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Series Introduction

The Nutrition and Health series of books have, as an overriding mission, to provide
health professionals with texts that are considered essential because each includes (1) a
synthesis of the state of the science, (2) timely, in-depth reviews by the leading researchers in
their respective 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 con-
sequences, (7) virtually no overlap of information between chapters, but targeted, inter-
chapter referrals, (8) suggestions of areas for future research and (9) balanced, data-driven
answers to patient/health professionals questions that 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 chapters are coordinated
so that the resulting volume imparts greater knowledge than the sum of the information
contained in the individual chapters.

‘‘Handbook of Clinical Nutrition and Aging, Second Edition’’ edited by Connie Watkins
Bales and Christine Seel Ritchie fully exemplifies the Nutrition and Health Series’ goals. The
first volume of the handbook, published in 2004, was acknowledged by reviewers as the most
comprehensive volume available concerning the role of clinical nutrition in preserving the
health of older adults – especially those suffering from established chronic disease. The second
edition is very timely as the fastest growing population in the US as well as globally is those
over 60 years of age and especially the oldest-old, those over 80 years of age. This important
text provides practical, data-driven options to enhance this at-risk population’s potential for
optimal health and disease prevention with special emphasis on secondary disease prevention
and therapeutic nutritional interventions. The overarching goal of the editors is to provide
fully referenced information to health professionals, so that they may enhance the nutritional
welfare and overall health of their older adult clients and family members. This excellent, up-
to-date volume will add great value to the practicing health professional as well as those
professionals and students who have an interest in the latest information on the science behind
the aging process, and the potential for nutrition to modulate the effects of chronic diseases
and conditions that are widely seen in the geriatric population.
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Drs. Bales and Ritchie, who have edited the first and second editions, are internationally
recognized leaders in the field of clinical nutrition and aging. Both editors are excellent
communicators and they have worked tirelessly to develop a book that continues to be the
benchmark in the field because of its extensive, in-depth chapters covering the most
important aspects of the complex interactions between cellular functions, diet and nutrient
requirements and their impact on the chronic diseases as well as the acute conditions that can
adversely affect the quality of life and health of older individuals. The editors have chosen 40
of the most well-recognized and respected authors, internationally distinguished researchers,
clinicians and epidemiologists, who provide a comprehensive foundation for understanding
the role of nutrients and other dietary factors in the clinical aspects of nutritional manage-
ment of the elderly.

Hallmarks of all the 29 chapters include complete explanations of terms, with the
abbreviations fully defined for the reader, and consistent use of terminology between
chapters. Key features of this comprehensive volume include the informative bulleted
summary points and key words that are at the beginning of each chapter and appendices
that include a detailed list of relevant nutrition resources, including lists of books, journals
and websites. Glossaries of terms and abbreviations are provided as needed and recommen-
dations for clinicians are included at the end of relevant chapters. The volume contains more
than 45 detailed tables and informative figures, an extensive, detailed index and more than
1100 up-to-date references that provide the reader with excellent sources of worthwhile
information about nutrition options to help maintain the health of seniors.

The first section of the volume contains three chapters that examine overarching issues for
nutritional well-being in later life. The first chapter examines the complex factors that affect
food choices. As one ages, the social interactions at mealtimes greatly affect food choices and
intake. Also relevant is where the meals are consumed – in the home, in a hospital or nursing
home or other type of institution, as examples. National feeding programs available in the
US are described and relevant details about how these affect the access to food for the elderly
are reviewed. The second chapter reviews the role of behavior modification in assuring the
benefits of therapeutic nutritional changes. Two major determinants of success in adherence
to dietary compliance are enhancement of patient knowledge and understanding of the value
of the change for their own health and secondly, enhancement of patient confidence that
they can make the changes and maintain them over the long term. Six behavioral theories are
discussed in detail and helpful educational materials are also provided in this informative
chapter. The third chapter highlights changes in population demographics in both the
developed and developing world, the so-called ‘‘global graying’’ attributed to the combina-
tion of lower birth rates and increased longevity. A detailed discussion of demographics, diet
and disease trends in China serves as an example of the potential effects of the Westernized
diet on causes of death as they shift from infectious to chronic diseases associated with
obesity. As in 36 other developing countries, in China overweight exceeds underweight as a
nutritional problem. Although population growth has been curtailed due to the one child/
family policy, lifespan has increased dramatically in the past 40 years. There are currently
more than 100 million Chinese who are 65 years or older, and that number is increasing
annually (from 8% now to 24% of the population by 2050). At present, China has more
people 65 and older than all European countries combined. Family care of elderly parents
remains the norm in China and may be a major factor that differentiates elder care in China
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from that seen in the US and other Western cultures. However, urbanization and smaller
living spaces may lead to changes in the care of older family members in future generations.

The second section deals with the fundamentals of nutrition and geriatric syndromes in
10 chapters. The first chapter in this section reviews the majority of nutrition screening tools
available for dietary intake assessment geared to seniors and examples are included in the
nine tables. Tools for assessment of frailty are also discussed. The most critical information
for assessment of overall nutritional status remains body mass index and recent weight loss.
Sensory signals, including taste and smell, are key factors affecting the nutritional status of
seniors and we are reminded in Chapter 5 that many of the medications that are commonly
taken as we age affect these senses negatively. Visual and auditory losses also affect responses
to food and eating experiences. There are somatosensory changes with aging that result in
lowered oral, touch and other temperature-related sensations. A separate chapter reviews the
role of certain environmental factors, such as smoking and sunlight exposure, in increasing
the risk of vision loss. The latest data on the potential for essential nutrients to prevent
cataracts and age-related macular degeneration – the two major causes of blindness in the
elderly – are included in detailed tables. Nutrients reviewed include vitamins C and E,
carotenoids including lutein and zeaxanthin, zinc and omega-3 fatty acids. The recommen-
dation is to consume diets that are rich in these micronutrients. To this end, extensive tables
listing foods that contain these nutrients are included.

The important changes that occur throughout the gastrointestinal tract, beginning in the
mouth, are outlined in the seventh comprehensive chapter. Topics such as dysphagia,
gastroesophageal reflux disease (GERD), gastritis, ulcers, diarrhea, fecal incontinence,
constipation, colitis, inflammatory bowel disease, lactose intolerance, GI bleeding, anemia
and hepatitis are all discussed and clinical recommendations are provided. There is an
important chapter on the changes in the stimulus for thirst and potential for dehydration in
the elderly. Deficiencies in sodium and certain trace minerals and electrolyte imbalances that
may be drug, illness or age induced are reviewed.

Nutritional frailty, which is characterized by the loss of both muscle and fat, is often the
consequence of unintentional progressive decreases in food intake in the elderly. Nutritional
frailty differs from sarcopenia and cachexia, and, thus, each of these conditions that
significantly affect health in the aging population is given its own in-depth chapter. In
contrast to the loss of weight in the overweight or obese adult <65 years that is associated
with reduced mortality risk, even a small loss of weight over age 65 is associated with an
increased risk of death. The difference may be due to the change in body composition in
older adults with the replacement of muscle with fat and the loss of bone. There may also be
a loss of appetite and hormonal changes may also increase the potential for unintended
weight loss. Information is given about the interactions between physiological, psychological
and socioeconomic factors that may increase the risk of weight loss. Guidance is also
provided on the introduction of nutritional supplements and drugs that may enhance
appetite, and enteral and parenteral nutrition options in older adults who continue to lose
weight. Sarcopenia, which is defined as age-related loss of skeletal muscle mass, is most
prevalent in individuals who consume low protein diets and who are sedentary, but occurs
almost universally as adults grow older. Lower body exercises that include resistance
activities and protein-rich diets may help to avert the loss of muscle, functional impairments
and loss of mobility seen in those with muscle loss. Cachexia includes sarcopenia and,
because of its relevance to aging, is discussed in Chapter 11. Cachexia, the wasting of skeletal
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muscle and loss of protein and energy stores resulting from disease, is directly related to
inflammatory states such as seen in immune-related diseases and cancer. In contrast to
starvation, which can be reversed with increased intake, cachexia is driven by inflammatory
cytokines that reduce hunger that is not abated with provision of food. The use of anti-
inflammatory agents is discussed. An often seen consequence of cachexia in bed-ridden
elderly is pressure sores. The chapter on pressure ulcers documents the strong association
between nutritional status and incidence, progression and severity of these sores. The review
of macronutrient and micronutrient interventions to prevent and/or treat pressure sores
concludes that general nutritional support can help to prevent diet deficiencies and this may
or may not affect the progression of pressure sores. The final chapter in this section addresses
the sensitive issue of provision of nutrients at the end of life. Careful consideration must be
given by family members in consultation with health providers concerning the legal and
ethical distinction between acts of omission and acts of commission with regard to terminal
nutrition and hydration. Religious considerations may also affect decisions about initiating
artificial nutrition and hydration. Nutritional support for end-stage cancer patients with
cachexia has not yet been shown to improve survival. Some studies have found that
terminally ill patients are neither hungry nor thirsty and small amounts of food and liquid
satisfy their needs. However, decisions about tube feeding for patients with terminal stages
of Alzheimer’s or other dementias may have more emotional than objective considerations.
The chapter provides valuable guidance to attending physicians as well as caregivers of the
terminally ill.

The third section of the volume relates to common clinical conditions seen in the geriatric
population. The first chapter in this section looks at the importance of dental health to the
overall nutritional status in the elderly. The major issues are dental and root caries, period-
ontal disease and tooth loss; loss of saliva (xerostomia) impacts these factors as well as
affecting the ability to swallow food. Survey data confirm that about 1/3 of adults 75 years
and older have no teeth (edentulous). The incidence of oral cancers and consequent
mortality increases above age 65. Diet is implicated in all aspects of oral health and diet-
related diseases such as diabetes increase the risk of tooth loss whereas lifestyle habits, such as
smoking, increase the risk of head and neck cancers and are linked to lowered diet quality;
oral cancer therapies also can further decrease nutritional status.

Obesity is a common global clinical condition and is also seen in the elderly. Obesity is
associated with increased risk of mortality and morbidity, including decreased mobility and
decreases in other activities of daily living. Gradual, modest weight loss is recommended in
Chapter 15; however, this should include an exercise program to preserve muscle mass and
sufficient calcium and vitamin D to help counteract any attendant bone loss. Along with the
increased prevalence of obesity in the elderly, we see increased prevalence of diabetes; almost
half of individuals with self-reported diabetes are 65 years or older. Over 40% of US adults
over 70 years have been diagnosed with metabolic syndrome. Diabetes, and its co-morbid-
ities, such as decreased vision and depression, can adversely affect diet quality. Both type 1
and type 2 diabetes diagnoses, treatments, and dietary and lifestyle approaches are well
described in Chapter 16. Detailed information is also provided about the metabolic
syndrome as well as identification and treatment of hypoglycemia and co-morbidities in
the aged.

Cardiovascular disease remains the leading cause of death in older adults, and two
important chapters review the nutritional aspects of heart disease in particular. In the chapter
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on cardiac rehabilitation, emphasis is placed on the multidisciplinary team that includes
nutrition counseling with emphasis on lipids, antioxidants, salt reduction and increased
whole grains, fruits and vegetables. The chapter on heart failure documents its effects on
nutritional requirements, which are often dependent upon the types and dosages of medica-
tions given to treat the disease. Two of the major causes of heart failure are hypertension and
coronary heart disease. Heart failure is the number one cause of hospitalization in the
Medicare population, and hospitalization affects food intake and nutritional status, usually
adversely. Activity levels are greatly reduced in heart failure and, in the end stage, cachexia is
common. Nutritional interventions are complex and described in detail and recommenda-
tions are included.

Cancer is a disease of aging and the development of cancer as well as its treatment greatly
impacts the nutritional status of the senior patient. The type of cancer and its stage are
relevant factors in the development of malnutrition in the cancer patient regardless of age,
but aging adds to the potential severity of the nutritional deficits. Specifically, by using
assessment tools such as the comprehensive geriatric assessment, often there is the finding
that protein intake, vitamins D, B6, B12, calcium and iron status may be reduced and further
decreased with cancer treatments.

The next four chapters deal individually with chronic conditions and diseases including
chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), osteoporo-
sis and osteoarthritis. Each of these chronic conditions is characterized by a decrease in
mobility, significant changes in lifestyles and frequent pain. Chapter 20 describes the
consequences of COPD that include a loss of weight and increase in basal metabolic rate.
Use of multiple drugs is common and adverse drug/nutrient interactions can be found in all
of these complex conditions. CKD is often a consequence of long-term hypertension,
obesity and diabetes. At end stage, dialysis requires careful monitoring of mineral and
protein intakes. A useful summary table of diet recommendations through the stages of
CKD is provided. Osteoporosis is defined by the WHO as a loss of bone mineral density
(BMD) greater than 2 standard deviations below the mean compared to the BMD seen in
young adults. Lower than optimal intakes of calcium and vitamin D, as well as several other
key essential nutrients, over the lifetime significantly increases the risk of low BMD and
fractures. Of importance, and not well known, even during treatment with drugs to treat
osteoporosis, there is a continued need for optimal intake of calcium, vitamin D and protein
to help maintain bone strength and density. Osteoarthritis is the most common arthritis seen
in seniors and is often the reason behind joint replacement operations. Osteoarthritis is
associated with damage to the cartilage at joints. Anti-inflammatory drugs are commonly
used to treat the pain associated with osteoarthritis. The 23rd chapter contains an extensive
review of the clinical studies with dietary supplements including glucosamine, chondroitin,
omega-3 fatty acids, avocado and soybean unsaponifiables, iodine and antioxidants includ-
ing selenium, vitamins C and E and the bone-related nutrients, vitamins D and K.

The last three chapters in this section emphasize the role of nutrition in brain function.
The separate chapters emphasize the effects of stroke, Alzheimer’s disease, Parkinson’s disease
and other neurodegenerative disorders, and late-life depression on nutritional status and
provide relevant dietary recommendations. Specifically, in stroke patients, changes in brain
function often include dysphagia with consequent decreased consumption of foods that
require chewing and, in some cases, swallowing. Stroke-related neurological deficits may
include an inability to feed oneself, shop for food, carry food packages, cook, etc.
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Malnutrition is frequently seen following stroke and is related to the level of impairment.
Swallowing assessment tools are described in detail and have been shown to be helpful in
patient evaluations. A major risk factor in stroke patients is aspiration of food into the lungs
and subsequent development of respiratory tract infections. The use of enteral and parent-
eral nutrition options is also discussed.

In contrast with many stroke patients, those suffering from Alzheimer’s disease have
significant mental deterioration and those with Parkinson’s disease have progressive loss of
voluntary movements, but neither may include dysphagia. However, all of these patients
may become malnourished over time for different reasons. Dietary factors that have been
associated with decreased risk of developing the neurological diseases include higher intakes
of omega-3 fatty acids, B vitamins, antioxidants and lowered intakes of saturated fats, total
calories and sugar. Once the neurological disease is documented, weight loss is often seen. In
fact, retrospective data suggest that weight loss precedes diagnosis of Alzheimer’s as well as
Parkinson’s diseases. All of these conditions and diseases that are seen in the elderly can easily
result in depressing thoughts about the future for the aging person. When the depressive
mood overtakes activities of daily living and the individual becomes vegetative and with-
drawn, a clinical mental condition may have developed. Factors that may result in late-life
depression are reviewed and the potential for dietary factors to reduce the risk of depression
is included. Dietary constituents, such as omega-3 fatty acids and folic acid, associated with
reduced risk of neurological diseases, are also linked to reduced risk of depression. Vitamin
B12 deficiency may also result in symptoms of depression.

The final section of this volume looks at new frontiers in preventive nutrition and
includes separate chapters in the areas of long-term living arrangements for older adults, an
in-depth examination of dietary supplements and the effects of complex health emergencies
on nutritional status in the geriatric population. As the number of older adults increases
exponentially over the next decades, planning by insurance and government agencies for elder
care has included greater emphasis on home and community care rather than nursing facilities.
However, it is critical to assure that disease condition needs as well as dietary needs are met.
Education is important for the family caregiver so that dietary requirements through foods
and/or supplements are met and drug–nutrient interactions are avoided. The importance of
dieticians and nutritionists will be even greater as the level of care provided by non-specialists
increases. Another option for preventing essential nutrient deficiencies is the use of dietary
supplements. More than half of US adults over age 50 take a dietary supplement daily. Dietary
supplements include those containing vitamins and minerals as well as herbal supplements.
The in-depth chapter on dietary supplements includes a discussion of the regulatory
environment as well as the scientific data supporting the use of certain supplements for
chronic disease prevention and detailed tables that contain critical information about the
most widely used ingredients in non-essential nutrient-containing dietary supplements. The
final chapter in this comprehensive volume deals with responses to complex emergencies
such as environmental or man-made disasters that can acutely affect the elderly, especially
those who are infirmed. Even without the occurrence of an emergency, many elderly who are
home bound are malnourished and are on waiting lists to receive Federally funded meals.
Nevertheless, this chapter reviews examples of the state and local plans that are being made to
cope with emergencies that include help for the elderly. Basic recommendations, such as
always having on hand a 2-week supply of water, food and medicines as well as sources of
power, are suggested for each senior whether at the individual, community or state-wide level.
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Understanding the complexities of the aging process, drug use, physical debilities and
mental changes that also affect nutrient status is not simple and the technologies used can
often seem daunting. However, the volume’s editors and authors have focused on assisting
those who are unfamiliar with this field in understanding the critical issues and important
new research findings that can impact the field of senior nutrition. The editors have taken
special care to use the same terms and abbreviations between chapters, and provide guidance
on the location of relevant material between chapters. Moreover, the Foreword by the well-
acknowledged leader in the field, Dr. Nancy S. Wellman provides a clear overview of the
value of this volume for increasing the understanding of the importance of clinical nutrition
to the health of the aging population.

In conclusion, ‘‘Handbook of Clinical Nutrition and Aging, Second Edition’’, edited by
Connie Watkins Bales and Christine Seel Ritchie provides health professionals in many
areas of research and practice with the most up-to-date, well-referenced volume on the
importance of nutrition in determining the potential for chronic diseases to affect overall
health of the aging population. This volume will serve the reader as the benchmark in this
complex area of interrelationships between the senses, immune function, heart, lungs,
kidney, muscle, bone, cartilage, brain and other relevant organ systems in the human
body and the substances that we consume. Moreover, the interactions between genetic
and environmental factors and the numerous co-morbidities seen as the aging process
progresses are clearly delineated so that students as well as practitioners can better under-
stand the complexities of these interactions. Drs. Bales and Ritchie are applauded for their
efforts to develop the most authoritative resource in the field to date and this excellent text is
a very welcome addition to the Nutrition and Health Series.

Adrianne Bendich, PhD, FACN
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Foreword

Aging, a multifaceted natural phenomenon, is dramatically changing the landscape of our
country. We have not only the opportunity but also the obligation to broaden the nutrition
services available to older persons. This book will help make that happen. It substantiates the
connections between nutrition and successful aging. While comprehensively and convin-
cingly focusing on nutrition’s vital role in preventing, delaying onset, and managing costly
and debilitating chronic diseases, the book explains the nutrition services and interventions
that evidence shows work to keep older Americans more independent with a good quality of
life.

As our nation addresses not only its obesity epidemic, but its impending age wave, alarms
are sounding as Medicare and Medicaid costs for the poor and the old explode. Our
skyrocketing health-care costs have resulted in a greater emphasis on the importance of
healthy diets. Nutrition has become part of or has received increased emphasis in all major
health promotion and risk reduction initiatives. The Dietary Guidelines for Americans now
recognize people over age 50 as one of the ‘‘Specific Population Groups’’ that need special
consideration. Steps to a HealthierUS, a US Department of Health and Human Services
initiative, encourages Americans to live longer, better, and healthier lives by eating a
nutritious diet as one of its four focal points. The Older Americans Update 2006 and
2008: Key Indicators of Well-Being list dietary quality as one of the 7 modifiable ‘‘Health
Risks and Behaviors.’’ The most recent White House Conference on Aging included a
‘‘Healthy Nutrition’’ recommendation for the first time in decades. Among its suggested
strategies is greater access to nutrition therapy and education, as well as healthy diets, in any
and all aging-related settings. As nutrition services for older adults move out of hospitals and
institutions and into homes and communities, the new and updated chapters in this book
are key to understanding cost containment trends where nutrition should play an essential
role but does not yet – for example, nursing home diversion efforts dictated by the federal
Deficit Reduction Act. Appropriately, the information in this book can be used to justify
the need for greater availability of bona fide nutrition expertise in all programs and settings
that serve older adults.

Clinicians, policymakers, faculty, and graduate and undergraduate students will find that
this book fills practice and education gaps. As the most youth-obsessed, death-denying nation
in the world, our culture’s negative attitude qualifies as ‘‘ageist.’’ It is based primarily on myths,
stereotypes, and misinformation. It is therefore not surprising that some of our colleagues and
many of our students have little interest in nutrition and aging. Geriatricians and gerontol-
ogists alike will find that the evidence in this book obligates them to include the nutritional
status of older persons in comprehensive care management. It will help dietitians and other
health professionals value the importance of healthy diets. For those new to aging, the book
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includes the many important approaches to improving the nutritional status of those they
serve – from setting up screening programs, to recognizing when to make referrals to dietitians
for individualized assessments and chronic disease management, to connecting older persons
with community nutrition assistance ‘‘safety net’’ programs.

This book can help rectify longstanding educational gaps in nutrition and aging. Our
national research found that knowledge about aging was lower in nutrition curricula than in
some other disciplines and more than half of nutrition students had negative views about
older adults. Students ranked working with them as their least preferred choice. Our review
of curricular content nationally found relatively few undergraduate and graduate courses in
aging compared to maternal and child courses. Rightfully, more than half of the program
directors were not satisfied with the aging content in their curriculum, citing ‘‘curriculum
already full’’ and ‘‘lack of faculty expertise in aging’’ as common obstacles. Our national
review of nutrition textbooks identified problems that other disciplines had also found in
their textbooks. Overall, nutrition textbooks generally fail to present aging comprehensively,
across topics, or positively.

In contrast, this book is a standout. It provides an ideal structure for designing a course
syllabus; it is a rich resource for faculty interested in strengthening components in their other
courses such as aging in nutrition therapy, nutrition in geriatrics, and diet and health in
gerontology; and it is useful for special topics or contemporary issues courses. It can be used
in internships to amplify students’ understanding of nutrition in aging. As such, this book
will help today’s students overcome their aging apathy. It tunes them into today’s aging
reality: most older Americans are living longer, healthier, and more actively. Older persons’
determination to live independently makes them the most receptive and attentive to our
guidance. They want to lessen their potential for illness, speed their recovery, shorten their
hospital stays, and stay out of nursing homes. Students, both graduate and undergraduate,
will value this book not only in their courses but as a ‘‘keeper’’ resource for their professional
library. It may be just the antidote against deterring students and others from wanting to
work with older adults. The rewards of working with older persons are real indeed!

Older people want to hear the good news about nutrition—that it is indeed never too late
and that even small steps can make a difference at any age. The new aging reality says both
the quantity and quality of life count. A healthy lifestyle and being active leads to greater
longevity, adds more years of independence, and compresses morbidity in later years.
However, people do not want to live longer to have more years of illness and unhappiness;
the added years must be healthier ones. Good nutrition not only adds years to life, but life to
years. This book has all the information needed to make universal access to quality nutrition
services a reality for older Americans today. Doing so will positively improve their longevity
and quality of life, prolong their independence in later years, and conserve the health care
resources of our nation. Nutrition as depicted in this book fits a life-affirming view of
aging—one that is long overdue in America.

Nancy S. Wellman PhD, RD, FADA
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Preface

We opened the first edition of this handbook with a preface highlighting the unique
challenges of the new millennium resulting from ‘‘successful aging’’ and reduced birth rates
of the twentieth century. We emphasized, along with the ‘‘graying globe’’, the diversities of
aging with regard to the influence of geographic location, gender, economic status, and even
age (younger versus older old age). During the intervening years, we have come to under-
stand that the majority of the health-related challenges faced by older adults, be they
physical, social, or economic, are globally relevant. This is thanks in large part to incrediable
advances in telecommunication, along with a growing understanding of the nature of the
fininte resources of the planet.

In this context, it is clear that geriatric health issues and the behaviors that shape our
responses to them (Chapters 1 and 2) are universal concerns, shared by the majority of older
adults and their health-care providers. The same often applies to concerns about life
threatening chronic diseases (Chapters 14–26), complex emergencies (Chapter 29), and
related challenges for older citizens of the world (Chapter 3). With the inevitable graying of
the globe, there will be exponential increases in expenditures for health care, increasing needs
for long-term care services, and a demand for more focused health-care services for older
adults living at home (Chapter 27). Concurrently, we expect an unfortunate shortage of
geriatricians, especially in the US. Thus, understanding the unique interactions of geriatric
syndromes (Chapters 4–13) with nutritional factors will be increasingly important for all
health care givers attending to older patients.

We are indebted to many individuals who contributed as we put together this edition of
this Handbook. Our sincere thanks and congratulations on a job well done go to Thuytien
Thi Ho, a Duke senior who has worked tirelessly for most of the past two academic years on
the management and copy editing of this text. Dr. Bales also thanks Justin (Cody) Maxwell
and Caroline Friedman for their contributions to this project. We also thank Paul Dolgert,
Richard Hruska, and the rest of the Humana staff for their support and offer a special tribute
to the late Tom Lanigan and Julia Lanigan, whose vision and creativity gave us, through
Humana, a unique opportunity to publish on a topic very dear to us. Finally, we offer warm
wishes and sincere gratitude to our series editor, Dr. Adrianne Bendich, for her encourage-
ment to begin what has become an ongoing and exciting interaction with some of the most
critical clinical issues in geriatric nutrition and the gifted and dedicated scientists who study
them. Without the creative contributions of these scientist-authors, this book would not
have been possible.

A Pulitzer Prize winning author in the field of aging, Dr. Robert Butler predicts that what
he terms ‘‘the Longevity Revolution’’ will become a worldwide geopolitical issue in the 21st

century, with the need for global adaptations to accommodate the extension of human
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lifespan. The challenge is a formidable one but we propose that state-of-the-art nutritional
interventions can help to meet it. This Handbook was written to assist health care givers for
older adults by providing strategies for effective secondary interventions for established
diseases and conditions amenable to dietary modulation. We believe it is a uniquely
comprehensive resource and hope that it will be a valuable guide to all (including physicians,
nurses, dietitians, and speech language and occupational therapists) who provide care for this
high-risk population. It is our sincere intention that the nutritional welfare and overall
health of older adults be enhanced at a global level through the application of the informa-
tion contained here.

Connie Watkins Bales, PhD, RD, FACN
Christine Seel Ritchie, MD, MSPH
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I OVER-ARCHING ISSUES FOR

NUTRITIONAL WELL-BEING IN LATE

LIFE



1 An Ecological Perspective on Older
Adult Eating Behavior

Julie L. Locher and Joseph R. Sharkey

Key Points

� An ecological perspective is a useful conceptual framework that takes into account
multiple levels of influence that affect eating behavior of older adults.

� Eating behavior of older adults is influenced simultaneously by intrapersonal (i.e.,
individual characteristics), interpersonal (i.e., interpersonal processes and primary
groups), institutional (i.e., norms and structures), community (i.e., social networks
and norms), and public policy factors (local, state, and federal policies and laws).

� Addressing these multiple factors is key to effectively implementing nutritional
interventions.

Key Words: Ecological perspective; social factors; social interventions

1.1 INTRODUCTION

The achievement and maintenance of good nutritional health are essential to
physical and cognitive functions, the prevention or delay of chronic disease and
disease-related complications, and overall quality of life (1–3). Poor nutritional
health represents nutrient deficiency, undernutrition, nutritional imbalances, and
excesses, such as obesity, and is influenced by a number of factors that relate to food
acquisition and food intake. These factors include food insecurity/food insuffi-
ciency, inadequacy of personal and community resources, functional impairments
(e.g., inability to acquire, prepare, and eat food that is available), social isolation,
multi-morbidity, oral problems, limited nutritional knowledge, and regular use of
multiple medications (4–9).

We know that personal, structural, and neighborhood characteristics influence
differential access to health care or serve as barriers or enhancements to lifestyle
behaviors such as physical activity or healthy eating (10,11). A social ecological
model, adapted from the work ofMcLeroy (1988) andBooth (2001) of healthy eating
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is depicted in Fig. 1.1 (10,12). The ecological model incorporates concepts from
many theoretical perspectives that are key to specifying conditions that need to be
changed to effect desired health actions (13). This model emphasizes the influence
that various levels of the ecology may exert on individual behavior, and thus has the
potential to improve food choice, diet quality, and nutritional and health outcomes.

The eating behavior of older adults is influenced simultaneously by many differ-
ent factors that may contribute to either healthy or unhealthy outcomes. A growing
body of literature has focused attention on the important role that social factors
play in the eating behavior of older adults. As efforts to promote dietary change or
to attain and maintain optimal weight (either through weight loss or weight gain)
are increasingly being targeted at older adults for the prevention or management of
chronic disease and in the enhancement of function and independence, it is crucial
that behavioral nutritional interventions take into account these social factors. Such
an approach is consistent with a larger public health agenda focused on health
promotion and disease prevention that routinely includes social factors ranging
from individual-level attitudes and beliefs to environmental level governmental
regulations in various interventions (12,14,15).

As shown in Fig. 1.1, an ecological perspective is a conceptual framework that
takes into account multiple levels of influence that affect behavior, including
intrapersonal (i.e., individual characteristics), interpersonal (i.e., interpersonal pro-
cesses and primary groups), institutional (i.e., norms and structures), community
(i.e., social networks and norms), and public policy factors (local, state, and federal
policies and laws). The ecological perspective emphasizes the mutually reinforcing
relationship that exists between individual behavior and the multiple levels of
influence whereby each is shaped by the other. The ‘‘reciprocal causation’’ outlined
in the ecological perspective also emphasizes that each level of influence is inter-
dependent with the others. Eating behaviors among older adults have been shown
to be related to all of these levels of influence.

Public Policy

Community

Institutional

Interpersonal

Individual
Food Environment

Fig. 1.1. Social ecological model of healthy eating.
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Using this conceptual framework, this chapter will outline social factors that
work to support or maintain healthy or unhealthy eating behaviors in older adults.
For each factor, health promotion strategies will be offered that may produce
desired changes in both individuals and the social environment to enhance the
nutritional well-being of older adults. The concluding section will briefly discuss
the interplay between social factors and other factors that may influence eating
behaviors among older adults, and suggest opportunities for developing evidence-
based interventions to improve eating behaviors.

1.2 INTRAPERSONAL LEVEL

Intrapersonal factors that influence behavior include characteristics of the indi-
vidual such as knowledge, attitudes, beliefs, self-concept, and skills that are
acquired throughout the life-course of the individual (15). Individuals make food
choices based upon notions and capabilities they have about food, eating, andmeals
that are acquired through their lifelong interactions with others in consumption-
related activities. These choices may be made either deliberately or ‘‘mindlessly.’’
Brian Wansink’s research lab has demonstrated that an average person makes over
200 decisions about food every day—most of these without much conscious con-
sideration (16). Furthermore, the behavioral choices individuals make regarding
food are influenced simultaneously by many and varied factors.

In an effort to systematically identify both health- and non-health-related
motives associated with food choices, Andrew Steptoe and his colleagues developed
The Food Choice Questionnaire using factor analysis based on responses from a
sample of 358 adults ranging in age from 18 to 87 years (17). The 68-item multi-
dimensional scale uncovered nine factors that were associated with individuals’
food choices related to attributes of the food. These included health (food is
perceived as healthy), mood (food helps to cope with stress or help relax), conve-
nience (food preparation and shopping is easy), sensory appeal (food looks, smells,
and tastes good), natural content (food contains natural ingredients), price (food is
economical), weight control (food has low calories), familiarity (food is what person
usually eats and/or ate as a child), and ethical concern (food associations are
environmentally and politically acceptable). Differences in motives were observed
for age, gender, and income. Of most relevance for this chapter, for both women
and men, higher age was associated with food choices being made based on
familiarity, natural content, and ethical concerns. Additionally, for women, older
age was associated with food choices being based on health and sensory appeal; and
for men, with mood and weight control. Using Steptoe’s questionnaire, Locher and
her colleagues found that the most salient motives underlying homebound older
adults’ food choices were sensory appeal, convenience, and price (18).

Focusing more directly on qualities of individuals, other groups of researchers
have found that beliefs motivating food choices emerge out of particular social
contexts and serve to define and reinforce individuals’ sense of self identity, includ-
ing both social and personal identities (19–22). Social identities refer to the group
categories that individuals belong to or the social roles that individuals occupy.
Group memberships that are important in influencing food choices are those
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involving ethnicity, region, social class, age cohort, and various significant reference
groups. So, for example, persons in the southern United States might regularly
consume grits for breakfast, while persons in the northernUnited States mightmore
frequently consume oatmeal. Social roles that individuals occupy may be married
versus un-married or widowed person or healthy versus sick role. Persons who are
healthy may eat a full course meal with varied food items, while persons who define
themselves as sick may consume smaller meals or only particular food items that
they associate with being sick, such as chicken soup.

Intrapersonal factors related to one’s attitudes, feelings, and behaviors toward
food and eating that influence food choices may or may not be factually correct.
This may be especially true in regard to individuals’ perceptions regarding what
constitutes healthy food choices or the right amount of food to consume. Regardless
of whether individuals’ beliefs are factually based, those choices are real in their
consequences as individuals make decisions based upon what they believe to be true
and that are consistent with their sense of self. These choices often conflict with
health providers’ recommendations. Researchers studying older adults’ beliefs
about consumption of salt and its effect on health in the rural, southern United
States found that older adults’ narratives of the role of traditional foods in main-
taining their identities as Southerners, including consumption of salt, had to be
reconciled with their attempts to meet medical recommendations for healthy eating
(23). These efforts were complicated by the older adults’ lay interpretations of
illnesses and their declining changes in taste perceptions (which increased their
consumption of salt).

1.2.1 Intervention Strategies at the Intrapersonal Level

Over two decades ago,MaryDouglas pointed out that it is no wonder that efforts
designed to improve nutrition have so often failed because these efforts rarely
consider that attempts to change a persons’ food habits are perceived as assaults
on a fundamental component of one’s moral and social order (24,25). Whether it
involves individual counseling or broader societal-level interventions, the perspec-
tive of individuals must be taken into account. Unfortunately, most efforts aimed at
modifying or improving individual and societal eating habits have focused on the
health meanings of food from particular nutritional disciplinary perspectives. They
have not adequately accounted for the social meanings attached to food- and
eating-related activities that are extremely important to individuals. In the case of
older adults, familiarity of foods seems to be particularly salient.

Health promotion interventions targeted at changing older adults’ food and
eating behaviors must consider the many motivations that are involved in food
choices beyond those related to health (17). Additionally, traditional models of
educating individuals to make changes in food behaviors that places the clinician in
the expert role and the older adult in the role of recipient of information does not
sufficiently capitalize on individuals’ knowledge of their own food and eating
preferences and concerns, and how individuals’ identities are expressed through
their consumption of particular foods (26). In her review of nutrition education
interventions for older adults, Sahyoun and her colleagues found that among those
that were most effective were the ones that included personalized messages and
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hands-on activities, incentives, and cues (27). At a minimum, this should include
incorporating familiar and favorite foods that are central to individuals’ sense of
identity into any proposed dietary changes and to actively engage and encourage
individuals’ participation in those proposed changes. Last, to the extent that special
diets interfere with adequate food consumption, moderation of those diets may be
recommended.

1.3 INTERPERSONAL LEVEL

Interpersonal factors include formal and informal social network and social
support systems comprising family, friends, neighbors, peers, and paid providers
of services who provide support to individuals and serve to define and reinforce
individuals’ roles and senses of self and purpose (15). There is strong and compel-
ling theoretical and empirical evidence covering an extended time period that links
social support and networks with positive health outcomes (28,29). A large body of
research consistently shows that older adults with better social support systems
experience better health; and a number of social network and social support factors
have been found to correlate specifically with better nutrition in older adults.

Most notably, the positive benefits conferred on those who live with others or
who are married, particularly men, have been repeatedly demonstrated in regard to
nutritional health in older adults (30–34). Persons who are married are less likely to
skip meals and better able to afford them. Older men who are not married,
particularly those who are widowed, are vulnerable to experiencing poor nutritional
health because they have not been socialized to be feeders and often do not know
how to shop or cook for themselves.Women, especially those who are widowed, are
also vulnerable to poor nutritional health because they may not be able to afford an
adequate diet. Additionally, women traditionally cook for others; and it is one of
the primary ways they express their care for others (35). When older women no
longer have anyone to cook for, they may be less inclined to cook for themselves.

In work examining the presence of others during meals, John de Castro and his
colleagues have consistently found that persons, including older adults, who eat in
the presence of others consume more than those who eat alone (36–39). Addition-
ally, they find a power function associated with the presence of others such that the
number of calories consumed increases as a function of the number of persons
present and that the effect is strongest when those present are family members or
friends. De Castro’s work supports the theory of social facilitation in that food
intake is increased because the duration of the meal is extended. Alternative expla-
nations for why food intakemight be increased or decreased because of the presence
of others is supported by research conducted in younger samples using either
modeling or impression management theory. Findings indicate that individuals’
food intake is influenced by social cues; persons will eat similarly as those with
whom they are dining, or persons may control their eating behavior in an attempt to
project a desirable image of the self (40).

Work by Alex McIntosh and his colleagues and Locher and colleagues has
attempted to disentangle the relationship between having someone present in the
household versus having someone present during meals (41–43). Both research
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teams have found that it is companionship at mealtime or help with cooking, and
not either being married or having someone present in the household, that affect
nutritional intake. Having someone present in the household may increase the
natural opportunities for others to be present during meals. The presence of others
during meals may result in better nutritional intake for a number of reasons,
including: (1) duration of the meal may have been increased; (2) persons with
whom the older person is eating consumed more; (3) persons may have received
help or encouragement to eat; (4) and persons may have wanted to please care-
givers/others by eating more.

The mechanisms by which social networks and social support contribute to better
nutritional health may extend beyond the presence of others at meals. For example,
individualsmay be encouraged to participate in healthy behaviors and discouraged to
participate in unhealthy behaviors or vice versa depending upon the social network
and support system. Additionally, and especially relevant for older adults in need of
caregiving, receipt of social support may directly or indirectly enhance one’s personal
competence and enable one to access needed resources or services. Another aspect of
interpersonal influence on food intake is in the situation where reliance on others for
help with food-related activities, such as grocery shopping andmeal preparation, can
influence the type and amount of food consumed (Keller, 2005) (44).

1.3.1 Intervention Strategies at the Interpersonal Level

At aminimum, interventions targeted at changing dietary behaviors among older
adults must consider individuals’ social network and support system and the role
these may play in successfully implementing a strategy for change. As noted by
Rimer and Glanz, the opinion, thoughts, behavior, advice, and support of those
surrounding an individual may be very influential; and this may be especially true
for older adults who are dependent on caregivers (15). For these individuals in
particular, it may be especially beneficial to involve caregivers in any proposed
dietary interventions, particularly if they may affect caregiver responsibilities. This
may include providing nutritional counseling to caregivers, as well as vocalizing
individuals’ food preferences to caregivers. Last, for all older adults, and in parti-
cular for those who are not consuming enough calories, recommendations to eat
with family or friends or to eat at the table with others present may be useful in
promoting better dietary intake.

1.4 INSTITUTIONAL LEVEL

Institutional factors refer to elements of social structure within an institution or
organization such as formal and informal rules and regulations that affect indivi-
duals’ behavior (15). Institutional factors are related mostly to the environment
within which older adults reside. The majority of older adults reside in the commu-
nity in a variety of settings; such as in their own homes, in someone else’s home in
the case of frailty, or in continuing care retirement communities, assisted living
facilities, or some other communal type arrangement. A small percentage of older
adults reside in nursing homes. For all older adults, there is the possibility that they
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may be hospitalized for some period of time. Very little research has examined
institutional or structural level factors that may affect older individuals’ food and
eating behavior.

Regardless of living arrangements, older adults are exposed to implicit and
explicit rules regarding accessibility and availability of food and the patterned
activities surrounding the structure of food consumption (24,45–47). Individuals
make choices regarding what to eat, how much to eat, how often to eat, with whom
to eat, when to eat, where to eat, and the manner in which food is to be eaten. There
are norms, traditions, and rituals related to each of these, and they vary according to
living arrangement and stage in the life-course. For example, as described in the
previous section, older adults who live alone may skip meals compared with those
who live with others. Previous structures (e.g., rules and policies) of consuming
breakfast, lunch, and dinner that were part of one’s earlier life with spouses who
worked and children who went to school may no longer be relevant if living alone
and unemployed. However, if older adults are living with adult children, they may
follow the structure of that household and consume three meals a day.

The nature of mealtimes in hospitals has been examined by Xia and McCutheon
(2006) and in nursing homes by Kayser-Jones (1997) and Simmons and her collea-
gues (48–50). These researchers report that many older adults do not receive
needed assistance during meals, disruptions occur frequently, social interaction
and verbal cuing are neglected, and the eating environment and food are either
unpleasant or unfamiliar. Delays may result in the loss of appeal for the meal as a
result of change in meal temperature or texture. Social disruption of routine and
‘‘normal’’ eating habits that occurs during hospitalization may result in a failure to
resume normal eating patterns upon return to home. Previous research has demon-
strated the effect that aging has on body energy regulation, such that older adults
are especially vulnerable to periods of under-eating—regardless of the circum-
stance(s) for that under-eating (51). One influential experimental study of healthy
men found that older participants, in contrast to younger ones, did not resume prior
‘‘normal’’ eating habits and did not regain weight they lost following a period of
voluntary under-eating (52).

The manner in which food is to be prepared and consumed and the ways in which
this affects older adults’ eating behaviors have been inadequately studied. Select
manual tasks, which may require muscle strength, are necessary to prepare and
consume meals. Although these tasks—opening cans, milk or juice carton, lifting a
cup, and opening plastic, frozen, and single-serving packages—are important to
independent living, older adults, especially persons exposed to increasing presence
of single-serving packages through receipt of nutrition programs (e.g., home-delivered
meals) are experiencing difficulty in these nutrition-related tasks (6). Additionally,
older adults with physical and functional limitations may not be able to consume
foods in a way that is considered civilized or culturally appropriate. This is especially
true if they cannot chew or see well or are unable to use eating utensils in a conven-
tionalmanner. Thismay cause embarrassment and lead them to not consume foods in
the presence of others or to alter the types of foods they eat. Locher and colleagues
have observed this in cases where persons resided either in their own or someone else’s
home or in assisted living facilities (53). Older adults also report not wanting to
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consume meals in the presence of others if the environment is too hectic or busy, if
conflict is taking place, or if they are the focus of attention to eat in a particular way.
Older adults perceive themselves as the focus of attention if, for example, others draw
attention to them not eating enough or taking too long to eat.

1.4.1 Intervention Strategies at the Institutional Level

Interventions at the level of the institution require an understanding of institutional-,
interpersonal-, and individual-level processes. Possible interventions at the institutional
level include changing the type of food containers used; making recommendations to
create the dining area as calm an environment as possible by reducing noise levels;
minimizing distractions and interruptions; and avoiding negative social interaction
during meal time. Seemingly simple changes such as placing food within easy physical
access (or having older adults in need use a bell to indicate hunger or thirst), placing food
within visual range (including by having good lighting), eating food in small portions,
and eating finger foods may involve multiple strategies. For example, one may need to
convince the food manager in an institution to provide chicken nuggets or tenders
instead of whole chicken breasts so that older adults with disabilities may continue to
eat. At the same time, it may be necessary to enable older adults to overcome embar-
rassment associated with eating chicken with one’s fingers instead of a fork.

Additionally, formal feeding assistance may be required by some older adults.
Use of feeding assistants have been shown to be effective in improving nutritional
care in nursing homes, and may be effective in the community setting as well (54).
Simmons and her colleagues have also demonstrated that older nursing home
residents who ate their meals in the dining room as opposed to privately in their
rooms consumed better quality meals explained by the additional feeding assistance
that they received in the formal dining area (55). Thus, changing normative
expectations for where food ought to be consumed may be encouraged.

1.5 COMMUNITY LEVEL

Community factors refer to organizations, institutions, and informal networks
and the relationships that exist among these within defined boundaries that indivi-
duals may access (15). To the extent that these public resources are open to
individuals through their engagement in various community and social structures
and they produce some beneficial outcome, community factors might also be
thought of as social capital. Kawachi and Berkman (2000) maintain that social
capital within communities affects health by promoting healthy behaviors and
discouraging unhealthy ones, by increasing access to health services and amenities,
and by enhancing psychosocial process through the provision of emotional support
in trusting social environments (56). Very little research has been performed at the
community level that examines the association between social capital and nutri-
tional well-being among older adults.

Locher and colleagues have examined social isolation, support, and capital and
nutritional risk in an older sample, measures of social capital were associated with
nutritional risk only for African American men (57). Specifically, African Amer-
ican men who did not participate regularly in a religious community, who limited
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their activity for fear they would be attacked, and who experienced recent discrimi-
nation were more likely to experience nutritional risk. For all groups except black
men, not having reliable transportation was associated with a greater likelihood of
experiencing nutritional risk.

Community influences food choice and dietary intake through the spatial access
to food stores and food service places that comprise the food environment (58).
Certain characteristics of the food environment influence potential spatial access,
including the number and type of food stores and food service places, organization
(chain or independent), size, distribution/location, and distance to the neighbor-
hoods where people live (59–61). This is especially problematic for older adults who
reside in rural areas, and face greater risk to poor nutritional health (62).

Research has shown that populations with limited or difficult access to a super-
market tend to live in rural areas or urban neighborhoods with greater disadvantages
and/or with a higher proportion of minorities (63–65). Without easy geographic
access to supermarkets or full grocery stores, older individuals either have to pay
higher travel costs to reach a supermarket/grocery store or are only able to shop at
convenience or small grocery stores and pay higher prices for limited selections of
food products (63,66,67).

1.5.1 Intervention Strategies at the Community Level

Interventions targeted at improving nutritional well-being at this level involve
community level as well as individual- and interpersonal-level involvement. At the
community level, advocacy for greater community resources are required. At the
individual and interpersonal levels it requires making older adults and their caregivers
aware of community resources that already exist. Itmay also involve encouragement of
utilization of those resources that exist. Support may be available from non-govern-
mental community providers including neighborhood and religious organizations.

Interventions targeted at this level also involve educating service providers, includ-
ing especially registered dieticians, case managers, and social workers, about appro-
priate programs in the community that may target food insufficiency. These may
include programs that are not specific to food, such as utility, pharmacy, housing, and
transportation assistance, where the needs are related.

This may additionally mean greater collaboration between care providers to
ensure that older adults receive appropriate nutrition interventions, including nutri-
tion assessment, nutrition care planning, referrals to food assistance or other sup-
port services, meals, nutrition counseling, medical nutrition therapy, and caregiver
counseling.

1.6 POLICY LEVEL

Public policy factors refer to national, state, and local laws, policies, and services
(15). There is strong evidence documenting the association of nutrition with health
among older adults with data indicating also that poor nutrition leads to poor
health outcomes and ultimately increased healthcare utilization and costs. Despite
this evidence, there is no coherent policy regarding nutrition for older adults that
might improve their health and well-being and curtail rising healthcare costs.
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Further, policies and services that do exist are fragmented and reflect the specific
goals and objectives of the program (68). We briefly review some of these here as
they have been outlined by Wellman and Johnson in an earlier article (68). More
detail is provided in the chapter by Weddle and Wellman.

At the national level, nutrition policies and services emanate from the Depart-
ment of Health and Human Services (DHHS) and the United States Department of
Agriculture (USDA). Within DHHS, nutrition services offered are administered by
the Centers for Medicare and Medicaid Services (CMS), the Administration on
Aging (AoA), and the Indian Health Services (HIS). Within USDA, nutrition
services include the Food Stamps Program, the Food Stamps Nutrition Education
Program, the Commodity Supplemental Food Program, the Child and Adult Care
Food Program, The Emergency Food Assistance Program, and the Food Distribu-
tion Program on Indian Reservations.

CMS programs offer nutrition services through the auspices of both Medicare
and Medicaid. Medicare policies and services focus on acute health-related aspects
of nutrition. Specifically, Medicare Part B enrollees may receive nutrition counsel-
ing for diabetes or renal disease with a physician’s referral. Additionally, while
Medicare (under Part A Services) requires that hospitals and home health agencies
have nutritional services available, use of prospective payment systems frequently
means that many patients who are in need of support either do not receive them or
receive inadequate services (1). Despite the potential benefit, traditional Medicare
does not provide reimbursement for preventive nutrition counseling. Enrollees who
choose one of Medicare’s managed care plans over traditional Medicare may be
eligible for nutritional services, depending upon the details of their particular plan.

The focus of Medicaid nutrition services is to keep older adults out of nursing
homes. Through Medicaid Home- and Community-Based Care Service Waiver
Programs (HCBC), which are federal–state partnerships, approved nutrition ser-
vices may be offered. These services include home-delivered meals, nutrition coun-
seling, and supplements. Only 38 states offer nutrition services, and these vary
greatly across states and time depending upon state budgets and priorities (68).

