported that less than 5 % of the change in muscle strength
is explained by the corresponding change in muscle mass [30]. Based on these and other findings,
Clark and Manini proposed that the term sarcopenia be used to refer to the loss in muscle and that the
term dynapenia be used to refer to the loss in muscle strength [31]. Muscle strength loss, or the pro-
cess of dyanpenia, beings at around age 50 years, and proceeds at a rate of about 15 % per decade
between 50 and 70, and is more accelerated in subsequent years [32].

Prevalence

Even if it is clear that older adults have a lower muscle strength than young people [33], the threshold or
cut-point that denotes a critical loss in muscle strength is unclear. At present, researchers are using simi-
lar strategies to those that are being used to identify sarcopenia. In a recent study using a small sample
(n=46) of healthy 50- to 75-year-old women, dynapenia was defined as muscle strength (measured with
a handgrip dynamometer) equivalent to at least one standard deviation below the mean handgrip strength
from a reference group made up of young adults [34]. Using this strategy, 50 % were dynapenic.

Consequences of Dynapenia

Functional Limitation and Physical Disability

Cross-sectional [19, 35] and longitudinal [19] studies have consistently reported that a low muscle
strength, or dynapenia, is a risk factor for functional limitations and physical disability. For example,
Visser and colleagues demonstrated there was an approximately 2.5 times greater risk of developing
mobility limitations over 2.5 years in older adults in the lowest quartiles of muscle strength compared
with the highest quartile [19]. Furthermore, Moreland and colleagues [36] reported, in a meta-
analyses, that low muscle strength was associated with a 76 % increased risk of falling. Muscle
strength is associated with functional limitations to a greater extent than muscle mass, implying that
muscle function is more important than muscle quantity [37].
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Mortality

Rantanen and colleagues reported that the risk of all-cause mortality was increased by 73 % in lowest
grip strength tertile. Another study employing other measures of muscle strength (e.g., isokinetic
quadriceps strength) made similar observations [38]. In addition, longitudinal studies have shown that
rate of muscle strength decline is a strong predictor of mortality risk [39].

Metabolic Health

A comparison of lowest and highest muscle strength groups has shown low strength increases the risk
of the metabolic syndrome [40], insulin resistance [41], and type 2 diabetes [42] by almost twofold.
Furthermore, it has been reported that dynapenic postmenopausal women had a 24 % reduced maxi-
mum oxygen consumption [34].

Sarcopenic Obesity

Definition and Prevalence

The typical aging process is accompanied with an increase of body weight until about age 60 [43]. As
a result, an increase in fat mass and a reduction in FFM occurs, but the changes in the two are not
completely correlated [44]. As there is a lack of uniformity in the measurement and classification of
sarcopenic obesity, the prevalence of this condition is unclear. The reported prevalence ranges from
2 % [45] to 48 % [46].

Consequences of Sarcopenic Obesity

Most of the literature examining the health implication of sarcopenic-obesity is based on cross-
sectional study designs. Some studies report that sarcopenic obese people are more likely to have an
impaired physical function [13, 47, 48], while others report no differences in function for those with
sarcopenic obesity by comparison to those with sarcopenia or obesity alone [49-51].

Messier and colleagues [51] reported that sarcopenic obese older women do not have a more unfa-
vorable metabolic profile compared with non-sarcopenic obese women. Baumgartner and colleagues
[47] showed that sarcopenic obesity was a predictor of disability and even a higher mortality rate [52].

In short, it is not clear if being identified as both sarcopenic and obese is more harmful compared
with being sarcopenic or obese alone.

Dynapenic Obesity
Definition and Prevalence

In 2009, Bouchard and Janssen defined dynapenic obesity as individuals (in this study aged 55 years
or older) who were in the lowest tertile of muscle strength (measured by leg extension strength) and
the highest tertile of fat mass (measured by dual-energy X-ray absorptiometry [DEXA]) [6].
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Of the 2,039 people studied, 9.2 % of the men and 8.8 % of the women were considered to be
dynapenic obese. Recently, Senechal and colleagues (2012) used two standard deviations below the
mean strength in young healthy adults to recruit dynapenic-obese women to participate in a random-
ized controlled study [53]. Obesity was defined as 35 % of fat mass measured by DEXA. While the
dynapenic obesity term is relatively new, for several years studies have been reporting on the negative
consequences of having a poor muscle strength combined with extra body weight/fat.