The focus of Administration on Aging Older Americans Act (OAA) nutrition
services is on food insecurity, hunger, and poor diets among low-income older
adults. Services provided include those supported by Title IIIC of the OAA,
including especially congregate meal and home-delivered meal services. The US
government spends only about $1 billion on food programs for older adults and
reaches between 6 and 7%of those in need (68). OAA services can also include Title
IIIB supportive services (which may include meals provided in adult daycares) and
information and assistance (which may include nutritional consultation). Many
persons who are in need of services may not receive them because of limited budgets
or lack of service (either because of location or lack of volunteers).

The foci of USDA programs are also on food insecurity, hunger, and poor diets
for all low-income Americans, including older adults. The Food Stamp Program
provides electronic benefit cards or coupons to low-income people. Poor older
adults are less likely to receive food stamps than poor younger persons. It is
estimated that only one-third of eligible older adults participate in the program.
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Reasons why older adults are less likely to participate include lack of information,
perceived lack of need, low expected and actual benefits, difficulty applying, and
stigma of receiving benefits (69).

In contrast, older adults are more likely than younger persons to participate in
the USDA Commodity Supplemental Food Program (68). Thirty-three states
participate in the commodity food program which targets older adults with income
less than 130% of the poverty level. The USDA also serves meals in adult day care
centers through the Child and Adult Care Food Program. The Emergency Food
Assistance Program is another service offered through theUSDA. It is a commodity
food distribution program wherein food is allotted to states based upon need, and
distributed through local agencies such as food banks, pantries, and soup kitchens.
Another USDA program is the Senior Farmers’ Market Nutrition Program. This
program provides coupons for low-income older adults to buy fresh, unprepared
food at markets, roadside stands, etc. The program exists in 40 states, and older
adults receive an average annual benefit of $25. The Food Distribution Program on
Indian Reservations is another commodity program used instead of food stamps at
particular times. All of the USDA services provide limited benefits and are not
available in all locations.

1.6.1 Interventions Targeted at the Policy Level

Strategies to improve nutritional well-being of older adults at the policy level
involve empowering older adults to utilize services that may be available to them.
This first entails making older adults aware of those services. It also involves
identification of older adults’ preference for use of particular services and barriers
to use. This may additionally entail increasing older adults’ knowledge of the
benefits of any nutritional programs that may be available. These strategies are
contingent on care providers being fully aware of services that are available. This
involves care providers gathering up-to-date information on nutrition programs
and services that are available from different sources. It also involves care providers
identifying ways in which to address gaps in services.

1.7 IMPLICATIONS OF AN ECOLOGICAL APPROACH
AND OPPORTUNITIES FOR INTERVENTION

Eating is a complex biological and psychosocial phenomenon involving many
factors. Taking a social ecological approach allows one to systematically explain
contextual aspects of older adult eating behavior in order to design interventions
that may lead to improved nutritional health. The use of a social ecological frame-
work is especially useful in understanding how change at one level may be influ-
enced by changes at another level.

For example, a low-income older adult may be eligible for food stamps, but not
receiving them. At the intrapersonal level, this personmay believe that he or she will
receive limited benefits. At the interpersonal level, the person’s caregiver may
believe that it is embarrassing to receive food stamps, and discourage the older
adult from applying for them and, further, not provide transportation to either the
food stamp office or social security administration office where it is necessary to
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apply. At the community level, the older adult may not have access to adequate
public transportation to take him or her to the office to apply or the hours of
operation may not be convenient. At the policy level, rules that require persons to
apply for food stamps in-person discourage use of the program by making it
difficult for many older adults to benefit from the program. An intervention
strategy that draws from the ecological model would correct misconceptions
about the actual benefits that would be provided (intrapersonal level), provide
information regarding use and benefit of food stamps by older adults to remove
stigma for the caregiver (interpersonal level), enable older adult to either identify
alternative means of transportation or apply for food stamps from home, where
available (community and policy level).

In addition to the social factors, there are many other factors that affect eating
behaviors among older adults. These include those which will be discussed in
subsequent chapters, namely, medical, functional, economic, oral health, and psy-
chological factors. All of these must be taken into account in applying a social
ecological perspective to older adult eating behavior.

The overwhelming majority of work related to nutrition in older adults has been
observational, cross-sectional, and included small sample sizes. Much of this work
has focused on the intrapersonal levels of influence, particularly the influence of
social support on dietary health. More observational research is needed in identify-
ing especially institutional, community, and policy level influences on nutritional
behavior, particularly inmore vulnerable populations such as those residing in rural
areas and those who are homebound. Additionally, further research is required that
evaluates the efficacy of targeted social and behavioral nutritional interventions
that are non-invasive and cost-effective. There is tremendous opportunity to
increase the scientific evidence upon which practice can be based in the area of
nutrition and older adults.

1.8 RECOMMENDATIONS

1. At the intrapersonal level, actively engage and encourage individuals’ participation
in proposed dietary changes.

2. At the interpersonal level, consider individuals’ social network and support system
and the role these may play in successfully implementing a strategy for change.

3. At the institutional level, take into account the social and environmental context
within which food and eating activities take place.

4. At the community level, service providers first must become aware of community
resources that are available and, then, make older adults and their caregivers aware
of these and encourage utilization of resources.

5. At the policy level, make older adults aware of and empower them to utilize govern-
ment programs and services that may be available to them.
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2 Behavioral Theories Applied to
Nutritional Therapies for Chronic
Diseases in Older Adults

James M. Shikany, Charlotte S. Bragg,
and Christine Seel Ritchie

Key Points

� Behavioral theories can guide clinicians in developing the best strategies for promot-
ing a therapeutic nutritional change.

� Commonly utilized behavioral models in nutrition interventions in geriatric popula-
tions include the Ecological Perspective, the Health Belief Model, the Stages of
Change Model, the Theory of Meaningful Learning, the Information Processing
Model, and Social Cognitive Theory.

� Integration of behavioral theories in clinical care can facilitate improved chronic
disease self-management by supporting adoption and maintenance of healthful
nutritional practices.

Key Words: Behavioral intervention; behavioral theories; nutrition education;
lifestyle modification; stages of change

2.1 INTRODUCTION

With the aging of our population and with the successes of public health and
technology, an increasing number of older adults are living longer but many are
affected by chronic conditions. Many of these conditions, such as atherosclerosis,
hypertension, congestive heart failure, and diabetes, are responsive to changes in
diet and nutrient intake. However, adopting more health-promoting dietary prac-
tices often requires significant changes in behaviors that are deeply ingrained.
Health care professionals can facilitate enhanced self-management of chronic con-
ditions by understanding behavioral theories and their role in behavior change.
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2.2 BENEFITS OF BEHAVIORAL THEORIES IN PRACTICE

Behavioral theories benefit health care professionals in a number of ways.
They assist clinicians in studying a clinical problem, in developing and imple-
menting the appropriate interventions, and evaluating their progress. Because
they help explain both the dynamics of health behaviors and the influences of
factors affecting health behaviors, including social and physical environments,
they can guide clinicians in developing the best strategies for addressing a
particular nutritional issue.

2.3 OVERVIEW OF COMMON BEHAVIORAL THEORIES/MODELS
USED IN NUTRITION INTERVENTIONS FOR OLDER ADULTS

Many behavioral models have been used to guide nutrition interventions in older
adults. For the purpose of this chapter, we will focus on those that have been most
commonly utilized in nutrition interventions in geriatric populations.

2.3.1 Social Ecologic Theory or the Ecological Perspective

The Ecological Perspective highlights the interaction between, and interrela-
tionship between, factors within and across all levels of a health problem. It is
discussed in greater detail in Chapter 1. The key tenet of the Ecological
Perspective is that behavior both affects and is affected by multiple levels of
influence. McLeroy and colleagues (1) identified five levels of influence: (1)
intrapersonal or individual factors, (2) interpersonal factors, (3) institutional or
organizational factors, (4) community factors, and (5) public policy factors. At
the individual level, characteristics such as knowledge, attitudes, beliefs, and
personality traits all influence, for example, an older person’s eating patterns
and preferences. At the interpersonal level, family, friends, and peers may have
an equally important impact on dietary intake, especially if the older adult
depends on others for food preparation or procurement. Institutional or orga-
nizational factors may include rules, regulations, policies, and informal struc-
tures that support or impede adequate or health-promoting dietary intake. At
the community level, social norms or standards often influence an older adult’s
ability to adhere to a particular dietary strategy, especially if that strategy runs
counter to prevailing social norms. Many public policy factors at the local,
state, and federal level affect nutritional issues in older adults. For example,
state and federal pressures to prevent weight loss in nursing home settings have
both increased positive attention to nutritional issues in this setting and, at
times, contributed to potentially excessively aggressive interventions (such as
enteral nutrition in residents with advanced illness).

Many health behavior theories focus on intrapersonal (individual) and interper-
sonal factors in behavior change. Examples of theories that focus primarily on these
intrapersonal factors include theHealth Belief Model, the Stages of Change (Trans-
theoretical) Model, the Theory of Planned Behavior (TPB), the Theory of Mean-
ingful Learning, and the Information Processing Model.
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2.3.2 The Health Belief Model

The Health Belief Model (HBM) focuses on perceptions individuals have of the
threat posed by a health problem (susceptibility, severity), the potential benefits of
avoiding the threat, and factors influencing the decision to act (barriers, cues to
action, and self-efficacy). The tenet of this model is that for individuals to adopt a
new health behavior or change their current health behavior, they have to (1) believe
they are susceptible to the condition, (2) believe the condition will have serious
consequences, (3) believe that changing their behavior will reduce their susceptibil-
ity to the condition or its severity, and (4) believe costs of taking action (perceived
barriers) are outweighed by the benefits. Health behavior change in this model is
also facilitated by specific factors that prompt action such as a reminder from one’s
provider (also called a ‘‘cue to action’’) or when the individual is confident in their
ability to successfully perform an action (also called ‘‘self-efficacy’’) (2).

2.3.3 Stages of Change

The Stages of Change Model (3) posits that behavior change is a process,
not an event. This model asserts that as people attempt to change their be-
havior, they move through five stages: precontemplation, contemplation, pre-
paration, action, and maintenance. In the precontemplation stage, the individual
has no intention of taking action (some definitions include a time period; e.g.,
no intention to take action within the next 6 months). In the contemplation
stage, the individual intends to take action in foreseeable future. In the prepara-
tion stage, the individual plans to take action within the next 30 days and is
taking some steps in this direction. In the action stage, the individual has
successfully changed behavior for a short period of time, whereas in the main-
tenance stage, the individual has changed behavior for a longer period of time
or at least 6 months. The Stages of Change Model, in addition to emphasizing
the process of behavior change, recommends stage-specific interventional strate-
gies tailored to where the person is in their transition from one behavior to
another more health-promoting behavior (see Table 2.1).

2.3.4 The Theory of Meaningful Learning

The Theory of Meaningful Learning posits that each individual must construct
his or her own understanding of concepts and relationships. While health care
providers and others can assist an older adult in learning, the construction of mean-
ings and understandings, and ultimately learning and behavior change, is a unique
process that only each person can achieve on their own (4).

2.3.5 The Information Processing Model

The Consumer Information Processing Model states that individuals must be
exposed to, comprehend, retain, and retrieve pertinent information in order to
make a decision and engage in behavior change (5). In another words, health
information is important but not sufficient for people to adopt healthful behaviors.
Central assumptions of this model are that (1) individuals have limitations in how
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much information they can process at one time and (2) information is more useable
if combined into manageable ‘‘chunks.’’ Individuals are more likely to use informa-
tion if it is perceived as relevant to their situation, useful, new, and easy to use (6).

Table 2.1
Stage-based dietary counseling strategies

Stage Patient needs Counseling messages

Not interested in dietary
change (Precontemplation)

Motivation to
engage in dietary
change

Ask what patient/caregiver
likes/dislikes about
recommended dietary
changes

Discuss pros and cons along
with perceived barriers

Reinforce and build on
patient/caregiver’s personal
reasons for making dietary
change

Discuss positive effects of
dietary change on health,
lifestyle, and quality of life

Restate desire to support the
patient and assist with
change

Follow up with patient and let
them know you will

Interested in dietary change in
the next 6 months but not in
the next 30 days
(Contemplation)

Motivation to
engage in dietary
change sooner
than later

Strengthen the benefits for
dietary change and weaken
the cons

Interested in making a dietary
change in the next 30 days
(Preparation)

Skill building

Support specific
planning
strategies

Encourage patient/caregiver
tomake a specific plan using
small, achievable steps

Address expected obstacles
In process of making a dietary
change – has consistently
made this change in the past
6 months (Action)

Relapse prevention Congratulate on success

Review concerns
If brief relapse (e.g.,
consumption of too much
sodium during a holiday),
encourage to cycle back to
recommended diet right
away and use experience as
an opportunity for learning
rather than discouragement

Has engaged in dietary change
for more than 6 months
(Maintenance)

Relapse prevention Support, encourage, and
review plans for relapse
prevention
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2.3.6 Social Cognitive Theory

Social Cognitive Theory (SCT) posits that whether a person will change a health
behavior depends on (1) self-efficacy, (2) goals, and (3) outcome expectancies. If
individuals have a high level of confidence, they can change even when they are
faced with many obstacles. If they are not confident about the behavior in ques-
tion, they will be less motivated to act or to persevere through obstacles or
challenges as they arise. Important elements of SCT include reciprocal determin-
ism (the interaction of the person, behavior, and the environment), behavioral
capability (knowledge and skills needed to perform a particular behavior), expec-
tations (the individual’s anticipated outcome of the behavior), self-efficacy (con-
fidence in one’s ability to overcome the barriers encountered during behavior
change), observational learning (watching the actions and outcomes of others’
behavior), and reinforcements (factors that increase or decrease the likelihood of
the desired behavior) (7).

2.4 EXAMPLES OF NUTRITION INTERVENTIONS GROUNDED
IN BEHAVIORAL MODELS

A variety of behavioral models and theories have been used to formulate inter-
ventions to reduce the impact of common chronic diseases such as diabetes melli-
tus, hypertension, heart failure, hyperlipidemia, atherosclerosis, and to improve
overall dietary quality. Examples of effective dietary interventions based on the-
ories andmodels of health-related behavior are provided below and summarized in
Table 2.2.

2.4.1 Diabetes Mellitus

Behavioral interventions have been applied to the prevention of complications in
patients with impaired glucose tolerance and diabetes mellitus (see also Sections 13
and 14 in Chapter 16). Oldroyd and colleagues conducted a randomized, controlled
trial evaluating the effectiveness of a behavioral intervention to modify cardiovas-
cular risk in men and women (mean age 58 years) with impaired glucose tolerance
(8). The intervention consisted of regular diet and physical activity counseling from
a dietitian and physiotherapist using the Stages of Change Model of behavior
change (3,9,10). After 6 months, subjects randomized to the intensive lifestyle
intervention experienced an increase in physical activity, positive changes in selected
dietary variables (such as a reduction in total fat), a reduction in body weight, and a
reduction in insulin resistance.

The impact of a nutrition education intervention on blood glucose and lipopro-
tein levels in adults 65 years of age and older with diabetes was assessed by Miller
and colleagues (11). The theoretical framework for the intervention integrated
concepts from the Theory of Meaningful Learning (12), the Information Proces-
sing Model (5), and Social Cognitive Theory (7). Following 10 weeks of interven-
tion, the intervention group had greater improvements in fasting plasma glucose
and glycosylated hemoglobin than the control group. In addition, a significantly
greater proportion of subjects in the intervention group than the control group met
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the treatment goal for serum total cholesterol. In a second report from this study
analyzing the effect of this intervention on changes in knowledge and skills neces-
sary for diabetes management, the intervention group had greater improvement in
total knowledge scores, positive outcome expectations, promoters of diabetes man-
agement, and decision-making skills than the control group and greater reduction in
barriers to diabetes management (13).

A community-based diabetes education program incorporating Social Cognitive
Theory and Stages of Change Theory was conducted in patients with diabetes
(mean age 63 years) by Chapman-Novakofski and colleagues (14). The program
included three group sessions focused on meal planning and cooking demonstra-
tions, with pre- and post-intervention evaluation. At posttest, significantly more
participants reported positive dietary changes (such as using herbs in the place of
salt, cooking with olive or canola oils, using artificial sweeteners in baking) and
having more confidence in changing one’s diet, in preparing healthful meals, in
using the Nutrition Facts label, and in overcoming the degree of difficulty in meal
preparation than pretest.

The Mediterranean Lifestyle Trial evaluated the effects of a comprehensive life-
style management intervention in postmenopausal women with type 2 diabetes
(15). The intervention, based on a synthesis of Social Cognitive Theory and Social
Ecologic Theory (16,1,17), was focused on dietary factors (i.e., adoption of a
Mediterranean diet), physical activity, social support, and stress management.
Participants randomized to the intervention adhered to all aspects of the Mediter-
ranean diet more days per week than participants randomized to the usual care
condition (18). Significantly greater reductions in total fat and saturated fat and
significantly greater increases in daily fruit and vegetable consumption occurred in
intervention participants. Intervention participants also demonstrated significantly
greater improvement in behavioral patterns related to low-fat eating. Dietary
improvements in the intervention group were sustained at 24 months (19).

2.4.2 Hypertension

Amulticomponent lifestyle modification intervention study was conducted in 57
subjects with hypertension (mean age 62 years) in Japan by Miura and colleagues
(20). The intervention included patient-centered assessment and exercise and nutri-
tion counseling based on Social Cognitive Theory. Following 24 weeks of interven-
tion, systolic blood pressure was decreased to a significantly greater degree in the
intervention group compared to the control group, which received no counseling.
The intervention group also experienced significantly greater reductions in urinary
sodium excretion, total energy intake, and fat intake (as percent of total energy
intake) and a significantly greater increase in exercise energy expenditure compared
to the control group.

DASH – Dinner with Your Nutritionist, a university neighborhood health care
center intervention to promote the Dietary Approaches to Stop Hypertension
(DASH) diet, was tested in low-income African-American adults (mean age 55
years) with poorly controlled blood pressure (21). This weekly program followed
a structured syllabus of objectives that included concepts based on Social Cognitive
Theory as described by Baranowski et al. (22) and featured dinners based on the
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DASH diet plan. The objective of the study was blood pressure reduction, to be
accomplished through the following behavioral objectives: building behavioral
capability to identify DASH foods; instruction in planning, shopping for, and
preparing DASH foods; instruction in using the Nutrition Facts label to select
foods to meet DASH dietary goals; and building self-control by providing options
for study participants to limit their intake of fat and sodium. Systolic and diastolic
blood pressure was significantly lowered among participants who missed no more
than two of the eight weekly sessions, while there was no change in blood pressure in
participants who missed three or more sessions.

2.4.3 Heart Failure

An evaluation of a tailored message intervention addressing heart failure read-
mission rates, quality of life, and health beliefs in patients (mean age 76 years) with
heart failure was reported by Sethares and colleagues (23). This randomized trial
compared patients hospitalized with heart failure who received a tailored message
intervention based on the Health Belief Model (24) to patients hospitalized with
heart failure who did not receive the intervention. Heart failure readmission rates at
3 months; quality of life at 1 month after hospital discharge; and the effect of the
intervention on the perceived benefit and barrier beliefs of the treatment at 1 week
and 1 month were compared. A sample benefit question related to diet was ‘‘Salty
food is not good for me,’’ while a sample barrier question was ‘‘Food does not taste
good on a low-salt diet.’’ Although hospital readmission rates and quality of life did
not differ significantly between the treatment and control groups following the
intervention period, beliefs regarding a sodium-restricted diet were positively
impacted, including an increase in the perceived benefits and a reduction in the
perceived barriers to following this diet.

2.4.4 Hyperlipidemia

An educational approach based on the Stages of Change Model (25,26) was
compared with usual care in reducing dietary fat intake and serum lipids in indivi-
duals (mean age 51 years) with hyperlipidemia (27). This randomized, controlled
study included 40 stage-based tailored dietary activities for fat reduction in the
Stages of Change intervention and different activities that did not incorporate the
Stages of Change approach in the usual care intervention. Total cholesterol and
low-density lipoprotein cholesterol decreased significantly in both groups at 4
weeks. These reductions were sustained over 40 weeks, with no differences noted
between the groups.

2.4.5 Cardiovascular Disease Prevention

A randomized intervention study conducted by van der Veen and colleagues
evaluated the effects of nutrition counseling delivered by a dietitian in men and
women (mean age 58 years) at elevated risk of cardiovascular disease (28). Patients
randomized to the intervention received nutrition information based on the Stages
of Change Model (29,30). Compared to patients randomized to usual care, those
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receiving the intervention had significantly greater reductions in dietary total fat,
saturated fat, and cholesterol both 6 and 12 months after the initiation of the
intervention.

2.4.6 Diet Quality

Manios and colleagues evaluated the effectiveness of a nutrition education
program on postmenopausal women (mean age 60 years) in a randomized clinical
trial(31).Women were randomized to either a dietary intervention group and
attended regular nutrition education sessions for 5 months based on a combined
application of the Health Belief Model (32) and the Social Cognitive Theory or to
a control group. The goal of the intervention group was to increase nutritional
knowledge and self-efficacy of the subjects to adopt and maintain healthy dietary
choices as assessed by the Healthy Eating Index (HEI). Subjects in the interven-
tion group increased selected individual HEI scores to a significantly greater
degree compared with the control group at the end of the intervention period;
however, there were no significant changes in total HEI scores between the
groups.

2.5 PRACTICAL APPLICATIONS OF BEHAVIORAL THEORY
IN DIETARY INTERVENTIONS FOR OLDER ADULTS

The behavioral theory-based dietary interventions in older adults and the
reported impact of the interventions to reduce common chronic disease described
earlier in this chapter were most often studied in free-living populations with several
contacts over a significant period of time. Dietary adherence for the treatment and/
or prevention of disease is often viewed as the most difficult part of a therapy. The
key to increasing the adherence in dietary compliance is to improve the patient’s
knowledge and perceived confidence in making necessary lifestyle changes. To
improve those clinical outcomes, education should be delivered by health profes-
sionals with appropriate training, knowledge, and skills on the topic. Being sensitive
to individual differences and tailoring the instructions not only to the educational
level/need but addressing the environmental influence in which a patient lives
impacts adherence to the dietary therapy.

Effective nutritional counseling is rarely achieved in a single contact. Quality follow-
up through face-to-face, phone, mail, internet, or a combination of any of these over a
sufficient duration improves outcomes and provides accountability between the patient
(or caregiver) and the health professional. It also offers opportunities for continued
assessment of barriers/challenges to behavior change. Unfortunately, educational
resources and reimbursement for continued counseling is often inadequate in the
current health care environment.

Table 2.3 identifies the six behavioral theories in this chapter and offers scripts of
questions and talking points representing each theory. Which theories and which
questions are used will vary depending on whether the aging patient is free living, in
an assisted living setting, or long-term care facility.
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Table 2.3
Practical applications of behavioral theory for nutrition interventions in older adults

Social Ecologic Theory or
Ecologic Perspective

Prior to the delivery of any effective dietary
counseling, it is necessary to have an appreciation of
the patient’s environment. Some areas to probe
might include

� The people, places, things that affect the foods
consumed. Where does the patient live and with
whom? It is helpful tohave the ages and relationships
of the people living and eating with the patient as
dietary choices may reflect others’ preferences
� The dietary preferences and customs. Completing a

simple 24-hour dietary recall or asking what a
typical breakfast, lunch, dinner, and snack the
past week included can provide a wealth of
information. It may be the patient’s diet needs
only a simple tweaking to comply with the dietary
recommendation and not a major overall. Dietary
restrictions and current nutritional therapy being
employed may or may not be apparent from the
recall. Ask what dietary regime has been
prescribed and adherence to those
recommendations the past 7 days
� Primary person(s) responsible for the purchase and

preparation of the food. If there is a person, other
than or in addition to the patient, responsible for
meals, the counseling session should include them
� Wheremeals are eaten? If a person eats all meals at

fast food places, restaurants, or community
centers, counseling instructions to purchase and
prepare meals for home is unlikely to be
accomplished. How can the dietary therapy be
tailored to fit into the patient’s current lifestyle?

Health Belief Model Have the patient verbalize what ‘‘he believes’’ his
health status to be and listen for words and phrases
that would indicate he feels that making dietary
changes would be of benefit to his health and quality
of life. Ask ‘‘If you made no changes in your dietary
habits and you continue eating with no regard for
improving your health, what will life be like for you
this time next year/in 5 years?’’ After getting
responses, flip the question to say ‘‘If you made the
dietary changes recommended as a part of the
therapy for your disease, how do you see life 3
months from now?’’ The discussion can be directed
to repeating to the patient those benefits that are
more immediately measured, i.e., lab values, blood
pressure, weight, blood sugar

(continued)
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Table 2.3
(continued)

Stages of Change Model Assess the patient’s ‘‘readiness’’ to engage in the dietary
behaviors to improve health. Counseling patients and/
or their caregivers who are at a precontemplation or
contemplation phase is very different than counseling
those who are in the action and maintenance phase
(see Table 2.1). There may be other factors that are of
higher priority to the patient than making dietary
change, i.e., financial concerns, care of a family
member, divorce, recent death of a loved one, loss of
job.

A question to ask might be ‘‘On a scale of 1–10, how
confident are you that in the next week you will be
able to prepare five of your seven dinner meals at
home?’’ One (1) being you are not at all confident you
will be able to do this and 10 being I know for sure I
can prepare five of my seven dinner meals at home.
Exploring the number given will give the counselor
information on how best to address the nutritional
therapy and plans for future counseling sessions

Social Cognitive Theory Incorporating principles such as setting goals,
breaking larger goal down to smaller more
manageable steps, and building on the success of
each step promotes self-efficacy. The patient will feel
successful and good about his ability to accomplish
goals. Information overload can and will stop the
learning and behavioral change process, decreasing
the motivation to move forward

Theory of Meaningful
Learning

Information from the educational materials and
counseling session must have meaning to the
patient. The patient should understandwhat is being
asked of her since she is ultimately the person in
charge of herself (in most cases). Use terminology
familiar to the patient and utilize information
obtained from the 24-hour dietary recall and
environmental survey to individualize the dietary
goals. Know that the patient may feel
uncomfortable asking questions or admitting a lack
of understanding

Information ProcessingModel Look and listen for understanding. Stop to ask open-
ended questions of the patient on how specific
dietary change(s) might be accomplished. ‘‘To eat
fruit in place of the candy bar for afternoon snack
will require that you have fruit readily available.’’
What do you need to do to have that fruit available?
Walking the patient through making a grocery list,
buying the fruit, and eating it for the snack is
helpful. Visualize the process with the patient
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2.6 RECOMMENDATIONS

The following recommendations reflect perspectives of well-established beha-
vioral theories:

1. Consider the patient’s environment when designing the intervention strategy. Keep
in mind the patient’s environment (who lives with the patient and who procures the
patient’s food), cultural background, and dietary preferences (Ecological
Perspective).

2. Assess the patient’s health beliefs and determine their level of motivation for a
dietary change (Health Belief Model).

3. Assess the patient’s ‘‘readiness’’ to engage in specific dietary behaviors to improve
their health (Stages of Change Model).

4. Agree on ‘‘SMART’’ (specific, measureable, attainable, realistic, time-limited) goals
that patients/caregivers feels confident they can achieve (Social Cognitive Theory).

5. After providing patients and caregivers with nutritional information, close the loop
by assessing the patient/caregiver’s understanding (Information Processing).

REFERENCES

1. McElroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health promotion

programs. Health Educ Q 1988;15:351–77.

2. Rosentock IM, Strecher VJ, Becker MH. Social learning theory and the health belief model.

Health Educ Q 1988;15:175–83.
3. Prochaska JO, DiClemente CC. Transtheoretical therapy: toward a more integrative model of

change. Psychother Theory Res Pract 2002;19:276–88.
4. Novak JD. The Promise of New Ideas and New Technology for Improving Teaching and

Learning. Cell Biol Educ 2003;2:122–32.
5. McGuire WJ. Some internal psychological factors influencing consumer choice. J Consumer Res

1976;2:302–19.

6. Theory at a Glance: A Guide for Health Promotion Practice (NIH Publication No. 97-3896), by

the National Cancer Institute, 1995. Bethesda, MD.

7. Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Engle-

wood Cliffs, NJ: Prentice-Hall.
8. Oldroyd JC, Unwin NC, White M, Imrie K, Mathers JC, Alberti KG. Randomised controlled

trial evaluating the effectiveness of behavioural interventions to modify cardiovascular risk

factors in men and women with impaired glucose tolerance outcomes at 6 moths. Diabetes Res

Clin Pract 2001;52:29–43.
9. Rollnick S, Kinnersley P, Stott N. Methods of helping patients with behaviour change. Br Med J

1993;307:188–90.
10. Lamb R, Joshi MS. The stage model and process of change in dietary fat reduction. J Hum Nutr

Diet 1996;9:43–53.

11. Miller CK, Edwards L, Kissling G, Sanville L. Nutrition education improves metabolic outcomes

among older adults with diabetes mellitus: results from a randomized controlled trial. Prev Med

2002;34:252–9.

12. Novak JD. Learning, creating, and using knowledge: concept maps as facilitative tools in schools

and corporations. Mahwah (NJ): Erlbaum, 1998.
13. Miller CK, Edwards L,KisslingG, Sanville L. Evaluation of a theory-based nutrition intervention

for older adults with diabetes mellitus. J Am Diet Assoc 2002;102:1069–74.
14. Chapman-Novakofski K, Karduck J. Improvement in knowledge, Social Cognitive Theory

variables, and movement through Stages of Change after a community-based diabetes education

program. J Am Diet Assoc 2005;105:1613–6.

30 Shikany et al.



15. Toobert DJ, Strycker LA, Glasgow RE, Barrera M, Bagdade JD. Enhancing support for health
behavior change among women at risk for heart disease: theMediterranean Lifestyle Trial. Health
Educ Res 2002;17:574–85.

16. Moos RH. Social ecological perspectives on health. In: Stone GC, Cohen F, Alder NE, editors.
Health psychology: a handbook. San Francisco: Jossey Bass; 1979. p. 523–47.

17. Stokols D. Translating social ecological theory into guidelines for community health promotion.
Am J Health Prom 1996;10:282–98.

18. Toobert DJ, Strycker LA, Glasgow RE, Barrera M, Angell K. Effects of the Mediterranean
Lifestyle Program onmultiple risk behaviors and psychosocial outcomes amongwomen at risk for
heart disease. Ann Behav Med 2005;29:128–37.

19. Toobert DJ, GlasgowRE, Strycker LA, BarreraM,Ritzwoller DP,Weidner G. Long-term effects
of the Mediterranean Lifestyle Program: a randomized clinical trial for postmenopausal women
with type 2 diabetes. Int J Behav Nutr Phys Activ 2007;4:1.

20. Miura SI, Yamaguchi Y, Urata H, Himeshima Y, Otsuka N, Tomita S, Yamatsu K, Nishida S,
Saku K. Efficacy of a multicomponent program (patient-centered assessment and counseling for
exercise plus nutrition [PACE + Japan] for lifestyle modification in patients with essential

hypertension. Hypertens Res 2004;27:859–64.
21. Rankins J, Sampson W, Brown B, Jenkins-Salley T. Dietary Approaches to Stop Hypertension

(DASH) intervention reduces blood pressure among hypertensive African American patients in a
neighborhood health care center. J Nutr Educ Behav 2005;37:259–64.

22. Baranowski T, Perry CL, Parcel GS. How individuals, environments, and health interact. In:
Glanz K, Lewis FM, Rimer BK, editors. Health behavior and health education: theory, research
and practice. 2nd ed. San Francisco: Jossey Bass; 1997. p. 153–78.

23. Sethares KA, Elliott K. The effect of a tailored message intervention on heart failure readmission
rates, quality of life, and benefit and barrier beliefs in persons with heart failure. Heart Lung
2004;33:249–60.

24. Maiman LA, BeckerMH. TheHeath BeliefModel: origins and correlates in psychological theory.
In: Becker MH, editor. The Health Belief Model: personal health behavior. Thorofare (NJ):
Charles Slack; 1974. p. 9–26.

25. Greene GW, Rossi SR, Reed GR, Willey C, Prochaska JO. Stages of change for reducing dietary
fat to 30% of energy or less. J Am Diet Assoc 1994;94:1105–10.

26. Curry SJ, Kristal AR, BowenDJ. An application of the stage model of behavior change to dietary
fat reduction. Health Educ Res 1992;7:97–105.

27. Nasser R, Cook SL, Dorsch KD, Haennel. Comparison of two nutrition education approaches to
reduce dietary fat intake and serum lipids reveals registered dietitians are effective at disseminating
information regardless of the educational approach. J Am Diet Assoc 2006;106:850–9.

28. van der Veen J, Bakx C, van den Hoogen H, Verheijden M, van Denbosch W, van Weel C, van
Staveren W. Stage-matched nutrition guidance for patients at elevated risk for cardiovascular
disease: a randomized intervention study in family practice. J Fam Pract 2002;51:751–8.

29. Horwath CC. Applying the transtheoretical model to eating behaviour change: challenges and
opportunities. Nutr Res Rev 1999;12:281–317.

30. Prochaska JO, DiClemente CC. In search of how people change: applications to addictive
behaviors. Am Psychol 1992;47:1102–14.

31. Manios Y, Moschonis G, Katsaroli I, Grammatikaki E, and Tanagra S. Changes in diet quality
score, macro and micronutrients intake following a nutrition education intervention in postme-
nopausal women. J Hum Nutr Diet 2007;20:126–31.

32. Janz NK, Becker MH. The Health Belief Model: a decade later. Health Educ Q 1984;11:1–47.

Chapter 2 / Behavioral Theories Applied to Nutritional Therapies 31



3 Global Graying, Nutrition, and Disease
Prevention: An Update on China
and Future Priorities

Yanfang Wang and Connie Watkins Bales

Key Points

� In accompaniment with a rapidly increasing proportion of older adults (global
graying), the worldwide trend is toward illness and death due to chronic diseases
rather than infectious ones.

� China has one of the most rapidly ‘‘graying’’ populations of any country in the world
and is, at the same time, progressing toward a wealthier economy.

� With its growing affluence, the Chinese population has also begun to experience
dramatic increases in the incidence and prevalence of diet-related chronic diseases,
highlighting the critical need for behavioral interventions for the diseases of old age
that may be modulated by nutrition.

� One of the most effective strategies for promoting global health would be one that
guides countries that are emerging to a more affluent status toward healthy diet and
exercise patterns.

Key Words: Global health; preventive nutrition; China; chronic disease

3.1 INTRODUCTION TO THE CHALLENGE

The challenge of the ‘‘graying globe’’ is unique for each country and yet
common to all. As illustrated in Fig. 3.1 and Table 3.1, dramatic increases in
the number and proportion of older adults are already occurring in both
developed and developing countries; a continuation of these trends is expected
for several more decades. Over the past 50 years, the (absolute) number of older
persons has tripled and will more than triple again over the next half century
(1). Figure 3.1 also shows the overall trend downward in total population
growth due to declining fertility rates in many parts of the world. The fertility
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Fig. 3.1. Average annual percent growth of elderly population in developed and developing
countries.
Source: United Nations, 1999, as published in An Aging World 2001: International Population
Report. Issued November 2001. http://www.census.gov/prod/2001pubs/p95-01-1.pdf accessed
7.24.08.

Table 3.1
Number and percent of world and regional populations aged � 60 years in 1950, 2000,
and 2005

Region 1950 2000 2050

World n 205,475 605,785 1,963,767

percent 8 10 21

More developed regions n 95,473 231,442 395,106

percent 12 19 34

Less developed regions n 110,003 374,343 1,568,660

percent 6 8 19

Least developed regions n 10,733 32,167 173,222

percent 5 5 10

Source: United Nations (2001). World Population Prospects: The 2000 Revision, vol. 1.
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rate is below replacement level in almost all industrialized nations. Coupled
with the continued increases in life expectancy (see next section), this accounts
for the rapid increase in the proportion of the world’s population made up by
older cohorts, i.e., the ‘‘graying’’ of the globe. The shift toward a predomi-
nantly older population is taking place along with the phenomenon of the
world ‘‘becoming smaller’’. Advances in technology that provide worldwide
real time communication are helping citizens of the world to understand that
our future economies, ecologies, and health-related qualities of life will be
increasingly intertwined. Thus the status of public health at the global level
will be a major determinant of quality of life for all older adults in the decades
to come.

Because international trade of food commodities, produce, and manufactured
food products—as well as global proliferation of restaurant chains—is increas-
ingly ‘‘blending’’ our food supplies and food habits, positive dietary interven-
tions have the potential to produce marked improvements in health scenarios
for older adults on a global scale. Such interventions could reduce health care
needs and costs and enhance the future quality of life for the elder citizens of
the world. The flip side of this coin could be catastrophically problematic and
expensive. If societies do not learn from past mistakes with regards to the effects
of detrimental dietary patterns on health, the countries now emerging to a more
economically advantaged status (including China) are at risk of a disappointing
and costly repetition of the diet-related health problems seen in many developed
countries during the 20th century.

3.2 GLOBAL LIFE EXPECTANCY TRENDS

As noted in Table 3.1, by 2050 the proportion of the population that will be aged
>60 years will be 21% globally, with regional proportions ranging from 10 to 34%.
One important component of the global demographic transition is the continued
increase in human life expectancy. Expected survival rates obviously vary depend-
ing upon the region of the world but all are generally increasing; Fig. 3.2 illustrates
the years of life expectancy in the past and future for developed versus developing
regions of the world.

During the first half of the last century, the increases in life expectancy were
mainly attributable to improvements in the standard of living, public health
initiatives, and immunization efforts that reduced the number of deaths due to
infectious disease. These kinds of improvements may still benefit life expectancy
in the developing world. But in developed and emerging countries, increases in
life expectancy will mainly be due to changes in rates and severity of the major
chronic diseases. In addition to impacting the years of survival, these factors will
also strongly influence the health-related quality of life experienced by older
adults. Thus, an important component of total life expectancy is the ‘‘healthy
life expectancy’’, which is defined by the World Health Organization (WHO) as
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the ‘‘average number of years that a person can expect to live in full health’’
(2). One of the main goals of nutritional intervention is to maximize the years
of healthy life expectancy.

Overall, women experience a considerable survival advantage over men. Thus
women do and will continue to make up a substantial majority of the older
population. Figure 3.3 illustrates the predicted increases in life expectancy for
women in some representative countries. It should be noted, however, that this
is not a universal pattern with regards to healthy years. Figure 3.4 illustrates the
gender differentials in healthy life expectancy in a sampling of 23 countries of
the world. At the two ends of the extremes of gender survival differentials are
Russia, where men are affected by major illness or injury 11 years before
women, and Qatar, where men have an average of 2.9 healthy years more
than women.
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3.3 PROFILE OF GLOBAL MORTALITY AND MORBIDITY CAUSES

Other than for deaths associated with HIV/AIDS, the causes for mortality on a
global scale are increasingly chronic diseases rather than infectious ones (see Fig. 3.5),
although differences do remain as determined by economic resources. The leading three
causes of death are: for high-income countries—coronary heart disease (CHD), stroke,
and cancers of the lung; for middle-income nations—CHD, stroke, and chronic
obstructive pulmonary disease; and for low-income countries—CHD, lower respira-
tory infections andHIV/AIDS (3). CHD is the most prevalent cause of morbidity and
mortality overall, accounting for one-third of deaths globally. It is followed closely by
stroke and cerebrovascular disease in high- and middle-income countries.
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Worldwide, close to 25 million individuals are living with cancer, with the
eight most common being cancers of the lung, breast, colon and rectum,
stomach, prostate, liver, cervix, and esophagus (4). In association with rapidly
increasing rates of obesity, the burden of type 2 diabetes (T2D) is also a heavy
one, especially in older adults. The number of cases of T2D has increased so
rapidly during the past two decades that the term ‘‘diabesity’’ has been coined
to describe the concomitant epidemic of T2D and obesity (5). A summary of
findings from 13 European countries showed T2D prevalence rates of 16, 23,
and 19% in men aged 60–69 years, 70–79 years, and 80–89 years, and 16, 27,
and 43% in women of similar age groups, respectively. Between the survey
years of 1994–1995 and 2003–2004, the annual incidence of T2D in the US
population aged > 65 years increased by 23%, with an increase in prevalence
of 62% (6).

Fig. 3.4. Differences in healthy life expectancy by gender. Used with permission (2).
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3.4 INTERACTIONS OF HEALTH BEHAVIORS WITH EXPECTED
MORBIDITY AND MORTALITY

Some risk factors for chronic disease are non-modifiable, including genetic
propensities and environmental exposures in earlier life. But, as illustrated in
Fig. 3.6, lifestyle influences (especially diet and physical activity) play a critical
role as intermediate determinants of risks for most of the leading causes of illness
and death. This emphasizes the potential for prudent dietary patterns to influence
the incidence of chronic disease and thus the length of healthy life expectancy.

When developing countries experience rapid economic growth, the associated
changes in nutritional status of the population are not always fully positive. While
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the incidence of frank malnutrition is definitely lessened, there is often an increase in
intake of nutrient-poor, energy-rich foods. Industries that produce, process, and man-
ufacture foods, as well as the culinary/food service industries, ‘‘respond to mankind’s
inherent demand for sugary, salty and fatty foods’’ (7) by making access to them easy
and affordable. In addition to dietary changes, life styles tend to transition to be less
active and more sedentary as societies become more urban and wealthier.

Foods of high energy density can serve a valuable purpose when food
supplies are short and demand great (e.g., famine, disaster relief rations). But
in times of relative plenty, predominant consumption of such foods is strongly
disadvantageous to health, especially when coupled with a sedentary activity
pattern. This unhealthy lifestyle transition is being observed in emerging coun-
tries on a worldwide scale. An example of how Western influences might have a
detrimental effect on global dietary patterns is found in a new approach known
as ‘‘glocalization’’. This approach is being test marketed by Yum Brands (a
company based in Louisville, KY, that also owns Kentucky Fried Chicken,
Pizza Hut, and Taco Bell). Via the restaurant franchise ‘‘East Dawning’’, the
company is successfully marketing ‘‘fast Chinese food’’ to Chinese consumers.
The company is also testing the same approach with ‘‘fast Mexican food’’ in
Mexico (7). Such marketing of high calorie, inexpensive and tasty foods—even
when the food served mimics local cuisines—can lead to a dramatic change in
diet and, potentially, a burgeoning problem of chronic disease associated with
excess consumption of calories, fat, and sodium.

3.5 CROSS-CULTURAL ISSUES: FOCUS ON CHINA

The unique characteristics of the living environment, including socioeconomic
factors, lifestyle and dietary habits, are known determinants of ‘‘successful aging’’ in
all societies. Cross-cultural examinations can provide unique perspectives on
population aging by demonstrating how functional impairment, morbidity, and
mortality are variably influenced by the cultural, socioeconomic, and physical
environments. In some cases, differences in health and nutritional status may be
due more to environmental and lifestyle factors that occur over the entire life span
of the individual than to variations in the underlying physiological mechanisms
associated with morbid and functional change (8). Therefore, the impact of envir-
onmental determinants including socioeconomic factors, lifestyle, and dietary
habits is an important consideration.

The following sections describe the dramatic speed of population aging in
China, the transition in dietary habits and nutritional status that has developed
during its economic strengthening, the potential interaction of these changes
with aging, the impact of population aging on the public health and social
system, and the response of the country to its future problems. New study
results, including those from the 2002 National Health and Nutrition Survey,
have become available, enabling us to update information on the general and
older Chinese populations and to extend the implications for future aging
concerns across cultures.
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3.6 CHINA: UPDATE ON TRANSITIONS IN DIET AND DISEASE
PATTERNS

3.6.1 Changes in Dietary Patterns

As previously noted, emerging nations experience a dramatic transition in diet and
other lifestyle behaviors due to increased industrialization, urbanization, economic
development, and market globalization. These processes of modernization and eco-
nomic transition ultimately result in an improved standard of living. However, the
shift from the traditional to a more Westernized diet may also have produced
significant negative consequences in China. Age-group-specific dietary information
from the 2002 China National Nutrition Survey is not available at the time of this
writing; however, we can examine the overall population trends of dietary patterns
among adults (which have recently become available) to help provide some update on
changes relevant for older Chinese (see Table 3.2). Figure 3.7 demonstrates changes in
the intake of meat, poultry, and seafood from 1982 to 2002, as observed from three
national nutrition surveys. The average intake of meat and poultry increased 68%
and more than 200% for urban and rural areas, respectively, over the past 30 years.
The intake of seafood doubled in urban areas and tripled in rural areas during the
same period. In contrast, total energy intake from grain sources decreased steadily in
both urban and rural areas, from 70 and 80% of total daily energy intake in 1982 to
47%and 61% in 2002, respectively (Fig. 3.8a).Meanwhile, energy consumption from
fat increased 32% in both urban and rural areas of China (Fig. 3.8b). Specifically, in
2002, fat accounted formore than 35%of total calories in urban areas, reaching up to
38% of total kcal in large cities like Beijing and Shanghai.

Fifteen years ago, Popkin et al. (9) reported strong evidence that the dietary
pattern of the Chinese population was rapidly changing toward the typical high-fat,

Table 3.2
Intakes (g/day) by food group in China for the years 1982, 1992, and 2002

1982 1992 2002

Grains 509.7 439.9 402.1

Dry bean 8.9 3.3 4.2

Bean products 4.5 7.9 11.8

Vegetables 316.1 310.3 276.2

Fruits 37.4 49.2 45.0

Nuts 2.2 3.1 3.8

Meat 34.2 58.9 78.6

Milk and its products 8.1 14.9 45.0

Egg and its products 7.3 16.0 23.7

Fish and other seafood 11.1 27.5 29.6

Cooking oil 12.9 22.4 32.9

Animal fat 5.3 7.1 8.7

Salt 12.7 13.9 12.0

Source: 1982, 1992, and 2002 China National Nutrition Survey.
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high-sugar diet of the West. The authors also indicated that higher income levels,
particularly in urban areas, were associated with consumption of such a diet and the
ensuing problem of obesity. Even today, there remains a large differential in animal
food/fat intake between urban and rural populations and across regions of varying
levels of economic development. However, as economic improvements proliferate
and reach more rural areas, the predictions by Popkin et al. (9) can increasingly be
applied to rural populations. Indeed, rural regions have begun following the trend
of their urban peers in the transition of dietary and disease patterns.

3.6.2 Changes in Disease Patterns and Prevalences

As already emphasized, diet-related diseases (e.g., obesity, T2D, CHD, hyperten-
sion, stroke, and certain cancers) are significant causes of disability and premature
death in both developing and newly developed countries (10). In China, as in many
other emerging countries, such diseases are replacing more traditional public health
concerns such as malnutrition and infectious disease. This phenomenon has been
widely demonstrated in Western societies and is likely to occur in many emerging
countries, including China, as they continue to gain economic strength (11).
Although nutritional deficiency and infectious diseases have not been eradicated,
these conditions are now largely confined to certain economic and age groups
within particular regions of the country.

The overall mortality in China has declined from 20 per thousand in the early
1950s to 6.8 per thousand in 2006 (12). Communicable diseases that caused about
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8% of deaths in 1957 have been largely reduced, while chronic diseases are now
considered a major cause of death. A large, international collaborative study found
heart disease (23%), cancer (22%), and cerebrovascular (21%) diseases to top the
list of the leading causes of death for the total population of China. Pneumonia and
influenza (3.2%), infectious disease (3.1%), accidents (2.8%), COPD (1.8%),
chronic liver disease (1.5%), diabetes (1.5%), and kidney disease (1.4%) rounded
out the list of causes of mortality (13).

3.6.2.1 OBESITY

Dietary energy and fat intakes are known to be positively and significantly associated
with body mass index (BMI: note that Asian BMI criteria are overweight¼ OW : BMI
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(Chinese). Beijing, China: People’s Publishing House; 2005 (30).
For 1992 data: from 1992 national nutrition survey: Ge K. Editor, The Dietary and Nutritional
Status of Chinese Population: 1992 National Nutritional Survey. People’s Medical Publishing
House, Beijing China, 1996.
For 1982 data: Report on 1982 National Nutritional Survey. Institute of Nutrition and Food
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24.0–27.9 and obesity ¼ OB : BMI > 28.0) in the Chinese population. Although the
prevalence is still much lower in China than in Western societies and other developing
countries, a 10 year increase of 84%and 38%, forOWandOB, respectively (Fig. 3.9), is
a potential forerunner of OB-associated chronic diseases and a subsequent public health
burden (14,15). Rates of OW/OB are generally higher in urban than rural areas, but
Zhang et al. (16) recently reported an 18.6% prevalence of OW in a rural Chinese
population. Zhao et al. used the third (2002) National Health Services Survey to assess
directmedical costs attributable toOW/OB inMainlandChina and estimated the figure
to be about 21.11 billion Yuan (approximately US $2.74 billion) (17).

3.6.2.2 HYPERTENSION

Hypertension, a major risk factor for stroke, accounts for 11.7% of the total
mortality in the Chinese population and does not vary substantially by gender,
extent of urbanization, or geographic region (13). The prevalence of hypertension
has been increasing in China in recent decades, whereas rates of awareness, treat-
ment, and control remain unacceptably low (18). Figure 3.10 shows that the
prevalence of hypertension has increased 3.5 times from 1959 to 2002 in a steady
fashion. Considering the large total population of the country, this increase has
already created a huge burden for public health and with especially immense effects
in the older population.

3.6.2.3 TYPE 2 DIABETES (T2D)

In recent years, the prevalence of T2D, which is closely associated with high-risk
dietary behaviors andOW/OB issues, has spread nationwide; this is particularly true in
the urban population. In the last review of T2D prevalence, we reported an increase by
fivefold between 1995 and 1982 (19). The overall prevalence of T2D inChina is now at
an all time high, with increases of 39 and 15% reported for large and middle-sized
Chinese urban cities, respectively, between 1996 and 2002 (Fig. 3.11) (20).
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3.7 RAPID GROWTH OF THE ELDERLY POPULATION IN CHINA

3.7.1 Prolonged Life and Changes of Population Structure

China has been experiencing an extraordinarily rapid age structure transition since
the 1980s. The dramatic fertility decline and improved longevity over the past four
decades are causing China’s population to age at one of the fastest rates ever recorded
(21). Increases in average life expectancy contribute to this, as well as the implementa-
tion of family planning. The one-child policy has markedly slowed population growth;
the crude birth rate declined from 33.43 per thousand in 1970 to 22.28 per thousand in
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1982 (18), then continuously decreased to 15.23 per thousand in 1999 (19), and to 12.3
per thousand by 2004. The annual growth rate of the population has also consistently
declined from 25.83 per thousand in the 1970s to 5.87 per thousand in 2004 (22).

Just 30 years ago the country was concerned that it had too many children to
support, but today the country is facing the opposite problem—there are now too
few young people to provide for such a rapidly aging population. Figure 3.12
presents the most recent population pyramids for China, which show the projected
change of population structure between 2000 and 2050. As reported by the State
Bureau of Statistics (22), the population aged > 65 years exceeded 100 million in
China in 2005, accounting for 7.7% of the total population and an increase of 3%
from 2000 (Table 3.3). The growth of the elderly population in China is faster than
the overall growth of the total population. The average annual increase of total
population for those aged 65+ and 80+ was 2.68 and 4.67% from 2000 to 2005,
compared to 0.63% for total population growth during the same span (23).

20502000

Fig. 3.12. Population pyramids for China: 2000 and 2050.
Source: World Population Prospects: The 2004 Revision (2005).

Table 3.3
Size and proportion of the elderly population in China by year 2000–2005

Year-end figure in millions

Year
Total

population
Elderly population

(65+)
Proportion of elderly population

(%)

2000 1267.43 88.11 7

2001 1276.27 90.62 7.1

2002 1284.53 93.77 7.3

2003 1292.27 96.92 7.5

2004 1299.88 98.57 7.6

2005 1307.56 100.55 7.7

Source: Feng N, Xiao N. 23rd Population Census Conference, Christchurch, New Zealand (23).
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China is considered by Western standards to be a youthful country, with the
elderly constituting only a moderate percentage of population. However, with a
population of 1.3 billion, of which 7.8% is aged > 65 years, China has a larger
total number of people aged > 65 years than in all European countries com-
bined. In addition, the trend of population aging in large urban cities is much
faster than in small cities and rural areas. For example, in 2004, the percent of
people in Shanghai and Beijing aged > 65 years had already exceeded 15 and
10%, respectively (22).

3.7.2 Nutritional Status and Health Behaviors of Chinese Older Adults

The previously reviewed changes in Chinese dietary patterns have important
implications for health and the prevalence of chronic disease for those currently
aged and those entering this demographic group in the near future.With an increase
in prevalence of OW and OB of the middle-aged population, it is predicted that
related chronic health conditions, including CHD, T2D, and cancer, will affect an
unprecedented number of older people. On a more positive note, the prevalence of
malnutrition has consistently declined in all populations of China, particularly
within the category of those aged > 60 years, although there is still a disparity
between urban and rural residents. The prevalence of malnutrition decreased from
9.0 and 20.3% in 1992 to 5.4 and 14.9% in 2002 for urban and rural populations,
respectively.

3.7.2.1 CIGARETTE SMOKING

Because health behaviors often cluster, we examined other important lifestyle
factors to help gauge the current trends of adherence to prudent versus poor
choices, looking at rates of smoking and alcohol use and physical activity patterns
overall and in older adults. China has the largest number of cigarette smokers of any
country in the world. As reported in the 2002 China National Health and Nutrition
Survey, more than 50% of men aged 15 and above currently smoke, while fewer
than 3% women of the same age group are smokers. About 62.5%men aged 50–54
are smokers (Fig. 3.13a), and 40% of those aged 75 and older report smoking. The
overall smoking rate for people 15 years and older was higher in the rural (37.8%)
than in the urban population (29.5%) in 2002, while the percentages were 39.2 and
34.5%, respectively, in 1996. Thus the smoking rate has slightly decreased in recent
years, but most of the reductionwas in urban rather than in rural areas (24). A 2005
report indicated that cigarette smoking was responsible for 7.9% of the total
mortality in China; not surprisingly, the estimated risk was higher among men
than women (13). With the high prevalence of smoking in China, lung cancer has
consistently increased as a cause of mortality, moving from the 4th leading cause of
death (in the 1970s) to the No. 1 leading cause of death among all cancers in the
Chinese population in 2000. From 2000 to 2005, the incidence of lung cancer
continued to increase, from 43.0 to 49.0 per 100,000 in males, and from 19.1 to
22.9 per 100,000 in females, increases of 14 and 20%, respectively (25). Elevated
mortality risks from all causes were observed for current smokers of both sexes in a
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3-year longitudinal study of 2,030 Hong Kong Chinese subjects aged >70 years,
indicating that the effect of smoking on health is still apparent at older ages (26),
and thus smoking cessation would be beneficial even at advanced ages.

3.7.2.2 ALCOHOL CONSUMPTION

Figure 3.13 b shows the proportion of Chinese who regularly consume alcohol
(mainly liquor with 40–60% alcohol content). About 40% of men and 4.5% of
women reported regularly drinking alcohol; men aged 50–54 showed the highest
percent of alcohol use (48.4%). Alcohol use also appeared to decrease with age, and
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Fig. 3.13. a: Percentage of smokers in the population by age and gender. b: Percentage of alcohol
drinkers in the population by age and gender.
Source: Ma G, Kung L. Behavior and Lifestyle People’s Publishing House: Beijing, China,
2006 (27).
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urban residents had slightly lower consumption rates than rural residents (27). In
recent decades, increase in alcohol consumption and related problems in China have
become significant. While alcohol is a traditional part of Chinese life, commercial
alcohol production in China has increased more than 50-fold per capita since 1952
(Fig. 3.14). Evidence suggests that people living in Northern China have higher
levels of alcohol consumption than those in the south, that urban residents drink
lower-strength beverages than do rural residents, and that some minority ethnic
groups, such as those of Tibetan and Mongolian background, drink more than
other ethnic groups (28). Evidence also indicates a marked increase in the preva-
lence of alcohol dependence, which has become the third most prevalent mental
illness in China (29).

3.7.2.3 PHYSICAL ACTIVITY BEHAVIORS

He et al. (13) linked physical inactivity with 6.8% of the total mortality in China,
with the estimated risk of death being slightly higher among men than women and
among urban residents than rural residents (especially among women). However,
Chinese elderly are living quite actively in general, as most people over the age of 60
years do not own a car or drive. People who still work must walk to take a bus/
subway/train or ride a bike to go to the work place, while many elderly people take
care of their grandchildren, the housework, and daily grocery shopping and exercise
every day after retiring from work. Moreover, as illustrated in Fig. 3.15, participa-
tion in organized programs of physical activity is quite common in the older Chinese
community. Findings from the 2002 China National Health and Nutrition Survey
indicated that those who participate in regular exercise were mostly those aged 50
and older (Table 3.4). About 9% men and 10% women aged 50–54 reported
participating in regular exercise, with the most active group (21%) being men
aged 70–74 (older age groups showed a decrease in activity). For women, the highest

Fig. 3.14. Adult consumption of alcohol in China (per capita) from 1961 to 2001.
Source: FAO (Food and Agriculture Organization of the United Nations), World Drink
Trends 2003.
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percent (17%) participating exercise was observed for those aged 65–69. A very
large proportion of elderly people reported participating in exercise more than
3 times each week. Table 3.5 shows self-reported physical activity levels for men
and women aged 50 and over who exercise regularly. There were more than 50% of
men and 43% of women aged 50–54 who reported heavy physical activity levels,
although the number declined with age (27).

Fig. 3.15. Organized physical activity for older adults is common in Chinese communities. Here,
in the ‘‘Temple of Heaven Park’’ in Beijing, older adults (aged around 50 years and up, the typical
age for retirement in China) gather daily to participate in a variety of group activities.

Table 3.4
Percent of Chinese adults (aged > 50 years) who exercise regularly

Age group Men (%) Women (%)

50– 9.2 10.0

55– 13.2 13.9

60– 17.6 17.3

65– 20.5 17.3

70– 21.2 13.9

75– 17.4 9.5

Source: 2002 China National Nutrition Survey.
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In summary, lifestyle choices in China continue to be shaped more by traditional
parameters rather than any newly instituted efforts to pursue healthier behaviors.
Thus, while the negative risk factors of smoking and heavy alcohol use are continu-
ing or increasing, the tradition of physical activity also continues as an important
positive determinant of health.

3.7.3 Causes of Death, Illness, and Disability in Older Chinese Adults

3.7.3.1 LEADING CAUSES OF DEATH

Age is an important risk factor for all degenerative diseases, along with factors of
changing lifestyles and dietary patterns. Similar to the general population, the leading
causes of death in older Chinese are also dominated by chronic diseases. CHD,
stroke, and cancer are shown to be the top three causes of death for people aged
65+, ranking 8.1, 6.5, and 2.9 times higher than in those aged <65 (Fig. 3.16) (13).

Table 3.5
Physical activity levels of Chinese adults (aged > 50 years) who exercise regularly

Age group

Men (%) Women (%)

Light Moderate Heavy Light Moderate Heavy

50– 27.7 16.3 56.0 41.2 16.0 42.8

55– 35.0 14.8 50.0 50.5 14.0 35.5

60– 45.6 12.4 42.0 58.5 15.2 26.3

65– 51.7 13.9 34.4 65.8 14.7 19.6

70– 64.6 12.0 23.4 76.3 12.2 11.6

75– 76.9 8.4 14.7 86.4 7.4 6.5

Source: 2002 China National Nutrition Survey.
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The prevalence of certain chronic health problems is shown in Table 3.6, for both
urban and rural male and female populations. T2D, obesity, and high total choles-
terol are 1.9-, 1.5-, and 1.3-fold higher in urban compared to rural areas for the older
age group, with a similar regional pattern observed in the younger age group.Women
have a higher occurrence of all diseases than men in both age groups (30).

3.7.3.2 SPECIAL CONCERNS ABOUT ALZHEIMER’S DISEASE AND QUALITY OF LIFE

For a country with an already large and rapidly growing proportion of elderly, the
increasing prevalence of Alzheimer’s disease (AD) is a major health issue affecting
nutritional andoverall quality of life.WhileAD is unfamiliar tomost people inChina, a
recent survey by the Peking Union Medical College Hospital of 34,807 people aged >
55 years from Beijing, Xian, Shanghai, and Chengdu revealed that China had 3.1
millionAlzheimer’s patients, accounting for 5.9%of the population above age 55 years.
The death rate due to Alzheimer’s disease was 14.4 out of 100 affected persons per year
in China, similar to findings for Japan, England, and the United States (31). AD was
more common in northern than southern China and in women than men.

Due to poor understanding of this disease, AD has been largely ignored by the
Chinese public. The Peking Union Medical College Hospital study also found that
only 23.3% of China’s AD patients sought medical advice, with 21.3% ultimately
receiving medical treatment (31). About 48.8% of the study participants believed
that the disease was a normal part of aging and nearly 96% of the people who took
care of AD patients had never received any form of standard training.

3.7.3.3 OTHER RISK FACTORS FOR POOR HEALTH-RELATED QUALITY OF LIFE

Other health problems such as arthritis, hearing loss, dental disease, gastroin-
testinal conditions, liver disease, and various disabilities may also interact with the

Table 3.6
Percentage of Chinese adults with chronic health problems by age cohort

Total Men Women Urban Rural

Age 45–59 years

Overweight 29.0 26.3 31.4 37.4 25.8

Obesity 10.2 7.2 12.9 15.1 8.4

Hypertension 29.3 28.6 30.0 32.8 28.0

Diabetes 4.3 3.4 4.6 7.8 3.0

High cholesterol 4.7 4.0 5.4 7.0 3.9

High triglyceride 15.7 16.1 15.5 20.4 13.9

Age > 60 years

Overweight 24.3 23.5 25.2 37.2 19.5

Obesity 8.9 6.6 11.2 16.0 6.2

Hypertension 49.1 48.1 52.0 54.4 47.2

Diabetes 6.8 6.5 7.1 13.1 4.41

High cholesterol 6.1 4.0 8.3 10.6 4.5

High triglyceride 14.8 11.8 17.7 20.5 12.6

Source: 2002 China National Health and Nutrition Survey.
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need for dietary and other long-term care services for elderly Chinese individuals.
Psychological changes, especially depression, may also influence the nutritional and
health status of some Chinese elderly; unfortunately, these changes have yet to be
adequately studied in China.

3.8 TRADITIONAL VIEWS OF AGING IN CHINA: A POSITIVE
MODEL BUT CONCERNS FOR THE FUTURE

The health- and nutrition-related issues of concern in China’s aging population
must be considered within the context of the traditional position held by the elderly in
Chinese society (32). In comparison to Western culture, Chinese culture values the
benefits of old age to a much greater extent. Respect for older people is a generally
ingrained and pervasive value of the Chinese. In the traditional Chinese family
structure, age is considered to be a key determinant of authority, and therefore,
elderly family members hold a particularly high status (33). While increases in
educational opportunities andmodern technology in urban areas have given younger
Chinese greater status in today’s society, older citizens continue to command a high
degree of respect. In addition, the traditional patterns of interdependence between
generations have largely beenmaintained (34). The position of aged adults is defined
by the Constitution of 1982: ‘‘Children who have come of age have the duty to
support and assist their parents’’ (35). The newly updated Marriage Law of 2001
also embraces this commitment and further stipulates that ‘‘when children fail to
perform the duty of supporting their parents, parents who have lost the ability to
work or have difficulties in providing for themselves have the right to demand that
their children pay for their support’’ (36). The Family Law essentially works to make
the tradition of family care obligatory for all. Those who do not care for their older
parents might thus be criticized or even penalized (34).

In the present day Chinese family, the elderly have very close relationships
with their children; most older people do not live alone, especially in rural areas.
Thus many elderly Chinese adults depend on support from spouses and children
for financial, emotional, and physical aid (37). The level of respect for and
close family relations of older people in China very likely has a positive impact
on their health and nutritional status. Foreman et al. (38) studied the relation-
ship between ‘‘social support’’ (including marriage, family size, proximity, and
relationship) and the use of health services in a group of Chinese elderly in
Beijing. This study indicated that the ‘‘structural’’ social support of marriage
and children in the home results in a variegated pattern of increased physician
use (due to increased access) but diminished hospitalization. Feelings of self-
worth and respect were thought to increase access to and use of physician
services. ‘‘Functional’’ social support, such as respect and harmony (filial
piety) also contributed to an increased usage of health care services, while
household harmony was related to lower use. In this case, care provided by
family members probably substituted for hospital care.

While the traditional model of family care has greatly benefited the health of
older adults, it will undoubtedly soon be altered due to the recent changes in
socioeconomic, educational, and cultural aspects of Chinese society. Changes
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within family context and structure that inevitably accompany fertility reduction
and the increasing life expectancy, along with an increasing working pressure on
only children and the fact that many youth are choosing to seek a brighter
future outside their impoverished hometowns will all contribute to this change.
At the same time, the living arrangements of older people in China remain
greatly dependent on the family. There is a relatively high pension coverage rate
of 35.3% for urban workers. However, China’s pension system provides low
coverage rate for rural farmers (39). According to the ‘‘China Urban and Rural
Elderly Survey’’, in 2000 about 7% of rural people aged > 60 years received
pension benefits or social old age insurance, whereas 85% relied on family
support. Other reported estimates of rural pension coverage are only slightly
higher (9–11%). (40) Overall, only 22% of elderly Chinese receive retirement
pension, while 52% still rely on filial relations for economic support. In 2005,
45.5% of urban elderly versus 4.6% of rural elderly lived on retirement pen-
sions. Accordingly, for those living in rural areas family dependency for eco-
nomic support was 65.2% (Table 3.7) (23). Such huge regional disparities in
pension coverage dictate that rural elders are more dependent on their children
or relatives, and in turn, their health in later life is not protected by any
government program and likely more problematic for themselves and their
families.

China is currently in the process of developing the largest pension system in the
world to accommodate a rapidly aging society within a rapidly growing, but still
under-developed economy. However, in the transition from a planned toward a
‘‘socialist market’’ economy, the complex interactions between numerous challenges
such as the urban–rural divide, growing economic inequality, and the ongoing
reform of formerly state-owned enterprises make an incremental approach increas-
ingly difficult (41). Thus in the near future for China, while family care continues to
be viewed as the ‘‘best option,’’ there may be dramatically challenging burdens felt
by the child or children in a family. This is an almost inevitable consequence of a
strict (one-child) population policy and increasing longevity in China. Concerns
about this issue were poignantly emphasized when the earthquake of May, 2008,
devastated a large segment of rural China. Many victims were children who died in
the collapse of their classrooms. Thus many families lost their only child and future
caregiver in this tragedy (42). The country now faces the challenge of how to
balance the traditional provision of care to the elderly and the available social
support of a modern society.

Table 3.7
Major sources of income for urban and rural Chinese elderly

Order Urban Percent Order Rural Percent

1 Pensions 45.5 1 Family dependency 65.0

2 Family dependency 41.3 2 Income from work 26.0

3 Income from work 8.2 3 Pensions 4.6

Source: Feng N, Xiao N. 23rd Population Census Conference, Christchurch, New Zealand (23).
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3.9 COMING CHALLENGES FOR SOCIAL SERVICES
AND THE HEALTH CARE SYSTEM IN CHINA

3.9.1 Medical and Economic Impact of a Graying Population

Aswe have seen in the preceding sections, the percentage of elderly persons inChina is
rapidly expanding (will triple from8 to 24percent between 2006 and2050), there has been
a steady increase in chronic disease associated with modifiable risk factors such as
smoking and high-fat/high-calorie diets, and age-related health problems are increasingly
prevalent. Chronic diseases (heart disease, cancer, and stroke) already account for as
much as 60% of all deaths in China (13). As China exceeds the ability of the traditional
family approach to meet the health and long-term care needs of this growing elderly
population, soaring health care costs will undoubtedly result. Unfortunately, the size of
the working-age population (who bear much of the health care cost burden) is simulta-
neously shrinking. The elderly support ratio, defined as the number of working-age adults
(ages 15–64 years) per number of elderly (age 65 years and above), is projected to decline
drastically, from 9 persons to 2.5 persons by 2050 (43). This is in contrast to the growth
of the elderly populations in more developed countries, which has not been as drastic,
allowing those nations more time to adjust to this structural change. For example, the
United States experienced a doubling of the aged population over a span of 45 years
(1930–1975), while that of China is predicted to double (from 7 to 14%) within 26 years
(2000–2026) (44,45). China is already feeling the economic impact of her demographic
transitions, with a per capita GDP of less than $1,000 in 1999 and $1,700 in 2005. This
phenomenon of ‘‘getting older before becoming richer’’ poses a serious challenge for a
health care system that already faces a number of adversities, the most important of
which is the rapid increase in overall costs in private health care spending since shifting to
amarket-oriented system in the early 1980s (14). Thus, risingout-of-pocket costs prevent
many Chinese from seeking early (preventive) medical care. This has resulted in wide
disparities in health care access, particularly between urban and rural areas. These trends
are of special concern to the elderly, who likely havemore extensive health care needs, yet
fewer resources for affording such care (21).

3.9.2 Public Health Responses

The Chinese government has recently acknowledged and begun to address the
consequences of rapid population aging. Programs have been established that are
targeted towards preventing andmanaging specific age-related diseases. One example
is the community-based intervention for management of hypertension and diabetes
conducted in Beijing, Shanghai, and Changsha between 1991 and 2000. Similarly, the
formation of the Program of Cancer Prevention and Control in China and ratifica-
tion of theWHOFramework Convention of Tobacco Control are helping to address
important health issues affecting older adults in China, despite the limited funding
that exists (46). At the same time, new opportunities for entrepreneurship in the
health service industry have been established as a result of China’s social-welfare
reform of the 1990s, which decentralized government-funded welfare institutions and
significantly reduced their government financing (47). Today, an increasing number
of private elder homes as well as the country’s former government-sponsored elder
homes (which were once reserved exclusively for elderly without children or other
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means of support) are providing an alternative to familial elder care (47). However,
these facilities are insufficient in number, of varying standards, and often too expen-
sive for many older adults and their families. Community-based long-term care
services for elderly persons in China—both informally and locally supported by the
government—have also begun to emerge, especially in urban areas (48). These efforts
are serving a variety of needs of older clients and their family caregivers, including
daily care, home maintenance, and referral services.

3.10 IMPLEMENTATION OF PREVENTIVE NUTRITION: GLOBAL
IMPLICATIONS

Lessons learned from China and its shift toward an elderly population highlight
both the benefits and the risks conveyed by lifestyle determinants of late life health
trajectories. Effective implementation of preventive nutrition strategies could play a
key role in diminishing the future chronic disease burden. However, an intensive,
on-going, and incredibly flexible approach will be necessary to accomplish mean-
ingful dietary change. Many challenges exist, including the need for culturally and
ethnically appropriate nutrition education, the difficulty of changing dietary beha-
viors (see Chapter 2), and, most recently, a dramatic increase in global food costs.

3.10.1 Achieving Global Behavior Change in Older Adults

The Global Strategy on Diet, Physical Activity and Health of the WHO
(49,50) urges prudent lifestyle behaviors to promote better health, yet available
survey data suggest that these goals are not being fully met (51). For example,
Pomerleau et al. (52) studied worldwide efforts to help reduce the burden of
chronic diseases by increasing intakes of fruit and vegetables. They found
positive effects with face-to-face education or counseling, as well as interven-
tions using telephone contacts or computer-based information; however, the
amount of improvement achieved was modest, with an approximate increase
of only 0.1–1.4 fruit/vegetable servings per day. The investigators noted that
more research is needed on approaches for promoting healthy behaviors, espe-
cially in the developing world.

Acknowledging that behavioral change is always difficult to achieve, there is a
common notion that it is especially difficult for older individuals to change their
lifestyles and follow recommended healthy eating plans. However, there is evidence
that older adults can both implement and benefit from health promotion programs
that emphasize dietary changes (53,54). One major challenge for any behavioral
intervention is to bridge the gap between having the knowledge of the dietary
changes that are needed and actually implementing these changes. Investigators in
the Study to Help Improve Early evaluation and management of risk factors
Leading to Diabetes (SHIELD) examined the knowledge, attitudes, and behaviors
of subjects (mean age � 60 years) with T2D (n ¼ 3, 867) and at high risk for
developing T2D (n ¼ 5,419). In agreement with other reports (55), they found
that knowledge alone did not predict appropriate behavioral modifications. Despite
reporting healthy attitudes and knowledge conducive to good health, the majority
of subjects did not translate these positive traits into healthy behaviors with respect
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to diet, exercise, and weight loss (56). Suggestions for addressing this problem
include counseling to assist the individual in establishing values, motivations and
goals, and to guide them in coping with real and perceived barriers to behavior
change. Estabrooks et al. (57) conducted behavioral assessments in a group of
randomized controlled trial participants with T2D (n ¼ 422) and found that when
they personally set appropriate goals, there were significant corresponding beha-
vioral changes over the 6-month study period. With regards to barriers, Folta et al.
(58) studied commonly reported barriers to achieving a heart-healthy diet in
middle- and older-aged women and reported that time constraints and concerns
about ‘‘wasting’’ food topped the list. In addition to the usual challenges, for some
high-risk older persons, the barriers to good nutrition listed elsewhere in this text,
for example, social isolation and a limited ability to shop for and preparemeals, also
clearly come into play (59).

3.10.2 Soaring Global Food Costs and the Dual Challenge
of Under- and Over-Nutrition

One of the most important barriers to achieving dietary behavior change in any
culture is the cost and availability of foods that are rich in health-promoting nutrients
(e.g., protein, vitamins and minerals, fiber) and are not excessive in terms of calories,
sodium, certain fats (saturated, trans), and simple sugars. Generally, foods associated
with a healthier nutrient profile and lower rates of obesity are more expensive than
foods of poor nutrient density (60,61). These foods are alsomore perishable (thusmore
likely to be wasted after purchase) and more difficult to shop for than highly processed
foods, which tend to be readily available, have long shelf lives, and be high in calories,
fat, sugar, and/or sodium. Recent increases in food prices are exacerbating concerns
about the global affordability of nutritious food. In the time period fromMarch 2007 to
March 2008, the global food price index showed a sharp increase (see Fig. 3.17), with
escalations in prices for almost all food categories (62). There were multiple causes for
this food cost crisis, including poor recent harvests, restrictive trade policies, the
increasing price of oil, diversion of crops for bio-fuels, and increasing world demand
for food in fast-growing economies of countries with large populations, including
China and India (63). The dramatic rise in the proportion of income that must go
for food hits hardest in the poorest countries and civil unrest has resulted in at least 20
countries (64). Leaders at the United Nations called for emergency aid to help avoid
widespread starvation and theWorld Bank plans to offer emergency financing to boost
agricultural productivity, projecting that food prices will remain elevated for at least
another year (63,64).

While the increase in food costs is leading to critical concerns about nutritional
adequacy for those with subsistence-level incomes, it also has implications for middle-
income groups. As previously noted, in addition to being appealing and convenient,
refined grains, sugars, and added fats are among the most affordable sources of dietary
energy and yet often are of poor nutritional value (61). As rising food costs put
increasing pressure on family food budgets, these foods are likely out of necessity to
replace ‘‘healthier’’ choices such as fresh fruits and vegetables. In fact, in developed
countries like theUnited States, obesity has been linkedwith the price disparity between
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‘‘healthy’’ and ‘‘unhealthy’’ foods. Likewise, in emerging countries where there are
substantial income and health disparities, over-nutrition is becoming a major nutri-
tional concern, creating a ‘‘dual burden’’ to health of under-nutrition and obesity.
Mendez et al. (65) studied patterns of under- and over-nutrition in women of 36
developing countries (in Africa, Latin America, the Caribbean, Asia, and the Middle
East) and found that in almost all countries overweight exceeded underweight as a
nutritional problem. This helps to explain the ironic observation that increasing income
does not necessarily predict better health outcomes (66,67). As previously noted in the
findings from China, growth of disposable income in emerging economies is often
associated with an acceleration of the kinds of health problems associated with dietary
excess. It is clear that one size does not fit all with regards to needed nutritional
improvements—some groups mainly need more nutrients, some need fewer calories,
and some need both modifications to achieve a health-promoting diet.

3.10.3 Summary

The United Nations has identified promotion of healthy aging as one of the
major emerging nutritional challenges that will dominate the global agenda in
the coming years (68). In 2004, the World Health Assembly endorsed the
Global Strategy on Diet, Physical Activity and Health of the WHO, which

Fig. 3.17. Overall and specific food price indices by quarter from March 2007 to March 2008.
The food price index (a monthly measure of price changes in major food commodities traded
internationally) has averaged as much as 80 points (57%) higher over this time period. The
increase was driven by rising prices for almost all food commodities. The price of staple foods
(grains, oils sugar) has increased by 50%, including an increase of 90% for rice. Sources: World
Bank; Food and Agriculture Organization of the United Nations.
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recognizes the shift in the balance of major causes of death and disease toward
non-communicable diseases. The nutritional guidelines outlined in this plan are
as follows:

� Achieve energy balance and a healthy weight
� Limit energy intake from total fats and shift fat consumption away from saturated

fats to unsaturated fats and toward the elimination of transfatty acids
� Increase consumption of fruits and vegetables, and legumes, whole grains, and nuts
� Limit the intake of free sugars
� Limit sodium consumption from all sources and ensure that salt is iodized

Clearly, an array of resources will need to be applied in an integrated, trans-
disciplinary, international approach if nutritional interventions are to be successful
in reducing the incidence of chronic disease (5,69). Regional political, epidemiolo-
gical, environmental, infrastructural, and genetic determinants of health must all be
taken into account (69) and health-promoting behaviors need to be integrated into
the normal daily life if they are to be sustained (70). Innovative thinking and use of
technology could hold promise—in the future it may be possible to create and
integrate into the food supply unique new foods that are enhanced in flavor and
texture, enriched with nutrients, and yet low in undesirable attributes (71). We
recommend that both traditional and novel avenues be very actively pursued—the
future health and well-being of the entire world may very well be at stake.

3.11 RECOMMENDATIONS

1. Nutritional and other lifestyle interventions have the potential to improve quality of
health scenarios for the elderly and help control medical care costs.

2. An intensive, integrated, trans-disciplinary, international approach is needed to
achieve success in reducing the incidence of chronic disease on a global level.

3. We applaud the efforts of the WHO and other international organizations that have
recognized the need for making preventive nutrition for populations of all ages a
global priority. We also encourage ‘‘outside the box’’ approaches to address urgent
global nutrition issues.
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II FUNDAMENTALS OF NUTRITION

AND GERIATRIC SYNDROMES



4 Update on Nutritional Assessment
Strategies

John E. Morley

Key Points

� Assessing the true nutritional status of an older person is a task not easily performed,
being frequently complicated by the presence of excess cytokine production (which
leads to many of the same effects as protein undernutrition) as well as other factors.

� Assessment of recent weight status is thus generally the best indicator of nutritional
deficit.

� This chapter reviews a number of recently developed nutritional screening tools and
laboratory tests used for nutritional assessment.

� While the most practical nutrition assessment tools are simple ones, the interpreta-
tion is still fraught with difficulty.

Key Words: Simplified nutrition assessment questionnaire; mini nutritional
assessment; anorexia; weight loss; albumin; anemia; midarm circumference;
MUST; screen III

4.1 INTRODUCTION

Assessing the true nutritional status of an older person is a complex process that
is not easily performed. Precise measurements of energy expenditure, such as direct
calorimetry or doubly labeled water, are expensive and difficult to obtain. Even the
availability of a ‘‘metabolic cart’’ to do indirect calorimetry would represent an
unusual occurrence in a longer term care setting. Measurements of proteins classi-
cally associated with nutritional status are more effected by cytokines than nutri-
tional status, making them extremely poor nutritional markers. Measurements of
micronutrients are difficult, subject to error, and often expensive and problematic
to interpret. For these reasons the most practical nutrition assessment tools are
simple, but the interpretation is fraught with difficulty.

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition
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4.2 BODY MASS AS AN INDICATOR OF NUTRITIONAL STATE

As a person ages perhaps the single best measure of a nutritional problem is a loss
of weight. Accurate weights remain a problem to obtain. Scales are often poorly
calibrated. Persons are weighed with different clothing at different seasons. Little
attention is paid to the time of the day the person is weighed, despite a well-
recognized circadian rhythm. Despite these problems it is recognized that a weight
loss of 5% of body weight in any period up to a year clearly is indicative of a
problem. The cause of the loss of weight is often less clear and can include poor
nutrient intake or absorption, age-related loss of muscle mass (sarcopenia), severe
osteoporosis, loss of fat and muscle mass (cachexia) and dehydration. While weight
loss is the nutritional gold standard in older persons, it is unclear what level of
weight loss less than 5% should represent an early warning sign of nutritional
problems. Persons who are losing weight should have the possible causes evaluated
using the MEALS-ON-WHEELS mnemonic (Table 4.1 Similarly, weight gain in
older persons can be indicative of future problems leading to functional decline.

Body mass index (BMI) [weight (kg)/height2(cm)] is a simple way to adjust body
mass for height. It is independent of sex. It correlates well with body fat and can be
used as a surrogate for fat mass. In general, in older persons low BMI’s (<22) are
associated with increased mortality (1). A problem with BMI in older persons is
shrinkage due to loss of bone and changes in posture. For this reason, some
authorities use arm length or knee height as a proxy for height (2).

Waist circumference is a useful measure to allow estimation of visceral fat.
A waist circumference greater than 120 cm (40 in.) in men or 88 cm (35 in.) in
women is a good predictor of risk for the metabolic syndrome. Lower waist
circumferences should be used in persons of Asian origin (3,4).

Table 4.1
MEALS-ON-WHEELS mnemonic for treatable causes of weight loss

Medications (e.g., digoxin, theophylline, cimetidine)

Emotional (e.g., depression)

Alcoholism, elder abuse, anorexia tardive

Late-life paranoia

Swallowing problems

Oral factors

Nosocomial infections (e.g., tuberculosis)

Wandering and other dementia-related factors

Hyperthyroidism, hypercalcemia, hypoadrenalism

Enteral problems (e.g., gluten enteropathy)

Eating problems

Low salt, low cholesterol and other therapeutic diets

Stones (cholecystitis)

66 Morley



4.3 NUTRITIONAL QUESTIONNAIRES

A number of questionnaires have been developed and validated to determine
nutritional risk (Table 4.2). The Simplified Nutrition Assessment Questionnaire
(SNAQ) is a set of four questions that have high sensitivity and specificity to deter-
mine older persons at subsequent risk for weight loss (5) (Table 4.3). Keller and her
colleagues (6–8) have developed SCREEN II (Seniors in the Community: Risk
Evaluation for Eating and Nutrition). This index determines nutritional risk using
four factors, viz. food intake, physiological, adaptive and functional. It has been
validated and has good inter-rater and test–retest reliability as well as excellent
sensitivity and specificity. It is widely used in the community in Canada.

The ‘‘Malnutrition Universal Screening Tool’’ (MUST) is a simple screening tool
for use in both elderly inpatients and outpatients (9,10). It does not require a
measured weight or height but can utilize recalled height and weight. It has become
a commonly used screening test in the United Kingdom. Its components are BMI,
weight loss in 3–6 months and anorexia for 5 days due to disease. It appears to be
particularly sensitive to recognize protein energy undernutrition in hospitalized
patients.

The Appetite Hunger and Sensory Perception (AHSP) questionnaire was devel-
oped in Dutch nursing homes (11,12). This questionnaire focused on loss of
appetite and alterations in taste and smell. While relatively useful in healthy com-
munity-dwelling older persons, it performed poorly in frail elderly.

DETERMINE is a checklist using 10 items to increase awareness of nutritional
risk (13–15). It was developed by the US Nutrition Screening Initiative. It tends to
identify frail, ill persons rather than those in whom nutritional risk is the primary
problem. SCALES is a simple tool that identifies older persons who are likely to
have cachexia (16) (Table 4.4).

The Subjective Global Assessment is an in-hospital tool to assess the level of
nutrition in hospitalized patients (17). It involves a medical history of weight
change, dietary intake, gastrointestinal symptoms and functional impairment as
well as a brief physical examination looking for loss of subcutaneous fat, muscle
wasting, edema and ascites. It was originally validated for younger persons with
gastrointestinal disorders and appears less useful in older persons.

Table 4.2
Commonly used nutritional screening tools in older persons

1. Simplified Nutritional Assessment Questionnaire (SNAQ) (Table 4.3)

2. SCREEN II (Seniors in the Community: Risk Evaluation for Eating and
Nutrition) (6–8).

3. Malnutrition Universal Screening Tool (MUST) (9,10).

4. Appetite Hunger and Sensory Perception Questionnaire (AHSP) (11,12).

5. DETERMINE (13–15).

6. SCALES (Table 4.4)

7. Subjective Global Assessment (17).

8. Mini Nutritional Assessment (MNA) (Table 4.5)
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The Mini Nutritional Assessment (MNA) (Table 4.5) consists of global assess-
ment questions, specific dietary questions, questions on subjective perception of
health and a series of anthropomorphic measurements (18–22). It has been widely
validated. It correlates withmore sophisticatedmeasurements. It is highly predictive

Table 4.4
SCALES

Sadness (Geriatric Depression Scale)

Cholesterol <160 mg/dL

Albumin <3.5 mg/dL

Loss of 5% body weight

Eating Problems (physical or cognitive)

Shopping/food preparation

Table 4.3
Appetite questionnaire to predict weight loss in older persons—
SNAQ (Simplified Nutritional Appetite Questionnaire)

1. My appetite is

A. very poor

B. poor

C. average

D. good

E. very good

2. When I eat

A. I feel full after eating only a few mouthfuls

B. I feel full after eating about a third of a meal

C. I feel full after eating over half a meal

D. I feel full after eating most of the meal

E. I hardly ever feel full

3. Food tastes

A. very bad

B. bad

C. average

D. good

E. very good

4. Normally I eat

A. less than one meal a day

B. one meal a day

C. two meals a day

D. three meals a day

E. more than three meals a day

Instructions: Complete the questionnaire by circling the correct
answers and then tally the results based upon the following numerical

scale: A ¼ 1, B ¼ 2, C ¼ 3, D ¼ 4, E ¼ 5.
Scoring: If the mini-CNAQ is less than 14, there is a significant risk

of weight loss.
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Table 4.5
The Mini Nutritional Assessment (MNA) scale
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of poor outcomes. A six-question short-form screening needs to be undertaken before
completion of the whole MNA (23).

The tools discussed above are the most used and/or best validated tools. Many
tools that are available have ‘‘an inadequate assessment of their effectiveness’’ (24).
Green andWatson (25) reviewed 21 published instruments available for nutritional
screening and assessment of older adults. They concluded that because of inade-
quate levels of validation, the clinician should carefully consider whether or not a
particular tool is appropriate for their situation.

4.4 ASSESSMENT OF DIETARY INTAKE

Anumber of methods exist to assess dietary intake. Reported energy intakes tend
to be lower than measured intakes. The level of underreporting of food intake
ranges from 10 to 45%. Recently a picture-sort food-frequency questionnaire for
older persons of low socioeconomic status has been developed (26,27). While this
tends to perform better, nevertheless approximately 40% of older persons still
underreport food intake. Overall, food-frequency recall has limited use in older
persons. Food diaries may be slightly better.

4.5 ANTHROPOMORPHIC MEASURES

Skinfold thickness can be measured with a caliper in older persons. Commonly
measured areas are biceps, triceps, subscapular and suprailiac. In older persons the
subscapular may be the most accurate (28).

Lean tissue mass (fat free mass) can be calculated by measuring the midpoint of
the upper armmuscle or the midpoint of the calf muscle. Upper limbs lose leanmass
more rapidly than lower limbs. Limb muscle area can be more accurately estimated
by subtracting out the amount of skinfold thickness using appropriate equations.
These approaches overestimate muscle mass. Accuracy is less in older persons.
However, in persons with excess water retention these can be useful (29,30).

Lean tissue mass and fat mass can be measured by bioelectrical impedance
(31,32). Specific age-adjusted equations need to be used. Body fluid disturbances
alter the accuracy of bioelectrical impedance.

Free fat mass can be measured by DEXA. To define the amount of sarcopenia,
the appendicular skeletal mass divided by height squared is a useful equation. CT
scan or MRI is useful to detect fat infiltration into muscle, i.e., myosteatosis.

4.6 UTILITY OF SERUM PROTEIN, CHOLESTEROL
AND HEMOGLOBIN

Albumin and a number of shorter lived proteins, viz. transferrin, prealbumin
(transthyretin) and retinol-binding protein, have been used as nutritional markers
(33). Their levels are markedly decreased by circulating cytokines, such as tumor
necrosis factor-alpha. In addition, liver disease results in decreased production. For
this reason they are good markers for cachexia, but poor markers for general
nutrition screening. Similarly, low cholesterol levels are markers of poor outcomes,
but are highly sensitive to cytokines.
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Anemia can occur because of a variety of nutritional factors. These include low
protein intake, iron, vitamin B12, folate and pyridoxine. Cytokine excess can also
result in anemia.

4.7 DEHYDRATION

The clinical diagnosis of dehydration is difficult in older persons because of the
poor specificity of signs such as poor skin turgor (tenting), sunken eyes, dry mucous
membranes and dry axilla (see also Chapter 8). Postural hypotension is a useful sign
but only with relatively severe dehydration. In addition, there are numerous other
causes of orthostasis in older persons. Delirium is a common presentation of
dehydration.

A ratio of blood urea nitrogen to creatinine of greater than 20 to 1 is often used to
detect dehydration. Unfortunately, bleeding and renal, heart and liver failure can all
produce this, giving it little specificity. A serum sodium greater than 145 mmol/L or
a serum osmolality greater than 300 mmol/kg is diagnostic of hypertonic intravas-
cular volume depletion. Hypotonic dehydration occurs with excess diuretic use.
Both the serum sodium (<135 mmol/L) and osmolality (<280 mmol/kg) are low in
this condition.

4.8 IMMUNE ASSESSMENT AND NUTRITION

Delayed-type cutaneous hypersensitivity has been classically used to suggest
nutritional deficiencies. It occurs in response to low protein, vitamin deficiencies
and deficiency of essential omega-3 fatty acids. While older persons tend to have a
decreased response to antigens introduced under the skin, anergy to common
antigens in well-nourished older persons is extremely rare. In older persons with
protein malnutrition or micronutrient deficiencies there is a decrease in T cell
subsets (CD3+, CD8+ and CD4+). In severely malnourished older persons,
CD4+ levels can fall to less than 400/mm3 (34). This is similar to levels seen in
persons with acquired immune deficiency.

Evidence of cytokine excess can be useful in helping to determine whether or not
the person has cachexia. C-reactive protein can be used as a nonspecific measure of
cytokine excess. Measurement of tumor necrosis factor-alpha, interleukin-2 or inter-
leukin-6 or their soluble receptors gives a more accurate determination of cytokine
excess. However, these measurements are usually limited to research at present.

4.9 ASSESSING FRAILTY, STRENGTH AND MOBILITY

Frailty, a condition of pre-disability, is often associated with malnutrition and
weight loss. It can be objectively measured using the Fried criteria (35) (Table 4.6).
Frailty can also be identified if three of the following criteria are identified:

Fatigue (self-report)
Resistance (inability to climb one flight of stairs)
Ambulation (inability to walk one block)
Illness (more than four diseases)
Loss of weight (greater than 5%)
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Strength is best measured by using a hand-held dynamometer. It requires the
average of best of three measurements. It cannot be done in persons with severe
arthritis.

Mobility can be measured by using a 6-m or 6-minute walk. In addition, the ‘‘get-
up-and-go’’ test is a reasonable test of lower limb strength and balance. Normal
values for these tests are given in Table 4.7.

4.10 ASSESSING DISABILITY

Disability can be due to poor nutritional status or it can aggravate nutritional
deficits. The Katz basic Activities of Daily Living are highly predictive of mortality
and need for nursing home placement (Table 4.8). Instrumental Activities of Daily
Living identify a slightly less-impaired individual (Table 4.9).

4.11 SCREENING FOR OSTEOPOROSIS

While loss of height can be due to changes in posture, significant height loss
almost always suggests osteoporosis. All women by the age of 50 years and all men
by 75 years should be screened for osteoporosis utilizing dual X-ray absorptiometry
(DXA). Rate of bone loss can be determined by repeating the DXA 2 years later at
the same season. In nursing homes heel ultrasound has proven to be a useful
screening test for osteoporosis.

Table 4.7
Objective measurements of physical function

Test Normative values

Get-up-and-go <20 sec—adequate mobility

>30 sec—high risk for falls and functional dependence

6-m walk <5.8 sec

Gait speed >6.0 sec

6-minute walk <300 m predicts mortality

<400 m predicts functional impairment

Table 4.6
Objective definition of frailty* as proposed by Fried et al. (35).

Parameter Frailty indicator

1. Weight loss >10 lbs. weight loss in 1 year

2. Grip strength Lowest 20% of population

3. Exhaustion Self-report

4. Walking speed Lowest 20% of population

5. Low activity Males <383 kcals/week

Females <270 kcals/week

*Frailty is defined as having three or more of the above criteria.

72 Morley



4.12 MEASUREMENTS OF VITAMINS AND TRACE ELEMENTS

While mild degrees of vitamin and trace element deficiency are common in older
persons, these levels are generally not measured. In hospitalized patients, low levels
of B vitamins are associated with delirium. In persons with dementia or macrocytic
anemia both folate and vitamin B12 should be measured. If the levels of vitamin B12

are borderline, a serum methylmalonic acid should be obtained. Measurements of
serum homocysteine are generally not useful. In persons where it is suspected that
weight loss may be due to malabsorption, measurement of vitamin A and beta-
carotene may be useful.

It is now recognized that 25(OH) vitamin D levels below 30 ng/mL are associated
with hip fracture, sarcopenia and falls. Many older persons who are ingesting
800 IU of vitamin D have levels below this. For this reason, 25(OH) vitamin D
levels should be measured in all older persons (36).

The difficulty in obtaining interpretable levels of trace elements and the lack of
controlled trials make it difficult to recommend their measurement. In areas where
the soil is known to be poor in certain trace elements it may be useful to measure
them. A reasonable argument could be made for measuring zinc (serum, leukocyte
or hair levels) in persons with pressure ulcers. This, however, is not routinely done.

4.13 RECOMMENDATIONS

1. Nutritional assessment includes history taking, nutritional screening (with a focus on
risk stratification) and a nutritional evaluation, including anthropometry and
laboratory evaluations.

2. Body weight (mass) measurement is the single most practical and dependable assess-
ment tool and should be carefully measured over time and compared to previous
weights.

3. A well-designed nutritional surveillance program should recognize threats to nutri-
tional status before full-blown malnutrition is detected using biochemical indices.

4. Quick screening for anorexia can be done with the SNAQ questionnaire.

Table 4.9
Lawton’s IADLs

Instrument ADLs

Using the telephone

Shopping

Food preparation

Housekeeping

Laundry

Transportation

Taking medicine

Managing money

IADL score ______ /8

Table 4.8
Katz ADLs

Basic ADLS

Bathing

Dressing

Toileting

Transfers

Continence

Feeding

ADL score: ____ /16
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5. Persons losing weight should be investigated for treatable causes of weight loss using
the ‘‘MEALS-ON-WHEELS’’ mnemonic.

6. 25(OH) vitamin D levels should be measured in persons over 70 years of age.
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5 Sensory Impairment: Taste and Smell
Impairments with Aging

Susan Schiffman

Key Points

� The sensory properties of foods influence food choices and provide cues about a
food’s nutritional value.

� Sensory signals from food elicit salivary, gastric acid, and pancreatic secretions
associated with digestion and ultimately absorption of nutrients. Taste and smell
are especially important in activating these digestive secretions because the taste and
olfactory systems have closer anatomical connections to the neural pathways
involved in digestion than the other senses.

� Deficits in taste and smell perception as well as the other senses occur during the
course of normal aging and are exacerbated by medical conditions and treatments
including medications.

� When sensory signals are compromised, food selection and intake, absorption of
nutrients, and ultimately nutritional status are negatively impacted.

Key Words: Taste; sensory; smell; olfaction; vision; auditory function;
somatosensory system

5.1 INTRODUCTION

This chapter provides an overview of sensory impairments of all five senses (taste,
smell, vision, hearing, and touch) in older persons with special emphasis on the
chemical senses of taste and smell. Sensory losses that interfere with the ability to
procure and appreciate food can lead to inadequate intake of calories and nutrients,
weight loss, and ultimately increased risk of morbidity and mortality (1). Thus,
awareness of sensory alterations in older individuals is crucial for making decisions
regarding appropriate medical care and nutritional support. Impairments of the
chemical senses of taste and smell are among the primary reasons for deficiencies,
excesses, or imbalances in the dietary intake among older adults (2–9). Losses and

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition

Edited by: C. W. Bales and C. S. Ritchie, DOI 10.1007/978-1-60327-385-5_5,
� Humana Press, a part of Springer ScienceþBusiness Media, LLC 2009
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distortions of the senses of taste and smell can reduce themotivation to eat as well as
interfere with the ability to select appropriate foods and to modulate intake as
nutritional requirements vary over time. Furthermore, without the simple pleasures
of taste and smell sensations, overall quality of life is greatly reduced, especially for
those in later life whose other senses (vision, hearing, and touch) have also declined
during the aging process. The prevalence of chemosensory losses and distortions
begins to increase around 60 years of age and becomes more pronounced in sub-
sequent decades of life. Currently, there are no known medical treatments for taste
or smell losses.

The purpose of this chapter is to review the literature on the chemical senses of
taste and smell changes with age. Age-related impairments of vision, hearing, and
touch that impact nutritional status of older persons are also delineated. The
magnitude of sensory losses tends to be greatest for those in later life who have a
history of critical medical conditions (e.g., coronary artery bypass surgery). Experi-
mental evidence is also presented that indicates multiple testing rather than a single
test is required to accurately assess sensory perception in the older persons due to
large intra-individual fluctuations in performance in this age cohort with repeated
testing over a short time period.