Consequences of Dynapenic Obesity

Dynapenic obesity is associated with more functional limitations and a greater risk of type 2 diabetes
and cardiovascular disease compared with dynapenia alone or obesity alone. For example, Bouchard
and Janssen (2009) [6] concluded that dynapenic obese people have 2 % lower physical capacity
compared with those who are obese, 7 % lower compared with those who are dynapenic, and 13 %
lower compared with those who are nonobese and non-dynapenic. In a 9-year follow-up of almost
5,000 older adults who participated in the Cardiovascular Health Studies, dynapenia alone (poor grip
strength) and obesity alone (high BMI) were not sufficient to increase cardiovascular risk; however,
dynapenic obesity was associated with a 25 % increased risk of developing cardiovascular disease
[28]. Senechal and colleagues [54] recently studied the impact of dynapenic obesity on metabolic
health. They reported a higher risk of metabolic syndrome and type 2 diabetes in dynapenic obese
adults compared with healthy counterparts.

Prevention and Treatment

The best prevention and treatment strategy for all four of the conditions discussed in this chapter is
physical activity. Nutritional strategies, hormonal strategies, and medications have been explored to
address muscle mass, but these have not been as successful as resistance training [3, 55].

Prevention and Treatment for Sarcopenia and Dynapenia

Resistance Training

Although most types of physical activity have a positive effect on muscle strength and muscle mass
within older adults [56], resistance training is by far the optimal strategy. Based on many intervention
studies reported in review papers, interventions have typically ranged from 8 to 16 weeks, and the vast
majority have noted a significant increase in skeletal muscle size and muscle strength irrespective of
the population group studied [57]. In fact, progressive resistance training has been shown to be effec-
tive in increasing muscle strength in frail older adults [58]. Resistance exercise leads to an increase in
strength greater than what would be expected for the accompanying increase in muscle mass [59].
Current recommendations of the American College of Sports Medicine are: “To maximize strength
development, a resistance should be used that allows 10—15 repetitions for each exercise. The level of
effort for muscle-strengthening activities should be moderate to high. On a 10-point scale, where no
movement is 0, and maximal effort of a muscle group is 10, moderate-intensity effort is a 5 or 6 and
high-intensity effort is a 7 or 8. Muscle strengthening activities include a progressive weight training
program, weight bearing calisthenics, and similar resistance exercises that use the major muscle
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groups.” Older adults should perform at least one set of 10—12 repetitions for 8—10 exercises that train
the major muscle groups, and exercises for each of the major muscle groups should occur on 2 or 3
days a week [60].

A growing body of literature reports that resistance exercise that restricts blood flow stimulates
muscle protein synthesis to a greater extent than traditional resistance training [61-64]. Blood flow
restriction exercise consists of restricting blood flow by applying a wrapping or a blocking device near
the muscle being exercised. Studies so far suggest that this strategy would increase muscle mass com-
pared with traditional resistance training in older adults [62].

Resistance Training + Protein Supplements

Controversy exists as to whether protein supplements combined with resistance exercise have a
greater impact on muscle hypertrophy than resistance exercise alone. The dose of protein required to
increase skeletal muscle hypertrophy is unclear as one of the studies that demonstrated a beneficial
effect [65] used a smaller dose of protein (10 g vs. 15 g) than a study showing no effect [66]. Symons
and colleagues concluded that ingesting more than 30 g of protein in a single meal did little or nothing
to enhance muscle protein synthesis [67]. The timing of protein intake around the exercise may be
relevant in determining whether or not additional muscle hypertrophy occurs. Esmarck and colleagues
[65] reported that a liquid protein supplement (10 g protein) ingested immediately post-exercise in
older men increased skeletal muscle hypertrophy, whereas ingesting the protein supplement 2 h post-
exercise did not.

Whole-Body Vibration

The whole-body vibration apparatus is a new tool that proposes to improve muscle mass, muscle
strength, and bone mass. To utilize the machine a person stands, sits, or lays on a vibrating platform.
As the machine vibrates, it transmits energy to the body and is forcing muscles to contract and relax
dozens of times each second to maintain balance. Most intervention studies that have tested this appa-
ratus, with intervention of up to 18 months long, reported increase in muscle strength and cardiorespi-
ratory fitness but not changes in muscle mass [68]. However, when whole-body vibration is embedded
in a standard exercise program, it appears to provide only minor effects above those obtained by
exercise alone [69].

Supplements

Protein Supplements

Essential amino acids and milk-based proteins, creatine monohydrate, essential fatty acids, and vita-
min D may all have beneficial effects on aging muscles [70]. An initial prevention strategy that may
reduce the typical progression of sarcopenia in older persons is to ensure that they consume adequate
protein in their diet. Data suggests that the average protein intake is lower in older adults than in
young adults [71]. Protein supplements can be considered in addition to an individual’s ad libitum
diet. Protein-based nutritional supplements are attractive given their low cost, ease of administration,
and they are well tolerated in older adults [72]. When used appropriately, protein/nutritional supple-
ments may result in an increase in daily energy and protein intake in older adults [72]. The oral inges-
tion of intact whey protein stimulates muscle protein synthesis in older adults [73]. In a recent study,
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Pennings and colleagues [74] demonstrated that whey protein stimulates more protein accretion than
casein and casein hydrolysate, probably because of a faster digestion and greater leucine content. It is
possible that the small increase in energy from a supplement of this nature would not be enough to
decrease ad libitum food and protein consumption, as shown in other studies, which used protein/
nutritional supplements with a considerably larger caloric content [75]. Although protein supplement
studies have demonstrated promising results on short-term protein synthesis within skeletal muscle,
the long-term effectiveness of protein supplements on muscle mass has yet to be demonstrated.