5.2 TASTE

The sense of taste is an oropharyngeal chemical sense that plays a critical role in
food selection and food safety. Taste signals, along with odor signals, trigger
cephalic phase secretions (e.g., salivary, gastric, pancreatic) that prepare for the
digestion of food before it reaches the stomach. In addition, learned association of
taste sensations with the metabolic consequences of food enables meal size and food
choices to be modulated in anticipation of nutritional needs. Taste sensations are
initiated when chemical stimuli interact with receptors and ion channels located on
taste cells that are clustered into buds on the tongue surface and other discrete areas
of the oral cavity (2,5). Taste signals from taste buds are carried by the seventh, ninth,
and tenth cranial nerves to the nucleus of the solitary tract (NST) in the medulla of
the brainstem that projects to the ventroposteromedial nucleus of the thalamus and
finally the insular-opercular cortex. The NST receives information not only from the
taste system but also from visceral sensory fibers that originate in the esophagus,
stomach, intestines, and liver. Information from the olfactory nerve (cranial nerve I)
that transmits information about smell also converges in the NST. This convergence
of neural input in the NST enables taste and odor signals to impact ingestive and
digestive activity by producing gastric and pancreatic secretions. The qualitative
range of taste includes sweet, sour, salty, and bitter as well as other less familiar
sensations that are also carried by taste nerves including umami (the taste of gluta-
mate salts, brothy, savory, or meat-like), fatty, metallic, starchy/polysaccharide,
chalky, and astringent (9).

The sense of taste gradually declines with aging, with differential losses depend-
ing on the chemical structure of individual taste stimuli. The decrements in taste
sensitivity that occur during normal aging are exacerbated by certain disease states,
pharmacologic and surgical interventions, radiation, and environmental exposure
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(2,5,7). The cause of taste losses in normal aging independent of disease ormedications
is not known; some researchers have found losses in the number of taste buds in older
individuals while others have not. Whatever the cause, taste losses reduce the motiva-
tion to eat, interfere with the ability to modulate appetite and food choices, impair
quality of life, and can lead to inadequate nutritional status especially in the sick or
malnourished older persons.When taste and smell losses no longer play amajor role in
initiating, sustaining, and terminating ingestion, the quantity of food that is eaten and
the size of meals can be affected. Cephalic phase responses including salivary, gastric,
pancreatic, and intestinal secretions can be blunted which can affect digestion of food
and absorption of nutrients.

5.2.1 Taste Losses at Threshold Levels

Older adults have losses in the ability to detect and recognize all taste qualities
as well as other oral stimuli (4,8,9). The detection thresholds (DT) for tastes are
elevated in older persons, and hence they require the presence of more molecules
(or ions) for a sensation to be perceived compared to a younger cohort. The
recognition thresholds (RT) are also elevated so a greater concentration of a
tastant is required to correctly recognize its quality. Table 5.1 compares mean
DTs and RTs for older persons with those for the young persons for a broad range
of compounds including sodium salts with different anions, bitter compounds,
sweeteners, acids, astringent compounds, amino acids including glutamate salts,
metallic compounds, fats, gums, and astringent compounds (4,9). The older adult
subjects in these studies took an average of 3.4 medications but otherwise led active,
normal lives. For detection thresholds (DTs), the ratio of DT (older)/DT (young)
revealed that DTs in older persons were higher by the following amounts: 11.6 times
higher for sodium salts; 7.0 times higher for bitter compounds; 2.7 times higher for
sweeteners; 4.3 times higher for acids; 2.8 for astringent compounds; 2.5 times higher
for amino acids; 5.0 times higher for glutamate salts; 3.1 times higher for fats/oils; 3.7
times higher for polysaccharides/gums; and 2.2 times higher for metallic compounds.
For recognition thresholds (RTs), the ratio of RT (older)/RT (young) revealed
that RTs in older persons were higher by the following amounts: 5.8 times higher
for sodium salts; 7.5 times higher for bitter compounds; 2.1 times higher for
sweeteners; 6.8 times higher for acids with sour tastes; 3.0 for astringent com-
pounds; 3.0 times higher for polysaccharides/gums; and 2.0 times higher for
metallic compounds.

Examination of Table 5.1 reveals that age-related decrements as determined by
the ratio DT (older)/DT (young) varied widely over the different compounds tested.
For sodium salts, the losses at the threshold level (i.e., elevated thresholds) were
greatest for anions with the largest molar conductivity (Na sulfate, Na tartrate, Na
citrate, and Na succinate). Molar conductivity (�) is a measure of the electrical
charge carried by the anion per unit time. That is, age-related losses in sensitivity to
sodium salts were greatest for anions with the highest charge mobility. For bitter
compounds, the greatest losses for older adults at the threshold level were for the
least lipophilic compounds, i.e., MgNO3, MgSO4, and KNO3. For sour acids, the
greatest loss in sensitivity in older adults was for HCl, the acid with the lowest
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molecular weight. For amino acids, age-related losses tended to be higher for two
amino acids with side chains containing basic groups (L-histidine and L-lysine) and
their monohydrochloride derivations.

Table 5.1 reveals two very important points about taste perception. First, the
relative differences in loss for individual compounds with age contribute to the
distortions of taste (called dysgeusia) experienced by many persons in later life.
Foods are a mixture of many different compounds, and that mixture will taste
different to an older person than a younger one because the relative sensory salience
of the individual compounds will differ based on age. Second, compounds with high
caloric or nutritional value such as sugars, fats, and amino acids tend to have higher
detection thresholds than certain noxious bitter compounds that can be detected in
minute amounts. A possible explanation for higher concentrations required to
detect sugars, amino acids, and fats is that too much taste at low concentrations
could inhibit intake of adequate calories.

5.2.2 Suprathreshold Taste Perception

Suprathreshold taste studies that relate perceived intensity to concentration
indicate that tastes are less intense for older persons compared with the young.
Like threshold measurements, the degree of loss is not uniform across com-
pounds but rather depends on the chemical structure of the tastant (2–9); the
lack of uniform loss plays a role in taste distortions (dysgeusia) experienced by
older persons for foods comprised of mixtures of numerous compounds. For 23
amino acids, there was loss in perceived intensity with age but the losses for L-
aspartic acid and L-glutamic acid were far greater than for L-lysine and L-proline.
For sweeteners, the suprathreshold losses were greater for large sweetener mole-
cules such as thaumatin, rebaudioside, and neohesperidin dihydrochalcone than
for sweeteners with lower molecular weights. Furthermore, the ability to dis-
criminate between different suprathreshold intensities of the same stimulus is
also impaired with age. For example, while young subjects required a 34%
difference in concentration to perceive a perceptible difference in the bitterness
of caffeine, older subjects required an increment of 74%. Decrements in the
ability to perceive suprathreshold concentrations of NaCl (salty) or sucrose
(sweet) can tempt older individuals with hypertension (who must comply with
sodium-restricted diets) or those with diabetes (who must monitor their carbo-
hydrate intake) to use too much salt or sugar to improve the taste of their food.
Reduced ability to perceive the oral component of fats (taste and mouth-feel)
makes it difficult for older adults to comply with a low-fat diet and thus can
potentially increase the risk from medical conditions such as cardiovascular
disease, diabetes, and hypertension in which high-fat intake is contraindicated.
Many older individuals unknowingly consume large amounts of fat without
being able to really perceive it.

5.2.3 Medications and Medical Conditions Associated with Taste Alterations

While the actual incidence and prevalence of drug-induced taste disorders are not
well documented, several community and longitudinal studies of older persons
suggest that between 11 and 33% experience medication-related alterations in
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taste (10). Medicated older individuals are more likely to complain of ‘‘loss of
taste’’, ‘‘altered taste’’, and ‘‘metallic taste’’ than either age-matched non-medicated
controls or younger medicated and non-medicated controls (5–9). Hundreds of
medications, includingmost major drug classes, have been associated clinically with
taste complaints (11). However, there is individual variability in predisposition to
adverse taste side effects experienced from use of medications. Genetic testing for
variability in genes such as the cytochrome P450 2D6 (CYP2D6) that determine the
rate of drug metabolism may ultimately be helpful in predicting whether an indivi-
dual is vulnerable to taste disorders from drugs. Genetic tests for variations in genes
(genotypes) associated with drug metabolism are available from medical providers
as well as directly to consumers (12).

Neither the sites of action nor cascade of cellular events by which medications
induce taste complaints is well understood. Medications can potentially alter taste
perception by affecting the peripheral receptors, neural pathways, and/or the
brainstem and brain. At the periphery, drugs in the saliva can generate a taste of
their own or modify transduction mechanisms in taste receptor cells. For some
drugs, the plasma concentrations are high enough to stimulate taste receptors on
the basolateral side of taste cells (called intravascular taste). Even when the
salivary or plasma concentrations of medications are lower than the taste thresh-
old values, drugs or their metabolites can accumulate in taste buds over time to
reach (especially lipophilic bitter-tasting drugs) concentrations that are greater
than taste detection thresholds. Drugs can also alter neurotransmitter levels along
neural pathways or interfere with taste signals in the brainstem and brain. Drugs
that cause a substantial percentage of taste disorders (such as the antifungal agent
terbinafine) tend to be highly lipophilic and are thus readily distributed into the
brain and brainstem.

Themetabolism and absorption of drugs can bemodified by dietary constituents,
and thus food choices can play a role in potential taste disorders. When lipophilic
medications are ingested with a fatty meal, absorption of these drugs can increase.
Ingestion of dietary protein withmethyl-dopa and L-dopa (used to treat Parkinson’s
disease) can affect themetabolism and absorption of thesemedications because they
are amino acid derivatives. Intestinal transit time, which affects the absorption of
drugs, can be modified by ingestion of spicy foods, dietary fiber, and other food
components (13).

A vast range of medical conditions have been reported to alter the sense of taste
including infectious and parasitic diseases; cancer; endocrine, nutritional, and
metabolic diseases; as well as diseases of the nervous, circulatory, digestive, respira-
tory, and musculoskeletal systems. Cancer is an example of a medical condition in
which patients are especially vulnerable to taste disorders. Taste alterations occur in
both untreated cancer patients and those receiving radiation therapy or chemother-
apy. Some complaints, such as taste aversions in cancer patients, are not due to
altered sensory physiology per se but to learned aversions in which the taste of foods
is associated with the noxious effects of treatment. Clinical observations indicate
that inflammatory conditions and wasting also predispose sick older individuals to
taste disorders.
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5.3 SMELL

The sense of smell is a nasal chemical sense that plays a critical role in the
motivation to eat, selection of edible foods, avoidance of spoiled food, and
ultimately nutritional status (8,9). Odor sensations, like taste sensations, trigger
cephalic phase secretions that prepare the body for the digestion of food. Odor
sensations are generated by volatile compounds (called odorants) that vary widely
in chemical structure and include many molecular classes including organic acids,
alcohols, aldehydes, amides, amines, aromatics, esters, ethers, fixed gases, halo-
genated hydrocarbons, hydrocarbons, ketones, nitriles, phenols, nitrogen-con-
taining compounds, and sulfur-containing compounds (such as mercaptans).
The sense of smell is exquisitely sensitive to some of these chemical classes, and
it is estimated that as few as 40 molecules of some chemical types such as
mercaptans are sufficient to perceive an odor (14). Odor sensations from foods
and beverages are produced by mixtures of hundreds of odorant types rather than
by a single compound. Odorant mixtures tend to harmonize or blend together
leading to perceptual fusion that is labeled ‘‘banana’’ or ‘‘orange’’. The range of
distinctive odor sensations is enormous, and a skilled odor expert, such as perfume
chemist, can recognize and distinguish 8,000–10,000 different substances on the
basis of their odor quality (15).

Odor sensations are initiated when hydrophobic volatile compounds (i.e., the
odorants) activate olfactory receptors (ORs) located on the cilia of bipolar olfactory
receptor neurons (ORNs) situated high in the nasal vault in the olfactory epithelium
(8,9). Humans have several hundred distinct genes that encode for a broad range of
ORs. This extensive range of receptor types permits the detection of odor sources
comprised of unpredictable mixtures of molecular species and even allows for
detection of newly synthesized compounds with no known function. Odorants
can reach the ORs by two different routes-via the nostrils during nasal inhala-
tion while sniffing food or from the nasal pharynx (up the back of the throat)
which occurs during mastication of food. The latter route is called retronasal
olfaction. Much of what is often termed ‘‘taste’’ is actually smell because
odorous molecules placed in the mouth reach the olfactory receptors by the
retronasal route.

The signals induced by activation of ORs are transmitted along the axons of the
ORNs that coarse through small holes in a bone called the cribriform plate to
synapse in neural masses called glomeruli in the olfactory bulb. Olfactory signals
from the olfactory bulb are then transmitted via the olfactory tract to brain
structures including the anterior olfactory nucleus, the olfactory tubercle, the pre-
pyriform cortex, the amygdala, and ultimately to higher brain centers that process
the olfactory signals. The prepyriform cortex and the amygdala are part of the
limbic system that processes emotions and memories in addition to olfactory
signals. Olfactory signals are ultimately transmitted to the hypothalamus (which
mediates food intake) and to the neocortex.

At elevated concentrations, odorants can also stimulate free nerve endings of the
trigeminal nerve in the nasal cavity. Trigeminal activation by odorous chemicals
induces sensations such as irritation, tickling, burning, stinging, scratching,
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prickling, and itching. Sensory signals transmitted by the trigeminal nerve are not
considered an ‘‘odor’’ but rather involve a different sense called chemesthesis which
is related to nociception (e.g., pain).

5.3.1 Perceptual Olfactory Losses in Older Persons

Perceptual olfactory losses in older adults occur in five domains: threshold
detection, recognition, discrimination, identification, and olfactory memory
(5,8,9). These losses occur during normal aging and are exacerbated by certain
disease states, pharmacologic and surgical interventions, radiation, and environ-
mental exposure. The magnitude of impairment of odor perception in the older
adults is generally greater than for taste. Losses and distortions of the sense of smell
can reduce the motivation to initiate and sustain ingestion as well as interfere with
the ability to select appropriate foods and tomodulate intake as nutritional require-
ments vary over time. Furthermore, decrements in odor perception put older adults
at risk for food-borne illness, fires, and blunting of digestive secretions (from
reduced cephalic phase responses).

An overview of odor studies indicates that losses in sensitivity for a broad range
of individual odorants and odor mixtures tend to begin around 60 years of age with
progressively greater losses with each decade of life. Older individuals also lose the
ability to make discriminations among different odors. The number of odor sensa-
tions that can be differentiated is greatly reduced in the older persons who first lose
the ability to make fine discriminations between odors with similar qualities (e.g.,
different types of nuts), and ultimately, in more extensive loss, between odors with
different qualities (e.g., orange versus lamb). The prevalence of impaired ability to
identify suprathreshold concentrations of odors increases from 17.3% for persons
60–69 years of age to 29.2% for persons aged 70–79 years and to 62.5% for the
80–97-year-olds according to a population-based, cross-sectional study in the Uni-
ted States (USA) (16). Given these US prevalence figures along with United
Nations projections of global population growth, the number of individuals pro-
jected to have impaired smell function worldwide by 2050 is at least 230 million.

5.3.2 Causes of Olfactory Losses in Older Persons

Many alterations in the anatomy and physiology of the olfactory system occur
with age. The olfactory epithelium undergoes numerous changes including
increased ORN apoptotsis (programmed cell death), decreased basal cell prolifera-
tion, decreased thickness of the olfactory epithelium, decreased number of cilia and
supporting microvilli, and increased accumulation of electron-dense granules in
supporting cells (2–9). Neurons in the olfactory bulb begin to degenerate, and the
bulb takes on a moth-eaten appearance as glomeruli atrophy and fibers disappear.
Central olfactory projection areas are especially impacted by the aging process, with
changes occurring in the hippocampus, amygdaloid complex, and hypothalamus
including reductions in cell number, damage to cells, and diminished levels of
neurotransmitters.

The anatomical and physiological losses that occur during normal aging are
compounded by a wide range of medical conditions (e.g., endocrine, neurological,
nutritional, psychiatric) as well as environmental exposures. Olfactory losses are
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especially profound in neurodegenerative disorders such as Alzheimer’s disease and
Parkinson’s disease that are prevalent in an older population (7,17). Loss of smell
also occurs during the course of cancer and its treatment (6). Many medications
such as antianginal drugs (diltiazem, nifedipine), antimicrobial agents (allicin,
streptomycin), antithyroid agents (carbimazole, methimazole, methylthiouracil,
propylthiouracil), as well as radiation therapy and chemotherapy have been
reported clinically to impair the sense of smell (2–9,11).

5.4 OTHER AGE-RELATED SENSORY LOSSES

Sensory losses of visual, auditory, and somatosensory systems with age further
exacerbate the impact of taste and smell losses on nutritional status in older
adults.

5.4.1 Vision

Many adverse physiological changes in the structure and function of the eye
occur during the aging process that lead to sensory losses (18–20). By 45 years of
age, there is a loss in the ability to focus on near objects such as a book due to
reduced elasticity of the lens (called presbyopia). By 65 years of age, many older
individuals need brighter illumination due to decreases in pupil size (called ‘‘senile
miosis’’) and reduced transparency of the lens. Problems with glare in bright light
becomemore frequent due to opaque particles in the lens. With increased age, more
time is required to adapt from light to darkness; impairments in the rate and
maximum level of dark adaptation can have profound effects on activities such as
driving at night or reading a menu in a restaurant. Far visual acuity (resolution of
spatial detail) and contrast sensitivity (ability to recognize subtle differences in
shading and color between an object and its background) also begin to decline
around 65 years of age. Losses in peripheral vision occur as well so that adults in
later life do not recognize movement or objects at the periphery of the field.
Reduced tear production (e.g., ‘‘dry eye’’) in older individuals can impair the clarity
of an image.

Progression of degenerative changes in the eye beyond those of normal aging
leads to a variety of age-related ocular diseases including macular degeneration,
glaucoma, cataracts, and diabetic retinopathy. Age-related macular degeneration
(AMD) is a condition that affects the macula (i.e., that part of the retina analogous
to the bull’s-eye of a target) that is responsible for sharp central vision. Persons with
AMD are unable to recognize faces, read, or drive as the condition advances. When
the macula deteriorates due to growth as well as leakage of tiny new blood vessels
(neovascularization) under the retina, straight lines begin to appear wavy and
ultimately there can be complete loss of central vision. Glaucoma is also a condition
that afflicts many older persons. It results from a rise in intraocular pressure that
damages the optic disk and optic nerve in the eye and results in gradual loss of outer
(peripheral) vision which is opposite of that found in AMD. The peripheral visual
field loss in end-stage glaucoma can be compared to looking down the barrel of a
gun. Genetic factors play an integral role in predisposition to eye diseases. Genetic
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testing is now available in medical clinics and directly to consumers (12) to screen
for genes associated with eye diseases. Knowledge of the genetic factors for eye
disease in an older individual can make it easier to identify non-genetic factors.

With the exception of cataracts, none of these eye diseases is curable, although
some treatments are available. Visual loss from cataracts can be effectively cured by
removal of the clouded natural lens by a process called phacoemulsification and
replacement with an intraocular lens (e.g., silicone or acrylic) that can be mono- or
multifocal. For AMD caused by growth of blood vessels, laser therapies are used to
destroy leaking blood vessels and thus reduce the risk of advancing vision loss.
Surgical macular rotation can also be performed so that the macula is positioned
over an area free of leaking blood vessels. For glaucoma, methods for lowering
intraocular pressure (IOP) including medications and surgery (e.g., trabeculectomy
or glaucoma drainage devices) are used. Low-vision devices such as magnification
systems (ranging from simple lenses to complex electronic visual enhancement
systems) can also be employed to compensate for visual loss and thus improve
quality of life.

Many medications (21) and medical conditions (other than eye diseases) also
affect the visual system. Victims of stroke, for example, with damage to the striate
cortex experience blindness in the visual fields that correspond to the cortical area
that is affected. However, stroke victims may have some residual ability to respond
to a visual target placed within the blind visual field without acknowledged aware-
ness of the presence of the stimulus (termed ‘‘blindsight’’) (22). An example of
blindsight is pointing in the direction of a visual target, such as a plate of food or a
glass of water, without conscious awareness of its presence. Blindsight appears to be
mediated by subcortical neural structures such as the superior colliculus that were
not affected by the stroke (23). An important new finding regarding ‘‘blindsight’’ is
that daily detection training in cortically blind patients can improve visual sensitiv-
ities in the very depths of the field defect (22).

Impaired vision can profoundly affect nutritional status because it interferes with
mobility (including driving), activities of daily living, food preparation, and use of
utensils. Ocular diseases such as AMDmake it difficult to monitor food quality and
safety by appearance and to identify food and eating utensils by visual cues. Loss in
the ability to discriminate the color and arrangement of foods at the table greatly
reduces the enjoyment of the eating experience and motivation to eat.

5.4.2 Auditory System

The function of the auditory system is to transmit information about sound
waves (pressure variations) in the air. The auditory system consists of (1) the
external ear or pinna which captures sound waves, (2) the middle ear which
transmits sound vibrations from the ear drum to the inner ear via three small
bones called the malleus, incus, and stapes, (3) the inner ear (the cochlea along
with hair cells), and (4) the auditory nerve and pathways to various central neural
structures. Approximately 80% of all hearing loss is sensorineural; i.e., the hair cells
in the inner ear or the auditory nerve are damaged due to normal aging, illness,
ototoxic drugs (e.g., streptomycin), injury (e.g., noise), or a hereditary condition.
Aging-related hearing loss (presbycusis), which initially tends to impair perception
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of high frequencies, afflicts between 40 and 50% of people aged 75 years and older
(24) and up to 90% of older persons in nursing homes (25). A small percentage of
hearing loss is due to conductive problems in which sound waves are not passed to
the inner ear due to the presence of excessive earwax, infection, fluid in the middle
ear from ear infection, or a punctured eardrum. While conductive hearing loss can
sometimes be medically or surgically corrected, sensorineural hearing loss is cur-
rently not reversible nor is it amenable to medical or surgical treatment. A variety of
hearing devices are currently available to compensate for hearing loss including
external hearing aids (to amplify sound waves), bone-anchored hearing aids (in
which sound is conducted through the bone rather than via themiddle ear), cochlear
implants (to compensate for damaged parts of the inner ear with an electronic
device), and auditory brainstem implants (to compensate for dysfunction of the
auditory nerve).

Hearing loss can adversely affect nutritional status as well as lead to social
isolation and depression. Furthermore, impairment of hearing results in reduced
sensory input from textural cues from food such as crispiness (high-frequency
sounds), and crunchiness (low-frequency sounds).

5.4.3 Somatosensory System with Age

The somatosensory system is comprised of a variety of receptors in the skin,
including free nerve endings and encapsulated nerve endings, that transduce sensa-
tions of touch, temperature, pressure, and pain. The number of somatosensory
receptors in the skin is reduced in older individuals, and these physiological losses
result in perceptual decreases in touch sensitivity especially at the fingertips (26) as
well as thermal sensitivity (27). Peripheral neuropathies from a variety of medical
conditions including diabetes, thyroid disorders, rheumatoid arthritis, alcoholism,
vitamin B12 deficiency, and peripheral vascular disease exacerbate age-related
somatosensory impairments. Certain drugs and medical treatments including sta-
tins and chemotherapy have somatosensory side effects such as numbness and
tingling (11).

Somatosensory perception can have an adverse effect on nutritional status
because reduced oral sensitivity impairs the ability to discriminate different textures
of food. Reduced tactile sensitivity can make food preparation andmanipulation of
utensils more difficult. Decrements in the ability to perceive heat can reduce
pleasure from food and become a safety issue if foods or beverages are served at
boiling temperatures (e.g., with a potential for oral burns). Reduced temperature
perception in the fingers is also risk factor for burns during cooking.

5.5 CHALLENGES FOR ASSESSING SENSORY FUNCTIONING
IN OLDER PERSONS: COMPARISON OF TASTE AND SMELL
WITH OTHER SENSES

In current clinical practice, physicians and other medical personnel generally
make diagnoses, treatment decisions, and clinical prognoses based on tests at a
single point in time. Clinical research, however, suggests that tests obtained at a
single time point are often inadequate to make a definitive diagnosis for a variety of
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medical conditions. Sensory, sensorimotor, and psychological assessments (28) can
be highly variable for a given individual over short time periods. This temporal
variation for an individual relative to his/her own mean is called intra-individual
variation.

A recent study emphasizes the difficulty of relying on a single assessment of sensory
function at one time point in older individuals. Schiffman (9) evaluated sensory
performance (all five sensory modalities as well as cognition) concomitantly in three
groups of non-demented older subjects including coronary artery bypass surgery
patients, patients with cardiovascular conditions but with no history of surgery,

Table 5.2
Sensory (and cognitive) tests ranked by percent of non-medicated older persons who per-
formed best on the first test of a series of four repeated tests

Test
modality Specific test type

Percentage of persons who
performed best on the first

of four repetitions

Cognitive Immediate Recall1 11.3

Cognitive Delayed Recall2 18.3

Touch Tactile special sensitivity thresholds3 19.0

Cognitive Symbol Digit Modalities Test4 19.7

Taste Sucrose detection threshold5 26.1

Taste Sucrose (sweet) recognition threshold5 26.8

Taste Quinine HCl detection threshold5 26.8

Taste NaCl detection threshold5 28.2

Hearing Thresholds (in decibels) at 6000 Hz6 29.6

Taste NaCl (salty) recognition threshold5 31.7

Taste Quinine HCl (bitter) recognition
threshold5

31.7

Hearing Thresholds (in decibels) at 8000 Hz6 33.1

Vision Contrast Sensitivity Row D (somewhat
difficult)7

38.7

Cognitive Mini Mental Status Examination
(MMSE)8

39.4

Smell Smell identification9 40.8

Smell Smell Memory10 40.8

Vision Contrast Sensitivity Row E (most
difficult)7

40.8

Smell Butanol detection threshold11 41.5

Hearing Thresholds (in decibels) at 4000 Hz6 42.3

Vision Contrast Sensitivity Row A (easiest)7 43.0

Hearing Thresholds (in decibels) at 500 Hz6 43.7

Hearing Thresholds (in decibels) at 2000 Hz6 50.0

Vision Contrast Sensitivity Row C (moderate
difficulty)7

50.7

(continued)
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Table 5.2
(continued)

Hearing Thresholds (in decibels) at 1000 Hz6 50.7
Vision Near Vision12 52.1

Vision
Contrast Sensitivity Row B (relatively
easy)7

53.5

1Immediate recall: Subjects read aloud a list of 13 word pairs, with each pair presented at 3 s
intervals. After a second presentation of these same word pairs, subjects were given the cue words (first

words of each pair) on a page, but the target words (second words of each pair) were absent (blank
line). Subjects were asked to write on the blank lines asmany of the pair-associated words as they could
remember. The maximum correct score attainable was 13.

2Delayed recall: Same as immediate recall but after a 5–10 min delay.
3Tactile spatial sensitivity thresholds: Cutaneous spatial resolution on the fingertip of the index

finger was measured by assessing orientation of spatial gratings (JVP Domes, Stoelting Company,

Wood Dale, IL) (29). The score is the narrowest spatial resolution that the subject can detect in
millimeters (mm).

4The Symbol Digit Modalities Test (SDMT) evaluates processing speed (30). Subjects were

presented with a key that pairs each digit from 1 to 9 with a specific geometric symbol. The subject
was then instructed to fill in rows of blank boxes with the digits that correspond to the symbols
presented directly above the boxes. Subjects were allotted 90 s to write the digits in as many possible
consecutive boxes in a row without skipping any items.

5The detection threshold is the concentration at which the subject correctly distinguished the
tastant as stronger than a water control. The recognition threshold (recognition threshold) is the
concentration at which the subject correctly identified the taste as salty (NaCl), sweet (sucrose), or

bitter (quinine HCl).
6Thresholds (in decibels) for six pure tones (500, 1000, 2000, 4000, 6000, and 8000 Hz) were

determined for each ear using the Maico 25 portable air conduction audiometer and an audiocup

headset (Eden Prairie, MN). A total score was computed by adding the decibels required to reach
threshold at each of the six pure tones and dividing by six. Lower total scores indicated better
performances.

7Contrast sensitivity refers to the visual ability to distinguish between an object and its back-
ground and is considered a more sensitive measure of visual status than standard visual acuity
measures. The Functional Acuity Contrast Test (FACT)Chart (StereoOptical Co., Chicago, IL) was used
to measure contrast sensitivity. Subjects reported the orientation (up, left, or right) of gray sine-wave

grating lines at progressively decreasing contrast. The FACT chart tests five spatial frequencies in rows
labeled A (easiest), B, C, D, and E (most difficult).

8TheMMSE is a brief screening instrument that assesses orientation and cognitive status in adults (31).
9Subjects were asked to identify 12 odors with the use of a list of 27 names of odorous substances. The

test score was the total number correct out of 12 target substances.
10Smell memory was assessed for four odorants using procedures described by Schiffman et al. (17).

Subjects were instructed to sniff one bottle containing the target odor and then try to remember it. Subjects
then counted backward by threes for 7 s from a number given by the examiner. Subjects were sequentially
presented with a set of the four odorants and were asked to identify which of the four had the odor that
they were asked to remember. Each odor was presented twice, for a total of eight trials, and scoring was

based on the total number of correctly remembered smells, with eight as the maximum score.
11The butanol detection threshold was the concentration at which the subject correctly distinguished

the odor as stronger than awater control. The threshold is expressed as concentration (%v/v) of 1-butanol

in deionized water.
12Near visual acuity for each eye was assessed using a Rosenbaum Pocket Vision Screening Chart

(Western Ophthalmics Corporation, Lynnwood, WA), with the subject wearing his/her personal visual

correction when needed. The near visual acuity score was determined to be the lowest line at which a
subject could correctly identify at least half the numbers or symbols.Mean score is the denominator of the
distance equivalent, e.g., 20/20, 20/30, i.e., 20/36.9 is worse than 20/33.1.
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and healthy non-medicated age-matched controls. All subjects were tested three times
over a 2-month period in order to investigate and compare short-term intra-indivi-
dual fluctuation or lability of the five senses and cognition over a short time period
when little change in perception was expected. The non-medicated control group was
also tested a fourth time four months after the 2-month testing in triplicate.

The main findings of the study were as follows. First, the intra-individual
variability was extensive for all three groups although it was significantly greater
for the coronary artery bypass surgery patients than for the other two groups that
were statistically equivalent. Second, the greatest individual variability (as well as
magnitude of sensory losses for the coronary bypass patients) was for taste and
smell thresholds. Third, correlations among the tests of different modalities
revealed that performance in one sensory modality does not necessarily correlate
with performance in another modality. Fourth, the initial or first sensory (and
cognitive) assessment of the repetitions seldom provided the best performance for
the majority of the tests (see Table 5.2 for data on the non-medicated cohort). The
variability for the medicated (but not surgical) patients was similar to the non-
medicated cohort, but the surgical patients showed significantly more fluctuation
(9). This finding is important because it emphasizes that sensory sensitivity varies
from day to day, and multiple assessments of the senses are necessary to establish
the range (maximum to minimum) of sensory performance.

5.6 FINAL COMMENT

Currently there are no proven pharmacological methods to treat age-related
impairment of taste or smell, and the prognosis for recovery of chemosensory sensa-
tions is poor. Use of stem cells that are capable of differentiating into taste, smell, or
other sensory receptorsmay be valuable for therapy in the future.Hyposmia (reduced
perception of smell) but not anosmia (total loss of smell) can be ‘‘treated’’ by adding
simulated food flavors to nutritious foods such as meat and vegetables to amplify the
odor intensity (5,6). Simulated flavors (e.g., cheese, butter, bacon) can be obtained
commercially and are mixtures of odorous molecules that are synthesized after
chemical analysis of the target food or, in some cases, extracted from natural
products. Flavors are essentially concentrated odors that are comparable to
frozen concentrated orange juice or extract of vanilla. Because flavors are not
spices, they do not irritate the stomach or cause gastric intolerance which is a
common complaint in older individuals. Amplification of the flavor levels to
compensate for taste and smell losses can improve food enjoyment, have a positive
effect on food intake, and foster appropriate nutritional intake.

5.7 RECOMMENDATIONS

1. For patients with nutritional disorders, clinicians should assess whether a
patient has sensory deficits that interfere with food intake. Importantly, clin-
icians should be familiar with prescription medications that impair sensory
functioning because substitution of the offending drug (i.e., one causing sen-
sory impairment) with one lacking sensory side effects may improve food
intake.
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2. For persons with diminished chemosensory acuity, the addition of simulated food
flavors (flavor amplification) to meat, vegetables, and other nutritious foods may
improve intake and compensate for chemosensory loss. Other helpful approaches
include varying the texture, color, and temperature of foods and instructing the
patient to chew foods thoroughly and to rotate among different foods on the plate to
reduce sensory fatigue.

3. Awareness of safety issues when temperature or tactile sensations are blunted is
important to ensure that patients do not burn the inside of the oral cavity or their
fingers with overheated food and beverages.
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6 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 and the carotenoids lutein and zeaxanthin.

� Due to inconsistencies among the findings of currently available studies regarding
doses and combinations 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.

Key Words: Cataract; macular degeneration; eye disease; retina

6.1 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 cataract (2,3). A clinically significant cataract is present in about 5%of
Caucasian Americans aged 52–64 yrs and rises to 46% in those aged 75–85 yrs (4).
In the United States, cataract extraction accompanied by ocular lens implant is
currently the most common surgical procedure 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. The prevalence of AMD
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also increases dramatically with age. Nearly 30% of Americans over the age of 75
have early signs AMD and 7% have late stage disease, whereas the respective
prevalence among people 43–54 yrs are 8 and 0.1% (4). 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 andAMD share commonmodifiable risk factors, such as light exposure
and smoking (7,8). Of particular interest is the possibility that nutritional counsel-
ing or intervention might reduce the incidence 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 and the carotenoids, lutein and zeax-
anthin. Given that the lens and retina suffer oxidative damage, these nutrients are
thought to be protective through their role as antioxidants. Additionally, lutein and
zeaxanthin may provide protection as filters against light damage, i.e., absorbers of
blue light.

6.2 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 (see Fig. 6.1). The anterior hemisphere is
covered by a single layer of epithelial cells containing subcellular organelles. 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, organized 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 (9). Cataracts result when
certain events, e.g., light exposure, cause a loss of order and result in abrupt
fluctuations in refractive index causing increased light scattering and loss in

Fig. 6.1. The human eye showing typical organization and terminology (from National Eye
Institute, National Institute of Health).

100 Johnson



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. For these reasons dietary antiox-
idants may be important in the prevention of cataract.

AMD is a disease affecting the central area of the retina (macula) (Fig. 6.1)
resulting in loss of central vision. In the early stages of the disease, lipid material
accumulates in deposits underneath the retinal pigment epithelium (RPE). This is
believed to arise after failure of the RPE to perform its digestive function ade-
quately. These lipid deposits are known as drusen, and can be seen as pale yellow
spots on the retina. 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, chemical and
light-induced oxidative damage to the photoreceptors is thought to be important in
the dysfunction 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. Currently, there is no treatment which
can restore vision in AMD. Therefore, efforts have focussed on its prevention. As
with cataract, dietary antioxidants have been suggested to play an important role in
the prevention of AMD.

The antioxidants, vitamins C and E, lutein and zeaxanthin are common com-
ponents of our diet that are most often implicated as protective against eye
disease. These antioxidants may prevent damage in the lens by reacting with free
radicals produced in the process of light absorption. Photoreceptors in the retina
are subject to oxidative stress throughout life due to combined exposures to light
and oxygen.

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. Both vitamins C and E are found in the
lens (10–12). Of the 20–30 carotenoids found in human blood and tissues (13) only
lutein and zeaxanthin are found in the lens and retina (10,14). Lutein and zeax-
anthin are concentrated in themacula or central region of the retina and are referred
to as macular pigment. In addition to their role as antioxidants, lutein and zeax-
anthin 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, and reduced visual sensitivity (7). Omega-3
fatty acids and zinc are highly concentrated in the eye and have been implicated in
eye health.
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6.3 HUMAN STUDIES ON DIETARY INTAKE AND BLOOD LEVELS
OF ANTIOXIDANTS 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 evaluating risk factors. Although there are
limitations to such studies, consistency of findings among studies lends to the
credibility of nutritional and disease associations.

6.3.1 Cataract

6.3.1.1 VITAMIN C

Several studies have found a relationship between increased dietary vitamin C
and decreased risk of cataract (seeTable 6.1) (15–17). 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 quintile (18). It
has also been observed that the prevalence of cataract was about 75% lower in
persons with vitamin C intakes >490 mg/d than in those with intakes <125 mg/d
(16). However, such a relationship was not always observed (15,19–22) (Table 6.1).

Table 6.1
Summary of epidemiologic studies of dietary vitamin C* and cataract

Data analysis method Result Reference

Positive outcome

Highest vs. lowest quintile
(men, 104 vs. 33 mg/d)

Lower prevalence of cataract
in highest quintile

Mares-Perlman, J.A.,
et al., 1995 (15)

>490 mg/d vs. <125 mg/d Lower prevalence of cataract
with high intake

Jacques, P.F., et al.,
1991 (16)

Highest vs. lowest quintile Lower prevalence of cataract
in highest quintile

Leske, M.C., et al.,
1991 (17)

Null outcome

Highest vs. lowest quintile
(women, 171 vs. 34mg/d)

No difference in prevalence of
cataract between groups

Mares-Perlman,
J.A.,et al.,1995 (15)

Highest vs. lowest quintile
(705 vs. 70 mg/d)
(women)

No difference in prevalence of
cataract between groups

Hankinson, S.E., et al.,
1992 (19)

Highest vs. lowest quintile No difference in prevalence of
cataract extraction between
groups

Tavani, A., et al.,
1996 (20)

Highest vs. lowest quartile
(261.1 vs. 114.4 mg/d)

No difference in prevalence or
nuclear or cortical cataract
between groups

Vitale, S., et al.,
1993 (21)

Multiple logistic regression No association of dietary vit C
with nuclear or cortical
cataract

Italia- American
Cataract Study
Group, 1991 (22)

*RDA for adults: 60 mg/d.
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Compared to diet, serum concentrations of a nutrient are considered to be a
better measure of nutrient status. Therefore, an evaluation of serum vitamin C
relationships with cataract may be useful. Serum ascorbic acid level has been
reported to be inversely associated with prevalence of cataract (see Table 6.2)
(16,23). However, Vitale et al. (21) observed that plasma vitamin C concentrations
were not associated with risk of nuclear or cortical cataract. In contrast to these
studies, one study found an increased prevalence of cataract with increased plasma
vitamin C (24) (Table 6.2).

6.3.1.2 VITAMIN E

A protective effect of dietary vitamin E has been observed in several studies (see
Table 6.3). Persons in the highest quintile for vitamin E intake were reported to be
50% less likely to undergo cataract extraction compared to those in the lowest
quintile for vitamin E intake (20). Mares-Perlman et al. (15) 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. (17)
reported that 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 (16) found that although persons
with vitamin E intake greater than 35.7 mg/d had a 55% lower prevalence of cataract
than did persons with intakes less than 8.4 mg/d, a significant difference was not
found. Two other studies also reported no difference in cataract prevalence between
persons with high and low vitamin E intake (15,19) (Table 6.3). In the first of these
two studies, the null relationship was in women only (in men, dietary vitamin E was
protective). In the second study only women were studied.

Table 6.2
Summary of epidemiologic studies of plasma vitamin C* and cataract

Data analysis method Result Reference

Positive outcome

Multiple logistic
regression

Serum vit C inversely associated
with prevalence of cataract
(p ¼ 0.03)

Simon, J.A., et al.,
1999(23)

>90 mmol/L vs. <40
mmol/L

Lower prevalence of cataract
with high plasma levels

Jacques, P.F., et al.,
1991 (16)

Null outcome

Highest vs. lowest
quartile

Plasma vit C levels were not
associated with risk of cortical
or nuclear cataract

Vitale, S., et al., 1993 (21)

Negative outcome

Higher prevalence of cataract
with increased plasma vit C

Mohan, M., et al., 1989
(24) cataract with
increased plasma vit C

*Reference range: 23–125 mmol/L (Nutrition Evaluation Laboratory, Tufts University, 2001.
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As with dietary vitamin E, results from studies reporting relationships between
plasma vitamin E and cataract have been mixed (see Table 6.4). In five of eight
studies examining this issue, increased plasma vitamin E was observed to be
protective against the risk of cataract (21,25–28) (Table 6.4). However, one study
observed that the prevalence of cataract was not related to plasma vitamin E
concentrations (22) and one study observed that the prevalence of cortical cataract
did not differ between those with high and low plasma vitamin E concentrations
(21). In contrast, one study found increased levels of plasma vitamin E to be a risk
factor for cataract (18). In this study there was a significantly increased prevalence
of nuclear cataract among women and men in the highest serum vitamin E quintile
relative to those in the lowest quintile (Table 6.4).

6.3.1.3 LUTEIN AND ZEAXANTHIN

Few studies have specifically examined the relationship between lutein and
zeaxanthin with cataract risk. In a recent report, Chasen-Taber et al. (29) observed
in women that those with the highest intake of lutein and zeaxanthin had a 22%
decreased risk of cataract extraction compared with those in the lowest quintile.
Brown et al. (30) also observed that there was a lower risk of cataract extraction in
men with higher intakes of lutein and zeaxanthin but not other carotenoids. Men in
the highest fifth of lutein and zeaxanthin intake had a 19% lower risk of cataract
relative to men in the lowest fifth. Mares-Perlman et al. (31,32) observed in women
a significant inverse trend across quintiles of lutein intake. Women in the highest
quintile of lutein intake (median 0.95 mg/d) had a 27% lower prevalence of nuclear

Table 6.3
Summary of epidemiologic studies of dietary vitamin E* and cataract

Data analysis method Result Reference

Positive outcome

Highest vs. lowest quintile Lower cataract extraction in
highest quintile

Tavani, A., et al.,
1996 (20)

Highest vs. lowest quintile
(men, 12.8 vs. 4.0 mg/d)

Lower prevalence of nuclear
cataract in highest quintile

Mares-Perlman,
J.A. et al.,
1995 (15)

Highest vs. lowest quintile 40% Lower prevalence of cataract
in highest quintile

Leske,M.C., et al.,
1991 (17)

Null outcome

>35.7 mg/d vs. <8.4 mg/d No difference between groups Jacques, P.F.,
et al., 1991 (16)

Highest vs. lowest quintile
(women, 19.9 vs. 5 mg/d)

No difference between groups Mares-Perlman,
J.A., et al.,
1995 (15)

No relationship between dietary vit
E and cataract extraction in
women

Hankinson, S.E.,
et al., 1992 (19)

*RDA: 8 and 10 mg/d, women and men, respectively.
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cataract than women in the lowest lutein intake quintile (median 0.28 g/d). The
trend was in the same direction in men, but did not reach significance. Hankinson
et al. (19) reported that the rate of cataract surgery was associated with lower
intakes of lutein-rich foods such as spinach and other green vegetables. Although
the data are few, the studies suggest that dietary lutein and zeaxanthin play a role in
cataract prevention. Table 6.5 summarizes the epidemiologic studies that evaluated
lutein status and cataract risk.

6.3.1.4 OMEGA-3 FATTY ACIDS

Cataract formation is associated with perturbations of lens membrane composi-
tion, structure, and function (33–35) as well as changes in fatty acid composition
(36). Studies in rats found that high intake of polyunsaturated fatty acids delays the
cataract formation (37,38). In a prospective study examining the relationship
between dietary fat and cataract extraction in women (n ¼ 71,083, 16-yr follow-
up), women in the highest quintile of long-chain omega-3 fatty acids (0.21%

Table 6.4
Summary of epidemiologic studies of plasma vitamin E* and cataract

Data analysis method Result Reference

Positive outcome

Highest vs. lowest quartile Decrease in cortical cataract
progression in highest
quintile

Rouhiainen, P.,
et al., 1996 (20)

>30 mmol/L vs. <19 mmol/L Less nuclear cataract in high
plasma vit E group

Vitale, S., et al.,
1993 (21)

>20 mmol/L vs. <20 mmol/L Higher plasma levels of vit E
had 1/2 the amount of
cataract surgery

Knekt, P., et al.,
1992 (26)

Highest vs. lowest quintile Lower prevalence of nuclear
cataract in highest quintile

Leske, M.C., et al.,
1995 (27)

Regression model High plasma vit E related to
decreased prevalence of
nuclear cataract

Leske, M.C., et al.,
1998 (28)

Null outcome

>30 mmol/L vs. <19 mmol/L No difference in cortical
cataract progression

Vitale, S., et al.,
1993 (21)

Multivariate logistic regression No relationship between
plasma vit E and cataract
prevalence

Italian-American
Cataract Study
Group, 1991 (22)

Negative outcome

Highest vs. quintile men, 37.8
vs. 16.9 mmol/L women, 46.5
vs. 18.2 mmol/L

Increased prevalence of
lowest nuclear cataract in
highest

Mares-Perlman,
J.A., et al.,
1995 (31)

*Reference range: 12.0–43.2 mmol/L (Nutrition Evaluation Laboratory, Tufts University, 2001.
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of energy) had a 12% lower risk of cataract extraction compared to those in the
lowest quintile (0.03% of energy) (39) (relative risk¼ 0.88, 95%CI: 0.79–0.98, P for
trend ¼ 0.02).

6.3.2 AMD

6.3.2.1 VITAMIN C

Only one epidemiologic study has evaluated the role of dietary vitamin C and
AMD risk (see Table 6.6). Seddon et al. (40) observed that persons in the highest
and lowest intake quintiles for vitamin C had the same prevalence of advanced
AMD. However, results examining relationships between plasma levels of vitamin
C and AMD suggest that increased plasma vitamin C may decrease the risk of
AMD. West et al. (41) reported that individuals with plasma vitamin C

Table 6.6
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 (1039 vs. 65 mg/d)

No difference in prevalence
of advanced AMD
between groups

Seddon, J.M.,
et al.,
1994 (44)

Plasma vitamin C

>80 mmol/L vs. <60 mmol/L Lower prevalence of AMD
in high plasma vit C group

West, S.,
et al.,1994 (41)

>91 mmol/L <40 mmol/L Lower prevalence of AMD
in high plasma vit C group

EDCCSG,
1993 (42)

*RDA for adults: 60 mg/d; reference range 23–125 mmol/L (Nutrition Evaluation Laboratory,
Tufts University, 2001).

Table 6.5
Summary of epidemiologic studies of lutein status and cataract

Data analysis method Result Reference

Highest vs. lowest quintile lutein/
zeaxanthin intake(women)

22% Decrease risk of
cataract extraction

Chasen-Taber, L.,
et al., 1999 (29)

Highest vs. lowest quintile lutein/
zeaxanthin intake (men)

19% Decrease risk of
cataract extraction

Brown, L., et al.,
1999 (30)

Highest vs. lowest quintile lutein/
zeaxanthin intake (women)

27% Lower prevalence of
nuclear cataract

Mares-Perlman,
J.A., et al.,
1995 (15)

Highest vs. lowest quintile lutein
intake (men)

No difference in
prevalence of nuclear
cataract

Mares-Perlman,
J.A., et al.,
1995 (15)

Consumption >5�/wk vs. <1�/
mo spinach (women)

29% Decrease risk of
cataract extraction

Hankinson, S.E.,
et al., 1992 (19)
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concentrations >80 mmol/L had a 45% lower prevalence of AMD compared with
individuals who had concentrations <60 mmol/L. Others have reported that indivi-
duals with serum vitamin C concentrations �91 mmol/L had a 30% lower preva-
lence of AMD compared with those who had concentrations <40 mmol/L [42]
(Table 6.6).

6.3.2.2 VITAMIN E

The one study that has evaluated the role of dietary vitamin E and AMD risk
reported no difference in prevalence of advanced AMD between individuals in the
highest and lowest vitamin E intake quintiles (see Table 6.7) (40). A protective
effect of increased plasma vitamin E against AMD has been found in some studies
(41,42), but not in others (31,43) (Table 6.7).

6.3.2.3 LUTEIN AND ZEAXANTHIN

Results of a multicenter case–control study suggest that high intakes of carote-
noid, particularly lutein and zeaxanthin, are related to lower risk of advanced
neovascular AMD (44). This is consistent with earlier findings from the First
Health and Nutrition Examination Survey, in which low intakes of fruits and
vegetables providing vitamin A were related to higher rates of all types of advanced
AMD (45). The Eye Disease Case–Control Study (42) found after adjusting for
other risk factors, people in the highest fifth of carotenoid intake had a 43% lower
risk for neovascular AMD compared to those in the lowest fifth. Among the specific
carotenoids, lutein and zeaxanthin, which are primarily obtained from dark green,
leafy vegetables, were most strongly correlated with a reduced risk for age-related

Table 6.7
Summary of epidemiologic studies of dietary and plasma vitamin E* with AMD

Data analysis method Result Reference

Dietary vitamin E

Highest vs.1994 (40) lowest
quintile for vit E intake (405 vs.
3.4 mg/d)

No difference in prevalence of
advanced AMD between
groups

Seddon,
J.M., et al.,

Plasma vitamin E

>30 mmol/L vs.1994 (41) <19
mmol/L

Lower prevalence of AMDwith
high plasma vit E

West, S.,
et al.,

>43 mmol/L vs. <25 mmol/L Lower prevalence of AMDwith
high plasma vit E

EDCCSG,
1993 (42).

>23 mmol/L vs.et al., 1995 (31)
<23 mmol/L

No difference between groups in
prevalence of AMD

Mares-
Perlman,
J.A.,

Patients with AMD vs.1993 (43)
age-, sex-matched controls

No difference in plasma
concentration of vit E
between groups

Sanders,
T.A.B,
et al.,

*RDA: 8 and 10mg/d, women andmen, respectively; reference range: 12.0–43.2 mmol/L (Nutrition
Evaluation Laboratory, Tufts University).
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macular degeneration. However, a nested case–control study as part of the Beaver
Dam Eye Study found no association with serum levels of lutein and zeaxanthin in
167 cases of (largely) early age-related macular degeneration and age-, sex-, and
smoking-matched controls (18).

6.3.2.4 OMEGA- 3 FATTY ACIDS

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 (46). Long-chain omega-3 fatty acids may have a special
role in the function of the retina in addition to their antithrombotic and hypolipi-
demic effects on the cardiovascular system. Docosahexaenoic acid (DHA) is the
omega-3 fatty acid of key interest. DHA is a major fatty acid found in the retina
(47). Rod outer segments of vertebrate retina have a high DHA content (47,48).
Since photoreceptor outer segments are constantly being renewed, a constant
supply of DHA may be required for proper retinal function and a marginal deple-
tion may impair retinal function and influence the development of AMD.

Epidemiologic studies examining the relationship of DHA or fish intake with
AMD suggest a trend toward a protective relationship. In a prospective follow-up
study of the Nurses’ Health Study and the Health Professionals Follow-up Study,
men and women (n ¼ 72,489) with no diagnosis of AMD were followed for 10–12
yrs. Odds of AMDdecreased with increasedDHA intake (top vs. bottom quintile of
RR: 0.70; 95% CI: 0.52–0.93; P for trend ¼ 0.05). However, the relationship of
DHA does not remain (OR for highest vs. lowest of DHA intake ¼ 0.8; 95% CI,
0.5–1.1) when modeled simultaneously with intake of other dietary lipids. These
investigators also examined the association of fish intake (a major source of DHA)
with AMD risk. Consumption of>4 servings of fish per week was associated with a
35% lower risk of AMD compared with�3 servings per month (RR: 0.65; 95%CI:
0.46–0.91; P for trend ¼ 0.0009) in pooled multivariate analysis (49). Of the
individual fish types examined, a significant inverse association was found only
with tuna intake. The pooled RR of participants who ate canned tuna more than
once per week compared with those who consumed it less than once per month was
0.61 (95% CI: 0.45–0.83).

The Dietary Ancillary Study of the Eye Disease Case–Control Study (42)
reported results for 349 participants with neovascular AMD and 504 control sub-
jects without AMD (50). In demographically adjusted analyses, increasing intake
of linoleic acid was significantly associated with higher prevalence of AMD (P for
trend, 0.004). This association remained in multivariate analyses, with an OR for
the fifth vs. first quintile of 2.00 (95%CI, 1.19–3.37) (P for trend, 0.02). In contrast,
intake of omega-3 fatty acids showed an inverse relationship with AMD in demo-
graphically adjusted analyses (P for trend, 0.01) but became non-significant after
controlling for confounding variables, e.g., cigarette smoking. When the study
population was stratified by linoleic acid intake (�5.5 or �5.6 g/d), the risk for
AMD was significantly reduced with high intake of omega-3 fatty acids among
those with low linoleic acid intake (P for trend, 0.05; P for continuous variable,
0.03). In contrast, among individuals with high linoleic acid intake, no significant
association was seen for omega-3 fatty acid intake after controlling for other
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confounding variables. The authors commented that these findings suggest a com-
petition between n-3 and n-6 fatty acids and that both the levels of n-3 fatty acids
and its ratio to the n-6 acids are important. These results are similar to amore recent
report involving a prospective cohort study of 261 persons aged 60 yrs or older
at baseline with an average follow-up of 4.6 yrs. In this study, 101 patients with
AMD progressed to advanced AMD. It was reported that higher fish intake (>2
servings/wk vs. <1 serving/wk) was associated with a lower risk of progression to
advanced AMD among subjects with lower linoleic acid intake (OR 0.36; 95%
CI, 0.14–0.95) (51).

A relationship between fish intake and late ARM (neovascular AMD) or geo-
graphic atrophy was not measured in the Beaver Dam Eye Study, a retrospective
population-based study. However, fish intakes were low (52) and it is possible that
the intake of omega-3 fatty acids in this population was not varied enough to detect
a difference in risk for AMD.

Heuberger et al. evaluated the associations between fish intake and age-related
maculopathy (ARM) in the Third National Health and Nutrition Examination
Survey. Persons aged 40–79 yrs (n¼ 7405) were included in analyses for early ARM
(n ¼ 644); those 60 yrs or older (n ¼ 4294) were included in analyses for late ARM
(n ¼ 53). Consuming fish more than once a week compared with once a month or
less was associated withORs of 1.0 for earlyARM (95%CI, 0.7–1.4) and 0.4 for late
ARM (95% CI, 0.2–1.2) after adjusting for age and race. Adjusting for other
possible risk factors did not influence these relationships (53). These investigators
concluded that no associations were observed between fish intake and ARM in this
population. However, in associations with late ARM, while not statistically sig-
nificant, the ORs were consistent with observations of inverse association reported
by others (49,54).

The BlueMountains Eye Study (BMES) was a population-based survey of vision,
common eye diseases, and diet in an urban population of 3654 people aged 49 yrs
and older (54). In the 2915 subjects evaluated for fish intake, there were 240 cases of
early ARM and 72 cases of late ARM identified. In this study, more frequent
consumption of fish appeared to protect against late ARM, after adjusting for
age, sex, and smoking. The protective effect of fish intake commenced at a relatively
low frequency of consumption (1–3 times per month compared with intake <1 time
per month; OR: 0.23; 95% CI: 0.08–0.63). The ratio of cases to controls in these
intake groups was 6/777 and 17/380, respectively. The OR for intake >5 times per
week compared with<1 time per month was 0.46 (95% CI: 0.12–1.68). The authors
suggested that there may be a threshold protective effect at low levels of fish intake,
with no increased protection from ARM at increased fish intake. In this study, there
was little evidence of protection against early ARM. A summary of the studies that
evaluated omega-3 fatty acid intake and risk of AMD is found in Table 6.8.

6.3.2.5 ZINC

The zinc concentration in the retina is one of the highest levels in the body,
suggesting a special importance to the eye (55). In fact, in a study byNewsome et al.
(56), zinc supplementation given to elderly people with early stages of AMD
resulted in better maintenance of visual acuity than in those receiving placebo.
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However, in a prospective study of zinc intake and risk of AMD, in which 66,572
women and 37,636 men (�50 yrs) were followed for 10 yrs it was found that after
multivariate adjustment for potential risk factors, the pooled relative risk was 1.13
(0.82–1.56) among participants in the highest quintile of total zinc intake (25.5 mg/d
for women, 40.1mg/d for men) compared with those in the lowest quintile (8.5 mg/d
for women, 9.9 mg/d for men) (57). The relative risk of highest compared with
lowest quintile was 1.04 (95% CI, 0.59–1.83) for zinc intake from food. Subjects
who took zinc supplements had a pooled multivariate relative risk of 1.04 (95%CI,
0.75–1.45). It was concluded from this large prospective study that zinc intake either
in food or supplements was not associated with a reduced risk of AMD.

In summary, the studies examining nutrient and eye disease relationships are not
entirely consistent. Methodology differences among studies may, in part, explain
the inconsistencies. Also, there are limitations to such studies that examine relation-
ships 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 rela-
tionships. Despite these drawbacks, a possible protective role of vitamins C and E
and the carotenoids lutein and zeaxanthin cannot be dismissed given the number of
studies that found a protective effect and the very few 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

Table 6.8
Multivariable odds ratios for neovascular AMD and late ARM and omega-3 fatty acid intake
(adapted from (70).

Study
Sample
design

Exposure
(high vs.
low) Outcome Cases OR 95%CI Ref.

NHS/HPFU Prospective LCPUFA NV AMD 9 0.4 0.2–1.2 (49)

EDCCS Case–control LCPUFA NV AMD 349 0.6 0.3–1.4 (50)

BDES Population
based

Fish Late ARM 30 0.8 0.2–1.5 (52)

NHANES National
Survey

Fish Late ARM 9 0.4 0.2–1.2 (53)

BMES Population
based

Fish Late ARM 46 0.5 0.2–1.2 (54)

Seddon et al. Prospective Fish Late AMD 261 0.4 0.1–0.95 (51)

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 degeneration; NV AMD, neovascular age-related
macular degeneration.
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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.

6.4 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 6–25mg/capsule. At this point, lutein can be found
in a few multivitamin products. Centrum was the first multivitamin supplement
with lutein and contains 250 mg/capsule. Alcon Laboratories and Bausch & Lomb
have recently made available multivitamin supplements formulated for eye care.
These products contain lutein in higher amounts.

6.4.1 Cataract

Jacques et al. [58] observed a>75% lower prevalence of early opacities in women
who used vitamin C supplement for �10 yrs (see Table 6.9). None of the 26 women
who used vitamin C supplements for �10 yrs had more advanced nuclear cataract.
Hankinson et al. (19) observed that women who reported use of vitamin C supple-
ment for �10 yrs had a 45% reduction in rate of cataract surgery. The study of
Robertson et al. (59) observed that the prevalence of cataract in persons who
consumed vitamin C supplement of >300 mg/d was approximately one-third the
prevalence in persons who did not consume vitamin C supplements. However,
Chasan-Tabar et al. (60) prospectively examined the association between vitamin
supplement intake and the incidence of cataract extraction during 12 yrs of follow-
up in a cohort of 73,956 female nurses. After adjusting for cataract risk factors,

Table 6.9
Summary of epidemiologic studies of supplemental vitamin C* and cataract

Data analysis method Result Reference

Positive outcome

Usage �10 yrs vs.
Usage <10 yrs

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

Jacques, P.F.,
et al., 1997 (58)

Usage �10 yrs vs.
Usage <10 yrs

Decrease in cataract surgery with
increase usage of vit C supplement

Hankinson, S.E.,
et al., 1992 (19)

>300 mg/d vs. non-users
of vit C supplements

Lower prevalence of cataract in
vit C supplement users

Robertson, J.M.,
et al., 1989 (59)

Null outcome

Usage �10 yrs vs.
non users

No difference between groups Chasen-Taber, L.,
et al., 1999 (29)

*RDA for adults: 60 mg/d.
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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 yrs or more and non-users (Table 6.9).

Nadalin et al. (61) cross-sectionally examined the association between prior
supplementation with vitamin E and early cataract changes in volunteers (see
Table 6.10). Of 1111 participants 26% reported prior supplementation with vitamin
E. Only 8.8% of these participants took supplementation greater than the recom-
mended daily intake (10 mg/d). 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. (28) examined the association of 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 personswith higher plasma levels of vitaminE.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 vitaminE supplement
and persons with higher plasma levels of vitamin E, the risk was reduced by approxi-
mately half. These results are confirmed by Robertson et al. (59) 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 (19) (Table 6.10).

To date, there are few data from intervention trials of vitamins and cataract risk.
In a recent study, it was reported that a high-dose combination of antioxidants
(vitamins C and E, beta-carotene, and zinc) had no significant effect on the devel-
opment or progression of cataract (62). The LINXIAN trial (63) examined the
role of antioxidants in prevention of cataract, and the effect is not clear. The
intervention was a combination dose of 14 vitamins and 12 minerals. Therefore, a

Table 6.10
Summary of epidemiologic studies of supplemental vitamin E* and cataract

Data analysis method Result Reference

Positive outcome

Vit E supplement
users vs. non-users

Decrease in cortical cataract in users of
vit E supplements;

Nadalin, G., et al.,
1999 (61)

Vit E supplements
users vs. non-users

Decrease in nuclear cataract in users Leske, M.C., et al.,
1995 (27)

Vit E supplements
users vs. non-users

Decrease in cataract in users Robertson, J.M.,
et al., 1989 (59)

Null outcome

Vit E supplement
users vs. non-users

No difference in nuclear cataract Nadalin, G., et al.,
1999 (61)

Vit E supplement
users vs. non-users

No difference in prevalence of cataract
between users and non-users

Hankinson, S.E.,
et al., 1992 (19)

*RDA: 8 and 10 mg/d, women and men, respectively.
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specific role of any one nutrient could not be accurately evaluated. The multi-
vitamin 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 mixture of oral antioxidant micronutrients (beta-carotene, 18 mg/d;
vitamin C, 750 mg/d; vitamin E, 600 mg/d) would modify the progression of age-
related cataract (64). This was a multicenter prospective double-masked randomized
placebo-controlled 3-yr trial in 445 patients with early age-related cataract. REACT
demonstrated a statistically significant positive treatment effect after 2 yrs for US
patients and for both subgroups (US,UK) after 3 yrs, but no effect for theUKpatients
alone. The conclusion from this study was that daily supplementation with these
nutrients for 3 yrs produced a small deceleration in progression of age-related cataract.

6.4.2 AMD

A recent study reported that a high level of antioxidants and zinc significantly
reduces the risk of AMD and its associated vision loss (62). In the Age-Related Eye
Disease Study (AREDS) it was found that people at high risk for developing advanced
stages of AMD (people with intermediate AMDor advancedAMD in one eye but not
the other eye) lowered their risk by about 25%when treatedwith a high-dose combina-
tion 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%. For
those subjects who had either no AMDor early AMD, the nutrients did not provide a
measuredbenefit. Because single nutrientswerenot evaluated, specific effects couldnot
be determined. AREDS 2 has begun and aims to refine the findings of AREDS by
including the xanthophylls as well as omega-3 fatty acids into the test formulation.

It has reported that the prevalence of AMD in persons who consumed vitamin C
supplement for >2 yrs was similar to those who never took vitamin C supplements
[38] (see Table 6.11). In a study conducted by Seddon et al. (40) the prevalence of
AMD was also similar between those who took vitamin E supplement for >2 yrs

Table 6.11
Summary of epidemiologic studies of supplement use and AMD

Data analysis method Result Reference

Null outcome

Vit C supplement users
(>2 yrs) vs. non-users

No difference between groups
in AMD prevalence

EDCCSG, 1993 (42).

Vit E supplement users
(>2 yrs) vs. non-users

No difference between groups
in AMD prevalence

Seddon, J.M., et al.,
1994 (40).

Intervention trial vit E,
beta-carotene, or both
supplements vs.
placebo

No association of treatment
Alpha-Tocopherol Beta-
group with any sign of
Carotene Cancer
Prevention maculopathy

Study Group, 1994 (65).
Eye Disease Prevalence
Research Group,
2004 (71).
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and those who never took vitamin E supplements. One primary prevention trial has
been published on age-related macular degeneration (65) (Table 6.11). This trial
evaluated the effect of nutritional antioxidants on AMD. Overall there were 728
people randomized to any antioxidant and 213 to placebo. The results of this study
found that there was no association of treatment group with any sign of maculo-
pathy. There were 216 cases of the disease in the antioxidant groups and 53 in the
placebo group. Themajority of these cases were early age-relatedmaculopathy. The
findings are similar when each of the antioxidant groups—vitamin E, beta-carotene,
vitamin E and 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 AMD. There was no association with the treatment
group and development of early stages of the disease. 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 non-
smokers. However, the incidence of AMD, particularly neovascular disease, is likely
to be higher in smokers (66) which means that they provide a good population to
demonstrate any potential protective effects of antioxidant supplementation.

Lutein and zeaxanthin supplements have only recently become available to the
general public. Therefore, time has not allowed for the adequate study of the effect
of these nutrient supplements for the prevalence of either cataract or AMD.

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 number 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 (67). However, it appears that
nutrient supplementation does not cause an increased risk to the eye disease.

6.5 CLINICAL SUMMARY AND TREATMENT GUIDELINES

The inconsistencies among studies in terms of the amount of nutrient required for
protection against eye disease make it difficult to make specific recommendations
for dietary intakes of these antioxidants. 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 com-
ponents 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
(see Table 6.12). Good sources of vitamin E are vegetable oils, wheat germ, whole
grain cereals, nuts, and legumes (see Table 6.13). The two foods that were found
to have the highest amount of lutein and zeaxanthin are kale and spinach (see
Table 6.14). Other major sources include broccoli, peas, and brussel sprouts. Fish
oils are the primary source of omega-3 fatty acids (see Table 6.15).
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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 minerals 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 antioxidant

Table 6.12
Vitamin C content of foods* (72)

Food Amount Milligrams

Orange juice 1 cup 12

Green peppers 1/2 cup 96

Grapefruit juice 1 cup 94

Papaya 1/2 med 94

Brussel 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

*Edible portion.

Table 6.13
Vitamin E content of foods* (72)

Food Amount
Milligrams

(�-tocopherol equivalents)

Wheat germ oil 1 tb 26.2

Sunflower seeds 1/4 cup 16.0

Almonds 1/4 cup 14.0

Safflower oil 1 tb 4.7

Peanuts 1/4 cup 4.2

Corn oil 1 tb 2.9

Peanut butter 2 tb 4.0

Soybean oil 1 tb 2.0

Pecan, halves 1/4 cup 2.0

*Edible portion.
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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. 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 prevention or
slowing disease. Until the efficacy and safety of taking supplements containing
nutrients can be determined, current dietary recommendations (68) are advised.

In addition to antioxidant vitamins, patients ask about a wide variety of unpro-
ven and often untested nutritional supplements. These include bilberries, shark
cartilage, andGinkgo biloba extract. Unfortunately, little is known about the effect
of these products on cataract or AMD: no clinical trials 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.

Table 6.15
Omega-3 fatty acid content of selected seafood (74,75).

Seafood Omega-3 fatty acids (% by wt)

Mackerel 1.8–5.3

Herring 1.2–3.1

Salmon 1.0–1.4

Tuna 1.0–1.4

Trout 0.5–1.6

Halibut 0.4–0.9

Shrimp 0.2–0.5

Cod 0.2–0.3

Plaice �0.2
Flounder �0.2
Haddock 0.1–0.2

Table 6.14
Lutein/zeaxanthin content of foods (73).

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 1/2 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

*Edible portion.
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6.6 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 effectiveness vs. safety of nutrient supple-
ments. But advocating the use of nutrient supplementation must be done with a
cautionary note given that there have been trials which have suggested that supple-
mentation with beta-carotene may have an adverse effect on the incidence of lung
cancer in smokers and workers exposed to asbestos (65,69). Clearly further trials
are warranted to address the usefulness nutrient supplementation in eye disease
prevention.

It is likely that cataract and AMD develop 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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7 Common Gastrointestinal Complaints
in Older Adults

Stephen A. McClave

Key Points

� Medication effects and specific dietary factors, such as acid and foods lowering
esophageal sphincter pressure, require special attention in older adults with esopha-
geal and gastric disorders.

� The high prevalence of atrophic gastritis in older adults increases the risk for vitamin
B12 malabsorption and deficiency.

� Evaluation of both diarrhea and constipation requires a thorough history (paying
attention to diet, activities, and bowel habits) and a careful physical examination
(including a digital rectal exam).

� Hepatitis is more common among older adults than originally appreciated and is
often secondary to medications or hepatitis C exposure.

� Evaluation of anemia in older adults should include assessment of iron stores,
copper, zinc, B12, and folate levels.

Key Words: Esophageal function; atrophic gastritis; dysphagia; diarrhea;
constipation; anemia; hepatitis; gut

7.1 INTRODUCTION

Many gastrointestinal (GI) complaints are voiced by the geriatric patient popu-
lation. Surprisingly, few of these complaints are due to specific aging processes of
the gut. With rare exception, the onset of symptoms reflects underlying pathophy-
siologic disease processes which warrant full evaluation and appropriate manage-
ment. Often other factors, unique to the older age group, predispose the patient to
added risk. Toleration of the insult is diminished, resulting in the potential for
greater morbidity and mortality than for younger age groups. The diagnosis can be
difficult to make due to underreporting by the patient, atypical symptom presenta-
tion, and the existence of comorbid disease processes.
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This chapter will review the most common GI complaints, discuss the clinical
issues and their relevance to nutritional status, and briefly highlight a basic manage-
ment scheme for each problem.

7.2 DYSPHAGIA

Dysphagia in the geriatric population cannot be attributed to presbyesophagus
(‘‘old esophagus’’), a term used inappropriately in the past to attribute symptoms to
the natural aging process of the esophagus. This is because only minor, clinically
insignificant, changes in the physiology of the esophagus occur with aging (1).
Invariably, any significant complaints of dysphagia are related to an underlying
disease process such as diabetes, Parkinson’s disease, malignancy, stricture, scler-
oderma, gastroesophageal reflux, or neuropathies (2,3). The incidence of this
complaint is surprisingly common, occurring in approximately 10% of the popula-
tion aged 50 years or greater (3).

Certain minor changes are seen with esophageal motility that occur with aging.
While these changes are clinically insignificant, they may accentuate or aggravate
preexisting swallowing disorders (1,2,4). Changes related to the upper esophageal
sphincter (UES) include increased sensory threshold for relaxation, decreases in
pressure, and delayed relaxation. Other changes include decreased frequency of
contractions in response to swallowing and reduced amplitude of contractions for
esophageal peristalsis (5). Esophageal sensitivity is diminished, the myenteric
neurons in the esophageal wall are decreased in number, and there may be a
nonspecific increase in synchronous, non-peristaltic contractions. Anatomically,
decreases in the density of striated muscle occur in the esophagus, as well as
decreased strength of the smooth muscle (which may be present in up to 20–60%
of patients in older age groups) (5). Surprisingly, these subtle changes are rarely
responsible for producing symptoms (5,6).

True dysphagia in the older adult population is comprised of two main cate-
gories—motility disorders and structural abnormalities. Motility disorders are
more common in older age groups than structural abnormalities (3). Orophar-
yngeal transfer dysphagia (difficulty in passage of the food bolus from the oro-
pharynx to the proximal esophagus) is associated with cognitive or perception
changes and neurologic deficits (3), especially when a cerebral vascular accident
(CVA) involves the brain stem (5). Oropharyngeal dysphagia is also addressed in
Chapter 24.

The incidence of dysphagia following a CVA ranges from 25 to 45% (7). Approxi-
mately 40% of these patients will recover full function and return to normal eating
within 6 weeks. Several disorders predispose specifically to oropharyngeal transfer
dysphagia: Parkinson’s disease, CVA, sclerodema, Alzheimer’s dementia, multiple
sclerosis, drug-induced extrapyramidal symptoms, motor-neuron disease, polymyo-
sitis, myasthenia gravis, myopathy, and amyloidosis (5). Structurally, Zenker’s
diverticulum and cervical vertebral spurs may contribute to oropharyngeal transfer
dysphagia. Clinical signs that may be associated with oropharyngeal transfer dys-
phagia include facial weakness, oral apraxia, reduced oral sensation, cough or throat
clearing, reduced laryngeal elevation with swallowing, nasal regurgitation, repeat
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attempts to swallow, drooling, food spillage, and food sticking at the back of the
throat (5). The clinical consequences of transfer dysphagia include dysarthria, nasal
tone to the voice, avoidance of social activities and dining, cough, aspiration, and
ultimately pneumonia (5).

Structural abnormalities leading to tertiary or esophageal dysphagia include
esophageal webs or rings, peptic strictures, malignancy, strictures related to caustic
medication, or rarely dysphagia aortica. Webs or rings are mucosal in origin, are
thin transverse membranes, and may be increased in incidence with advancing age
(5,8). The malignancy increasing the most in incidence in the older adult popula-
tion (particularly in the caucasian male) is adenocarcinoma of the gastroesophageal
junction. Multiple factors may be contributing to the increased incidence of
this specific cancer, such as eradication of Helicobacter pylori infestation of the
stomach, increased acid production by the stomach, and exacerbation of gastro-
esophageal reflux disease (GERD) with formation of Barrett’s esophagus (9,10).
Corrosive medications can lead to stricture formation, a process which is especially
common in the older adult (5). Dysphagia aortica is a rare condition caused by
compression of the esophagus by an aortic aneurism or heavily calcified aorta (5).

For structural abnormalities, aggressive dilation alleviates the need for diet
restriction. Diet therapy may be useful for the patient with a difficult stricture
that requires frequent dilation or for the patient in whom there are short intervals
between dilation sessions. Specific motility disorders, such as achalasia, respond to
treatment with an oversized pneumatic balloon dilation. Botox injection with
Clostridium botulinum toxin is more effective in older patients than youth, presum-
ably because themuscle of the lower esophageal sphincter (LES)may be thicker and
stronger in the younger patients. Certainly aggressive treatment of GERD is indi-
cated with high levels of acid suppression being required. Dietary factors which
should be avoided because they exacerbate GERDwould include acidic foods (such
as orange juice, tomato juice, or apple juice) or any foods which lower pressure in
the LES (such as alcohol, chocolate, peppermint, or nicotine). Obviously, any
corrosive medications should be avoided when possible (such as doxycycline,
potassium chloride, tetracycline, Fosamax, quinidine, theophyline, or vitamin C).
Medications such as ibuprofen or non-steroidal anti-inflammatory drugs (NSAIDs)
should be taken in liquid form or by ingesting pill form with sufficient volume of
water to encourage passage through the esophagus into the stomach.

7.3 GASTROESOPHAGEAL REFLUX DISEASE (GERD)
AND HEARTBURN

While GERD occurs throughout the lifespan, there does appear to be an
increased incidence of this disorder with aging (2,3). Overall, there is a 20%
prevalence of GERD in older adults, but numbers may range from one geographic
area to the next. In Finland, reports indicated that 54% of men and 66% of women
over the age of 65 years hadGERD symptoms on at least a monthly basis (9,11). In
the United States, 44% of the population over the age of 65 years had at least
monthly symptoms (9). With an increasing incidence of GERD seen with
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advancing age, there is expectedly an increased occurrence of associated complica-
tions (such as severe erosive esophagitis, stricture formation, or Barrett’s esopha-
gus). The peak incidence of Barrett’s formation is in the seventh decade (2,3).

A number of contributing factors may compromise defense systems that would
normally protect against gastroesophageal reflux (2,3). Esophageal motility dis-
orders, delayed gastric emptying, decreased salivary flow, presence of a hiatal
hernia, spending more time in the recumbent position, reduced LES pressure
from medication or concomitant disease, and ingestion of a greater number of
potentially corrosive medications, all may contribute to an increasing incidence of
GERD and compromise of normal defense systems (2,3).

Often making the diagnosis of GERD can be difficult in the geriatric population
because of decreased visceral pain sensation, underreporting by the patients because
of reduced esophageal sensitivity, or tolerance of GERD symptoms in the face of
other comorbid conditions (5,9). Physicians may be paying more attention to the
other comorbidities and paying less attention to complications from GERD. Also,
the older patient may present with atypical symptoms, such as regurgitation,
vomiting, and chest pain, more often than classic heartburn. Confusion with
other comorbid disease processes such as COPD or coronary artery disease may
lead to delays in making the diagnosis. Certainly, the presence of GERD may
exacerbate the preexisting comorbidities. Reflux may precipitate asthma, chronic
pancreatis, or chronic obstructive pulmonary disease. Chest pain or heartburn
occurring as a result of reflux may lead to precipitation of angina from coronary
artery disease (5,9).

Pressure in the LES may be diminished by any number of drugs, such as
calcium channel blockers (Norvasc, Procardia, and Cardizem), alpha antagonists
(Cardura or Flomax), or beta antagonists with alpha blocking properties (Coreg)
(9). Theophyline, dopamine, and nitrates similarly may reduce LES pressure.
Delayed esophageal clearance occurs in older age groups (9,12), and may be
related to the minor esophageal manometric changes seen with aging. Similarly,
there may be age-related decreases in UES pressure, and factors such as a recent
stroke or neuromuscular disease may lead to further compromises in tone of this
particular sphincter. The presence of a hiatal hernia may be a bigger factor in
precipitating GERD for older than for younger patients. The incidence of hiatal
hernia increases with age (9,13). The incidence between ages 14 and 24 is 10%,
while that between 55 and 64 years of age increases to over 64% (9,14). The size
or length of the hiatal hernia also correlates with increased development of
Barrett’s disease (9,15).

Xerostomia caused by reduced salivary flow and a dry mouth may contribute to
GERD. While there is no specific increase in incidence of this disorder because of
aging alone, many drugs act as xenogenic agents with dry mouth as a side effect.
Such medicines include anti-depressants, anti-hypertensives, diuretics, anti-
cholinergic agents, sedatives, and antihistamines (9).

The management of GERD in the geriatric population is similar to the manage-
ment and treatment used for younger patients (9). Lifestyle changes include cessa-
tion of smoking, reduction of fat in the diet, decreasing meal size, and avoiding
agents which are corrosive (such as citric acid) or which decrease LES pressure (such
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as chocolate and peppermint). Many of these strategies may be more difficult to
implement in the geriatric population (9). It may be difficult to avoid medications
which decrease LES pressure, for example, or meds which are particularly corrosive
to the esophageal mucosa. Patients should always be advised to swallow pills in the
upright position with a sufficient bolus volume of water. Symptom relief from
GERD does not guarantee relief from acid exposure and injury. Adequate acid
suppression with proton pump inhibitor therapy may require divided doses or
‘‘priming the pump’’ by giving the drug postprandially to maximize binding to the
hydrogen ion pump at a time of active secretion. Use of proton pump inhibitors in
geriatrics may generate increased concern for side effects, such as lethargy, disor-
ientation, agitation, or confusion. Use of histamine-2 blockers may inhibit the P450
system of the liver and alter the metabolism of drugs such as theophyline, warfarin,
or dilantin (9).

7.4 GASTRITIS AND PEPTIC ULCER DISEASE

Chronic gastritis is common in older adults, with an overall prevalence of
11–50% (2,16). Gastritis may be divided by pathophysiologic mechanism into
type A and type B gastritis. Type A is less common of the two, occurring in less
than 5% of patients over the age of 60. Type A gastritis is an autosomal dominant
condition involving the proximal stomach, which is painless and symptomless. It is
associated with parietal cell antibodies, achlorhydria, and pernicious anemia.
Patients with type A gastritis also tend to have antibodies to intrinsic factor and
to thyroid tissue. Type B gastritis tends to be symptomatic (dyspepsia and abdom-
inal pain) and is associated with H. pylori infestation. This type of gastritis is more
common in the geriatric population, occurring in 24% of patients over the age of 60
and 37%over the age of 80 (2,16). Type B gastritis involves themore distal stomach
(body and antrum). Susceptibility to peptic ulcer disease (PUD) increases with age,
and as a result both the incidence and prevalence are increased in the geriatric
population (2,17). Factors which promote development of PUD in the older
population include decreased mucosal defenses, increased prevalence of H. pylori,
and increased use of NSAIDs. The morbidity from PUD increases with age and is
more likely to require hospital admission. Mortality from PUD may be greater as
well compared to younger age groups (2,17).

Management depends to some degree on the type of gastritis and the underlying
mechanisms which generate the disease process. For type A, the clinical endpoint
evolves as significant malabsorption of vitamin B12. As the gastritis progresses,
there is a point where the degree of reduced secretion of intrinsic factor prevents
absorption of B12 from the ileum. Additionally, the presence of achlorhydria
reduces absorption of protein-bound vitamin B12 from the diet. Because type B
gastritis is localized to the distal stomach, levels of intrinsic factor are high enough
that B12 deficiency is much less frequent (2,16). Achlorhydria however has many
consequences. Bacterial overgrowth due to reduced acid may cause increased
bacterial binding of ingested dietary B12. Achlorhydria slows gastric emptying for
solids and may actually increase emptying for liquids. Achlorhydria interferes with
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the pH-dependent absorption of ferric iron, calcium, and folate. Paradoxically,
bacterial overgrowthmay actually produce folate in the gut. Increased homocystine
levels in the blood may be due either to a folate or B12 deficiency, and may increase
risk for arteriosclerotic cardiovascular disease.

Treatment of the B12 deficiency seen in type A gastritis may be more difficult and
require larger doses of B12 than type B gastritis, particularly if the goal is to reduce
homocystine levels (2,16). Parenteral B12 injections in the range of 100–1000 mcg
may be required intramuscularly on a monthly basis. Even with pernicious anemia,
most patients with B12 deficiency can be treated with oral B12. Likewise, for both
type A and type B gastritis, oral supplements with unbound free B12 may be
sufficient to treat the deficiency (2,16). In PUD, dietary changes are rarely required
(2). The traditional ‘‘bland’’ diet used in the past has been shown to have no effect
on symptom relief, healing, or recurrence of PUD. Food intolerances may necessi-
tate avoidance or restriction of certain foods which precipitate symptoms. How-
ever, only upon re-challenge with recurrence of symptoms should these foods be
eliminated from the diet.

7.5 DIARRHEA

Chronic diarrhea lasting >4–6 weeks occurs in 3–5% of the geriatric population
(18,19). Diarrhea is defined medically by the passage of >250 g of stool by weight
per day. Among older adults, the complaint of diarrhea may vary from low volume
incontinence, to any loose stool, to fecal impaction with passage of liquid stool
underneath. Physiologic factors which contribute to diarrhea in older adults include
achlorhydria, atrophic gastritis, immune dysfunction, and reductions in release of
secretory IgA. Comorbid conditions such as bacterial overgrowth, chemotherapy,
or ischemia may contribute risk. Environmental factors such as residence in a long-
term care facility, community epidemics of infectious diarrhea, and adverse side
effects from polypharmacy increase the likelihood for diarrhea (18). Older adults
may experience greater morbidity from diarrhea, due to dehydration, electrolyte
abnormalities, and organ hypoperfusion (18). Approximately 75% of deaths
related to diarrhea occur in adults over the age of 55 (18,20). Risk factors specifi-
cally linked to death from diarrhea include increasing age, caucasian race, female
gender, and residence in a long-term care facility (18).

7.5.1 Infectious Gastroenteritis

Infectious gastroenteritis may be the most common cause of diarrhea in the
geriatric population. The more frequent etiologic organisms include Campylobac-
ter, Giardia, Rotavirus, Norwalk virus, and Salmonella. In other parts of the world,
an identified bacteria accounts for 16.3% of diagnosed infectious diarrheas, a virus
15.4%, and a parasite 8.3%, respectively (18,21). In the United States, viral
gastroenteritis is probably the most common cause of infectious diarrhea. Patients
over the age of 65 years have a 2.6–3.4 times greater likelihood of requiring
hospitalization for diarrhea (18).
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7.5.2 Drug-Induced Diarrhea

Of particular concern in the geriatric population is drug-induced diarrhea. Diar-
rhea accounts for 7% of all drug side effects (18,28). Older adults in particular are
at risk because of polypharmacy, comorbid conditions, and their increased vulner-
ability to side effects (18). The mechanism of drug-induced diarrhea may be multi-
factorial, including such factors as an osmotic effect (sorbitol), altered motility
(erythromycin or metoclopramide), a secretory effect (such as stimulant laxatives),
an inflammatory exudative process (NSAIDs), or simply interference with absorp-
tion ofmacronutrients. The diagnosis of a drug-induced diarrhea is suggested by the
timing of onset of symptoms with initiation of the drug, and is confirmed by
withdrawal of the drug and re-challenge (with subsequent recurrence of symptoms).

The management of diarrhea in older adults involves a careful workup and
evaluation. Stool cultures, endoscopy with appropriate biopsy, and review of all
medications should be the first steps in the management strategy. Disorders which
precipitate nutrient deficiencies and malabsorption may require vitamin supple-
ments, oral or tube feeding with formula, and a combination of water-soluble and/
or fat-soluble vitamins. Individual therapy should be directed toward a specific
diagnosis. Antibiotics should be used as appropriate for infectious diarrhea, Lacto-
bacillus for lactose intolerance, or avoidance of dairy products, 5-aminosalicylic acid
therapy or corticosteroids for IBD, and anti-peristaltic agents such as Lomotil
(diphenoxylate) or Imodium (loperamide) for symptomatic relief.

7.6 OTHER GI DISORDERS

7.6.1 Fecal Impaction

Fecal impaction, which involves blockage of the colon with a hard dry stool, can
lead to spurius diarrhea or seepage around the impaction. This issue may be the
most common cause of diarrhea, specifically in long-term nursing home facilities
(18,22). Predisposing factors which occur in older adults that lead to fecal impac-
tion include decreased colonic motility, pelvic floor abnormalities, inactivity, low
fiber in the diet, medications, dehydration, depression, and other comorbidities
(such as Parkinson’s disease, dementia, or diabetes). Fecal impaction is usually
determined by physical exam, as 70% occur in the rectum within reach on digital
exam (18). The treatment includes manual disimpaction, enemas, and glycerin
suppositories.

7.6.2 Ischemic Colitis

Ischemic colitis is associated with older age groups, as over 90% of cases occur in
the geriatric patient population (18,23). The most common locations for ischemic
colitis to occur are ‘‘the watershed’’ areas of the colon where there is poor collateral
flow, such as the rectosigmoid junction and the splenic flexure. Factors which may
predispose to ischemic colitis include atherosclerosis, hypotension, pelvic irradia-
tion, congestive heart failure, aortoiliac surgery, infection, low-flow states, and
medications (such as NSAIDs, progesterone, or digitalis) (18). Patients may

Chapter 7 / Common Gastrointestinal Complaints in Older Adults 127



present with bloody diarrhea, with or without abdominal pain. The specific treat-
ment for ischemic colitis involves bowel rest, broad spectrum antibiotics, and
restoration of hemodynamic stability.

7.6.3 Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is common in the geriatric population as
evidenced by the bimodal peak of incidence. Inflammatory bowel disease most
commonly occurs in the second to fourth decade, but has a second lesser peak
incidence in the sixth to eighth decade (18,24). Approximately 12%of patients with
ulcerative colitis will have onset of disease over the age of 60, while upwards of 16%
of Crohn’s disease patients will have onset of the disease over this age (18,25). One
out of eight cases of IBD will be diagnosed in the geriatric population (18).
Compared to their younger counterparts, older patients are more likely to have
colonic involvement, less likely to have a family history of IBD, and are more likely
to respond to therapy. However, older patients will experience higher mortality due
to severity of disease and the existence of comorbidities (18,26). Similar to younger
age groups, geriatric patients with Crohn’s disease are more likely to have nutri-
tional sequelae than those patients with ulcerative colitis. Risk factors which con-
tribute to nutritional sequelae include extent of the bowel involved, length of bowel
previously resected at surgery, and the type of medical therapy required to achieve
remission.

7.6.4 Microscopic Colitis

Microscopic colitis is a syndrome associated with diarrhea in which the endo-
scopic or radiographic evaluation of the colon is normal, but there is inflammation
of the colonic mucosa seen microscopically on biopsy. Microscopic colitis is more
common in females, with a mean age on presentation in the range of 55–65 years
(18,27). Microscopic colitis may be precipitated by the use of NSAIDs (18,27).
Treatment is similar to that for routine IBD. Five-aminosalicylic acid agents,
corticosteroids, and immunosuppressants should be used appropriately.

7.6.5 Small Bowel Bacterial Overgrowth

Small bowel bacterial overgrowth (SBBO) or blind-loop syndrome may be
increased in the geriatric population. Symptoms of SBBO range from bloating,
diarrhea, steatorrhea, and weight loss to specific nutritional deficiencies. Risk
factors which predispose the older patient to SBBO include achlorhydria or
hypochlorhydria from chronic gastritis, motility abnormalities from diabetes
and scleroderma, and disruption of intestinal continuity because of formation
of blind-loops postoperatively (2). These factors usually lead to over-coloni-
zation of the small bowel with coliforms and anaerobes. Infestation of these
organisms in turn leads to abnormalities associated with binding of vitamins,
de-conjugation of bile salts, and fat malabsorption with subsequent diarrhea/
steatorrhea.
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7.6.6 Lactose Intolerance

Lactose intolerance may be increased in older adults, as lactase levels decrease
with age (2,16). Across all ethnic populations, the incidence of clinical lactase
deficiency can be up to 75%. Overall, 25% of adults in the United States demon-
strate lactase deficiency (2,16). Symptoms are variable and include bloating, gas,
and diarrhea.

7.6.7 Incontinence

Incontinence is defined by the involuntary passage of liquid or solid stool. Older
patients in particular often misinterpret these symptoms. They assume that they are
experiencing diarrhea because they cannot make it to the bathroom in time and end
up soiling their clothes. A careful history may sometimes show, however, that the
complaint really involves accidents where the patient simply loses continence and
passes small amounts of solid or semi-liquid stool. These symptoms may be truly
interspersed between otherwise normal stools. The prevalence of incontinence
ranges widely in the nursing home population from 2.2% up to as high as 50%
(29). Across a general population, the overall incidence of incontinence is 4–5%,
but in the geriatric population the incidence may be nearly twice that rate (up to
11–12%) (29). Clearly the prevalence of incontinence increases with age (29). In
the past, incontinence has affected women more than men, but these differences
may not be as great as previously thought (29). Incontinence has been known to
result in perianal dermatitis, pressure sores around the perineum, and urologic
infections. For the individual patient, these symptomsmay result in social isolation,
anxiety, depression, or loss of self-esteem. A number of predisposing factors have
been identified in the literature (29). Age-related changes which predispose to
incontinence include pelvic floor descent, stretch-induced pudendal nerve damage,
increase in the anorectal angle, decreased rectal sensitivity, decreased anal squeeze
pressure, reduced rectal reserve volume, and a lower threshold for internal anal
sphincter relaxation. Comorbid conditions which predispose to incontinence
include stroke, dementia, immobility, constipation, previous hemorrhoid surgery,
or injury to the perineum (such as an episiotomy at the time of childbirth at a
younger age) (29).

Evaluation of the patient complaining of incontinence should include a thorough
physical exam of the anus and perineum with a careful digital exam. Endoscopy
may be required to rule out proctitis. Anorectal manometry may be needed to
evaluate the integrity of the sphincters and whether or not there is appropriate
relaxation of the internal anal sphincter with distention (indicating that the rectoa-
nal inhibitory reflex is intact). Endoscopic ultrasound is a newer modality which
affords the opportunity to see whether there is a structural abnormality of the anal
sphincters. A defecating proctogram may be required to determine whether there is
an increase in the anorectal angle.

Management of incontinence includes anti-peristaltic agents such as Lomotil or
Imodium. Imodiummay be the superior of the two drugs, as it helps to tighten anal
sphincters in addition to slowing peristalsis or motility (29). Lomotil only slows
transit without affecting sphincter tone. Fiber supplementation may be important
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to decrease the liquidity of stools. Foods which promote diarrhea should be
avoided, such as caffeine, alcohol, fruit juices, beans, or broccoli. Biofeedback
training may help strengthen and improve control of the external anal sphincter.
In severe cases, surgery may be required to repair disruption of the anal sphincters.

7.6.8 Constipation

Constipation may be the most common complaint in the geriatric population.
While some reports indicate that the incidence of constipation is 4–8 times more
common in the older adult population than in younger controls, the incidence may
not be as high in healthy ambulatory geriatric citizens (2,17). In western countries,
the incidence of constipation ranges between 25 and 50%, but may range as high as
80% in nursing home residents (30,31). Constipation is more common in women
than men. Symptoms associated with constipation range from decreased stool
frequency and difficult passage of hard stool, to bloating, cramping, sensation of
inadequate evacuation, and painful defecation (30).

There are a number of physiologic age-related changes which may predispose to
constipation (2,32). Aging is associated with decreased colonic wall elasticity,
impaired rectal sensation, and reduced colonic propulsion (30). There appears to
be little change in colonic transit time with age however. In the majority of cases,
constipation is idiopathic with no obvious underlying cause (30). However, a
number of specific predisposing conditions known to occur in older adults have
been identified (2,32). Functional causes for constipation include confusion,
depression, immobility, and pain from anorectal fissures. Drugs such as iron, opioid
narcotics, calcium antagonists, anti-depressants, and diuretics may predispose to
constipation, as does longstanding laxative abuse. Endocrine etiologies which
promote constipation include hypothyroidism, hypercalcemia, diabetes, and hyper-
parathyroidism. Diets low in fiber, poor fluid intake, and excessive caffeine intake
(causing a diuretic effect) all predispose to constipation (2,32). Mechanical issues
such as diverticulosis and cancer, or gut ischemia and IBD (due to stricture forma-
tion) may actually promote constipation. Clinical conditions leading to predendal
nerve damage (such as diabetes, child birth, or chronic straining) may also pre-
cipitate constipation (2,32).

The evaluation and management of constipation again starts with a thorough
history, paying attention to diet, activities, and bowel habits. It is important to
evaluate comorbidities and to identify any drugs which may contribute to constipa-
tion. The clinician should question the patient on what treatment modalities have
already been attempted and ascertain what degree of compliance was maintained.
The physical exam should include a digital rectal exam and visual inspection of the
anus and perineum. Laboratory tests should focus on electrolyte abnormalities,
iron stores, calcium metabolism, guaiac testing of the stool, glucose homeostasis,
and parathyroid hormone levels. Colonoscopy may be required to rule out
structural abnormalities. Treatment should include fiber supplement, increased
water intake, increased activity, and avoidance of caffeine or other diuretic agents.
Bowel training, where the patient sits on the commode at the same time every day,
helps to promote better contractility and increases the chance of having a bowel
movement. Reviewing and revising medications may be needed as well.
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7.7 GASTROINTESTINAL BLEEDING

The incidence of GI bleeding increases with age, and geriatric patients are at
increased risk for morbidity and mortality arising from a GI bleed compared to
younger controls (33). The risk for increased morbidity and mortality comes from
the increase in comorbid illnesses (coronary artery disease, chronic obstructive
pulmonary disease, and renal insufficiency) as well as the increased use of ulcero-
genic medications (such as aspirin or NSAIDs). Patients are 5 times more likely to
experience an upper GI than a lower GI bleed. Upper GI bleeding is more common
in men than women (33). Of all patients who present with an upper GI bleed,
35–45%are over the age of 60 years (33–35). Themortality rate associated with any
GI bleed is increased in the face of organ failure (liver, heart, kidney, or lung) and
ranges between 25 and 65% (33,34).

Of those patients who require hospital admission for an upper GI bleed, 90% are
due to PUD, mucosal erosions, or portal hypertension and varices. PUD is more
common in older adults than in the young, while Mallory-Weise tears are less
common. Varices are less common among older adults, due to the fact that alcohol
abuse may be less common (33,36). Approximately 50% of patients who present
with upper GI bleeding give a history of ingestion of aspirin or NSAIDs (33,37).
Cyclooxygenase-2 inhibitors have helped to decrease the incidence of PUD and
bleeding in the geriatric population.

Symptoms of upper GI bleeding include melena, hematemesis, hematochezia,
and abdominal pain. Risk from the upper GI bleeding is increased in the absence of
pain due to decreased visceral sensitivity or masking of the pain symptoms by
NSAIDs (33,38). The increased risk occurs because of delays in the diagnosis and
the increased chance for complications to develop. Risk is further increased by
advancing age, concomitant anticoagulation therapy, and the presence of comorbid
disorders.

Lower GI bleeding in general is less common than upper GI bleeding. Like its
counterpart, the incidence of lower GI bleeding does increase with age (there is a
200-fold increase from the third to the ninth decade of life) (33,39), and occurrence
is more likely in men than women. The reason for the increase in lower GI bleeding
with age is due to the increased incidence of diverticular disease, colonic neoplasms,
angiodysplasias, and ischemic colitis (CDT). These four diagnoses make up
approximately 60% of all cases of lower GI bleeding (33,40,41). Of note is the
fact that from 10 to 15%of cases which appear to present as a lower GI bleed in fact
are found to have an upper GI source (33,40).

Evaluation of GI bleeding in the geriatric populationmay be difficult because the
history may be complicated by poor cognition. On physical exam, the presence of
beta blockers may block the rise in pulse with orthostasis. Key issues in the evalua-
tion of the patient with lower GI bleeding focus on whether or not the patient is
taking NSAIDs which may mask pain, placement of an NG tube to rule out an
upper GI bleed, and the fact that a certain percentage (at least 5%) will have a
negative upper and lower endoscopy despite overt symptoms or occult detection by
guaiac testing (33).
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The management of the GI bleeder, whether it is found ultimately to be an upper
or lower tract source, involves adequate volume resuscitation and appropriate
transfusion of blood products. Particularly for upper GI bleeders, starting an
intravenous infusion of octreotide to reduce splanchnic pressure (in case the etiol-
ogy turns out to be varices) and continuous intravenous infusion of a proton pump
inhibitor to reduce acid output (in case the etiology is related to gastritis, erosions,
or ulcerations) are appropriate for initial management. Obviously, endoscopy is
needed to determine the source of the bleeding.

Dietary management of the GI bleeder depends on the results of the endoscopic
evaluation. In PUD, patients found to have ulcers which have a clean base or a flat-
pigmented spot may be fed immediately and can be discharged from the hospital
fairly quickly. If instead, endoscopy finds that the ulcer has a visible vessel, clot,
ooze, or an arterial spurter, then electrocoagulation therapy is applied. For these
latter patients, it is important to hold further feeds for at least 48 h to allow
stabilization of the blood clot following therapy. Patients with Mallory-Weise
tears rarely require endoscopic therapy and can usually be fed immediately. For
patients bleeding from esophageal varices, particularly if they undergo esophageal
band ligation, it is important to wait 48 h to feed (because feeding may increase
blood flow and subsequent splanchnic pressure, which can precipitate rebleeding).
For patients with lower GI bleeds, the most important aspect is to rule out an upper
GI bleed. Appropriate endoscopic procedures should include both upper and lower
tract evaluation.