Other Supplements

Experimental studies have shown that 8 weeks of an omega-3 fatty acid supplement increased muscle
protein synthesis (from 0.009 +0.005 %/h above basal values to 0.031 +0.003 %/h above basal values)
[76]. Bicarbonate supplements have also shown promising results when taken during a 3-month exer-
cise program, leading to reduced net acid excretion and increased leg press power by 13 % in women;
although no positive effects were seen in men [77]. Bicarbonate is well-tolerated and inexpensive.

Hormones

The age-related decrease in anabolic hormones such as growth hormone, estrogen, ghrelin, testoster-
one, and dehydroepiandosterone (DHEA) have been linked to the development of sarcopenia [3].
A meta-analysis of 11 randomized controlled trials reported that testosterone replacement therapy
produced a moderate increase in muscle strength in older men [78]. Although growth hormone admin-
istration increases muscle mass and strength in people with hypopituitarism [79], most of the initial
studies conducted in older adults found that growth hormone therapy did not increase muscle mass
and muscle strength [3, 79]. However, alternative strategies for stimulating the growth hormone and
insulin-like growth factor pathway have shown promising results [3, 79]. For example, Nass and col-
leagues [80] have shown that ghrelin supplementation was well tolerated and resulted in an increase
in growth hormone and muscle mass. Meanwhile, replacement studies of estrogen [81] and DHEA
[29] have shown poor results.

Prevention and Treatment for Sarcopenic Obesity and Dynapenic Obesity

There is an ongoing debate as to whether weight loss should be recommended in older adults
because of a risk of accentuated muscle mass loss, a risk of not meeting the recommended nutrients,
or an increase in mortality risk [82]. However, in the last decade most reviews and meta-analyses
have concluded that weight reduction in obese older adults has more advantages than disadvantages
[83, 84].

Aerobic Exercise

It is possible for obese older adults to reduce their body weight by doing aerobic exercise [85, 86].
However, in older adults and especially obese older adults with low muscle mass and or muscle
strength, it might be hard to create a sufficient energy deficit to cause a substantial weight loss.
Nonetheless, irrespective of weight loss, aerobic exercise can improve health and functional
capacity [87].
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Caloric Restriction

Most of the debate in weight loss for older adults concerns caloric restriction as a single strategy to
reduce body weight [84, 88]. However, a recent randomized controlled trial concluded that intentional
dietary weight loss was not associated with increased all-cause mortality over 12 years [89]. However,
when weight loss is also accompanied by a low muscle mass and/or strength, it is unclear if weight
loss should be recommended considering that weight loss is associated with loss in muscle mass [84].

Specific to Sarcopenic Obese and Dynapenic Obese

The optimal treatment strategy for sarcopenic obesity and dynapenic obesity appears to be a combina-
tion of exercise and caloric restriction [82]. More specifically, an energy deficit of about 500 kcal/day
with adequate protein and calcium, in addition to multicomponent exercise program, is recommended
[83]. With that being said, only one study has specifically looked at the impact of caloric restriction,
exercise, and caloric restriction+exercise in a sample of older people classified as being dynapenic
obese. Senechal and colleagues [53] studied 38 dynapenic obese postmenopausal women randomized
into four different groups (caloric restriction, resistance training, both, or control) for 12 weeks. After
a body weight reduction of ~5 % in the caloric restriction group and combined group, the study con-
cluded that caloric restriction with or without resistance training was effective in improving metabolic
profile, whereas resistance training was the most effective strategy to improve physical capacity.
Furthermore, they did not observe any significant reduction in muscle strength in any group using
caloric restriction as part of the intervention.

Clinical Recommendations

1. Physical activity, and resistance training in particular, is the most promising approach for prevent-
ing and treating sarcopenia and dynapenia. To maximize muscle mass and strength development,
1015 repetitions per set should be performed to the point of fatigue. Older adults should perform
at least one set of repetitions for 8—10 exercises that train the major muscle groups, and exercises
for each of the major muscle groups should occur on two or three nonconsecutive days of the week.

2. To help reduce the typical progression of sarcopenia in older people, ensure that their protein
intake is at or slightly above the recommended dietary allowance. Protein supplements can be
considered in addition to a person’s ad libitum diet as these supplements are low in cost, are easy
to administer, and well tolerated.

3. To treat obese older adults who have low muscle mass or low muscle strength, preliminary studies
suggest that weight loss in combination with resistance training would be the best approach to
improve metabolic health and functional limitations.