7.8 HEPATITIS

Consensus opinion in the past was that there were no specific age-related disease
processes involving the liver (2). However, a number of important clinical trends
have recently emerged in the literature to suggest the opposite. It is anticipated that
there will be an increase in the incidence of viral hepatitis C over the next few
decades. The prevalence of anti-hepatitis C antibodies is higher in the geriatric
population than younger controls (2,3), a disease process which predisposes to
an increased incidence of hepatocellular carcinoma later in life. Primary biliary
cirrhosis is more common in older adults, with a mean onset at age 60 (2,42).
Alcoholic liver disease may be more common in the geriatric population, as a result
of accumulated years of alcohol abuse (although alcohol abuse per se is not more
common). Increasing age correlates with increased severity of symptoms and
increased mortality from alcoholic liver disease. Drug-induced liver disease is a
common occurrence in the geriatric population due to the likelihood for polyphar-
macy. In fact, over the age of 50 years, 40% of cases of liver injury are found to be
related to drugs (43,44). In the geriatric population, each patient is usually on an
average of seven drugs at any given time (both prescription and over the counter)
(43). Factors which predispose older adults to drug-induced liver injury include an
increasing number of drugs prescribed, presence of malnutrition, poor compliance
andmixing of drugs, comorbidities, and age-related changes in pharmacokinetics of
the drug (43). Decreased clearance resulting in an increased half-life for medica-
tions may result from age-related decreases in liver blood flow, liver volume, and
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microsomal enzyme activity (43). The most common potentially hepatotoxic
drugs used in the geriatric population include NSAIDs, aspirin, and acetamino-
phen, tacrine for Alzheimer’s dementia, dilantin and valproic acid for seizures,
antibiotics (amoxicillin, augmentin, bactrim, and isoniazid), and oral hypoglycemic
agents (43).

Older patients presenting with abnormal liver enzymes should undergo a full
investigation similar to any other age group. Initially it is important to rule out
underlying liver disease such as hepatitis C or primary biliary cirrhosis. A pattern of
enzyme elevation of AST>ALT may alert the clinician to the presence of alcohol
abuse. Evaluation of abnormal liver enzymes should include iron and copper
studies, viral hepatitis markers, and markers for autoimmune disease. The evalua-
tion may ultimately require liver biopsy. The clinician should scrutinize both pre-
scription and over-the-counter medications. The timing of new medications with
the increase in liver enzymes may help identify the particular agent. Management
may require simplifying or eliminating certain medications or substituting other
drugs within a similar class.

7.9 ANEMIA

Anemia has been shown to increase in incidence with advancing age (45).
Anemia affects males more than females, and is more common in lower social
economic groups and under-developed countries (45). The most common micro-
nutrient deficiencies which lead to anemia include iron, B12, folate, and copper. Of
these, iron is clearly the most common deficiency, occurring in anywhere from 60 to
80% of certain populations (with or without development of anemia) (45).

There are a number of age-related factors which may contribute to micronutrient
deficiencies. Atrophic gastritis from H. pylori infestation causes achlorhydria and
reduced production of intrinsic factor, which in turn leads to impaired absorption of
folate and food-bound vitamin B12. Reduced acid output leads to decreased con-
version of ferric to ferrous iron, which reduces overall iron absorption (16,45).
Increased incidence of SBBO occurs due to decreased contractility and reduced acid
production, which in turn adversely effects absorption of fat-soluble vitamins and
vitamin B12. Deficiencies of folate are less frequent because of production of folate
by bacteria within the lumen of the gut. Medications in older adults may interfere
with availability of micronutrients (45). Agents such as cholestyramine may
directly bind folate. Other drugs such as alcohol and metformin may competitively
inhibit the absorption of folate and B12. Proton pump inhibitors (by altering pH)
may interfere with absorption of iron, folate, and B12. Increased blood loss from the
GI tract resulting in iron deficiency may occur as a result of NSAIDs, colonic
neoplasms, or use of anticoagulant therapy.

Evaluation and management of anemia in the geriatric population involves
checking iron stores (ferritin, serum iron, iron saturation, and total iron-binding
capacity). Of all the markers for iron, ferritin is the best marker for overall iron
stores. It is important to check copper, zinc, B12, and folate levels. A 24-h urine for
homocystine and methylmalonic acid may be more sensitive and specific for B12

deficiency than serumB12 levels. If there is evidence of B12 deficiency, it is important
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to rule out atrophic gastritis, Crohn’s disease of the terminal ileum, and SBBO.
With evidence of iron-deficiency anemia, a full upper and lower endoscopic evalua-
tion should be done. If endoscopy is negative, antibodies for celiac sprue (a cause for
reduced small bowel absorption of iron) and an endocapsule evaluation (to rule out
a small bowel source for blood loss) should be performed. It is important to reassess
any medications which would interfere with absorption or availability of
micronutrients.

7.10 RECOMMENDATIONS

A number of predictable GI complaints and problems may be anticipated in the
geriatric population. Rarely, age-related changes in GI function contribute to the
malady. More often, associated comorbidities, the prevalence of polypharmacy,
and underlying disease processes generate the GI complaints. Atypical presenta-
tions, misinterpretation of the presenting signs and symptoms, and failure to
recognize predisposing age-related factors contribute to delays in making the diag-
nosis. Unfortunately diminished reserve, concomitant disorders, alterations in
hepatic and GI tract function may worsen severity of the condition and increase
associated morbidity. Any new GI complaint warrants a full investigation and
aggressive management to minimize the clinical sequelae.
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8 Hydration, Electrolyte, and Mineral
Needs

Robert D. Lindeman

Key Points

� Water is an essential dietary component; dehydration due to inadequate replacement
of body fluids can become life-threatening in a matter of a few days.

� The stimulus to thirst is impaired in older persons, as is the ability to conserve sodium
and concentrate the urine. This makes the older individual more susceptible to
dehydration, especially in association with acute and chronic illnesses.

� A variety of acute and chronic illnesses make older persons more susceptible to electro-
lyte imbalances as often evidenced by high or low concentrations of the mineral in the
serum, e.g., hyponatremia, hyperkalemia, hypercalcemia, and hypomagnesemia. Again,
prompt medical interventions are necessary to prevent life-threatening developments.

� Older persons are also more vulnerable to deficiencies of the 10 essential trace
minerals due to various physiologic, pathologic, and psychosocial factors. Since
the onset of deficiency states is often insidious in onset affecting quality of life, it is
important to recognize early signs and symptoms, and when persons are at risk.

Key Words: Hydration (water); sodium; potassium; calcium; magnesium; trace
minerals

8.1 INTRODUCTION

Water is a component of the diet that warrants close attention, especially in older
persons. Intracellular water (lean body mass) decreases with age so that total body
water also decreases. Whereas a person can go weeks without solid foods and not
starve to death, dehydration due to inadequate replacement of body fluids can
become life-threatening in a matter of a few days.

Sodium, potassium, calcium, andmagnesium are considered the bulk minerals in
the human body. The approximate quantities of the four bulk minerals in a 70 kg
(154 pound)man are1000 g of calcium (mostly in bone), 140 g of potassium, 110 g of
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sodium, and 20 g of magnesium. While we now have specific recommendations for
daily intakes of calcium and magnesium, i.e., Recommended Dietary Allowances
(RDAs), Dietary Reference Intakes (RDIs), or Adequate Intakes (AIs) to avoid
deficiencies, no similar recommendations exist for sodium or potassium as
deficiencies of these minerals generally do not develop on normal diets unless
certain pathological conditions exist. More often, problems develop that require
dietary restrictions of these latter two minerals.

There are also now at least 10 elements (minerals or metals) that have been shown
to be essential for health in animals and/or man, specifically zinc, copper, manganese,
chromium, molybdenum, nickel, vanadium, boron, tin, and silicon. Since induced
deficiencies cause reproducible symptom complexes in animals, and, in many
instances, in man, especially in older persons, and when certain disease states exist,
they are referred to as essential trace elements. Most vitamin–mineral combinations
contain small amounts of these trace elements, generally in sufficient amounts to
prevent deficiencies from developing, but not enough to produce toxicity.

Table 8.1
Food sources and recommended intakes for selected minerals (21)

Mineral Generous food sources

RDA/AI for
Individuals �50 years

of Age

Calcium Dairy products, Chinese cabbage, kale,
broccoli, spinach, sardines, salmon**

1200 mg/day*

Magnesium Green vegetables (spinach), some legumes
(beans and peas), nuts and seeds, whole/
unrefined grains, yogurt, milk**

Men: 420 mg/day

Women: 320 mg/day

Iron Red meats, fish, poultry, cereal, oatmeal,
beans, spinach#

8 mg/day

Zinc Oysters, beans, nuts, whole grains, dairy
products**

Men: 11 mg/day

Women: 8 mg/day
Copper Beef, seafood (oysters, lobster, crab, clams),

mushrooms, tomato products, barley,
beans, nuts, seeds**

900 mg/day

Selenium Brazil nuts, walnuts, poultry, beef, tuna, egg,
cheddar cheese**

55 mg/day

Chromium Meat, whole-grain products, broccoli, grape
juice, orange juice, red wine, apple, banana,
green beans**

Men: 30 mg/day*

Women: 20 mg/day*

Manganese Oat bran, whole grains, pineapple, nuts,
spinach, raspberries, beans, peas**

Men: 2.3 mg/day
Women: 1.8 mg/day

*Adequate Intakes (AIs) represent the recommended average daily intake level based on observed
or experimentally determined approximations. AIs are used when there is insufficient information to
determine an RDA.

** http://dietary-supplements.info.nih.gov/index.aspx. Accessed 12/07.
# http://www.ars.usda.gov/Services/docs.htm?docid=9673 Accessed 12/07.
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Table 8.1 lists the minerals for which there are RDA/RDI/AIs for individuals 50
years of age and older. When there is insufficient information to determine an RDA
or RDI, AIs are proposed and recommended based on available observed or
experimentally determined approximations. Also listed are some of the better
food sources for each of these minerals.

8.2 DEHYDRATION AND HYPERNATREMIA DUE TO PRIMARY
WATER LOSS

Dehydration is, by definition, a decrease in total body water. Total body water,
which is normally about 60% of body weight, is made up of about two-thirds water
inside the cells (intracellular water) and one-third water outside the cells (extra-
cellular water or ECFV). A portion of this is the serum or plasma water that is
necessary to maintain an adequate circulation of blood by the heart. Dehydration
can be caused by either primary loss of sodium with its osmotically obligated water
or by primary water loss.

A loss of body water without proportionate loss of salt (primary water loss)
results in an increase in serum sodium concentration. As a result, water is moved
from inside the cell out into the extracellular fluid in an attempt to reach an osmotic
equilibrium between the inside and outside of the cell. This also helps to maintain
the serum and ECFV, so that the circulation has sufficient blood to maintain the
blood pressure. This is why one can estimate the amount of water loss in a
dehydrated person, assuming there is no significant sodium loss, by measuring the
percentage increase in the patient’s serum sodium compared against a normal serum
sodium concentration (mean of 140 mEq/L with a range of 136–144 mEq/L) by
total body water (60%of body weight in kg or L) rather than just by ECFV (20%of
body weight). For example, a 70 kg (154 pound) man has 42 kg or L of total body
water. If his serum sodium concentration is found to be 154 mEq/L, the 14 mEq/L
increase above the normal (140 mEq/L) represents a 10% increase. Ten percent of
42 L is 4.2 L, the amount of water the dehydrated person has had to lose to reach
this level of dehydration and therefore the amount that needs to be replaced. Brain
cells produce idiogenic molecules during hypertonic states to maintain cell volume.
If the hypernatremia is corrected too rapidly, this can result in a hazardous shift of
water intracellularly producing brain swelling.

Insuring adequate intake of fluids in older adults becomes a greater challenge
than in younger adults. The ability to concentrate the urine and thereby conserve
fluids decreases with age, as does the ability to conserve sodium. The main reason,
however, for dehydration in older persons is impairment in the thirst mechanism.
The primary stimulus to thirst is an increase in serum osmolality. Even normal older
individuals when deprived of fluids over a period of time will not rehydrate to
baseline levels after ad lib access to water is allowed like younger persons will (1).
This is true even though their serum osmolality increases more than the younger
persons. Impairment of thirst is even greater in persons with central nervous system
disorders, e.g., stroke.

Dehydration most often occurs in acutely ill, febrile persons, especially where
nausea, vomiting, diarrhea, and excessive sweating complicate adequate replacement
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of fluids. It may also occur in bedfast or physically handicapped persons when they
are not provided enough water to satisfy an already impaired thirst mechanism. Loss
of fluids also can be due to a water diuresis (pituitary or nephrogenic diabetes
insipidus) or an osmotic diuresis (glycosuria) in diabetics that can lead to a condition
known as hyperosmolar non-ketotic diabetic acidosis.

Most of the symptoms of dehydration are due to the shift of fluid out of brain
cells shrinking them so that intracranial damage to blood vessels with venous
thrombosis, infarction, and/or hemorrhage can occur. The earliest manifestation
of dehydration may or may not be thirst, followed by confusion and lethargy, and
ultimately delirium, stupor, and coma. Because intravascular volume is preserved at
the expense of cell water, a drop in blood pressure, and increase in heart rate tend
not to be prominent features of hypernatremic dehydration.

What the optimum fluid intake is for older adults is not really known. TheUSDA
Food Pyramid (2) for older adults sets a goal of eight 8-ounce glasses of water or
fluids per day. However, a literature review provides little justification for such a
high intake. The only benefit is that it might lower the risk for bladder cancer (3). A
recent article studying a random sample of community-based elders showed no
evidence of dehydration or related symptoms, e.g., constipation or chronic fatigue,
in individuals drinking much less than this per day (4). On the other hand, reasons
for not forcing such a high fluid intake might include decreasing the risk of incon-
tinence, decreasing awakening at night creating insomnia, decreasing risk of falls at
night associated with nocturia, and not creating a washout of the urine concentrat-
ing mechanism in the kidney so that one would lose the ability to concentrate the
urine if conditions developed that would make dehydration imminent.

While dehydration may not be a problem in healthy, community-living older
persons, it may be a problem in the acutely or chronically ill, or functionally
dependent individuals, who often do not drink voluntarily, and have to be encour-
aged to drink fluids. Fluids should be pushed orally if tolerated, but if not tolerated,
intravenous 5% glucose and water can be given as needed. As previously described,
one can estimate the deficit knowing the serum sodium concentration. If salt
depletion is also present, normal or half normal saline can also be given. To avoid
a recurrence in individuals with demonstrated impaired thirst, a fluid prescription
establishing the quantity of fluid to be ingested daily may become an important part
of preventive management.

8.3 SODIUM

Essentially all of the body’s sodium is located in the extracellular fluid volume
(ECFV) or space, so that total body sodium can be closely estimated just by multi-
plying the serum sodium concentration times the ECFV. However, while the serum
sodium concentration is easy to measure, ECFV is difficult to estimate. Sodium is
the primary cation in the ECFV and is hydrophilic attracting osmotically obligated
water that, in turn, is responsible for the maintenance of plasma and extracellular
volume.

While there are no recommended dietary intakes for sodium, current US dietary
guidelines recommend that persons greater than 2 years of age consume less than
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2300 mg of sodium per day (5.8 g of salt) as high dietary sodium intakes increase the
development of hypertension and the atherosclerotic vascular diseases (5). Persons
with normal renal function, when placed on severely restricted salt intakes, can very
effectively conserve salt; however, older persons do so less effectively than younger
persons (6).

When primary salt depletion occurs (the causes will be discussed below), there is
with it a loss of osmotically obligated water so that plasma volume and ECFV
initially decrease at a rate proportionate to the sodium loss. If this sodium loss
continues unabated, forces come into play, e.g., stimulation of release of antidiure-
tic hormone (ADH) in response to volume depletion that increases water reabsorp-
tion by the kidneys and stimulation of thirst that increases the ingestion of water, so
that the concentration of sodium in the ECFV begins to drop (hyponatremia). This
causes a decrease in the osmolality (osmotic pressure) of the serum andECFV. Since
sodium and other ions cannot move freely out of the cells to reach an equilibrium
with concentrations of ions outside the cell, water instead shifts (is osmotically
pulled) from the ECFV back into the cells producing swelling of the cells, further
depleting the ECFV. As water shifts into the cell, however, it creates an osmotic
equilibrium with the lower serum osmolality outside the cell. With depletion of
serum and ECFV, subjective signs and symptoms of dehydration begin to develop
(postural hypotension, tenting of the forearm skin, dryness of the mucous
membranes).

A low serum sodium concentration may result from a loss of sodium in excess of
osmotically obligated water (primary salt depletion), a retention of water in excess
of sodium (dilutional hyponatremia ), or a combination of both, as seen in the
syndrome of inappropriate antidiuretic hormone (SIADH). Older persons studied
in both acute and chronic care facilities have a higher prevalence of hyponatremia
(serum sodium concentration less than 135 mEq/L) (7,8). Even in an ambulatory
geriatric clinic, 11% of the patients had evidence of hyponatremia (9). SIADH
appeared to be the etiology in over half the cases with no apparent underlying cause
other than age found in seven patients (idiopathic). Reasons why older subjects are
more prone to the development of hyponatremia, more specifically SIADH, are
discussed elsewhere (10).

A reduction in serum sodium concentration to below 120 mEq/L, regardless of
etiology, produces symptoms ranging from mild non-specific complaints, such as
malaise, apathy, irritability, muscle weakness, and change in personality, to marked
central nervous system (CNS) impairment, often ending with seizures. The CNS
symptoms result from shifts of fluid along osmotic gradients from the hypotonic
ECFV into the isotonic brain cells, thereby increasing brain volume and intracranial
pressure. Although this fluid shift occurs throughout the body, e.g., producing ‘‘finger
printing’’ (pressure over the sternum leaves finger prints due to the increase in intracel-
lularwater), those tissues not entrapped in a bony structure (cranium) are little affected.

8.3.1 Hyponatremia with Contracted ECFV

The causes of hyponatremia are listed in Table 8.2. When primary salt depletion
with contraction of ECFV is suspected, a measure of urinary sodium concentration
is most helpful. A concentration less than 10 mEq/L suggests inadequate intake of
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salt, excessive sweating, or, most often, excessive gastrointestinal losses (diarrhea,
bowel, or biliary fistulas). If urinary sodium excretion exceeds this level, one must
think of excessive use of diuretics, adrenal or pituitary insufficiency, or intrinsic
renal causes, e.g., renal tubular acidosis, salt-losing nephritis, or renal insufficiency.
Severe vomiting with resultant metabolic alkalosis can result in loss of sodium
bound to the increased amounts of bicarbonate filtered and not reabsorbed in the
proximal tubules, despite hyponatremia and hypovolemia.

Treatment is generally best accomplished by giving isotonic (0.9%) saline as the
replacement; however, in individuals with symptomatic conditions, small amounts
of hypertonic (5%) saline can be utilized. Caution needs to be exercised to avoid
correcting the hyponatremia too rapidly as devastating demyelinating syndromes
(cerebropontine myelinosis) can occur. The differential diagnosis between primary
salt loss syndromes and SIADH can be problematic as edema is generally absent
and urinary sodium excretions are high in both situations. The classic signs of
dehydration may be unreliable, e.g., skin turgor in the normally hydrated older
persons may appear poor due to loss of subcutaneous fat allowing ‘‘tenting’’ of skin
over the backs of hands rather than being evidence of dehydration. An important
clue in making the correct diagnosis can be serum urea nitrogen (SUN or BUN); it
tends to be high in the former, and low, even sub-normal, in patients with SIADH,
unless pre-existing renal impairment is present.

Table 8.2
Hyponatremic syndromes

1. Hyponatremia with contracted extracellular volume (ECFV)

A. Urinary sodium <10 mEq/L (inadequate intake, excessive sweating, excessive

gastrointestinal loss, e.g., diarrhea, bowel, and biliary fistulas)

B. Urinary sodium >10 mEq/L

1. Severe metabolic alkalosis due to vomiting

2. Excessive urinary losses (salt wasting)

(a) Adrenal insufficiency (Addison’s disease, hypoaldosteronism)

(b) Renal disease (renal tubular acidosis, interstitial nephritis)

(c) Diuretic induced

2. Hyponatremia with normal ECFV

A. Displacement syndromes (hyperglycemia, hyperlipidemia, hyperproteinemia)

B. Syndrome of inappropriate antidiuretic hormone (SIADH)

1. Malignancies, especially small cell carcinoma of lung

2. Pulmonary diseases, including positive pressure breathing

3. Cerebral conditions (trauma, infection, tumor, stroke)

4. Drugs (sulfonylureas, thiazides, antitumor agents, psychotropics,
antidepressants)

5. Other (myxedema, porphyria, idiopathic)

C. Water intoxication (schizophrenia)

3. Hyponatremia with expanded ECFV (dilutional hyponatremia) (congestive heart
failure, cirrhosis, nephrotic syndrome, hypoalbuminemia, renal failure)
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8.3.2 Hyponatremia with Expanded ECFV (Dilutional Hyponatremia)

Impairment of water excretion commonly occurs in conditions where salt
excretion also is severely impaired. Patients with advanced cardiac, hepatic, and
renal failure, and with generalized edema often are placed on diets that sharply
curtail salt intake with little attention placed on putting limitations on fluid
intake. When dilutional hyponatremia develops, considerations need to be given
to also restricting fluid intake. Although total ECFV is increased, the blood flow
returning to the heart and delivered to the arterial system is decreased, stimulating
baroreceptors in the right atrium and arterial system to help the kidneys retain
sodium, and baroreceptors in the left atrium and arterial system to stimulate ADH
release and retain water. A marked increase in sodium and water reabsorption in
the proximal tubule further limits water excretion by limiting the delivery of water
and sodium to the distal nephron where dilution of urine below isotonic levels can
take place. Although potent diuretics, e.g., furosemide, are available to increase
sodium excretion, vasopressin antagonists that will block ADH effect on the distal
nephron and increase water excretion are still in the investigative stages. One can
use furosemide to increase salt excretion (this also creates a hypotonic urine), and
give a hypertonic salt solution back to increase serum sodium concentration. As
mentioned earlier, one must exercise caution in attempting to correct the hypona-
tremia too rapidly.

8.3.3 Hyponatremia with Normal ECFV (Syndrome of Inappropriate ADH)

Persistence of high levels of circulating ADH is considered inappropriate when
neither hyperosmolality of serum nor volume depletion is present. The diagnosis of
SIADH is usually made after other causes of hyponatremia are excluded. This
means the urine remains concentrated and a high urinary sodium excretion persists
after adrenal, renal, cardiac, and hepatic functions are determined to be normal.
The inability to excrete water because of high levels of circulating ADH causes
volume expansion that, in turn, increases sodium loss with its osmotically obligated
water, thereby returning ECFV to near normal. The causes of SIADH are shown in
Table 8.2, and include patients with different neoplasms, most notably oat cell
carcinoma of the lung, where an ADH-like molecule is secreted by the tumor.
Conditions limiting blood flow through the pulmonary circulation, including posi-
tive pressure breathing, limit filling of the left atrium thereby stimulating ADH
release in the presence of normal or increased volumes elsewhere. A number of
drugs also have been implicated in causing this syndrome.

Normovolemic hyponatremia also can result from addition to the serum of an
uncharged solute, e.g., glucose or mannitol. This will increase serum osmotic
pressure drawing water from inside the cell to expand and dilute the ECFV. This
increases urinary sodium loss, thereby lowering serum and body stores of sodium. A
pseudohyponatremia also can develop from displacement of water in serum/plasma
with abnormal amounts of high molecular weight solute, e.g., proteins or lipids.
While the concentration of sodium in the serum water is normal, the volume of
water is less in the sample so that when further diluted prior to the assay, it gives a
low serum sodium value.
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8.4 POTASSIUM

Potassium is the primary intracellular cation, with less than 2% of total body
potassium in the extracellular fluid compartment. Consequently, the serum potas-
sium concentration may not accurately reflect total body potassium stores. Potas-
sium enters cells during cell growth, with intracellular glucose and nitrogen
deposition, and with increases in extracellular pH (respiratory and metabolic
alkalosis); it leaves cells with cell destruction, glucose utilization, and decreases
in extracellular pH (respiratory and metabolic acidosis). Normally, a steep con-
centration gradient (greater than 20:1) is maintained between intracellular stores
and extracellular concentrations of potassium, so that one needs to appreciate that
a small shift of potassium into or out of the cell can greatly affect extracellular
potassium concentration.

As an example, the patient with diabetic ketoacidosis is likely to be admitted to
the hospital with a high serum potassium concentration. With rehydration (dilu-
tion), correction of the acidosis with sodium bicarbonate, and treatment of the
hyperglycemia with insulin, one can anticipate a dramatic fall in serum potassium
concentration that can become life-threatening if not treated with adequate potas-
sium replacements. Age alone does not appear to affect the ability to maintain this
steep concentration gradient; however, isotopic dilution studies andmuscle biopsies
have shown that certain clinical conditions common to chronically ill older persons,
e.g., respiratory andmetabolic acidosis, congestive heart failure, and liver and renal
failure cause them to develop depleted intracellular concentrations of potassium
without affecting their ability to maintain normal circulating concentrations of
potassium.

8.4.1 Hypokalemia

Although the normal kidney is not as efficient in conserving potassium as it is
sodium, it still takes 2–3 weeks on a severely restricted potassium diet to lower
serum potassium below normal. Again, there are no minimum dietary intakes
identified for potassium intake. A reasonable criterion for establishing a diagnosis
of urinary potassium wasting when the serum concentration falls below normal
(3.5 mEq/L) would be a daily potassium excretion of more than 20 mEq/L per day.

The causes of hypokalemia are listed in Table 8.3. Often there are multiple
contributors to the development of this electrolyte disorder. As an example, a
patient with pernicious vomiting not only reduces potassium intake and loses
small amount of potassium in the vomitus, but he/she loses hydrogen ions creating
a metabolic alkalosis. This increases urinary potassium losses and shifts potassium
intracellularly. A contracted ECFV then increases proximal tubular sodium and
bicarbonate reabsorption potentiating the metabolic alkalosis, and stimulates
increased aldosterone secretion further increasing potassium losses in the urine.
The causes of excessive urinary potassium losses can be divided into four categories
as shown in Table 8.3, specifically (1) pituitary–adrenal excesses, (2) renal defects,
(3) drug-induced losses, and (4) other (idiopathic and miscellaneous).

Manifestations of hypokalemia include EKG changes, some related to focal
myocardial necrosis (depressed ST segments, inversion of T waves, accentuated U
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waves) with ventricular arrhythmias, muscle weakness, pain, and tenderness, again
with focal necrosis, decreased intestinal motility (paralytic ileus at the extreme), and
polyuria.

Because an alkalosis (chloride depletion) generally accompanies hypokalemia,
replacement therapy should be started with potassium chloride rather than the
alkaline salts of potassium (the exception would be the patient with renal tubular
acidosis). Foods high in potassium content (citrus and tomato juices, bananas, red
meats, and some vegetables) provide the safest way to supplement potassium intake.
When additional oral replacement therapy is needed, commercial preparations
come in liquid, tablet, and powder forms, usually in 20 mEq dosages that can be
given up to three times daily. Intravenous potassium can be administered if neces-
sary, but becomes hazardous if given at rates exceeding 20 mEq/h, or in concentra-
tions exceeding 40 mEq/L. EKG monitoring should be mandatory under such
conditions.

Patients receiving loop (furosemide) or thiazide diuretics may develop hypoka-
lemia. Concern that such individuals might be at increased risk for the development
of potentially lethal, ventricular arrhythmias has led to the common practice of
giving routine potassium supplements when receiving these diuretics. Patients with
edematous and acidotic conditions are likely to have depleted intracellular potas-
sium stores; hypertensive patients with comparable serum potassium concentra-
tions undergoing diuretic therapy tend to maintain normal intracellular potassium

Table 8.3
Causes of hypokalemia

1. Inadequate intake, excessive sweating, dilution of extracellular fluid volume

2. Shift of potassium intracellularly (increase in blood pH (alkalosis), glucose and
insulin, familial hypokalemic periodic paralysis)

3. Excessive gastrointestinal losses

A. Vomiting

B. Biliary, pancreatic, and intestinal drainage from fistulas and ostomies

C. Chronic diarrhea (chronic infections and inflammatory lesions, malabsorption,
villous adenomas of colon, excessive use of enemas and purgatives)

4. Increased urinary losses (potassium wasting)

A. Pituitary–adrenal disturbances (primary aldosteronism, secondary aldosteronism
due to renal artery stenosis, Cushing syndrome due to adrenal adenomas,
carcinomas and/or hyperplasia, pituitary corticotrophin hypersecretion, ectopic
corticotropin secretion secondary to tumor)

B. Renal disorders (distal or proximal renal tubular acidosis, salt-losing nephritis,
diuretic phase of acute tubular necrosis, post-obstructive diuresis)

C. Drug induced (thiazide and loop diuretics, large non-absorbable anions, e.g.,
carbenicillin, cistplatin, aminoglycosides, amphotericin B, respiratory alkalosis
due to acetylsalicylic acid, adrenergic agonists used to treat bronchospasm)

D. Idiopathic, familial, and other pathologies (Liddle’s and Gitelman’s syndromes,
hypomagnesemia)
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levels. Routine replacement therapy for patients receiving the thiazide diuretics as
treatment for hypertension is unnecessary. Rather it is better to monitor serum
potassium levels for the occasional patient who will develop hypokalemia. A
significant incidence of life-threatening hyperkalemia develops in patients receiving
routine supplements meaning that the potential for benefit is out-weighed by the
risk (11).

8.4.2 Hyperkalemia

Hyperkalemia is most commonly observed in patients with impaired renal func-
tion; however, those with chronic kidney disease (CKD) do not develop significant
hyperkalemia until the azotemia becomes life-threatening, unless there is some
significant source of additional exogenous/endogenous potassium. Because the
distal nephron of the kidney has such a large capacity for secreting potassium,
hyperkalemia develops only when some associated factor is present, e.g., oliguria
(acute renal failure), an excessive exogenous/endogenous potassium load (supple-
ments, medications, protein catabolism, rhabdomyolysis), a metabolic or respira-
tory acidosis, a deficiency of endogenous steroid (aldosterone, corticosteroids), or
administration of a drug that inhibits potassium secretion in the distal nephron, e.g.,
spironolactone, triamterene, an angiotensin-converting-enzyme (ACE) inhibitor, a
beta-adrenergic antagonist (blocker), or a non-steroidal anti-inflammatory drug
(NSAID).

Clinical manifestations of hyperkalemia often are subtle and non-specific, and
occur only shortly before death from cardiac arrhythmia. Unexplained anxiety,
apprehension, weakness, stupor, and hyporeflexia should alert the health-care
professional to the potential existence of this condition. Characteristic EKG
changes start with peaking of the T waves followed by widening and loss of p
waves, and ultimately by widening of the QRS complex.

Dietary restriction of potassium-rich foods can be started in anticipation of a risk
of hyperkalemia. More aggressive therapy should be started when the serum potas-
sium concentration exceeds 5.5 mEq/L; a true medical emergency exist when it
reaches 7.0 mEq/L. Sodium polystyrene sulfonate (Kayexalate) resins are used to
remove excess potassium from the body, and can be given either orally or in enema
forms. To avoid constipation and fecal impaction with oral administration, sorbitol
solutions can be given titrating the dose to achieve loose stools. An acute decrease in
serum potassium levels can be achieved with infusions of hypertonic glucose with
insulin, along with calcium and sodium salts that act as physiologic antagonists.
This will move potassium intracellularly, but the potassium will move back into the
extracellular fluids once the infusion stops. When hyperkalemia is due to a miner-
alocorticoid or aldosterone deficiency, 9-fluorohydrocortisone (Florinef) can be
given. Dialysis rarely is used as a last resort.

8.5 CALCIUM

Calcium differs from most other minerals in that the serum calcium concentra-
tion is not an adequate guide to the state of the individual’s calcium nutrition. A
finely tuned endocrine system exists tomaintain serum-ionized calcium levels within
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a narrow normal range by controlling intestinal absorption, bone exchange, and
renal excretion of calcium. When serum-ionized calcium concentration decreases,
parathyroid hormone (PTH) secretion increases causing mobilization of calcium
from bone, a decrease in renal tubular phosphate reabsorption, and a decrease in
serum phosphate concentration. The change in serum phosphate concentration
facilitates bone resorption of calcium, increases renal tubular calcium reabsorption
(conserves calcium), and increases intestinal calcium absorption, either directly or
by enhancing the effects of vitamin D. Vitamin D is converted in the liver to the
carriermetabolite, 25-OH cholecalciferol, and by the kidney to the activemetabolite
1,25-(OH)2 cholecalciferol . The active form of vitamin D acts primarily to increase
calcium absorption in the intestine, but it also increases bone resorption of calcium,
and decreases urinary calcium and phosphate excretion. PTH produces its effect on
the intestine by accelerating conversion of the carrier form of vitamin D to its active
form. Because there are over 1000 g of calcium in the skeleton and only 1 g in the
extracellular fluid, it requires little shift of calcium out of the skeleton to replenish
serum calcium concentrations within the normal range.

Serum calcium exists in both the ionized and bound states, but only the ionized
fraction is physiologically active. The latter fraction is bound either to protein
(albumin) or complexed with various anions, e.g., citrate. Binding of calcium is
dependent upon the concentration of serum proteins (albumin), and the blood pH,
as calcium binding increases as blood pH increases. Because most clinical labora-
tories report only total serum calcium concentration, these effects need to be
recognized in evaluation of any specific calcium concentration.

Both hypocalcemia and hypercalcemia occur with increasing frequency in older
persons, primarily because specific disease entities causing these abnormalities are
more common in older individuals. Of greater importance clinically is the age-
related loss of bone calcium (osteoporosis) that occurs in both genders, but more
severely in women. This is discussed in more detail in Chapter 22 along with
nutritional requirements for calcium and vitamin D. The Food and Nutrition
Board of the Institute of Medicine published Dietary Reference Intakes (DRIs)
for calcium of 1200 mg/day, recognizing that the majority of adults do not consume
these levels of calcium without taking supplements (12–14). One study of older
persons showed that 62% ingested less than 500 mg/day and 21% less than 300 mg/
day in their diet (15). They also recommended 10 mg of vitamin D (400 IU) per day
for persons aged 50�70 years, and 15 mg (600 IU) for those over the age of 70 years.
They recognized that not only do older persons fail to ingest enough calcium, but
they do not absorb it as well, and they frequently have insufficient blood levels of
vitamin D.

8.5.1 Hypocalcemia

Most of the causes of hypocalcemia (serum total calcium<8.6 mg/dL) are due to
disturbances in PTH metabolism, e.g., decreased production or end-organ unre-
sponsiveness, or to deficiencies in vitamin D intake or metabolism, e.g., a deficiency
or malabsorption of vitamin D, decreased production of 25-OH cholecalciferol due
to liver disease, decreased conversion of 25-OH to 1,25-(OH)2 cholecalciferol in
renal disease, accelerated vitamin D catabolism due to anticonvulsant therapy, or
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end-organ resistance to vitamin D (vitamin D-resistant rickets). Other causes of
hypocalcemia include a low serum albumin concentration (total serum calcium is
low, but ionized calcium is normal), acute pancreatitis, hyperphosphatemia (renal
insufficiency), and calcitonin-producing tumors (medullary carcinoma of the thyr-
oid). In unexplained hypocalcemia/hypokalemia, a low serum magnesium (hypo-
magnesemia) should be looked for as it produces a peripheral resistance to PTH and
decreases the release of PTH in response to the hypocalcemic stimulus.

The symptoms associated with hypocalcemia are primarily related to increased
neuromuscular excitability, i.e., tetany, parasthesias, muscle weakness and spasms,
and movement disorders. Chronic manifestations include cataracts, abnormalities
of nails, skin, and teeth, and mental retardation.

Correction of acute symptomatic hypocalcemia can be accomplished with par-
enteral calcium gluconate. Mild or latent hypocalcemia can be treated with oral
calcium salts (carbonate, gluconate, lactate). Vitamin D or its active metabolite
(Calcitriol) can be used to increase calcium absorption.

8.5.2 Hypercalcemia

Primary hyperparathyroidism and malignancy together are responsible for
80–90% of all cases of hypercalcemia. Malignancy-associated hypercalcemia is
the most common paraneoplastic syndrome, occurring in up to 10% of all patients
with breast, renal cell, and lung cancers, squamous cell cancers of the head and neck,
and multiple myeloma. These tumors secrete substances with PTH-like activities.
These and other types of tumors metastasizing to bone also can release bone-
resorbing cytokines and growth factors resulting in osteolysis thereby raising
serum calcium levels. Other less common causes of hypercalcemia include endocrine
disorders (hyperthyroidism, adrenal insufficiency, pheochromocytoma), granulo-
matous diseases (sarcoidosis), and vitamin D intoxication.

The early signs of hypercalcemia are vague and non-specific, e.g., fatigue,
anorexia, nausea, vomiting, constipation, confusion, somnolence, weakness,
apathy, depression, and personality change. Hypercalcemia often results in dehy-
dration as it decreases the ability of the kidney to reabsorb salt and water in the
tubular portions of the kidney. The initial therapy is rehydration with normal
saline and administration of a loop diuretic (furosemide) as this will greatly
increase urinary calcium excretion. Thiazide diuretics, in contrast, decrease urin-
ary calcium excretion and potentiate hypercalcemia. The use of drugs that inhibit
bone resorption, namely the biphosphonates, e.g., etidronate, pamidronate, and
zoledronic acid, are usually used first in the chronic management of malignancy-
associated hypercalcemia.

8.6 MAGNESIUM

Magnesium is the second most important intracellular cation with about 60% of
body magnesium located in bone, about 40% in intracellular spaces (primarily
muscle), and only 1% located extracellularly. The normal serum magnesium con-
centration ranges from 1.4 to 2.2 mEq/L. About 30% of serum magnesium is
protein bound (albumin) with most of the rest ionized, physiologically active, and
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ultrafilterable through the kidney. The magnesium inside the cells primarily is
bound to protein- and energy-rich phosphates being indispensable to the metabo-
lism of adenosine triphosphate (ATP). Magnesium is the metal component that
activates more than 300 different enzyme systems affecting glucose metabolism,
synthesis of fat, protein, and nucleic acids, muscle contraction, and several mem-
brane transport systems.

The Dietary Reference Intakes (DRIs) recommended by the Food and Nutrition
Board are 420 mg/day for men over the age of 50 years and 320 mg/day for women
of that age (12–14). Studies on 37,000 healthy adults showed mean intakes of
magnesium in their diets for men and women were 266 and 228mg/day, respectively
(16). The magnesium content of a typical senior multivitamin tablet to be taken
once daily is 100 mg. One can assume that for older persons, especially for those
with chronic conditions that might affect food intake, gastrointestinal absorption,
or urinary excretion of magnesium, that a deficiency of magnesium might be a real
concern.

8.6.1 Magnesium Deficiency (Hypomagnesemia)

Magnesium deficiency is most commonly seen in gastrointestinal disorders
causing malabsorption/chronic diarrhea, and in chronic alcoholism. It can also
be seen associated with protein–calorie malnutrition, acute pancreatitis, and in a
variety of conditions associated with wasting of magnesium in the urine, e.g.,
diuretic therapy (furosemide), endocrine disorders (hyperthyroidism, hyperpar-
athyroidism), and after nephrotoxic drug therapy (aminoglycoside antibiotics,
cyclosporine, cisplatin).

Symptoms associated with hypomagnesemia include neuromuscular manifes-
tations (muscular hyperirritability, tetany, hyperacousis, seizures, vertigo, and
tremors) and mental psychiatric changes (irritability, aggressiveness). Other man-
ifestations include development of polyuria, hypocalcemia, hypokalemia, and
hypophosphatemia.

Significant depletion of intracellular magnesium can occur before the serum
magnesium concentration falls below the normal range (17). Because symptoms
appear more related to intracellular concentrations of magnesium than to serum
levels, the question then arises how to best measure intracellular magnesium. There
are no clinically practical ways short of muscle biopsy, so it is best if one suspects a
deficiency exists to treat empirically with supplemental magnesium. This is safe
unless some degree of renal insufficiency is present.

8.6.2 Hypermagnesemia

Hypermagnesemia normally occurs only in patients with some degree of renal
insufficiency and also taking magnesium containing antacids or cathartics. Somno-
lence and hypotension are the earliest manifestations, and EKG changes may
develop, i.e., prolongation of the PR interval and QRS duration with peaking of
T waves. Later, respiratory depression (respiratory acidosis) or paralysis may
develop terminating with a fatal cardiac arrhythmia.
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8.7 TRACE MINERALS

Studies of dietary intake and nutritional status of the trace minerals indicate that
persons in later life aremore vulnerable to deficiencies than are younger persons as a
result of multiple physiological, psychological, and socioeconomic factors. Reasons
for this include an increased prevalence of chronic diseases andmedication use, e.g.,
diuretics, that may affect nutrient turnover in the former, physiologic changes with
age that may influence absorption, distribution, and metabolism of the minerals,
and psychological, e.g., loneliness, and socioeconomic conditions that may affect
dietary choices and eating patterns. Brief discussions of the biologic importance of
each of the minerals will be followed by presenting features and functional con-
sequences of each trace mineral deficiency, along with how best to establish a
diagnosis.

When available, Recommended Daily Allowances (RDAs) are provided for each
of the trace minerals (Table 8.1). The RDA is defined as the intake that meets the
nutrient need of 97–98% of the individuals in that group. Food sources providing
the highest content of each mineral are listed. The quantity of each mineral in a
typical once-daily multivitamin preparation for seniors is shown along with addi-
tional sources of single element supplements. Also provided when available is a
tolerable upper intake level defined as the maximum intake that is unlikely to
produce adverse health effects in most (97–98%) individuals. More comprehensive
reviews are available for those desiring additional information on the vast literature
describing evidence for tracemineral deficiency and ranges of dietary intake of these
minerals in population studies (18–20).

8.7.1 Zinc

Zinc is the intrinsic metal component or activating cofactor for over 70 important
enzyme systems, including carbonic anhydrase, the alkaline phosphatases, the
dehydrogenases, and the carboxypeptidases. It governs the rate of synthesis of the
nucleoproteins (DNA and RNA polymerases are zinc-dependent enzymes) and
other proteins, thereby influencing growth and the reparative processes. It is also
an important regulator of the activity of various inflammatory cells (macrophages,
polymorphonuclear leukocytes) thereby affecting the immune system, plays a role
in certain endocrine functions (growth, sexual maturation), affects carbohydrate
tolerance by decreasing the rate of insulin secretion in response to glucose admin-
istration, and is an important regulator of bone repair.

Human zinc deficiency was first described in adolescent males (Iran, Egypt)
receiving inadequate intakes of zinc and having excessive binding of ingested zinc
to phytates (unleavened bread), fiber, and clay. These youths developed severe
growth retardation (dwarfism), anemia, rough skin, apathy (general lethargy),
and delayed sexual maturation that responded dramatically to zinc supplementa-
tion. Similar manifestations of severe zinc deficiency have been seen in patients
started on TPN and given no mineral supplements, and in certain disease states,
especially those affecting GI absorption, e.g., regional enteritis (Crohn’s disease).
Potential manifestations of zinc deficiency include impaired taste and smell,
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anorexia, alopecia, dermatitis starting in the nasolabial folds and extending to the
scrotum, perineum, and extensor aspects of the elbows, impaired wound healing,
hypogonadism and sexual dysfunction, and immune dysfunction (19,20).

The Recommended Dietary Allowances (RDA) for adult males is 11 mg/day and
for females 8 mg/day (21). While normal healthy elderly should be ingesting
quantities near these amounts daily, only about two-thirds of the zinc ingested is
normally absorbed through the GI tract. Zinc from meats is absorbed better than
that from vegetables. Diets high in phytates (breads) interfere with absorption.

The normal plasma zinc concentration ranges from 80 to130 mg/mL. Low plasma
zinc concentrations can result either from redistribution of zinc due to acute
infectious or inflammatory conditions (release of cytokines into the circulation),
or from a true zinc deficiency state (19). Large population studies (NHANES II)
have shown that 12% of men and women had plasma zinc levels below 70 mg/mL,
and were strikingly higher in the older populations, those in poor health, and/or
those with low socioeconomic status (20).

A typical once-daily multivitamin preparation for seniors contains 15 mg of
elemental zinc; however, zinc sulfate tablets containing 25 and 50 mg of elemental
zinc are also available. The tolerable upper intake level has been established at
40 mg/day (19).

8.7.2 Copper

Copper is the metal component of a number of enzymes important in human
metabolism. It is involved in such diverse enzymatic and metabolic activities as
hemoglobin synthesis, bone and elastic tissue development, and the normal function
of the central nervous system. The usual first manifestations of a copper deficiency
in man are anemia unresponsive to iron supplements, leucopenia, and neutropenia.
Much less commonly seen are hypopigmentation, immune dysfunction, and skeletal
abnormalities. Animals made severely deficient will develop central nervous system
deficiencies (ataxia, mental deficiency), skeletal defects (osteoporosis with frac-
tures), aortic rupture, and skin and hair (red) changes. Significant copper deficiency
in adults does not appear to be common, unless the individual is on TPN without
mineral supplements, or the patient has intestinal or malabsorptive disease. It is
seen primarily in infants with GI disorders (diarrhea) on cow’s milk, and in children
with a hereditary disorder (Mencke’s kinky hair syndrome) in which copper absorp-
tion from the GI tract is defective.

Normal plasma copper concentrations range from 80 to 140 mg/mL, but may be
higher in acute infectious or inflammatory states. Wilson disease (hepatolenticular
degeneration) is a rare, inherited inborn error of copper metabolism characterized by a
low serum ceruloplasmin concentration (the major copper-binding protein in blood),
usually low serum copper levels, but increased urinary copper and deposition of copper
in vital organs (brain, liver, kidney, eyes) producing dysfunction in these systems.

The Recommended Dietary Allowance for older men and women is 900 mg of
elemental copper per day (19,21). Most once-daily multivitamin preparations for
seniors contain 2 mg of elemental copper. Copper gluconate is also available in
tablet form in dosages containing 3 mg of elemental copper. The tolerable upper
intake level is 10 mg/day (19).
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8.7.3 Iron

About 70% of bodily stores of iron are found in hemoglobin and myoglobin,
with most of the rest stored in a labile form (ferritin, hemosiderin) in the liver,
spleen, and bone marrow to be used in the regeneration of hemoglobin in case of
blood loss. A hypochromic, microcytic anemia (hemoglobin <12 g/dL) with
decreased serum iron, normal to increased iron-binding capacity, and decreased
serum transferrin levels, is the primary manifestation of iron deficiency. Other
manifestations of iron deficiency (Plummer–Vinson syndrome) include listlessness,
fatigue, palpitations, glossitis, stomatitis, and dysphagia caused by a post-cricoid
stricture.

The range of normal serum iron concentration is 60–175 mg/dL in men and
50–170 mg/dL in women, the iron-binding capacity is 250–450 mg/dL in both
genders, and serum transferrin is 200–400 mg/dL in both genders.

While many feel that post-menopausal females andmales get enough iron in their
diets to avoid a deficiency state, and that excess iron may actually have detrimental
effects, RDAs for elemental iron have been established for both of these groups at
8 mg/day.While some once-daily multivitamin preparations for seniors include this
amount of elemental iron in their preparations, many no longer contain any iron.
Oral ferrous sulfate tablets and capsules, both enteric-coated and extended release
(commonly 325 mg of ferrous sulfate equals 65 mg elemental iron), are available for
treatment of documented iron-deficiency anemia.

8.7.4 Selenium

Selenium is concernedwith growth,muscle function, the integrity of the liver, and
fertility in ways that are poorly understood. A number of animal disease models
with deficiencies of both vitamin E and selenium can be cured by administration of
one or the other showing the interacting biochemical roles of these two agents.
Selenium is themetal component of glutathione peroxidase; both this and vitamin E
act as antioxidants in the detoxification of peroxides and free radicals that have
their most damaging effects on cell membranes in blood, liver, and other tissues.
Selenium-deficient animals develop hair loss, growth retardation, and reproductive
failure. Selenium deficiency has been implicated in Keshan disease, an endemic
cardiomyopathy found in selenium-deficient areas of China. While selenium sup-
plements will prevent the disease, they will not cure it once established. Selenium
deficiency is not likely to occur in free-living, healthy individuals living in theUnited
States; however, individuals in poor health may be at risk. A number of animal and
human studies suggest that selenium may play a role in protecting against the
development of cancer (20).

Serum/plasma selenium levels can be quantified (normal 100–180 ng/mL).
The best sources of selenium are grains (bread) (depending on the selenium

content of soil), seafood, liver, and meats. The RDAs for selenium have been
established for both men and women at 55 mg/day (19,21). The typical once-daily
multivitamin preparations for seniors contain 20 mg of elemental selenium. Ele-
mental selenium is also available in tablet form at dosages of 50, 100, and 200 mg.
The tolerable upper intake level for both men and women is 400 mg/day. Symptoms
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associated with selenium toxicity include nausea and vomiting, hair loss, nail
changes, irritability, fatigue, peripheral neuropathy, and changes in breath odor
(garlic or sour milk).