Conclusion

Sarcopenia, dynapenia, and obesity are a common part of the aging process. While the negative effects
of sarcopenia were thought to be important, recent studies suggest that the effects of sarcopenia on
functional impairment, mortality and metabolic health risks are modest. However, there is clear and
consistent evidence that dynapenia is a risk factor for development of functional impairment, meta-
bolic diseases, and mortality. While less is known about sarcopenic obesity and dynapenic obesity,
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similar risk patterns are observed where dynapenic obese elderly people seem more affected than
sarcopenic obese older adults. Resistance exercise is clearly the optimal treatment strategy for sarco-
penia and dynapenia. Treatment, particularly for sarcopenia, can also include counseling on nutrition
to ensure that dietary protein content is sufficient, and that there is pharmacological evaluation of
anabolic hormones that tend to decline with old age. Finally, when sarcopenia or dynapenia is associ-
ated with obesity, preliminary data show that weight loss is safe and that greater results are obtained
if moderate caloric restriction is prescribed in addition to regular exercise.
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Chapter 7

Muscle Metabolism, Nutrition, and Functional
Status in Older Adults

Douglas Paddon-Jones and Aaron P. Russell

Key Points

» The progression of sarcopenia is often mirrored by a decrease in physical activity, which feeds into
a vicious cycle of disuse and negative health outcomes.

* Despite the compelling image of elite endurance athletes with very little muscle mass, aerobic
exercise is not an anti-anabolic activity. Endurance exercise can increase both mitochondrial and
myofibrillar protein synthesis

* Anabolic resistance is characterized by an impaired response to stimuli such as protein ingestion
or exercise. Over time, this can be a significant factor contributing to the age-related loss of muscle
mass and function.

e Combining human clinical interventions with basic research will provide the greatest opportunity
to enhance our understanding of the regulation and maintenance of muscle mass and function
during aging.

Keywords Sarcopenia * Protein metabolism ® Muscle mass ¢ Nutrition ¢ Strength and function

Introduction

In the last 50 years, the number of individuals over the age of 65 years in the United States has
doubled. A further doubling is expected by 2030, dramatically increasing the number of adults at risk
of sarcopenia, a condition characterized by an age-related loss of muscle mass with an associated
reduction in physical function [1]. A reduction in muscle mass and functional capacity is typically
viewed as an undesirable, yet inevitable, consequence of aging, and in its early stages, may be easily
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masked by subtle lifestyle adaptations. However, advanced sarcopenia is synonymous with physical
frailty and is associated with an increased likelihood of falls and impairments in the ability to perform
routine activities of daily living [2, 3]. In many instances, the progression of sarcopenia is mirrored by
a decrease in physical activity, which feeds into a vicious cycle of disuse and negative outcomes,
including impaired insulin action, accelerated loss of muscle and bone mass, fatigue, impaired motor
control and functional capacity, and increased morbidity and mortality [4—6].

The inclusion of both muscle mass and function in the definition of sarcopenia has been stressed
by several working groups as it provides a framework for understanding clinical consequences as well
as potential interventions [1, 7]. While the trajectory of sarcopenia may be greatly accelerated by any
number of catabolic events or crises (e.g., illness, injury, physical inactivity), an uncomplicated pro-
gression results in a 3-8 % reduction in muscle mass per decade, starting in the fourth or fifth decade
of life [8]. Changes in muscle strength and functional capacity, while not directly proportional to
changes in muscle mass in all instances, tend to follow a similar pattern with greater losses (approx.
3 % per decade) occurring after the age of 60 years [9].

An increasing number of translational research efforts continue to refine our understanding of
sarcopenia and improve our ability to design and implement prevention and treatment-focused inter-
ventions. The goal of this chapter is to examine the opportunities and obstacles faced by clinicians and
researchers seeking to understand or combat sarcopenia. To this end, we will focus on the regulation
of muscle protein metabolism and the nutrition- and exercise-based strategies that provide the founda-
tion for all other concomitant therapies.

Regulation of Muscle Mass with Age

Skeletal muscle represents approximately 40 % of the mass of the human body and plays a key
regulatory role in metabolism, the maintenance of posture, and control of movement. Skeletal mus-
cle is continuously being remodeled in response to loading and various metabolic stressors. Any
progressive or unchecked reduction in muscle mass is a major health risk with the potential to
compromise physical independence, reduce quality of life, and increase the reliance on professional
or family care providers. Sarcopenia is the fifth leading cause of death in the United States’ aged
population and places significant socioeconomic pressure on family members and health care
systems [3, 7, 10] (Fig. 7.1).