8.7.5 Chromium

Chromium is an integral and active part of the glucose tolerance factor (GTF), a
dinicotinic acid glutathione complex that increases the influx of glucose into cells in
response to insulin. Because it is difficult to quantify levels of chromium in tissue
and blood, chromium deficiency is best demonstrated by showing a response to
chromium supplementation. A deficiency of chromium in animals produces an
abnormal glucose tolerance (insulin resistance). Chromium deficiency has been
reported in humans on long-term TPN and is characterized by impaired glucose
tolerance (insulin resistance) not responsive to added exogenous insulin, decreased
HDL lipoprotein cholesterol, increased LDL lipoprotein cholesterol, and periph-
eral neuropathy or encephalopathy. All these are reversible with chromium supple-
mentation. Diabetics tend to have low tissue stores of chromium and lose increased
amounts in the urine. Investigators have speculated that there may be a subset of
diabetics with glucose intolerance that will respond to chromium supplementation,
but the evidence for this remains inconclusive. Chromium supplements have also
been reported to be performance enhancing, but the data to support this claim is
also very limited.

Processed meats, whole grains, and certain vegetables have high chromium
concentrations. There is no RDA for chromium, but intakes adequate (AIs) to
sustain nutritional status are felt to be 30 mg/day in adult males and 20 mg/day in
adult females (19,21). Once-daily multivitamin supplements for seniors commonly
contain 150 mg of elemental chromium. Chromium capsules are available that
contain 200 mg of elemental chromium. Toxicity has not been reported.

8.7.6 Manganese

Manifestations of manganese deficiency in animals include impaired growth,
skeletal abnormalities, reproductive dysfunction, ataxia, and alterations in lipid
and carbohydrate metabolism. A single case study describes manganese deficiency
in a human volunteer inadvertently deprived of this mineral during an experimental
study, who developed hypocholesterolemia, weight loss, transient dermatitis, and
reddening and slow growth of normally black hair and beard. All returned to
normal with repletion.

Manganese is ubiquitous being more available in vegetarian than in non-vegetar-
ian diets. Although no RDAs have been published, the Food and Nutrition Board
identified Adequate Intakes as 2.3 mg/day for men and 1.8 mg/day for women
(19,21) the levels easily obtained with the normal diet. The typical once-daily multi-
vitamin for seniors contains 2 mg of manganese. Parenteral manganese is available
for use in TPN solutions. The tolerable upper limit for manganese is 11 mg/day.

8.7.7 Molybdenum

Molybdenum is a cofactor of xanthine, sulfite, and aldehyde oxidases, and is a
copper antagonist. Molybdenum deficiency in animals impairs the conversion of
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hypoxanthine and xanthine to uric acid causing xanthine renal calculi. Apparent
molybdenum deficiency developed in a patient on TPN characterized by an intol-
erance to the sulfur-containing amino acids. She/he developed tachycardia, tachyp-
nea, central scotomas, night blindness, irritability, and finally coma that cleared
when the sulfur-containing amino acids were stopped. There was biochemical
evidence of impaired conversion of sulfite and thiosulfite to sulfates by sulfite
oxidase, and xanthine and hypoxanthine to uric acid by xanthine oxidase, both
reactions normally facilitated bymolybdenum-containing enzymes. Treatment with
molybdenum reversed the sulfur-handling defect.

The RDAs for molybdenum are 45 mg/day for men and 34 mg/day for women,
both easily achievable with a normal diet. The typical once-daily multivitamin
preparation for seniors contains 75 mg. The tolerable upper intake level is 2 mg/day.

8.7.8 Other Trace Minerals

Although studies in animals depleting and replacing single trace minerals have
convincingly shown that vanadium, nickel, silicon, boron, and tin are essential for
normal growth and maturation, the evidence that clinically apparent deficiencies
develop in man is non-existent (18). Once-daily multivitamin–mineral supplements
for seniors, however, commonly contain 150 mg of boron, 5 mg of nickel, 2 mg of
silicon, and 10 mg of vanadium. Cobalt is essential as the metal cofactor in vitamin
B12, but because it is such a commonly available nutrient and such small amounts
are needed to meet demands, cobalt deficiency has not been reported in animals or
man. Finally, there are five non-essential minerals (cadmium, lead, mercury,
arsenic, and aluminum) that can accumulate acutely or chronically to produce
toxicity (18).

8.8 RECOMMENDATIONS

1. While maintenance of adequate hydration is important in older persons, especially
during periods of acute/chronic illness, overemphasis on maintaining a high fluid
intake in healthy, community-dwelling older individuals is unnecessary, and can
have a negative impact on quality of life by increasing incontinence, nocturia, and
the incidence of related falls.

2. Diets consumed by older persons contain sufficient amounts of sodium and potas-
sium, so that deficiencies of these minerals (electrolytes) do not occur unless patho-
logical conditions exist, or excessive medications, e.g., diuretics, are in use. Hence,
there is no need for an RDA/AI. More often, the clinician needs to limit intake or
increase loss, e.g., increase urine excretion, to prevent excessive accumulation of
these two minerals in the body.

3. Dietary calcium and magnesium intakes in most older persons fall well short of
RDA/AI recommended levels, thereby increasing the risk for development of osteo-
porosis, especially in women. The use of dietary supplements is the easiest way to
insure that these recommended standards are met.

4. The development of trace mineral deficiencies can be very insidious in onset, and
occur primarily in persons with acute/chronic illnesses. Balanced diets generally meet
the needs of healthy older persons. Clinicians should be aware of the ‘‘failure to
thrive’’ symptom complexes resulting from deficiencies of these trace minerals.
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9 Redefining Nutritional Frailty:
Interventions for Weight Loss
Due to Undernutrition

Connie Watkins Bales and Christine Seel Ritchie

Key Points

� Nutritional frailty is an unintentional, precipitous loss of both lean and fat mass
resulting almost entirely from a reduction in food intake.

� Unintentional weight loss is associated with functional decline and increased
mortality.

� Efforts to minimize nutritional frailty should emphasize early interventions to main-
tain and enhance oral food intake; these efforts can include improved esthetics, social
support at mealtime, assistance with eating/feeding, and treatment with orexigenic
agents.

� When oral food intake is insufficient, protein/calorie supplements or enteral/
parenteral feedings by tube may be utilized. However, the extent of positive impact
on medical outcomes is generally modest and complications are common with tube
feedings.

Key Words: Undernutrition; cachexia; sarcopenia; nutritional supplements
enteral nutrition; end-of-life nutrition

9.1 NUTRITIONAL FRAILTY: A REVISED DEFINITION BASED
ON ETIOLOGY

During the time since the first edition of this book addressed the topic of
nutritional frailty, substantial progress has been made toward the characterization
and understanding of the causes of unintentional weight loss in older adults. Thanks
to an on-going international effort to develop a consensus definition of cachexia (1)
and comprehensive work characterizing the natural course of sarcopenia (2–5),
there is now a much better understanding of the unique contributions that loss of

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition

Edited by: C. W. Bales and C. S. Ritchie, DOI 10.1007/978-1-60327-385-5_9,
� Humana Press, a part of Springer ScienceþBusiness Media, LLC 2009
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appetite and poor food intake make to the overall phenomenon of weight loss and
tissue wasting in older patients. Thus, while acknowledging that often more than
one condition exists in a given older individual (see Fig. 9.1), this edition of the
Handbook includes separate discussions of undernutrition-related weight loss (this
chapter), sarcopenia (Chapter 10), and cachexia (Chapter 11). This chapter
explores the development of nutritional frailty as specifically defined, its contri-
bution to overall frailty (6), and potential interventions to lessen its detrimental
effects.

9.1.1. Definitions and Risk Factors

Table 9.1 lists definitions for a number of salient terms; the one most integral to
this chapter is the definition of nutritional frailty, which is an unintentional,
precipitous loss of both lean and fat mass resulting almost entirely from a reduc-
tion in food intake. In contrast, sarcopenia is an age-related loss of muscle and
cachexia is a complex metabolic syndrome associated with underlying illness and
(often) inflammation in which there is loss of muscle with or without loss of fat
mass. In particular, it should be emphasized that nutritional frailty as a sole cause
of weight loss is less common than sarcopenia (although the two can overlap) and
that both nutritional frailty and sarcopenia can occur in the absence or presence of
cachexia (again, see Fig. 9.1). It should be noted that the consensus definition for
cachexia shown in Table 9.1 was recently developed by an International Cachexia
Consensus group (1).

Fig. 9.1. The Unhappy Triad. Three distinct causes of weight loss and physical frailty have
different prevalences and overlap to varying degrees. While sarcopenia occurs very commonly
with aging, cachexia occurs mainly in association with acute or chronic disease. Weight loss due
strictly to undereating is the least common of the three but has obvious overlap with the other
causes of frailty. This conceptual presentation was originally proposed by Dr. Thomas at the
Third Cachexia Consensus Conference in Rome, Italy, in December, 2005. It was derived from a
paper published by Dr. Thomas on ‘‘Distinguishing Starvation from Cachexia’’ (81). Dr. C.C.
Seiber assigned the figure the name of ‘‘The Unhappy Triad’’.
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9.1.2. The Mortality Impact of Body Weight and Weight Loss

It might seem very obvious that decrements in food intake that result in under-
nutrition and weight loss would adversely impact health. In the case of pronounced
weight loss and subnormal body weights (expressed as a low Body Mass Index,
calculated as weight (kg)/[height (m)]2; BMI), this is surely known to be the case.
Less well understood, however, are the complex interactions that occur between
health and body mass when BMIs are within the range of normal to overweight
(BMI 25–29.9 kg/m2). Recent concerns about the effects of the obesity epidemic on
the health of adults of all ages (7,8) have raised the consciousness of both older
patients and their caregivers regarding the potential detrimental effects of excess
body weight. It is true that obesity in old age contributes to disability and frailty
(9); it can also intensify metabolic disorders like insulin resistance and dyslipide-
mias. However, the ideal BMI for older adults remains elusive. Epidemiological
studies of the relationship of BMI with mortality reveal that the extent of the
negative impact of being overweight tends to decline with aging (10,11). In fact,
most studies show a beneficial or neutral, rather than a detrimental, effect of a BMI
in the overweight range on length of life after the age of 65 years. Additionally, there

Table 9.1
Glossary of weight-loss-related definitions

Nutritional frailty (weight loss due to undernutrition): An unintentional, precipitous
decrease in body mass (both adipose and lean) that produces detrimental effects on
function and other health outcomes and results almost entirely from a reduction in
the intake of energy yielding nutrients. Nutritional frailty is distinct from age-related
muscle loss (sarcopenia) and can occur in the absence or presence of cachexia.

Frailty: The presence of three or more of the following: unintentional weight loss, self-
reported exhaustion, weakness, slow gait speed, and low physical activity (83).

Sarcopenia:The process of age-related loss of muscle mass and strength that occurs with
aging; often the term sarcopenia is used to refer to older persons with skeletal muscle
values in an unhealthy range, which has traditionally been defined as a height-
adjusted muscle mass of �2 standard deviations below the mean of a young and
healthy population; see Chapter 10.

Cachexia: ‘‘Cachexia is a complex metabolic syndrome associated with underlying
illness and characterized by loss of muscle with or without loss of fat mass. The
prominent clinical feature of cachexia is weight loss in adults (corrected for fluid
retention) or growth failure in children (excluding endocrine disorders). Anorexia,
inflammation, insulin resistance and increased muscle protein breakdown are
frequently associated with wasting disease. Wasting disease is distinct from
starvation, age-related loss of muscle mass, primary depression, malabsorption and
hyperthyroidism and is associated with increased morbidity.’’ (Source: International
Consensus Conference (1)); also see Chapter 11.

Sarcopenic obesity: Individuals with sarcopenia (defined above) who also have a percent
body fat greater than sex-specific cutoff values and an approximate BMI of �30 kg/
m2 (19).
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is a well-established link between unintentional weight loss and poor health out-
comes in later life. A number of studies have associated recent weight loss with
shortened survival. Newman et al. (12) found that even a modest decline in body
weight was an important, independent marker of risk for mortality in older adults.
Locher et al. (13) demonstrated a 1.7-fold increase in mortality risk with uninten-
tional weight loss in community-dwelling older persons. A prospective study of
weight loss and non-cancer-related mortality in 5,722 overweight/obese but other-
wise healthy Swedish men showed that those who lost weight had higher mortality
rates than weight stable men in the same weight range (14). Lee and Paffenberger
(15) reviewed 17 studies of weight loss and subsequent all-cause mortality and
concluded that those who ‘‘faired best’’ were those who remained weight stable.
The observation of increased survival in heavier adults with wasting diseases like
end-stage renal disease, heart failure, and COPD (the so-called ‘‘reverse epide-
miology’’ of obesity and wasting diseases) is another factor that contributes to
concerns about the best approach for managing body weight issues in late life
(16). Excess adiposity in late life can serve as an energy reserve in times of food
deprivation or illness; additionally, the proportion of energy expenditure derived
from protein oxidation is lower and lean tissue is better preserved in persons with
large fat stores (17).

Body composition changes that occur with weight loss may also explain the
negative effect of weight loss on function in older adults (18). Changes in body
composition (particularly muscle and bone) with aging can lead to undesirable
effects that would not be apparent from a change in body weight alone. In fact,
due to hormonal and other changes discussed in more detail in Chapter 10, even
adults who remain weight stable have a shift in body composition in later life
characterized by more fat and less muscle and bone. When the loss of lean mass is
dramatic, an individual may be frail even with a normal or elevated BMI. Sarco-
penic obesity is associated with functional decline, including the development of
disabilities for Instrumental Activities of Daily Living (IADLs) (19).

9.2 CAUSES OF UNDERNUTRITION

It is well established that food intake diminishes with age, with a gradual down-
ward trend over the later decades of life (20–23). This almost universally observed
phenomenon is due to lower energy demands as a result of reduced physical activity,
decreases in resting energy expenditure, and/or loss of lean body mass (sarcopenia).
Over time, these changes produce a decrease in demand for calories and thus for
food intake (24,25).

Other common causes of reduced food intake are listed in Table 9.2 and include
physiologic changes such as loss of appetite, alterations in taste and smell, poor oral
health, gastrointestinal changes, and a reduced ability to regulate appetite in
response to acute weight changes. In addition, psychological and socioeconomic
factors may lead to undernutrition and a variety of pathologic factors, including
illness and medication effects, may contribute to a chronic, progressive reduction in
food intake.
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9.3 EARLY INTERVENTIONS TO INCREASE FOOD
AND FLUID INTAKES

Body weight, although sometimes difficult to obtain in older patients, should be
routinely monitored. A chair or bed scale can be used for those unable to stand.
Height measures can also be problematic. When ascertaining height for calculation
of BMI, it will be best to use the patient’s height before age 50 as the reference height
in order to avoid the effects of kyphosis due to osteoporosis (26). If weight loss and/
or low BMI are confirmed, the frequency of monitoring weight for that patient
should be increased to weekly intervals (27). In the nursing home setting, interven-
tions should be considered for patients who have lost 5% of usual body weight in
30 days or 10% in 6 months (28), using the calculation of weight change percent as
usual weight—current weight/usual weight � 100. The algorithm in Fig. 9.2 illus-
trates many of the recommended approaches for correcting problems with nutri-
tional adequacy when unintentional weight loss is a concern. Strategies to utilize in
patients for whom improving oral intake is a viable option are discussed in this
section.

9.3.1. Therapeutic Interventions

Clearly, correction of any underlying medical cause for weight loss should be the
first step employed to help counteract low food intake. Unfortunately, it is the rare
situation when this is possible, either because no treatment is able to resolve the
condition or because the primary cause of the anorexia is unknown. Other causes

Table 9.2
Causes of undereating-related weight loss

Physiologic/pathologic Psychologic Socioeconomic

Appetite/food intake
regulation (84)

Depression Social and/or geographical
isolation, loneliness
(31,85)

Oral health problems (86,87) Dementia (88–90) Lack of caregiver support

Sensory impairments Other cognitive
impairments

Food insecurity

Altered absorption or digestion Longstanding
emotional or
mental illness

Institutionalization and
decreased access to food
(91,92)

Acute and chronic diseases,
associated therapies

Difficulty with self-feeding
(physical or neurological
disability)

Dependence on enteral or
parenteral feeding (93,94)
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such as reduced access to food, depression, social isolation, poor dentition, and
over-medication are more amenable to correction and every effort should be made
to remove these barriers when they are impeding food intake.

9.3.2. Improving the Dining Environment and the Nutritional Value
of Food Choices

There is growing evidence of the measurable impact of improving the aesthetics
of the food and dining environment on the food intake of frail patients. Mathey
et al. (29) instituted improvements in meal ambiance focused on the physical
environment and atmosphere of the dining room, quality of food service, and
nursing staff assistance for 38 elderly residents of a Dutch nursing home. After 1
year, in contrast to the control group, the 22 residents who completed the study had
increased body weights (+3.3 kg, P < 0.05) and stable health status assessments.
The importance of socialization and support at mealtime should not be under-
estimated (30). Locher et al. (31) demonstrated the value of the presence of others
at mealtime, reporting that persons who had others present during meals consumed
an average of 114.0 calories more per meal than those who ate alone (p =0.009).
Nijs et al. (32) conducted a randomized controlled trial of providing family-style
meals to older residents in five Dutch nursing homes and observed significant
improvements in daily energy intakes. There was a decrease in the proportion of
residents in the intervention group scored as malnourished by the Mini Nutritional

Unintentional Weight Loss
(Patients at risk for Nutritional Frailty)

Identify Contributing factors
(nutritional screen, history, and physical exam)

Intervene based on Assessment

Promote Oral Intake

Nutritional Adequacy Achieved Continued Nutritional Decline

Identify Nutritional Goals with Patient & Family

• Provide food & liquids as 
desired and accepted.

• Provide oral hygiene

• Remove dietary restrictions
• Enlist family support
• Vitamin/Liquid supplements
• Appetite stimulant
• Feeding assistance
• Favorite/Familiar foods
• Minimize distractions
• Small frequent meals/snacks

• Dental referral
• Nutritional consultation
• Speech therapy referral for 

dysphagia mgt
• Maximize disease mgt                                    
• Remove offending drugs

Restore/Maintain:
Utilize alternative 
feeding methods

• Enteral Feeding
• Parenteral Feeding
(Most appropriate in setting
of acute/reversible illness.)

Restore/Maintain:
Promote 
oral intake

• Identify contributing factors
• Try new interventions

Palliative Nutritional Support
(Appropriate when condition is  terminal

and/or intervention is undue burden) 

Monitor/Promote Maintenance

Fig. 9.2. This algorithm to guide care providers as they identify, assess, and treat weight loss and
nutritional frailty in older adults living in the community was previously published by Bales and
White (82) and is reprinted with permission.
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Assessment from 17 to 4%, whereas the percentagemalnourished increased from 11
to 23% in the control group. Altus et al. (33) found that serving meals family style
led to modest increases in mealtime participation and communication even in
residents with dementia and very low pre-study rates of appropriate communica-
tion. These and other findings provide strong justification for emphasizing
improvements in the taste, presentation, and social setting of meals for the older
patient with clinically important unintentional weight loss.

Along with improving the esthetic appeal of the food and the presence of others
at meals, it is also important to optimize the nutrients provided in the meal and
snacks that are offered. Lorefalt et al. (34) enriched the energy and protein content
of small meals offered to 10 patients on a geriatric rehabilitation ward and increased
the daily energy intake by 37%, accompanied by an increase in the intakes of
protein, fat, carbohydrate, certain vitamins, and minerals. Odlund Olin et al. (35)
were able to demonstrate similar findings, along with preservation of Activities of
Daily Living (ADLs), by providing energy-dense meals to 35 nursing home residents
(median age ¼ 83 years). Zizza et al. (36) found that older adults who ate between-
meal snacks had significantly higher daily intakes of energy, protein, carbohydrate,
and total fat, with snacking contributing 14%of their daily protein intakes. Table 9.3
provides a list of easy-to-eat foods and snacks along with their caloric and protein
density per gram of food.

Bernstein et al. (37) found measurable improvements in dietary quality when
they provided nutrition education to community-dwelling elders with functional
impairments, demonstrating the value of including older adults in the effort to
improve their nutrient intakes whenever this is feasible. Included in the nutrition
education should be an emphasis on choosing a wide variety of nutritious foods.
Roberts et al. (38) reported that older adults with lowBMIs (<22 kg/m2) consumed
a lower variety of energy-dense foods compared with older adults with higher BMIs
(p < 0.05) and Bernstein et al. (39) found a highly varied diet to be linked with
better nutritional status in nursing home residents as assessed by nutrient intake,
biochemical measures, and body composition measures.

Another important step in enhancing food intake and nutritional status is the
lifting of dietary restrictions whenever possible so as to offer a wider selection of
food choices. A therapeutic diet prescription may be unnecessary for frail, under-
nourished patients and can often be bypassed even in diabetic patients, provided
they are being regularly monitored (40). The American Dietetic Association sup-
ports removing restrictions as a way of enhancing food intakes (41).

9.3.3. Providing Feeding Support and Assistance

When the process of eating and swallowing are physically affected by age- or
disease-related changes, the loss of the ability to adequately self-feed can place the
older patient at high nutritional risk. An approach called functional feeding suggested
byVanOrt et al. (42) emphasizes a behavioral approach that involves the patient and
encourages interaction between the patient and feeder throughout the meal. Feeding
approaches that emphasize touch and/or verbal cueing have been used successfully
for older patients whowere severely cognitively impaired (43). However, it should be
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Table 9.3
Calorie and protein content of familiar foods and snacks of high caloric density

Food

Serving size,
typical and

(g)

Calories Energy
density
(kcal/g)

Protein
(g)

Protein
density

(g protein/g)

Main meal components and meal replacements

Bagel with cashew
butter

½ Bagel (28)

2 T. cashew
butter (30)

Total (58)

72

180

252

2.6

6.0

4.3

2.5

2.8

4.5

0.089

0.093

0.078
Whole-wheat eggo
waffle

1 Waffle (35) 90 2.6 2.5 0.071

With butter and
syrup

2 T. butter
(9.5)

1 T. syrup (60)
Total (104)

68

158
316

7.2

2.6
3.0

0.08

0
2.6

0.008

0
0.025

Carnation instant
breakfast drink

8 Fluid ounces
(281)

250 0.9 13.0 0.046

Peanut butter
sandwich

2 Slices bread,
wheat (50)

2 T. peanut
butter (32)

Total (82)

130

190

320

2.6

5.9

8.5

5.0

8.2

13.2

0.10

0.256

0.16
Cream soup,
chicken, made
with whole milk

6 oz. (186) 109 0.6 5.5 0.029

Macaroni and cheese

–Home recipe

–Box type

½ cup (100)

½ cup (100)

215

160

2.2

1.6

8.4

7.0

0.084

0.07
Fried chicken 1 leg (62)

½ Boneless
chicken
breast (98 g)

162

218

2.6

2.2

16.6

31.2

0.268

0.318

Mashed potatoes
with gravy

½ Cup
potatoes
(105)

2 T. gravy (30)
Total (135)

81

25
106

0.8

0.8
1.6

2.1

0.5
2.6

0.02

0.016
0.019

Health choice
frozen dinner

–Grilled chicken

1 Meal (284) 270 0.95 22 0.077

Apple pie ½ Slice pie
(89)

265 2.9 2.0 0.022

Ice cream, vanilla 1 Scoop ice
cream (70)

150 2.2 3.0 0.043

(continued)
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noted that not all patients benefit equally from feeding assistance (44). Because of the
intensive and time-consuming nature of this approach, Simmons et al. (45) recom-
mend a trial of feeding assistance for the purpose of identifying those individuals who
are likely to be responsive to intense feeding assistance.

9.3.4. Use of Appetite Stimulants (Orexigenic Agents)

As previously noted, in many cases of undernutrition the underlying cause of
poor food intake is NOT inferior appetite. However, in situations when poor

Table 9.3
(continued)

Food

Serving size,
typical and

(g)

Calories Energy
density
(kcal/g)

Protein
(g)

Protein
density

(g protein/g)

Pudding,
chocolate, ready
to eat

1 Snack cup
(113)

110 1.0 2.0 0.017

Between-meal snacks

Cheddar cheese on
crackers

2 oz. Cheese
(57)

4 Saltine
squares (11)

Total (68)

223

50

273

3.9

4.6

8.5

14.2

1.0

15.2

0.249

0.09

0.223
Yogurt, full fat,

flavored
8 oz. (227) 253 1.1 10.7 0.047

Crunchy granola
bar

2 Bars (42) 180 4.3 5.0 0.119

Cliff energy bar 1 Bar (68) 230 3.4 10.0 0.147

Peanuts, dry
roasted

2 T. (19) 107 5.8 4.3 0.226

Walnuts, pieces ¼ Cup (25) 180 7.2 3.5 0.14

Hershey chocolate
kisses

6 (28) 145 5.1 2.0 0.071

Milkshake,
chocolate

–Fast food type 8 oz. (147) 174 1.2 6.3 0.043

Condiments and add-ons

Olive oil* 2 T. (27) 239 8.8 0 0

Nonfat dry milk
powder**

2 T. (15) 54 3.6 5.4 0.36

Soy sauce 2 T. (36) 22 0.61 4.0 0.11

Barbeque sauce 2 T. (30) 60 0.66 1.0 0.03

Mustard 2 tsp. (10) 6.6 0.66 0.4 0.04

*Can be added as source of calories to savory sauces and foods.
**Can be used to fortify beverages, soups, puddings, and sauces.
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appetite is known to be an important contributor to undernutrition, pharmacologic
appetite stimulants (orexigenic agents) may be considered if improved appetite
would be an important contributor to the individual’s quality of life. As illustrated
in Table 9.4, the available armamentarium for improving appetite in older adults is
rather limited, depending primarily on agents approved for use in patients with

Table 9.4
Medications and supplements with potential benefits for appetite and/or weight gain*

Medications/
supplements

Potential side effects Recommended regimens

Megestrol acetate

(48,50,57,95,96)

Edema, hypertension, deep
vein thrombosis, adrenal
suppression, blunting of
muscle response to exercise
(51)

400–800 mg/day; treatment
course should be no longer
than 8–12 weeks

Dronabinol
(52,95,97)

Sedation, fatigue, and
hallucinations. Not
recommended for patients
who are cognitively
compromised or prone to
falls

2.5 mg initially in the evening.
Increase to 5 mg per day
after 2–4 weeks

Anabolic agents Masculinization, fluid
retention, hepatic toxicity

Oxandrolone: 2.5 mg
2–4 times/day

Protein and amino
acid
supplements

Renal protein overload, gout
and hyperuricemia-related
complications

Total protein intake up to 1.6 g
protein/kg/day

Isoleucine RDA: 25 mg/g
protein**

Leucine RDA: 55 mg/g
protein**

Valine RDA: 32 mg/g
protein**

Creatine: 20 g/day for 5–6
days***

Omega-3 fatty
acids and fish oil
(57)

Gastrointestinal side effects,
potential effects on red
blood cell structure,
function

Recommendation for healthy
adults is 0.3–0.5 g/day
EPA+DHA, with about 1 g/
day for patients with
coronary heart disease (98).
Dose level for treatment of
weight loss is unknown

*Table is based on part on the review by Yeh et al., 2007 (46).

** Rehabilitation-level doses of specific amino acids are not determined. Values shown are
recommendations for healthy adults. From Dietary Reference Intakes: Macronutrients.

*** Rehabilitation-level doses of creatine are unknown. Values shown are from Greenhaff et al. (99).
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cancer or HIV/AIDS (46). All of the pharmacologic agents have a meaningful
negative side effect profile. Currently, there are no orexigenic drugs approved by the
FDA for the treatment of age-related anorexia.

Megestrol acetate (Megace) is a synthetic progesterone derivative that has anti-
inflammatory and glucocorticoid activity. Several studies of megestrol acetate have
shown moderately encouraging results, with modest positive effects on appetite,
weight gain, and quality of life. Because megestrol is a strong catabolic hormone, it
should only be given on a temporary basis (no longer than 8–12 weeks at a time).
However, its effects can continue to be seen after discontinuation and the drug can
be given again if needed after a 3- to 6-month rest period (46). Recently, a
nanocrystal formulation of the drug (Megace ES) has become available; it can be
given at a lower dosage and is more soluble so that it may be better absorbed when
given between meals (46).

In one of the first studies of this medication in older adults, Yeh et al. (47)
reported that 800 mg/day of megestrol acetate increased appetite, food intake, and
(in 3 months) body weight in nursing home patients who had lost 5% or more of
their body weight. Karcic et al. (48) reported improvement in nutritional para-
meters (including food intake and BMI) in 13 megestrol-treated nursing home
patients for whom other methods of nutritional support had failed. Simmons
et al. (49) noted little benefit usingMegaceOS alone but, when used in combination
with optimal mealtime feeding assistance, there was a significant increase in oral
intakes of frail nursing home patients at high risk for weight loss. Reuben et al. (50)
randomized 47 older persons (mean age 83 years) who were post-hospital discharge
with fair or poor appetite to a placebo or a megestrol acetate suspension providing
200, 400, or 800mg daily for 9 weeks. Themegestrol acetate doses of 400 and 800mg
were associated with increased levels of plasma prealbumin, but cortisol suppres-
sion was common at the higher doses. Other potential side effects of this orexigenic
agent include edema, hypertension, adrenal suppression, and thromboembolism.
Another potential concern about megestrol acetate is the observation by Sullivan
et al. (51) that in subjects (mean age 79.4� 7.4 years) participating in a randomized
trial of resistance training alone or with megestrol acetate, the addition of the drug
appeared to blunt the beneficial effects of resistance training, lessening the antici-
pated gains in muscle strength and functional performance. One solution for this
problem might be to institute the resistance training in post-megestrol-treated
patients (46).

Dronabinol (tetrahydrocannabinol, a cannabis derivative with FDA approval
for use in HIV/AIDS and cancer) has been suggested as a possible agent to increase
appetite and lead to weight gain in geriatric patients. It has been suggested as a
promising choice when anorexia is secondary to nausea and is best given in the
evenings due to its sedative effects. A retrospective observational study of residents
with anorexia and weight loss in five long-term care facilities on a 12-week course of
dronabinol showed that the drug was well tolerated; 15 of the 28 treated subjects
gained weight (52). In a placebo-controlled crossover study, with each treatment
period lasting 6 weeks, 15 patients with a diagnosis of probable Alzheimer’s disease
who were refusing food were treated with dronabinol. In the patients who tolerated
the treatment and could remain in the study (n¼ 11), there was an increase in body
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weight and a decrease in severity of disturbed behavior. The adverse reactions of
euphoria, somnolence, and tiredness did not necessitate discontinuation of the
treatment. Nonetheless, with the potential side effects of sedation and hallucina-
tions, dronabinol may not be an appropriate choice for confused elderly patients or
those prone to falls (46). A study comparing megestrol acetate and dronabinol
treatment in advanced cancer patients showed superior effectiveness for megestrol;
combination therapy with the two drugs provided no additional benefit (53).

Anabolic drugs such as oxandrolone and nandrolone are known to produce
increases in lean mass in body builders and have been considered for their potential
benefit in frail older patients with loss of lean body mass and in those with chronic
wasting conditions like COPD (54). Schroeder et al. (55) found that oxandrolone
(10 mg twice daily) produced substantial increases in lean body mass as well as
decreases in total body and trunk fat mass in older men (72 � 6 years). While such
effects are hormonal, not nutritional, they could interact with nutritional para-
meters like metabolic rate and insulin sensitivity. Anabolic agents have a host of
potential side effects such as hepatotoxicity, hypogonadism, testicular atrophy,
gynecomastia, and psychiatric disturbances. There is insufficient study in older
subjects at this time to enable us to make clinical recommendations and their use
is confined to controlled studies (56).

Various amino acids and fatty acids are listed in Table 9.4 but the potential for
these compounds to be used as agents to improve weight status have not been fully
studied. To date, findings regarding their benefits are not particularly encouraging.
A comparison of eicosapentaenoic acid (EPA) supplement with Megace treatment
showed that subjects did not have better improvements for weight or appetite,
whether the EPA was given alone or in combination with the Megace (57).

9.4 INTERVENTION WITH NUTRITIONAL (PROTEIN/CALORIE)
SUPPLEMENTS

When intensive efforts to encourage adequate oral intake of a natural diet fail to
produce the desired preservation of bodyweight and leanmass, individuals who can
still take oral nutrition may be offered a commercially prepared supplemental food.
Protein/calorie supplements (usually provided as a liquid drink or pudding) are
used as an ‘‘add on’’ to the traditional diet to help improve nutrient intake, parti-
cularly in the institutional setting. Table 9.5 provides a current listing (as of
December 2008) of many of the commonly utilized commercial supplements in
the US, with their nutritional content, potential application (e.g. oral or tube,
tube only), and manufacturer contact information. Many of these products are
intensely marketed, with glossy color advertisements in medical/nutrition journals.
The estimated cost of around $1.50 per day ($45.00/month) is not insignificant for
older persons on a fixed budget. However, Arnaud-Battandier et al. (58) conducted
a cost analysis with 311 patients (age>70 years) living at home or in institutions and
reported that those who received oral nutritional supplements had lower medical
care consumption, fewer hospitalization days, and reduced medical care costs. The
cost of the supplement use was exceeded by the estimated savings in medical costs.
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While the expense and the monotony of their use are definite concerns, there can
be advantages for these products. Generally speaking, they (1) provide a ready
source of nutrients, often including fortification with essential micronutrients,
(2) help assure safety from food-borne illness and inadvertent contamination during
preparation due to standardized manufacturing processes, and (3) provide easy
access to nutrition, being ready to serve and suitable for long-term storage at room
temperature.

The disadvantages of these supplements have been widely extolled. Concerns
about relatively low protein content, lack of fiber and other beneficial components
of natural foods, potential misuse as meal replacements, avoidance of liquid intake
by elderly patients with urinary incontinence, and the chance of electrolyte and
carbohydrate overload in diabetes and chronic renal insufficiency, respectively,
have all been expressed (59–61). Fortunately, an evidence-based approach for
decision-making about the effectiveness of these products is on the horizon as
intervention trials continue to accumulate. The designs and findings of many of
the trials published within the past 10 years are summarized in Table 9.6.

Two recent analyses have considered the overall trends for the effects of nutri-
tional supplements on mortality outcomes. Milne et al. (62) reported a meta-
analysis of 55 randomized trials evaluating the effect of nutritional supplements
on 9,187 older participants. In long-term care subjects (receiving �35 days of
intervention) who were undernourished at baseline, 75 years of age or older, and
receiving greater than 1674 kJ in supplements, a reduced mortality was found. No
such effect was observed for well-nourished patients receiving supplementation. In
a systematic review, Koretz et al. (63) examined the effects of volitional nutritional
support (VNS) on mortality. Based on the 16 trials included, there was an increased
survival for malnourished and/or institutionalized geriatric patients receiving VNS.
Of these, two trials were of high quality (Price et al. (64) and Potter et al. (65)) and,
although amortality benefit was favored in these trials, neither showed a significant
difference in survival due to VNS treatment. The findings of eight of the 11 studies
presented in Table 9.6 show positive outcomes for body weight, nutrient intake,
and/or nutritional status.

While we see a clear trend of positive findings with regard to the effects of these
nutritional supplements, often the overall impact on outcomes is fairly modest.
Obviously, many factors that are not attributable to the formulation of the products
affect clinical outcomes. For example, inconsistencies in the administration of
nutritional supplements are commonly observed in the institutional setting. Sim-
mons et al. (66) observed supplement provision in a nursing home setting where
88% of patients had an order to receive a supplement one to three times daily and
12% of patients had an order of four to six times daily and found supplements
provided on average less than once per participant per day. Fewer than 10% of
patients received the supplement consistent with their orders during the 2-day
observation.

To summarize, the use of commercial protein/calorie supplements should be
reserved for patients who have specific limitations in their oral food intake, such
as food intolerances, inability or unwillingness to eat adequate amounts of
nutritious foods, and in situations where having the patient do their own food
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Table 9.5
Compositional profiles of selected commercially available nutritional supplements

Name of
product/
manufacturer
Nutritional
description

Boost/Nestle Ensure/Abbott Jevity/Cal/Abbott Osmolite/
Cal/Abbott

kcal/mL 1.01 1.06 1.06 1.06

Protein (g/L) 42 38 44.3 44.3

Protein source Milk protein
concentrate

N/A N/A N/A

Carbohydrate
(g/L)

173 169 154.7 143.9

Carbohydrate
source

Corn syrup solids,
sugar

N/A N/A N/A

Fat (g/L)
total (t),
saturated (s)

17.8 (t), 2 (s) 25 (t), 4 (s) 34.7 (t), N/A (s) 34.7 (t),
N/A (s)

Fat source Canola, high oleic
sunflower and
corn oils

N/A N/A N/A

Fiber (g/mL) 0 0 0.0144 NA

Osmolality 610-670 mOsm/kg
H2O

590-600 mOsm/
kg H2O

300 mOsm/kg H2O 300mOsm/kg
H2O

Unit amount/
flavors

8 fl oz serving;
chocolate,
vanilla,
strawberry

8 fl oz serving;
vanilla,
chocolate,
strawberries
and cream,
butter pecan,
coffee latte

8 fl oz serving;
unflavored, for tube
feeding

8 fl oz
serving;
unflavored

Web site http://www.boost.
com/healthcare
professional.htm

http://abbott
nutrition.com/
products/
products.
aspx?pid=222

http://abbott
nutrition.com/
products/index.aspx

http://abbott
nutrition.
com/
products
/products.
aspx?
pid=32#
factlabel

Access date 11/12/2007 11/12/2007 11/12/2007 12/9/2008

Notes Novartis has boost
glucose contro

N/A, information not available.
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preparation is prohibited or unsafe. Timing of supplements with meals must be
considered, recognizing that older adults reach satiation more quickly and have
slower gastric emptying (67). Liquid dietary supplements should be adminis-
tered between meals in order to optimize net energy consumption for the
day (68).

9.5 PARTIAL OR TOTAL NUTRITION SUPPORT

Enteral feedings are often considered if the patient is unable to ingest sufficient
calories through other means and the patient’s condition and patient/family wishes
dictate such an approach (also see Chapter 13). Only a few randomized controlled
trials have been performed to evaluate the effectiveness of enteral nutrition outside
of the critical care setting. These trials have been in stroke patients, hip fracture
patients, and patients with cancer (see Chapter 19 for studies in cancer patients).
There have been no trials of enteral nutrition in patients with neurodegenerative
disorders such as Parkinson’s or Alzheimer’s disease. As a result, information
regarding the effectiveness of enteral nutrition in these patient populations is
based on observational data and must be understood to be highly confounded.

Two of the FOOD (Feed Or Ordinary Diet) trials evaluated enteral nutrition in
stroke patients with dysphagia (69). The first trial evaluated early versus late
enteral nutrition. When early (less than a week) versus late (after a week) enteral
feeding was the intervention, there was an absolute reduction in mortality of 5.8%
(95% CI –0.8 to 12.5, p=0.09) in those who received early enteral feeding. Not
surprisingly, those patients, in part due to survivor effect, were more heavily
dependent on others for activities of daily living. In the second trial, nasogastric
(NG) feeding was tested against feeding by percutaneous gastric tube (PEG) (69).
PEG feeding was associated with an increase in death and poor outcome at a just
significant level (p=0.05). The conclusions of these studies were that NG feeding
should be used for dysphagic patients early and that PEG feeding should be
reserved for patients either who do not tolerate NG feeding or who require long-
term enteral nutrition.

Adults �65 years of age who underwent surgical repair of an acute hip fracture
were randomized to nightly nasoenteral tube feeding versus standard care (70).
Although during the first week postoperatively the intervention group received a
greater amount of calories, by the second week, there was no difference in intake
between the intervention group and the control group. There were also no differ-
ences in mortality or complications between the two groups. Additionally, the tube
feeding was poorly tolerated in the intervention group.

Because the population being considered for enteral nutrition often has advanced
illness, the impact of enteral nutrition on mortality has been difficult to ascertain.
Reported 30-day mortality is high, with rates in the 10–25% range (71–73). In a
large study from the Veterans Administration, 24% of patients died before leaving
the hospital (74). However, a subset of patients receiving enteral nutrition live for a
long time; in women less than 80 years of age referred from a nursing home, the
median survival following PEG tube placement was over 2 years (780 days) (71).
The variation in mortality rates reflects the great variation in underlying disease
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states of patients. Poor prognostic features include increased age (>80 years),
chewing and swallowing disorders, diabetes, and the presence of underlying
malignancy (72,75).

In cases where enteral nutrition is planned, the clinical situation will dictate the
use of either NG, nasointestinal, PEG, or percutaneous jejunal (PEJ) tubes for
delivery of nutritional support. Because of patient discomfort and the risk for
sinusitis with long-term use of NG and nasointestinal tubes, a PEG or PEJ should
be considered if enteral feeding is expected to continue for more than 30 days. PEG
tubes are often larger than PEJ tubes and thus facilitate easier administration of
medications without causing clogging. Klor and Milianti (76) also found a favor-
able outcome when PEGs were used in patients with dysphagia—when provided an
individualized treatment program, the oral intakes of all patients were upgraded
and 10 of the 16 eventually has their PEGs removed. Loser et al. (77) followed 210
patients after PEG placement (not all were elderly) for an average of 133 days and
found an increase in body weight at 1 year in the 34.4% of the population who
survived. In a meta-analysis of nine studies, aspiration pneumonia was reduced to
24% for post-pyloric (e.g., PEJ) compared to gastric feeding (78).

It is important that nutritional status continue to be monitored after the feeding
regime is initiated as some patients may have higher nutritional requirements than
provided for in the initial diet order. Nitrogen balance should also be assessed.
Refeeding syndrome (characterized by hypophosphatemia and potentially fatal
arrhythmia) is underrecognized and should be considered in patients who have
had chronically poor intake prior to initiation of nutrition support.

Parenteral nutrition may be considered when the enteral route absolutely cannot
be used. However, very little data exist regarding the efficacy of this form of
nutrition support for the elderly. Complications are multiple and include increased
risk of systemic bacterial and fungal infections, hyperglycemia, and intestinal
atrophy. Delivery by larger central veins is preferable to peripheral delivery if the
support is expected to be needed for more than 10–14 days. Careful monitoring for
tolerance, nutritional adequacy, and complications by a dedicatedmultidisciplinary
team (including a physician, nurse, nutritionist, and pharmacist) is required to reduce
complications. Glucose levels should be carefully monitered and aggressively con-
trolled. Exclusive parenteral nutrition is generally not recommended since there is a
lack of evidence that long-term outcomes will be improved using this approach.

As already mentioned, artificial nutrition support cannot be guaranteed to
provide a solution to nutritional problems for high-risk patients who cannot or
would not eat. In addition, artificial nutrition support may increase the likelihood
for physical (restraints) and psychosocial (sensory deprivation, diminished social
contact) adverse effects, particularly for institutionalized or frail older adults. The
discussion of alternatives to tube feeding should include information on aggressive
hand feeding for demented and non-demented patients. Because of a lack of
randomized controlled trials, providers cannot offer accurate information regard-
ing survival benefit for PEG tube versus aggressive hand feeding in this population
and decisions about the use of tube feedings and the potential benefits which might
be expected are not straightforward (see Chapter 13). While one-third of nursing
home patients say they would choose to be fed by tube if they could no longer
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eat because of cognitive deficits (79), this preference may be based on the poten-
tially erroneous conclusion that a prolonged survival would be the outcome (80).
A sensitive but honest presentation of the physiological aspects of nutrition support
at the end of life and expectations about its impact need to be provided to the
patient/family/caregiver by the health-care team so that decisions about nutrition
support can be guided by the best interest of the patient.

9.6 RECOMMENDATIONS

1. Early interventions tomaintain and enhance oral intake of natural foods are strongly
encouraged. These interventions should emphasize improved taste and esthetics, as
well as the presence of others at mealtime, and feeding assistance with verbal cueing
for eating-dependent individuals.

2. The use of commercially prepared oral nutrient supplements can be a useful choice
when the patient is unable to consume adequate amounts of nutrients from a natural
foods diet. However, expected weight gain and extent of positive impact on medical
outcomes are generally modest.

3. If oral consumption of calories is not possible, feedings may be delivered by tube. In
the case of stroke, NG feeding should be used for dysphagic patients early, and PEG
feeding should be reserved for patients either who do not tolerate NG feeding or who
require long-term enteral nutrition.

4. Complication rates with parenteral nutrition support are high. Decisions to provide
aggressive nutritional intervention should be weighed carefully and decisions about
feeding tubes should be included in the patient’s advance directives (see Chapter 13).
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10 Sarcopenia

Ian Janssen

Key Points

� Sarcopenia refers to the process of age-related skeletal muscle loss. Although all
humans lose muscle mass as they age, the term sarcopenia is often used to refer to
older persons with skeletal muscle values in an unhealthy range. This has tradition-
ally been defined as a height-adjusted muscle mass of two standard deviations or
more below the mean of a young and healthy population.

� Several cross-sectional studies published in the past decade report that sarcopenia is
strongly associated with functional impairment and physical disability. Newer find-
ings based on longitudinal analyses of large cohort studies have reported much
weaker effects of sarcopenia on physical disability risk, implying that the effects of
sarcopenia on function and disability inferred from earlier cross-sectional studies
were overestimated.

� An initial strategy that may retard the normal progression of sarcopenia in older
persons is to ensure that they consume adequate protein in their diet. The average
protein intake is lower in older adults even though they may have increased protein
needs. Long-term protein-feeding studies are required to demonstrate whether the
acute benefits of protein supplementation on muscle protein synthesis can translate
into long-term improvements in muscle mass and strength in older persons.

� Physical activity, particularly resistance exercise, is the most promising approach for
preventing and treating sarcopenia. To maximize strength development, a resistance
should be used that allows 10–15 repetitions for each exercise. 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 non-consecutive days of the week.

Key Words: Skeletal muscle; functional impairment; resistance exercise; protein
intake
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10.1 INTRODUCTION

The purpose of this chapter is to examine the impact of sarcopenia – a term used
to describe the age-related loss in skeletal muscle mass – on the health and well-
being of older adults. The chapter begins by describing the changes in skeletal
muscle that occur during the aging process. This is followed by an examination of
the effect sarcopenia has on physical disability, the development of cardiometabolic
diseases, and mortality risk. The chapter concludes with a discussion of the effec-
tiveness of strategies for preventing and treating sarcopenia.

10.2 DEFINITION OF SARCOPENIA

One of the most dramatic and clinically relevant age-related anatomical changes
in humans is that which occurs to skeletal muscle. 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), respectively.

10.3 PROCESS OF SARCOPENIA

It has been reported that skeletal muscle mass and/or size is lower in older adults
by comparison to younger adults as measured by imaging techniques (2,3) total
body potassium and/or nitrogen (4,5) creatinine excretion (3,6) muscle biopsy
(7,8) and dual energy X-ray absorptiometry (9,10). With few exceptions (6). these
cross-sectional studies observed that muscle size remained relatively constant in the
third and fourth decades, and then started to decline noticeably at around the fifth
decade. It is currently believed that the age-related reduction in skeletal muscle size
is accounted for by a loss in the number of type I (slow twitch) and type II (fast
twitch) muscle fibers and a reduction in the size of type II muscle fibers (7,8).

A number of longitudinal studies, with follow-up lengths of up to 12 years,
have also examined changes in skeletal muscle mass and size with advancing age.
Without exception these studies reported a loss of skeletal muscle with advancing
age (11–15). From these longitudinal studies it has been estimated that skeletal
muscle mass decreases by approximately 6% per decade after mid-life (16).
Thus, by the time someone reaches 85 years of age, they will have lost, on an
average, about one-quarter of the skeletal muscle mass they had when they were
45 years old.

The loss in skeletal muscle mass (2,17) and strength (18,19) occur to a greater
extent in the lower extremities than in the upper extremities. The aging associated
reduction in physical activity may be partially responsible for these regional differ-
ences in sarcopenia (20,21). It is reasonable to assume that a reduction in physical
activity would primarily be associated with a decreased use of lower bodymuscles as
these are the muscles used for most common activities (i.e., walking, climbing stairs,
etc.). This pattern of age-related muscle loss, while interesting from a biological
standpoint, may also have important functional implications given the strong
reliance on the musculature in the lower body to perform most activities of daily
living.
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10.4 CLASSIFICATION AND PREVALENCE OF SARCOPENIA

All humans lose skeletal muscle mass as they age. Even older adults who are
healthy and free of disease are not immune to the sarcopenia process. Thus, by
definition, the prevalence of sarcopenia in the older adult population is 100%.
However, because there are individual differences in peak skeletal muscle mass
and the rate at which muscle loss occurs, skeletal muscle mass varies widely in
older adults. Some older persons have skeletal muscle mass values comparable to
young healthy adults, whereas skeletal muscle mass is so low in some older adults
that their ability to perform simple functional tasks of daily living is compromised.
Thus, for clinical purposes and for comparisons in research studies, an alternative
definition of sarcopenia is used to indicate which older persons have skeletal muscle
values in the healthy (i.e., normal) and unhealthy (i.e., sarcopenic) ranges. In 1998,
Baumgartner and colleagues (22) proposed a dichotomous process to determine
which older persons have sarcopenia. They defined sarcopenia as a height-adjusted
appendicular (arm+ leg) skeletal muscle mass (muscle mass/height2) of two stan-
dard deviations or more below the mean of a young and healthy reference popula-
tion. Using this approach the prevalence of sarcopenia in participants in the New
Mexico Elder Health Survey was 14% in those aged 65–69 years and over 50% in
those aged 80 years or older (22).