Skeletal muscle mass is maintained via the regulation of muscle protein synthesis and muscle pro-
tein breakdown [11, 12]. Considerable clinical research has focused on the implementation of exer-
cise and nutrition interventions designed to stimulate muscle anabolism and ultimately preserve or
increase muscle mass and function in young and aging adults alike [13—16]. While there have been
successes, we continue to refine and improve prevention and treatment strategies for sarcopenia. To
broaden our understanding of how nutrition and exercise may preserve muscle and function in older
adults, recent attention has turned to understanding the regulation of intracellular signals that control
muscle growth and breakdown [12, 17, 18]. An understanding of these regulatory signals is important,
as very small alterations in the balance between muscle protein synthesis and breakdown (i.e., net
balance) could facilitate a significant lean tissue loss over several years.

Signaling hormones including growth hormone (GH) and insulin-like growth factor-1 (IGF-1), as
well as signaling pathways for Akt, mammalian target of rapamycin (mTOR) and striated muscle
activator of Rho signaling/serum response factor (STARS/SRF), have been linked to sarcopenia
(Fig. 7.2). Of particular interest is how these growth-regulating pathways are influenced by nutrition
and muscle contraction in both young and older subjects. By understanding these key mechanistic
events, we may be able to deliver targeted and effective exercise and nutrition strategies that may
ultimately preserve muscle mass and functional capacity.
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IGF-1/Akt-1 Signaling and Muscle Mass

IGF-1 activates a series of intracellular signaling cascades involving phosphatidylinositol 3-kinase
(PI3K) and Akt-1 that regulate muscle growth [19-21]. Downstream targets of Akt-1 include glyco-
gen synthase kinase-3fp (GSK-3f) and mTOR. Phosphorylation of GSK-3f by Akt-1 [22, 23] releases
its inhibition of the translation initiation factor e[F2B [24]. The phosphorylation and activation of
mTOR results in further phosphorylation and activation of ribosomal p705¢%, as well as phosphoryla-
tion of PHAS-1/4E-BP1 [24]. Phosphorylation of both p705%% and PHAS-1/4E-BP1 activates path-
ways promoting protein synthesis and translation initiation, respectively. Hence, the Akt-1/GSK-3f
and Akt-1/mTOR pathways are important for muscle growth and repair. Additionally, IGF-1/Akt can
also reduce the activity of pathways involved in muscle protein breakdown [25]. Akt-1 phosphorylates
the FoXO family of transcription factors where they remain sequestered to the cytoplasm. This inhib-
its the FoXO transcription of atrogin-1/MAFbx and MuRF1 [25], both important regulators of skeletal
muscle atrophy [26, 27].

In aging human skeletal muscle, a reduction in IGF mRNA has been observed [28, 29]. Lower
levels of IGF-1 may compromise that ability to activate Akt-1 in response to meals or exercise.
Compared to young males, an elevated level of total Akt-1 protein has been observed in skeletal
muscle from older men [28]. However, this was not matched by an elevated increase in phosphory-
lated Akt-1. This observation supports those made in older rat skeletal muscle [30] and suggests an
age-related reduction in the efficiency to phosphorylate skeletal muscle Akt-1. Inefficient activation
of the Akt-1 protein following an anabolic stimuli may contribute to impaired muscle protein synthe-
sis and muscle growth.

The downstream GSK-3 and mTOR pathways, two axes independently stimulated by Akt-1, have
also been measured and compared in muscle biopsies from young and older adults [28, 31]. Increased
levels of total and phosphorylated GSK-3f have been observed in older subjects [28]. An increased
pool of GSK-3p protein may be a result of increased protein translation or protein stability, aimed at
providing the cell with a source to maintain protein synthesis. These observations suggest the exis-
tence of a mechanism that is able to phosphorylate GSK-3p, independently of Akt-1, an observation
not without precedent [32]. Total and phosphorylated protein levels of mTOR and its downstream
targets p705% [31], but not 4E-BP1 [28], have also been observed to be reduced in the elderly, when
compared with younger muscle.

STARS/SRF Signaling

STARS is a muscle-specific actin-binding protein that binds to the I-band of the sarcomere and to actin
filaments [33]. STARS increases actin polymerization by increasing the binding of free G-actin to
F-actin filaments [33]. As a consequence the G-actin inhibition of the transcriptional coactivator, myo-
cardin-related transcription factor-A (MRTF-A) is removed, permitting the nuclear translocation of
MRTF-A and its enhancement of SRF transcription [34] (see Fig. 7.2). STARS also enhances smooth
muscle cell proliferation [35], and in unpublished work, we have observed the same effect in C2C12
myoblasts. Following 8 weeks of hypertrophy-stimulating resistance training, STARS, MRTF-A, and
SRF mRNA as well as RhoA and nuclear SRF protein levels are increased [36]. This is associated with
increases in several SRF target genes: the structural protein a-actin [37], the motor protein myosin
heavy chain type IIa (MHC Ila), and the insulin-like growth factor-1 (IGF-1) [38]. STARS mRNA and
protein levels are also increased 3 h following an acute bout of single-leg endurance exercise [39].
STARS has been suggested to play a role in stabilizing the sarcomere, protecting it from mechanically
induced damage [33]. This transient increase in STARS following contraction-induced mechanical
stress may provide a protective mechanism to reduce the risk of contractile damage to the sarcomere or
be required to activate intracellular signals responsible for muscle adaptation to exercise.
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Recently, STARS, MRTF-A, and SRF have been shown to be reduced in skeletal muscles from
aged 24-month-old mice [40]. SRF protein levels are also reduced in mice at 15 months of age with
an associated decrease in the SRF target gene, a-actin [41]. Similarly, SRF protein levels are also
reduced in muscle biopsies form elderly subjects [41]. Combined, these results suggest that the loss
of members of the STARS signaling pathway, in particular SRF, may contribute to the loss of muscle
mass and function in older adults. As IGF-1, a transcriptional target of SRF, is also reduced in aged
muscle a compromised STARS/SRF signaling pathway may contribute to reduced IGF-1 levels and
associated age-related muscle wasting. It is noteworthy that SRF activity is reduced in aged liver [42]
and the transgenic disruption of hepatic SRF results in impaired liver function and IGF-1 production
[43]. This aging-associated decline in SRF activity may influence the reduction in circulating IGF-1
and therefore perturb the pathways involved in muscle growth and regeneration.

Nutrition and Muscle Metabolism

Many factors that contribute to sarcopenia are precipitated by subtle negative changes in behavior
and/or physiology and may require several years to facilitate a significant loss of lean tissue or muscle
function [7]. To this end, one area that continues to attract considerable research and lay attention is
the potential change in the metabolic response to meals in older adults. In both fasting and fed states,
muscle protein synthesis and breakdown are regulated by various molecular switches that in turn
control a series of intracellular signaling cascades. Identifying and understanding the activation of
these molecular switches complements ongoing efforts to optimize dietary strategies to preserve mus-
cle mass and function.

Anabolic resistance is characterized by an impaired or blunted cellular response to anabolic stim-
uli, such as protein ingestion [31, 44]. Over time, a chronically diminished capacity to stimulate net
muscle protein anabolism is likely to be a significant factor contributing to the age-related loss of
muscle mass and function. Until quite recently, most studies exploring changes in muscle protein
synthesis in response to nutrition interventions used isolated amino acid cocktails [45-49] or, if they
were more translational in design, whey [50, 51] or soy protein [50-53]. Many of these well-controlled,
single macronutrient studies clearly demonstrated acute, age-related differences in the magnitude,
time-course, and regulation of muscle protein anabolism. However, an increasing number of studies
using protein-rich foods (e.g., beef, dairy products) as the anabolic stimulus suggest that ingestion of
a moderate-to-large serving of protein in a single meal robustly stimulates muscle protein synthesis
and markers of anabolism similarly in young and older adults [54-56]. In practical terms, the thresh-
old for an age-independent increase in muscle protein anabolism appears to be a meal containing
approximately 25-30 g of protein. However, older adults, particularly those who are sedentary, expe-
rience a blunted anabolic response to lower protein meals, or perhaps even meals containing a mix of
protein and carbohydrate [57, 58]. This potential protein “threshold” response is consistent with the
concept of anabolic resistance in older adults and is the focus of much ongoing research.

Essential amino acids, or specifically the branched chain amino acids (BCAA) and especially leu-
cine, directly activate the mammalian target of rapamycin (mTOR) signaling pathway [59]. The
mTOR complex consists of mMTORC1 and mTORC?2 that have distinct roles in the regulation muscle
protein synthesis. mMTORCI activates several kinases including S6 kinase (S6K) and eIF4E [60, 61].
Activation of this signaling cascade increases cellular protein translation and initiation resulting in
increased protein synthesis. As noted, in some older adults there is a blunted anabolic response to
insulin and amino acids resulting in reduced mTOR phosphorylation and a decreased ability to initiate
protein translation [57, 62, 63]. Similar observations have also been made in animal models (e.g.,
20-month- vs. 8-month-old rats) [64]. An attenuated vasodilatory response to insulin in the elderly
may also reduce the amount of available amino acids to the muscle [65].
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Inflammation and Oxidative Stress

An increasing number of older individuals are at risk of sarcopenic obesity, an increase in fat mass
with a concomitant reduction in muscle mass. Lipid accumulation has well-described negative effects
on anabolic signaling via its activation of pro-inflammatory factors such as tumor necrosis factor
alpha (TNF-a) and nuclear factor kappa-light-chain enhancer of activated B cells (NFxB) [66]. TNF-
o, NFkB, and interlukin-6 (IL-6) are increased in muscle from older individuals [31, 67]. TNF-a may
negatively influence muscle mass and function by reducing muscle protein synthesis and/or increas-
ing protein degradation [68]. The inflammation-induced loss of muscle mass and function is complex
and yet to be completely understood. However, TNF-a is a key signaling molecule activating apopto-
sis in skeletal muscle and it has been shown that apoptosis, inflammation, and oxidative damage play
arole in age-related loss in muscle mass and strength [69, 70]. TNF-a also synthesizes ceramide [71],
which is elevated in muscle from older individuals [72]. Ceramide reduces amino acid availability and
inhibits the activation of Akt, mTOR, and ribosomal S6 protein [73, 74] as well as blunting muscle
cell protein synthesis [73] (see Fig. 7.2).

Nutrition is a key modifiable factor with the potential to positively and negatively influence inflam-
mation, apoptosis, and oxidative damage as well as ceramide levels. Consequently, understanding
how nutrient ingestion can impact the molecular signals influencing muscle mass and function is
important for the development of appropriate nutritional interventions. A TNF-a-dependent mecha-
nism has been shown to reduce muscle protein synthesis during sepsis, an extreme model of systemic
inflammation. This was facilitated/accompanied by reductions in mTOR, S6K, and 4E-BP1 [75].
Inflammation and TNF-a may also negatively influence skeletal muscle by decreasing growth hor-
mone (GH) and IGF-1 [76] (see Fig. 7.2). IGF-1 gene transcription is controlled by GH via a Janus
kinase-2 (JAK2)/signal transducer and activator of transcription-5b (STATSb) signaling pathway [77,
78]. Reduced IGF levels in aged muscle may be linked to reduced circulating levels of GH [79],
GH-receptor content [28] or GH sensitivity [80]. TNF-a regulates the transcription of suppressor of
cytokine signaling-3 (SOCS3) [81], with the latter able to inhibit GH signaling to JAK2 and STAT5b
[82, 83]. SOCS3 levels are increased in elderly males, although this is not associated with reduced
STATb phosphorylation [28]. This suggests that the age-related reduction in IGF-1 mRNA may be
influenced by a GH/SOCS3 pathway but independent of STAT5b transcriptional perturbation.

Exercise

To understand the benefits of exercise, it is useful to first consider the consequences of its absence.
A sedentary lifestyle is undoubtedly a key precipitating factor contributing to sarcopenia [84]. Taking
a lack of physical activity to an extreme, bed-rest studies clearly show that significant muscle mass
and functional capacity can be lost in a very short period of time. Further, the rate of loss appears to
be much greater in older adults, compared to a younger study population [48, 85] (e.g., >1 kg muscle
loss during 10 days bed rest vs. 0.5 kg during 28 days bed rest). Two of the key negative adaptions are
motor unit denervation and the preferential loss of fast twitch/type II muscle fibers. Both of these
changes have the potential to reduce the ability to generate muscle power (i.e., the ability to rapidly
apply force), which is necessary to successfully perform many activities of daily living and protect
against unexpected events such as tripping or falling [86].

Intracellular stress induced by exercise can obviously be a potent anabolic stimulus. While basal
(i.e., fasted and rested) muscle protein synthesis rates are similar in healthy young and older adults,
like nutrition, some older subjects may also experience a blunted anabolic response to exercise. The
age-related factors contributing to this are not precisely known; however, investigations into the
molecular regulation of exercise-induced protein synthesis have shed some light.
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Resistance Exercise

Resistance exercise training can effectively increase muscle mass and strength in older populations
[87, 88]. Looking at the early adaptations that may ultimately contribute to phenotypic change; it
has been demonstrated in cell culture models [20], rodents [89], and humans [90] that muscle pro-
tein synthesis requires activation of the mTORC1 pathway. Following an acute bout of resistance
exercise, protein synthesis increases in both younger and older adults in a dose (i.e., intensity)
-dependent manner [91, 92]. However, in many instances the duration or magnitude of the increase
in protein synthesis appears to be slightly lower in the older subjects [92]. A similar age-related
response has been observed following 4 months of resistance training [93]. The attenuated protein
synthesis in the elderly following acute resistance exercise is associated with an impaired activation
of mTORCI1 (96), p70S6K and 4E-BP1 [92] (see Fig. 7.2). Similarly, a blunted activation of Akt/
mTOR signaling has been observed in aged rat skeletal muscle following contractile stimulation
known to induce muscle growth [94].

Endurance Exercise

Despite the compelling image of elite endurance athletes (e.g., marathon runners) with very little
muscle mass, aerobic exercise per se is not an anti-anabolic activity. Endurance exercise can increase
mitochondrial and myofibrillar protein synthesis [95], while chronic endurance training has been
shown to activate mTOR and stimulate muscle hypertrophy [96]. These positive adaptations are
important as mitochondrial mass and function tend to decrease with age [97]. Peroxisome proliferator-
activated receptor-gamma (PPAR-y) coactivator 1 alpha (PGC-1a) is a key regulator of mitochondrial
biogenesis [98] and is reduced in aging muscle [99]. PGC-1a suppresses production of reactive oxy-
gen species (ROS) [100], and its overexpression in mice protects against the on-set of sarcopenia
[101]. Endurance exercise up regulates PGC-1a [102], and this may play a role in maintaining aging
muscle mass as PGC-1a also inhibits lysosomal and proteasomal protein degradation via suppression
of transcriptional activity of Forkhead (FoXO) transcription factors [103], the latter known to be
increased in muscle from aging humans [104] and rats [105].

Low-Intensity Activities

Despite the concern that some types of physical activity may be impractical or medically contraindi-
cated in frail older adults or patient populations, it is nonetheless clear that almost any form of physi-
cal activity is preferable to inactivity or bed rest. Numerous studies have reported robust improvements
in muscle mass and strength following higher-intensity resistance exercise training programs in older
adults [106]. In contrast, in a NASA-supported 21-day bed-rest study, we demonstrated that low-
intensity muscular activity can also largely prevent the typical decline in muscle mass and function
observed with physical inactivity. Specifically, spending as little as 1 h each day on a specially
designed human centrifuge (2.5x gravity at the feet) was sufficient to maintain muscle protein synthe-
sis [107] and partially preserve lower extremity muscle function [86]. In a clinical setting, this sup-
ports the growing consensus that even brief periods of very low intensity activity, such as walking or
simply weight-bearing, may provide health benefits.
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Combining Exercise and Nutrition

In almost every acute muscle metabolism study, the combination of physical activity and protein/
amino acid ingestion has a positive, additive-like effect on skeletal muscle protein synthesis [58]. In a
series of recent studies, we reported a 50 % increase in mixed muscle protein synthesis in cohorts of
young and older adults following ingestion of a single protein-rich meal (i.e., lean beef). When sub-
jects completed a simple bout of resistance exercise (i.e., leg extension exercise) immediately follow-
ing the same meal, we observed a further 50 % increase in muscle protein synthesis during the same
time frame.

This observation that aging does not necessarily impair the ability to stimulate muscle protein
synthesis in response to exercise and an actual protein-rich meal is certainly encouraging news for
older adults. However, as noted earlier, it is clear that in some instances the magnitude and/or time
course of changes in muscle protein anabolism may differ with age. For example, in young adults,
ingestion of 20 g of essential amino acids 1 h following a bout of resistance exercise has been shown
to maximally increase muscle protein synthesis during a 1-3-h post-exercise period. In a cohort of
older adults, the magnitude of the increase in muscle protein synthesis was similar; however, the peak
did not occur until 3—-6 h post-exercise [91]. Thus, it appears that while many elements of the signaling
pathway (e.g., mTOR, S6K1, 4E-BP1, eEF2) are not directly affected by age, others (e.g., ERK1/2
signaling and AMPK activation) may be less responsive, thereby contributing to the delayed increase
in muscle protein synthesis in older adults.

Finally, while carefully controlled, acute research studies can provide a great deal of useful mecha-
nistic data [51, 52, 54], they often fail to reflect a realistic exercise and/or eating experience or predict
a longer term outcome (e.g., a change in muscle mass or strength). Further, due to the invasive nature
of clinical trials that involve procedures such as stable isotope infusions, muscle biopsies, and rigor-
ous exercise testing, participation is often limited to older adults who are in remarkably good health,
and perhaps not representative of the larger aging population. There is clearly a need to adopt a more
translational research approach to current acute/mechanistic feeding studies by linking them to longer
duration outcome studies.

Conclusion

Sarcopenia has debilitating consequences for the elderly community and considerable impact on
health-care systems. As our society ages and continues to demand higher living standards and quality
of life, identifying lifestyle and/or therapeutic interventions to maintain skeletal muscle mass and
function remains a key focus for biomedical and health research. A multidisciplinary research
approach, combining human clinical interventions, with molecular interventions in animal models
and cells, will harness the minds and diverse research strengths of scientists interested in healthy
aging. This approach will provide the greatest opportunity to enhance our understanding of the regula-
tion and maintenance of muscle mass and function during aging.
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Chapter 8
Nutrition in the Prevention and Treatment
of Cognitive Decline

Grace E. Giles, Kristen E. D’Anci, and Robin B. Kanarek

Key Points

» Epidemiological studies suggest that nutrients including B vitamins, vitamin D, polyphenol, and

omega-3 fatty acid intake are associated with enhanced cognitive function in older adults.

* Randomized controlled trials provide mixed evidence that nutritional manipulations slow the pro-

gression of age-related cognitive decline.

» Diets such as the Mediterranean diet may be beneficial in slowing cognitive decline.

Keywords Aging ¢ Cognitive function * Alzheimer’s disease * B vitamins ¢ Vitamin D ¢ Polyphenols

* Fruit » Tea * Chocolate * Omega-3 polyunsaturated fatty acids * Mediterranean diet

Introduction

Aging is often accompanied by cognitive changes, the direction of which depen