Since Baumgarner and colleagues’ (22) landmark paper, many other researchers
have employed a similar threshold approach for classifying sarcopenia (22–25).
Recently, Janssen and colleagues (26) have proposed thresholds for defining sar-
copenia that are based on the relation between skeletal muscle mass and physical
disability. Specifically, statistical techniques were applied to a large and represen-
tative data set of Americans aged 60 or older to determine which skeletal muscle
values corresponded with a high and low likelihood of physical disability. Whole-
body skeletal muscle thresholds of <5.75 kg/m2 in women and <8.50 kg/m2 in men
corresponded to a high likelihood of disability and denoted severe levels of sarco-
penia. Whole-body skeletal muscle thresholds of >6.75 kg/m2 in women and
>10.75 kg/m2 in men corresponded to a low likelihood of disability and denoted a
normal, healthymuscle mass. Skeletal musclemass values between 5.75 and 6.74 kg/
m2 in women and 8.50 and 10.74 kg/m2 in men were associated with a modest
increased risk of disability and were denoted as moderate sarcopenia. Based on
these thresholds, 9% of the American women and 11%of Americanmen aged 60 or
older were considered to have severe sarcopenia, while 22%of the older women and
53.1% of the older men were considered to have moderate sarcopenia (26). These
findings suggest that the prevalence of sarcopenia, defined here as having a muscle
mass that increases physical disability risk, is extremely high in the older adult
population.

10.5 INFLUENCE OF SARCOPENIA ON STRENGTH, FUNCTIONAL
IMPAIRMENT, MORBIDITY, AND MORTALITY

The next section of this chapter will consider the influence that sarcopenia has on
strength and physical function, illness and disease, and mortality.
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10.5.1 Changes in Strength

What is more important to older persons and clinicians than the actual reduction
in skeletal muscle mass is whether or not this reduction leads to a loss of strength,
power, and ultimately functional impairment and physical disability (i.e., difficulty
performing simple activities of daily living). It is clear that normal aging is asso-
ciated with a reduction in skeletal muscle strength (3,27). Frontera and colleagues
(3) have proposed that the majority of the age-related loss in muscle strength is
caused by the corresponding decrease in muscle mass. These authors found that
strength decreased with advancing age in a cross-sectional study of more than
200 men and women aged 45–78 years. However, when corrected for whole-body
skeletal muscle mass, the age-related strength differences were severely diminished
(3). Although the loss of skeletal muscle mass at least in part explains the age-
related reduction in muscle strength, it is important to highlight that other factors
also play a role as demonstrated by the fact that the force produced by skeletal
muscle per unit area, as measured by computed tomography (CT) or magnetic
resonance imaging (MRI), decreases with advancing age (28,29). Even when
adjusted for age-related differences in fiber size, the force produced by a single
muscle fiber is smaller in older adults than young adults, which suggests that there
are alterations at the level of cross-bridge formation and interaction (30). Finally,
there are age-related neuromuscular changes, including a decline in the number
(31,32) and firing rates (33) of motor units, which likely in part explains the
reduced strength and force produced per pound of skeletal muscle in older persons.

10.5.2 Functional Impairment and Physical Disability

The next question to address is whether the age-related reductions inmuscle mass
and size are responsible for the corresponding increase in functional impairment
and physical disability. The sarcopenia literature is replete with studies that examine
measures of physical function such as activities of daily living (ADLs) and instru-
mental activities of daily living (IADLs). ADLs relate to personal care tasks of
bathing and washing, dressing, feeding, getting in and out of bed, and getting to and
from the toilet (34,35). IADLs relate to domestic tasks such as shopping, laundry,
vacuuming, cooking a main meal, and handling personal affairs (34,35). Difficulty
in carrying out ADLs and IADLs denotes a critical physical activity limitation and
a level of dependency. In this chapter difficulty or inability to perform ADLs and
IADLs is referred to as functional impairment and physical disability.

The results of the published cross-sectional studies examining the relation
between sarcopenia and functional impairment in older men and women are sum-
marized in the beginning portion of Table 10.1. The results from a few key studies
are further highlighted below. Using a cutoff value for stature-adjusted appendi-
cular muscle mass of two standard deviations or more below the mean of young
adults to define sarcopenia, Baumgartner and colleagues (22) report that the like-
lihood of having disability is approximately four times greater in sarcopenic older
men and women by comparison to older persons with a normal muscle mass. In the
Health Aging and Body Composition Study, older adults in the lowest height and
fatmass-adjusted skeletal muscle quintile were 80–90%more likely to havemobility
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impairment by comparison to older adults in the highest quintile (36). Finally, in
the Third National Health and Nutrition Examination Survey (NHANES III) the
likelihood of functional impairment and disability was two- to threefold higher in
older adults with severe sarcopenia than in older adults with a normal muscle
mass (23).

The cross-sectional studies covered in Table 10.1 measured skeletal muscle mass
using a variety of methods, defined sarcopenia using numerous different
approaches, and studied population groups with various sociodemographic and
physical characteristics. Despite these differences, sarcopenia has consistently,
although not universally, been shown to be strongly associated with functional
impairment. However, these cross-sectional studies cannot infer causation about
the relationship between sarcopenia and disability, leaving open the possibility that
functional impairment proceeds rather than follows sarcopenia.

More recent findings from prospective (longitudinal follow-up) cohort studies
provide a stronger form of scientific evidence on the temporal relationship between
sarcopenia and functional decline in older adults. The findings from these are
summarized in the bottom of Table 10.1. Two published reports on the Health
Aging Body Composition cohort indicate that low muscle is predictive of a loss in
physical function over 2–3 years of follow-up (37,38). In these studies, the effects of
muscle size on the loss in function were attributable to muscle strength, implying
that the association between lowmuscle mass and functional decline is a function of
the underlying loss in muscle strength. 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 (39). In the same study, the likelihood of having
disability at the start of the study in the baseline exam was 79% greater in those
with severe sarcopenia than in those with normal muscle mass. Thus, the effect of
sarcopenia on disability risk was considerably smaller in the longitudinal analysis
than in the cross-sectional analysis, implying that the effects of sarcopenia on
functional impairment and disability inferred from the cross-sectional studies pub-
lished in the 1990s and early 2000s may have been overestimated.

10.5.3 Morbidity

Although the majority of research in the sarcopenia field has considered strength
and physical function outcomes, attention has also been given to the potential
impact of sarcopenia on metabolic function, illness, and disease.

The metabolic effects of sarcopenia include a decreased resting metabolic rate
subsequent to the loss in skeletal muscle mass (40). It has also been postulated that
sarcopenia contributes to cardiometabolic diseases such as insulin resistance, type 2
diabetes, dyslipidemia, and hypertension (41). However, a recent study in a group
of obese postmenopausal women found that individuals with sarcopenia had a
better lipid and lipoprotein profile than those without sarcopenia (42). Additional
studies are needed to determine what effect, if any, sarcopenia has on cardiometa-
bolic risk factors and related diseases.

The strong correlation between skeletal muscle mass and bone mineral density in
older adults has been well documented (43,44). From amechanistic standpoint this
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may be accounted for by the load that contracting skeletal muscle places on the
skeleton. This observation suggests that sarcopenia may play a causal role in the
development of osteoporosis. Indeed, older women with osteoporosis have a sig-
nificantly lower muscle mass than older women with a healthy bone mineral density
(45,46).

10.5.4 Mortality

A number of investigators have examined whether anthropometric estimates of
muscle area in the upper arm are related to mortality risk. These studies were
primarily based on the assumption that low muscle area in the arm is a reflection
of nutritional deficiencies. In a series of studies, Friedman and colleagues have
shown that a skeletal muscle cross-sectional area in the upper arm of less than about
21 cm2 has a prognostic value in older persons (47). Other studies of community
dwelling (48,49) and institutionalized (50) older adults have also shown that low
muscle area in the upper arm (e.g., <21 cm2), a crude measure of sarcopenia, is
predictive of both short- and long-term mortality risk. For example, in an 8-year
follow-up study of approximately 1400 older Australians, Miller and colleagues
(48) found that mortality risk was increased by about twofold in those with an
upper arm muscle area below �21 cm2.

Consquéric and colleagues (51) have recently reported that older sarcopenic
patients weremore likely to contract infection during a hospital stay thanwere older
patients with a normal muscle mass. The apparent decreased immunity in sarcope-
nic individuals, which has also been observed in individuals with protein malnutri-
tion (52), may provide a mechanistic link between sarcopenia and mortality risk.
Although it would appear that greater degrees of muscle wasting increase the risk of
mortality in older men and women, the extent of the risk caused by sarcopenia is
unclear at the present time. Studies in which more specific and accurate measures of
muscle mass are employed are needed to clarify the magnitude of risk induced by
sarcopenia.

10.6 AGE-RELATED CHANGES IN SKELETAL MUSCLE COMPOSITION

As with muscle size, with advancing age there is a change in the composition of
skeletal muscle. That is, a pound of muscle in an older adult is not the same as a
pound of muscle in a young adult. One composition change that is particularly
important is the increase in skeletal muscle lipid (fat) content. In skeletal muscle,
lipids can be stored both intracellularly (within themuscle fibers) and extracellularly
(outside of the muscle fibers). The intramyocellular lipids are primarily stored in
large droplets close to the mitochondria whereas the extramyocellular lipids accu-
mulate to form adipocytes between the muscle fibers and bundles (53,54). When
large numbers of these adipocytes accumulate it is seen as marbling within the
skeletal muscle. Aging is associated with an increase in both intramyocellular
(55,56) and extramyocellular (57,58) lipids.

Recent evidence suggests that skeletal muscle lipid content influences strength
and function. Goodpaster and colleagues (59) report that the attenuation of the
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mid-thigh muscles on CT images, which is a marker of skeletal muscle lipid content,
was associated with age in the Health Aging Body Composition cohort. Further
studies in this cohort report that lower skeletal muscle attenuation values in CT
images, which is akin to higher skeletal muscle lipid content, is associated with lower
specific strength values (e.g., force produced per unit size of skeletal muscle) (59).
Observations from this cohort also indicate that lower skeletal muscle attenuation
values on CT images are independently associated with poor lower extremity
performance scores on 6-m walk and chair-stand tests (60). The authors of these
studies hypothesized that the age-related increase in the proportion of type I muscle
fibers may explain their findings. Type I fibers are known to have a greater
intramyocellular lipid content (61,62) and smaller force production (30) by com-
parison to type II muscle fibers.

Visser and colleagues (37) recently examined whether greater fat infiltration in
the muscle predicts the development of mobility limitation, again within the Health
Aging Body Composition cohort. Their analyses included 3075 well-functioning
black and white men and women aged 70–79 years. In this study the quartile with
the highest muscle fat infiltration had a 91% greater chance of developing mobility
limitation over the 2.5-year follow-up by comparison to the quartile with the lowest
muscle fat infiltration. Also noteworthy is the fact that muscle fat infiltration
predicted mobility limitation independent of muscle mass and muscle strength.
These findings provide additional evidence that muscle quality, and not just muscle
size, is important to consider when discussing the role of muscle on function and
quality of life in older adults.

10.7 PREVENTION AND TREATMENT OF SARCOPENIA

Given the limited knowledge on the interaction of the many causal factors
involved in the pathogenesis of sarcopenia, a comprehensive approach for the
prevention and treatment of sarcopenia does not exist. Rather, current prevention
and treatment strategies are targeted towards the individual factors involved in
sarcopenia.

Although the long-term effect of high-protein diets on skeletal muscle mass in the
older adults remains to be evaluated, an initial prevention strategy that may retard
the normal 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 than in young adults (63,64). Although a matter of debate,
it has also been suggested that the recommended daily allowance (RDA) for
protein (0.8 g/kg) may be slightly below requirements in a significant proportion
of the older adult population (65,66). Subsequently, the protein intake in a
considerable proportion of older adults may be lower than their nutritional
requirements. However, as findings from existing research studies are controver-
sial and mixed, sufficient evidence does not exist to establish a new protein RDA
for older adults, and it is currently unclear as to what percentage of the older adult
population has an insufficient amount of protein in their diet. Nonetheless,
ensuring that the protein content in an older individual is at or slightly above
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the RDA seems appropriate. This will likely require individual consultation with a
dietitian to obtain an accurate diet history and, if necessary, provide an appro-
priate dietary prescription.

Protein supplements can be considered in addition to the individual’s ad libitum
diet. Protein-based nutritional supplements are attractive given their low cost, ease
of administration, and tolerability in older adults (67). When used appropriately,
protein/nutritional supplements may result in an increase in daily energy and
protein intake in older adults (67). However, a protein/nutritional supplement
may also replace ad libitum food consumption, thereby acting as a food/protein
replacement rather than a dietary supplement (68).

An abundance of published studies have demonstrated that direct infusion of
essential amino acids into the blood stream or oral ingestion of essential amino acids
acutely increases muscle protein synthesis in both young and older individuals
(69,70). Unfortunately, these protein sources have limited relevance for the ‘‘real
world’’ in which older persons live and eat. From a practical standpoint the cost,
availability, and palatability of proteins need to be considered. All of these factors
favor the use of intact proteins over essential amino acids. Indeed, the vast majority
of commercially available protein supplements are comprised of intact proteins
such as whey. With this in mind, Paddon-Jones and colleagues (71) recently
quantifiedmuscle protein synthesis in a group of healthy older individuals following
ingestion of 15 g of whey protein or 15 g of essential amino acids. The results of this
study demonstrated that, while not as effective as essential amino acids, the oral
ingestion of intact whey protein stimulates muscle protein synthesis in older adults.
It is noteworthy that the 15 g whey protein supplement only provided 60 kcal of
energy, an amount of energy that only represents a small portion of the total daily
energy intake, even if the whey supplement was provided two or three times a day. 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 (68).

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. Thus, long-term
protein-feeding studies are still required to demonstrate whether the acute benefits
of protein supplementation onmuscle protein synthesis can translate into long-term
improvements in muscle mass and strength.

Given that the pathogenesis of sarcopenia is multifactorial in nature, ensuring
that older adults maintain an adequate protein intake is not the only nutritional
strategy that may be effective at preventing and treating age-related muscle loss.
Elevations in inflammatory cytokines, such as interleukin-6 (IL-6), have been
associated with a reduced muscle size, poor strength, and physical disability (72).
Dietary carotenoids, which are provided primarily in fruits and vegetables, com-
prise an important component of the antioxidant defense system that helps keep the
inflammatory cytokines in check. As recently reviewed, there is evidence to suggest
that older adults with low plasma carotenoid levels are more likely to have elevated
IL-6 concentrations, poor muscle strength, and impaired functional performance
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(73). Although long-term prospective studies and intervention studies are lacking,
this early evidence suggests that adequate intake of carotenoids may also be impor-
tant to consider when developing dietary strategies to combat sarcopenia.

At present, physical activity appears to be the most promising approach for
preventing and treating sarcopenia. Although no prolonged longitudinal studies
have examined the effect of chronic physical activity on skeletal muscle mass, it is
well known that physically active older persons, particularly those who perform
resistance exercise on a regular basis, have larger muscles than their sedentary
counterparts (74,75). Furthermore, it is well documented that strength training
can increase skeletal muscle mass and strength in previously sedentary older men
and women. Table 10.2 summarizes the results of two randomized and seven non-
randomized trials that have examined the effects of resistance training per se on
skeletal muscle mass, as measured by imaging modalities (CT or MRI), in older
persons (76–84). These studies ranged in duration from 8 to 16 weeks, and with the
exception of one of the randomized trials, (77) all noted a significant increase in
skeletal muscle size. From these studies it can be estimated (i.e., average of the group
means obtained from all nine studies) that skeletal muscle size increases by approxi-
mately 1% for every week of resistance training performed in previously sedentary
older persons. When combined with the observation that skeletal muscle mass
decreases by approximately 6% per decade, this suggests that 6 weeks of resistance
exercise, when appropriately prescribed and adhered to, can reverse a decade’s
worth of muscle wasting. Thus, resistance exercise can have a dramatic influence
on sarcopenia.

Newly released physical activity guidelines from the American College of Sports
Medicine recommend resistance exercise training of a moderate intensity for most
older adults (85). High-intensity resistance training is an option for older adults in
supervised settings or those with sufficient fitness, experience, and knowledge of
resistance exercise. Specific recommendations are: To maximize strength develop-
ment, 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 groups. 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 non-consecutive days of the week (85).

Some controversy exists as to whether or not a protein supplement combined
with resistance exercise training will have a greater effect on muscle hypertrophy
than resistance exercise alone. Whereas two studies observed a beneficial effect of
protein supplementation (86,87) another study did not (77). The dose of protein
required to increase skeletal muscle hypertrophy is unclear as one of the studies that
demonstrated a beneficial effect (86) used a smaller dose of protein (10 g vs. 15 g)
than the study showing no effect (77). The timing of protein intake around the
exercise may be evenmore relevant in determining whether or not additional muscle
hypertrophy occurs. Esmarck and colleagues (86) report that a liquid protein
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supplement (10 g protein) ingested immediately post-exercise in oldermen increased
skeletal muscle hypertrophy whereas ingesting the protein supplement 2 hours post-
exercise did not.

The age-related decrease in anabolic hormones such as growth hormone, estrogen,
testosterone, and dehydroepiandosterone (DHEA) have been implicated in the devel-
opment of sarcopenia (88,89). It should therefore come as no surprise that hormone
replacement therapy has also been targeted as a sarcopenia treatment strategy. It is
important to note, however, that unlike physical activity and diet, these pharmaco-
logical-based treatment options are not widely prescribed in the clinical setting.

Pharmacological doses of testosterone increase skeletal muscle mass and strength
in young and old hypogonadal men (90,91). A recent meta-analysis of 11 rando-
mized clinical trials reported that testosterone replacement therapy produced a
moderate increase in muscle strength in older men, with significant increases in
some studies and not in others (92). Although growth hormone administration
increases muscle mass and strength in individuals with hypopituitarism (89). most
of the initial studies of older persons found that growth hormone therapy did not
increase muscle mass and strength (88,89). However, more recently, alternative
strategies for stimulating the growth hormone/insulin-like growth factor pathway
have shown promising results and more clinical studies in this area are ongoing
(89). In general, replacement studies of estrogen (93) and DHEA (94,95) have
shown poor results.

10.8 SUMMARY AND CONCLUSIONS

Sarcopenia is a commonly occurring body composition abnormality in older
adults.While the effects of sarcopenia on functional impairment and disability were
thought to be quite strong based on early cross-sectional studies, more recently
completed longitudinal studies suggest that the effect of sarcopenia on functional
impairment risk is modest. However, other scientific evidence indicates that
sarcopenia increases osteoporosis andmortality risk, thereby confirming that main-
taining an adequate skeletal muscle mass plays an important role in the health and
well-being of older men and women. Treatment strategies for sarcopenia include
nutritional counseling to ensure that the dietary protein content is sufficient,
physical activity counseling to ensure that older adults participate regularly in
resistance exercise, and pharmacological targeting of the anabolic hormones that
tend to decline with advancing age. While all of these treatment options have their
strengths and weaknesses, the available evidence clearly indicates that resistance
exercise, when performed according to current physical activity guidelines, is the
most effective prevention and treatment strategy for sarcopenia.

10.9 RECOMMENDATIONS

1. To help reduce the normal progression of sarcopenia in older persons, ensure that
their protein intake is at or slightly above the RDA. This will likely require individual
consultation with a dietitian to obtain an accurate diet history and, if necessary,
provide an appropriate dietary prescription.
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2. Protein supplements can be considered in addition to the individual’s ad libitum diet
as they have a low cost, are easy to administer, and are tolerable. When used
appropriately, protein/nutritional supplements can increase daily energy and protein
intake in older adults.

3. Physical activity is the most promising approach for preventing and treating sarco-
penia. Resistance exercise training of a moderate intensity is appropriate for most
older adults. To maximize strength development, a regimen should be used that
allows 10–15 repetitions for each exercise. Muscle-strengthening activities include a
progressive-weight training program, weight-bearing calisthenics, and similar resis-
tance exercises that use the major muscle groups.

4. 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 non-consecutive days of the week.
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11 Cachexia: Diagnosis and Treatment

David R. Thomas

‘‘.. for wasting which represents old age [sarcopenia] and wasting that is secondary
to fever [cachexia] and wasting which is called doalgashi [starvation]’’

–Maimonides (1135–1204)

Key Points

� Three primary categories of loss of body weight include starvation (including under-
nutrition), sarcopenia, and cachexia.

� Cachexia is the cytokine-associated wasting of protein and energy stores due to the
effects of disease; there is a progressive, severe loss of skeletal muscle with relative
preservation of visceral protein reserves.

� Cachexia is directly related to inflammatory states, such as cancer or acquired
immunodeficiency syndrome, and also occurs in rheumatoid arthritis, chronic
renal insufficiency, chronic obstructive pulmonary disease, ischemic cardiomyopa-
thy, and infectious diseases.

� In developing appropriate interventions for weight loss, it is important to recognize
the distinction between cachexia and starvation.

� While starvation due to protein-energy undernutrition is widely regarded as the
primary cause of loss of fat and fat-free mass in older persons, a failure to improve
with nutritional replacement should trigger a consideration of other causes.

Key Words: Wasting; sarcopenia; starvation; lean mass; cytokines

11.1 INTRODUCTION

As progress in the field continues, we are gaining a better understanding of the
distinctions and commonalities of weight loss-related syndromes in geriatric patients.
Loss of body weight in older persons can result from voluntary or involuntary causes
(see Table 11.1). Three primary categories of involuntary loss of body weight include
starvation, sarcopenia, and cachexia. Cachexia is best viewed as the cytokine-asso-
ciated wasting of protein and energy stores due to the effects of disease (1). Persons
with cachexia generally lose roughly equal amounts of fat and fat-free mass, while

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition
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maintaining extracellular water and intracellular potassium. The loss of fat-free mass
is mainly from the skeletal muscle. Systemic inflammation mediated through cell
injury or activation of the immune system triggers the acute inflammatory response.
Starvation (or weight loss due purely to low food intake, addressed in Chapter 9)
results from a pure protein-energy deficiency, thus forcing a reduction in both fat and
fat-free mass. Sarcopenia (addressed in Chapter 10) reflects an age-related decline in
muscle mass. The term sarcopenia was coined from the Greek ‘‘sarx,’’ or ‘‘flesh,’’ and
‘‘penia,’’ or ‘‘loss.’’ (2) Cachexia results from severe wasting of both fat and fat-free
mass; the term cachexia is derived from the Greek ‘‘kak’’ or ‘‘cac,’’ meaning ‘‘bad,’’
and ‘‘hexis,’’ or ‘‘condition.’’ Cachexia is widely recognized as severe wasting accom-
panying disease states such as cancer or immunodeficiency disease, but does not have
a single widely accepted definition. Recently, an International Cachexia Consensus
group proposed this definition: ‘‘A complex metabolic syndrome associated with
underlying illness and characterized by loss of muscle with or without loss of fat
mass. The prominent clinical feature of cachexia is weight loss (corrected for fluid
retention). Anorexia, inflammation, insulin resistance and increased muscle protein
breakdown are frequently associated with wasting disease. Wasting disease is distinct
from starvation, age-related loss of muscle mass, primary depression, malabsorption
and hyperthyroidism and is associated with increased morbidity’’ (3). As illustrated
in Fig. 11.1, cachexia is a common cause of weight loss compared to pure starvation.
Sarcopenia is the most common cause of weight loss and can occur in the absence or
presence of cachexia and/or starvation.

Historically, weight loss and undernutrition have been classified as due to either a
relative lack of dietary protein (kwashiorkor) or lack of both dietary protein and
calories (marasmus) (1). This classification system focused clinical attention on a
lack of adequate food. Simply put, weight loss in older persons was attributed to
starvation. Since kwashiorkor is accompanied by hypoalbuminemia late in the
course, measures of serum proteins were thought to be able to detect early starva-
tion. Thus, low serum levels of albumin or prealbumin, or a decline in body mass
index, suggested inadequate food intake. Remedial nutritional strategies were
aimed at increasing voluntary food intake, prescribing hyper-caloric supplements,
or by instituting parenteral or enteral feeding (4). In general, these interventions
have had only a modest effect in reversing weight loss (5,6).

Recent data suggest that the major cause of weight loss in older adults is the
anorexia/cachexia syndrome (7). Simply put, underlying cachexia may be the most
common cause of weight loss in long-term care settings. This has resulted in a new
paradigm for defining the mechanism of weight loss in older persons.

Table 11.1
Causes of weight loss in older persons

Voluntary Food restriction

Increased exercise
Involuntary Starvation (also undernutrition)

Cachexia/anorexia
Sarcopenia
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Measures of serum proteins are increasingly seen as acute phase reactants reflect-
ing underlying inflammation rather than measures of starvation. Physiological
stress (such as surgical operations), cortisol excess, and hypermetabolic states
reduce serum albumin even in the presence of adequate protein intake. Soluble
IL-2 receptors (and other pro-inflammatory cytokines) are negatively associated
with albumin, prealbumin, cholesterol, transferrin, and hemoglobin. Decreases in
serum albuminmay reflect the presence of inflammatory cytokine production or co-
morbidity rather than nutritional status (8), and the use of serum proteins as
nutritional markers can frequently lead to overdiagnosis of undernutrition (9).

11.2 CAUSES AND MECHANISMS OF CACHEXIA

Cachexia is directly related to inflammatory states, such as cancer or acquired
immunodeficiency syndrome, and also occurs in other common conditions such as
rheumatoid arthritis, chronic renal insufficiency, chronic obstructive pulmonary
disease, ischemic cardiomyopathy, and infectious diseases (10). Persons with
cachexia due to cancer may deplete up to 80% of their muscle mass (11). More
than 80% of persons with upper gastrointestinal cancer have cachexia at diagnosis
and more than 60% of lung cancer patients develop cachexia.

This same cachexia process is thought to occur in chronic infection, inflamma-
tory myopathies, liver disease, malabsorptive syndromes, and perhaps in normal
aging (12). A list of conditions that have been associatedwith cachexia are shown in
Table 11.2. Tumor necrosis factor (TNF)-� levels are elevated in patients with

Fig. 11.1. The Unhappy Triad. Weight loss in older adults occurs for a variety of reasons.
Cachexia occurs mainly in association with acute or chronic disease, while sarcopenia is com-
monly observed even in otherwise healthy individuals. Weight loss due purely to starvation is the
least common. However, the conditions can overlap and when all three mechanisms come into
play, the challenge of stabilizing body weight and lean mass is magnified. This conceptual
presentation was originally proposed by D.R. Thomas at the 3rd Cachexia Consensus Confer-
ence in Rome, Italy, in December 2005. It derived from a paper published by Dr. D.R. Thomas
on ‘‘Distinguishing Starvation from Cachexia’’ (1). Dr. C.C. Seiber assigned the figure the name
of ‘‘The Unhappy Triad.’’
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severe undernutrition and congestive heart failure, but not in patients with con-
gestive heart failure who do not have severe undernutrition (13). Severe under-
nutrition occurs in both chronic infections and neoplastic disorders, suggesting that
severe undernutrition develops along a common pathway and is not dependent on a
specific infection or a particular neoplasm.

11.2.1 Mechanisms of Cachexia

Patients with cachexia experience progressive severe loss of skeletal muscles with
relative preservation of visceral protein reserves (10). The loss of skeletal muscle
mass is due to a combination of reduced protein synthesis and increased protein
degradation. While reduced protein synthesis plays a role, protein degradation is
the major cause of loss of skeletal muscle mass in cachexia.

Lysosomal protease cathepsin B probably plays a role in early protein break-
down, as it is elevated in skeletal muscle biopsies from patients with lung cancer and
minimal weight loss (14). In more established cachexia, the ubiquitin proteasome-
dependent proteolytic pathway is upregulated and is the predominant pathway for
protein degradation (15). The underlying mechanism(s) appears to involve the
induction of muscle-specific ubiquitin ligases by catabolic hormones, such as the
glucocorticoids, but also the inhibition of anabolic pathways such as those con-
trolled by insulin-like growth factor-1, phosphatidylinositol-3-kinase/Akt, and
mammalian target of rapamycin (mTOR) (16).

Several cytokines, including tumor necrosis factor-alpha, interleukin-6, interleu-
kin-1-beta and gamma interferon, reproduce symptoms of cachexia in animal
models, although individually they have not been shown to produce full-blown
cachexia syndrome (17). Direct infusion of interleukin-6 into a mouse muscle
decreased myofibrillar protein by 17% at 14 days, suggesting a direct effect on
muscle (18).

In addition to the effect of cytokines on skeletal muscle, cytokines act in the
hypothalamus to cause an imbalance between the orexigenic and anorexigenic

Table 11.2
Conditions associated with cachexia

Infections, such as tuberculosis, AIDS

Cancer

Rheumatoid arthritis

Ischemic cardiomyopathy

End-stage renal disease

Chronic obstructive pulmonary disease

Cystic fibrosis

Crohn’s disease

Alcoholic liver disease

Malabsorption diseases

Elderly persons without obvious cause
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regulatory pathways. In anorexia–cachexia syndrome, the peripheral signals of an
energy deficit reach the hypothalamus but fail to produce a response, which pro-
pagates the cachectic process.

11.3 CONSEQUENCES OF CACHEXIA

A primary effect of pro-inflammatory cytokines is a decrease in nutrient intake.
Cytokines directly result in feeding suppression and thus lower intake of nutrients;
cachexia is nearly always accompanied by anorexia. Interleukin-1-beta and tumor
necrosis factor act on the glucose-sensitive neurons in the ventromedial hypotha-
lamic nucleus (a ‘‘satiety’’ site) and the lateral hypothalamic area (a ‘‘hunger’’ site)
(19). This response is the most common cause of anorexia observed in the acute
care setting (20). However, this effect appears to contribute to, but not directly
cause, the loss of body mass.

Cytokines have a direct negative effect on muscle mass, and increased concentra-
tions of inflammatory markers have been associated with a reduced lean mass
(21–23). This direct effect also has been associated with a decline in muscle strength
in older adults. A combination of elevated tumor necrosis factor and interleukin-6
was found in 31% of white males and 29% of black males and in 24% of white
women and 22% of black women. For each standard deviation increase in tumor
necrosis factor, a 1.2–1.3 kg decrease in grip strength was observed, after adjusting
for age, clinic site, health status, medications, physical activity, smoking, height,
and body fat. For each standard deviation of interleukin-6, a 1.1–2.4 kg decrease in
grip strength was observed (21).

In women followed for 3 years, the baseline level of interleukin-6 predicts walking
limitations and knee strength, diminished activities of daily living (24). In a study
population of persons at high risk for cardiovascular disease, an inverse relationship
was found between fat-adjusted appendicular leanmass and bothC-reactive protein
and interleukin-6 and also between appendicular lean mass and C-reactive protein
(25). In a sample of older persons with a mean age of 71 years and no mobility or
activities of daily living deficit at baseline, levels of interleukin-6 predictedmortality
at 4 years (26).

11.4 AGE-RELATED CHANGES IN PRO-INFLAMMATORY CYTOKINES

Pro-inflammatory cytokines have been found in apparently healthy older
persons as a function of age. Age greater than 70 years is associated with
increased circulating plasma levels of interleukin-6 independent of disease states
and disorders of aging (27). Increased levels of circulating inflammatory com-
ponents including tumor necrosis factor-alpha, interleukin-6, interleukin-1 recep-
tor antagonist, soluble tumor necrosis factor receptor, C-reactive protein, serum
amyloid A, and high neutrophil counts have been observed in older adults.
These age-related changes in immune function are associated with progressively
increased levels of glucocorticoids and catecholamines and decreased growth
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and sex hormones, a pattern reminiscent of that seen in chronic stress. The
difference in levels of interleukin-6 in randomly selected older persons compared
with strictly selected healthy older persons suggests that inflammatory activity
may be a marker of health status (28). Interleukin (IL)-1 concentrations are
elevated in elderly patients with severe undernutrition of unknown etiology
(29), and levels of IL-1b and IL-6 can be increased in elderly persons without
evidence of infection or cancer (30).

However, the increase in circulating inflammatory parameters in healthy
elderly humans is small and far less than levels seen during acute infections.
Increased cytokine production with aging is inconsistent, resulting in uncertainty
whether changes in cytokine levels are due to age itself or to underlying disease
(31). The observed increase in levels of interleukin-6 with age may occur as the
result of catecholamine hypersecretion and sex-steroid hyposecretion (32). In
addition, numerous other conditions (visceral obesity, smoking, stress, etc.) also
trigger IL-6 release (33). Subclinical infections such as Chlamydia pneumoniae
or Helicobacter pylori or dental infections and asymptomatic bacteriuria have
been postulated to play a role in the observed increase in pro-inflammatory
cytokine levels (34).

11.5 DISTINGUISHING CACHEXIA FROM STARVATION

In developing a therapeutic approach to skeletal muscle loss and muscle strength
in older persons, it is important to make the distinction between cachexia and
starvation. In all persons, the first consideration should be an evaluation of nutri-
tional intake. Starvation resulting from an inability to eat due to mechanical
problems or a hypermetabolic state can directly lead to weight loss. In fact,

Table 11.3
Distinguishing starvation from cachexia

Starvation (and
undernutrition) Cachexia

Appetite Suppressed in late
phase

Suppressed in early
phase

Body mass index Not predictive of
mortality

Predictive of
mortality

Serum albumin, transthyretin,
transferrin, retinol-binding protein

Low in late phase Low in early phase

Cholesterol May remain
normal

Low

Total lymphocyte count Low, responds to
refeeding

Low, unresponsive
to refeeding

C-reactive protein Little data Elevated

Inflammatory disease Usually not present Present

Response to refeeding Reversible Resistant
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starvation, from whatever cause, will ultimately lead to a loss of muscle mass and
strength indistinguishable from that produced by cachexia or sarcopenia. The key
physiological sign of starvation is that it is reversed solely by the replenishment of
nutrients (35). Failure to improve nutritional status with adequate intake should
trigger a concern for underlying cachexia.

In cachexia, pro-inflammatory cytokines have a direct effect on muscle mass,
leading to a loss of muscle mass indistinguishable from sarcopenia. On the other
hand, sarcopenia alone has not been shown to lead to a decrease in appetite or to
loss of fat mass similar to that associated with cachexia. Whether aging itself in
some persons, in the absence of any defined inflammatory disease, is associated with
elevated pro-inflammatory cytokines that lead to sarcopenia is not clear.

Cachexia is often accompanied by anorexia. A helpful instrument is the sim-
plified appetite nutritional questionnaire (SNAQ; see Chapter 4). Based on the
assessment of appetite, this instrument accurately predicts weight gain in the
ensuing 6 months (36). Failure of appetite may also be related to depression or
adverse drug effect. Deficits in intake should be corrected whenever possible.

Decreased muscle mass
Decreased strength

Cachexia

Sarcopenia

Starvation
Hypermetabolic

state

Proinflammatory
Cytokines

Disability/
Inactivity

Neurodegenerative
disease Genetic

Age-related
hormones

Fig. 11.2. Mechanisms of muscle wasting.
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The failure of appetite associated with cachexia may limit the success of the
nutritional interventions. Cachexia defines a distinct clinical syndrome where
the activation of pro-inflammatory cytokines has a direct effect on muscle
metabolism and anorexia. The anorexia resulting from the effect of pro-
inflammatory cytokines can initiate a vicious feedback loop leading to starva-
tion. Distinguishing sarcopenia from cachexia can be difficult, since there can
be an overlap between hormonal deficiency and disease activation causes.
Some guidelines are suggested in Table 11.3. A summary of the proposed
mechanisms for age-related decline in muscle mass and strength is shown in
Fig. 11.2.

11.6 INTERVENTIONS FOR CACHEXIA

In contrast to starvation, cachexia is remarkably resistant to hyper-caloric
feeding. Trials of both enteral and parenteral feeding in cancer cachexia have
consistently failed to show any benefit in terms of weight gain, nutritional
status, quality of life, or survival (15). Pharmacological treatment of anorexia
with agents that modulate cytokine production may produce weight gain in
cachexia states (37). Steroids and hormonal agents such as megestrol acetate
are currently widely used in the treatment of cachexia and anorexia (38). They
act through multiple pathways, such as increasing neuropeptide-Y levels to
increase appetite and downregulating pro-inflammatory cytokines. Thalido-
mide significantly attenuated both total weight loss and loss of lean body
mass in patients with cancer and acquired immunodeficiency syndrome (39).
The action is linked to inhibition and degradation of tumor necrosis factor-
alpha. Eicosapentaenoic acid can halt weight loss in cancer cachexia and may
increase lean body mass at high doses (40). The effect is postulated to result
from its ability to downregulate pro-inflammatory cytokines and proteolysis-
inducing factor. The results of these pharmacological trials suggest that
improvement in cachexia results from a common effect of these agents on
pro-inflammatory cytokines.

11.7 RECOMMENDATIONS

A therapeutic approach to the loss of skeletal muscle mass and strength in
older persons depends on correct classification. The term sarcopenia should
be reserved for age-related decline in muscle mass not attributable to the
presence of pro-inflammatory cytokines. Cachexia may be a better term for a
decline in muscle mass associated with known inflammatory disease states.
While starvation due to protein-energy undernutrition is widely regarded as
the primary cause of loss of fat and fat-free mass in older persons, a failure
to improve with nutritional replacement should trigger a consideration of
other causes.
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The complexity of cachexia requires a highly specialized approach depending
upon the underlying cause and the presence/absence of concurrent starvation and/
or sarcopenia. A proposed approach to the management of starvation and cachexia
is shown in Fig. 11.3.
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12 The Relationship of Nutrition
and Pressure Ulcers

David R. Thomas

Key Points

� A strong epidemiological association exists between nutritional status and the
incidence, progression, and severity of pressure sores.

� The results of trials of prevention and treatment of pressure ulcers with nutritional
interventions to date have been disappointing. While nutrient deficiencies are linked
with poor wound healing, providing supplements to patients who are not deficient
has not been shown to be of benefit for pressure ulcers.

� This paradoxical finding could be explained by amechanism of weight loss occurring
in a cycle of anorexia and cachexia. Cytokine-induced cachexia is remarkably
resistant to hypercaloric feeding.

� Acknowledging these ambivalent findings, it is still important that general nutri-
tional support be provided to persons with pressure ulcers, consistent with medical
goals and patient wishes.

Key Words: Wound healing; undernutrition; nutritional supplements; cytokines

12.1 INTRODUCTION AND BACKGROUND

Wound healing is intricately linked to nutrition. Severe protein-calorie under-
nutrition in humans alters tissue regeneration, the inflammatory reaction, and
immune function (1). After vascular surgery, hypoalbuminemia and low serum
transferrin levels predict wound-healing complications (2). Undernourished
patients are more likely to have post-operative complications than well-nourished
patients (3). Although these markers do predict outcome, they do not correlate well
with nutritional status (4).

Experimental studies in animal models suggest a biologically plausible relation-
ship between undernutrition and development of pressure ulcers. When pressure
was applied for 4 h to the skin of well-nourished animals andmalnourished animals,
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pressure ulcers occurred equally in both groups. However, the degree of ischemic
skin destruction was more severe in the malnourished animals. Epithelialization of
the pressure lesions occurred in normal animals at 3 days post-injury, while necrosis
of the epidermis was still present in the malnourished animals (5). This data suggest
that while pressure damage may occur independently of nutritional status, mal-
nourished animals may have impaired healing after a pressure injury.

12.2 EPIDEMIOLOGICAL ASSOCIATIONS OF NUTRITION
AND PRESSURE ULCERS

A strong epidemiological association exists between nutritional status and the
incidence, progression, and severity of pressure sores. Hospitalized patients with
undernutrition were twice as likely to develop pressure ulcers as non-undernour-
ished patients (6). In a long-term care setting, pressure ulcers developed in 65% of
residents were diagnosed as severely undernourished on admission (7). In another
long-term care setting, the estimated percent intake of dietary protein, but not total
caloric intake, predicted development of pressure ulcers (8). Impaired nutritional
intake, defined as a persistently poor appetite, meals held due to gastrointestinal
disease, or a prescribed diet less than 1100 kcal or 50 g protein per day, predicted
pressure ulcer development in an additional long-term care setting (9). Table 12.1

Table 12.1
Epidemiological association of nutritional markers with development of a pressure ulcer

First author Setting
Associated with
presence of PU

Not associated with
presence of PU

Allman (81) AC Albumin Weight, hemoglobin,
TLC, nutritional
assessment

Gorse (82) AC Albumin Nutritional
assessment score

Inman (83) AC, ICU Albumin
(measured at 3
days)

Serum protein,
hemoglobin,
weight

Allman (82) AC BMI, TLC Albumin, TSF, arm
circumference,
weight loss,
hemoglobin,
nitrogen balance

Hartgrink (17) AC,
orthopedic

Nocturnal enteral
feeding

Anthony (84) AC Albumin <32 g/l

Moolten (85) LTC Albumin <35 g/l

Pinchcofsky-Devin
(7)

LTC Severe
malnutrition

Mild-to-moderate
malnutrition or
normal nutrition

(continued)
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demonstrates the association of serum albumin and other nutritional variables with
the development of a pressure ulcer. Pressure ulcers appear to be associated with
traditional markers of nutritional status in some, but not all studies.

12.3 NUTRITION IN THE PREVENTION OF PRESSURE ULCERS

This strong association of undernutritionwith the development of pressure ulcers
led to a hypothesis that providing hypercaloric feeding to persons at risk for
undernutrition might lead to the prevention of pressure ulcers. Several trials have

Table 12.1
(continued)

First author Setting
Associated with
presence of PU

Not associated with
presence of PU

Berlowitz (9) LTC Impaired
nutritional
intake

Albumin, serum
protein,
hemoglobin, TLC,
BMI/weight

Bennett (86) LTC Weight, BMI, weight
gain

Brandeis (87) LTC Dependency in
feeding

BMI/weight, TSF

Trumbore (88) LTC Albumin,
cholesterol

Breslow (89) LTC Albumin,
hemoglobin

Serum protein,
cholesterol,
zinc, copper,
transferrin, body
weight, BMI, TLC

Bergstrom (8) LTC Dietary protein
intake 93% of
RDA vs. 119%,
dietary iron

Serum protein,
cholesterol, zinc,
copper,
transferrin, weight,
BMI, TLC

Ferrell (90) LTC Albumin, serum
protein, BMI,
hematocrit

Bourdel-
Marchasson (12)

LTC Oral nutritional
supplement (26 vs.
20% incidence)

Guralnik (91) Community Albumin, BMI,
impaired nutrition,
hemoglobin

AC=acute care; LTC=long-term care; BMI=body mass index; TLC=total lymphocyte count;
TSF=triceps skinfold thickness; ICU=intensive care unit; RDA=recommend daily allowance.
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examined this hypothesis (Table 12.2). However, the combined results of trials of
nutritional intervention for the prevention of pressure ulcers have been disappoint-
ing (10,11).

The effect of oral nutrition supplements was observed in a non-randomized
group of hospitalized, severely ill patients. Nutritional supplements were given to
33%of subjects in one ward and to 87% of subjects in another hospital ward. There
was no difference between the groups in pressure ulcer incidence (26.4 vs. 20.2%),
pressure ulcer prevalence at discharge (14.7 vs. 10.3%), mortality (15.6 vs. 14.2%),
length of stay (17.3 vs. 17.4 days), or nosocomial infections (26.4 vs. 19.0%) (12).

A multi-center, cluster randomized trial in persons older than 65 years in the
acute phase of a critical illness examined the effect of two oral supplements per day

Table 12.2
Nutritional interventions in the prevention of pressure ulcers

First author Setting Intervention Outcome

Delmi 1990
(14)

Hospitalized
with femoral
neck fracture

One oral nutrition
supplement per day
in addition to
hospital diet vs.
standard hospital
diet alone

All stage pressure
ulcers 9% in the
nutritional
intervention group
vs. 7% in the control
group RR 0.79
(0.14–4.39, p=0.8)

Hartgrink
1998 (17)

Hospitalized
with hip
fracture and
increased
pressure ulcer
risk

Overnight nasogastric
tube feeding vs.
standard hospital
diet

Stage 2 or greater
pressure ulcers 52%
in the nutritional
intervention group
vs. 56% in the
control group
RR=0.92
(0.64–1.32, p=0.6)

Bourdel-
Marchasson
2000 (13)

Acute phase of a
critical illness

Two oral supplements
per day in addition
to normal diet vs.
standard hospital
diet alone

All stage pressure
ulcers 40% in the
nutritional
intervention group
vs. 48% in the
control group RR
0.83 (0.70–0.99)

Houwing
2003 (15)

Hip fracture
patients

One supplement daily
in addition to the
standard hospital
diet vs. non-caloric
water-based placebo
and standard
hospital diet

Stages 1 and 2 pressure
ulcers 55% in the
nutritional
intervention group
vs. 59% in the
placebo group RR
0.92 (0.65–1.3)

RR=relative risk (95% confidence intervals).
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in addition to the normal hospital diet. At the end of 15 days, the supplemented
group had a reduced incidence of all stages of pressure ulcers (40% in the nutritional
intervention group vs. 48% in the control group (relative risk 0.83, 95% confidence
intervals 0.70–0.99) (13).

In hospitalized persons with femoral neck fracture, one group was randomized to
receive one oral nutrition supplement in addition to the hospital diet or the standard
hospital diet alone. There was no difference in the incidence of pressure ulcers
between the groups (14).

In another population of persons with hip fracture, subjects were randomized
to receive either 400 ml daily of a nutritional supplement enriched with protein,
arginine, zinc, and antioxidants in addition to the standard hospital diet or the
standard hospital diet and a non-caloric water-based placebo. There was no
difference in the incidence of stage 2 or greater pressure ulcers between the
groups after 28 days (55% in the supplement group vs. 59% in the placebo
group) (15).

Of the four trials of oral nutritional supplements for the prevention of pressure
ulcers, only one trial suggests that a nutritional intervention may reduce the inci-
dence of pressure ulcers. Similar results were found when another trial that used a
group randomization was included in a meta-analysis (16). The calculated number
needed to treat in this analysis suggests that 20 patients would need to receive oral
nutritional supplements to prevent one pressure ulcer.

In a trial of overnight enteral feeding in patients with hip fracture, no difference
in pressure ulcer incidence, total serum protein, serum albumin, or the severity of
pressure sores after 1 and 2 weeks was observed. After 2 weeks, 52% of subjects in
the enterally fed group and 56% of the control group developed stage 2 or greater
pressure ulcers (p=0.06). Of the 62 patients randomized for enteral feeding, only 25
tolerated their tube for more than 1 week, and only 16 tolerated their tube for 2
weeks. Comparison of the actually tube-fed group (n ¼ 25 at 1 week, n ¼ 16 at 2
weeks) and the control group showed two to three times higher protein and energy
intake (p < 0.0001), and a significantly higher total serum protein and serum
albumin after 1 and 2 weeks in the actually tube-fed group (all p < 0.001). In an
intention to treat analysis there was also no difference in the incidence of sores of
grade 2 or above (17). It is possible that the lack of effect on supplemental enteral
feeding was due to poor tolerance of the feedings.

A study of enteral tube feedings in patients with a pressure ulcer in a long-term
care setting observed 49 patients for 3months (18). Patients received 1.6 times basal
energy expenditure daily, 1.4 g of protein per kilogram per day, and 85% ormore of
their total recommended daily allowance. At the end of 3 months, there was no
difference in number or in healing of pressure ulcers.

In a study of survival among residents in long-term care with severe cognitive
impairment, 135 residents were followed for 24 months (19). The reasons for the
placement of a feeding tube included the presence of a pressure ulcer. Having a
feeding tube was not associated with increased survival; in fact the risk of death was
slightly increased (OR 1.09). There was no apparent effect on the prevalence of
pressure ulcers in this group of enterally fed persons.
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All of these clinical trials suffer frommethodological problems in factors including
study design and statistical power. Large, prospective, randomized controlled trials
will be required to define the effect of nutritional interventions in prevention of
pressure ulcers.

12.4 NUTRITION IN THE HEALING OF PRESSURE ULCERS

Although correction of poor nutrition is part of total patient care and should be
addressed in each patient, controversy exists about the ability of nutritional support
to reduce wound complications or improve wound healing (20,21).

Randomized, controlled trials have evaluated the effect of increased protein,
vitamin C, zinc, and oral supplements in the treatment of pressure ulcers. One trial
randomized by group found no difference in pressure ulcer healing between the
nutritionally supplemented and control goups (16). With the exception of a single
trial of higher protein intake, no trial has demonstrated improved healing with the
intervention. Table 12.3 summarizes the interventional trials for pressure ulcers.

Table 12.3
Nutritional interventions in the treatment of pressure ulcers

First author Setting Intervention Outcome

Breslow (26) Long-term
care

24% protein vs. 14%
protein enteral
feeding

�4.2 vs. �2.1 cm2
decrease in surface
area

Chernoff (25) Long-term
care

1.8 g/kg protein vs. 1.2 g/
kg protein enteral
feeding

73 vs. 43%
improvement in
surface area

Henderson (18) Long-term
care

1.6 times basal energy
expenditure,1.4 g of
protein per kilogram
per day

65% PU at onset; 61%
prevalence at 3
months

Mitchell (19) Long-term
care

Enteral feeding RR of death 1.49
(1.2–1.8) vs. RR of
death 1.06 (0.8–1.4)
after 2 years

ter Riet (38) Long-term
care

Vitamin C 10 vs.
1000 mg

No difference in healing
rate

Taylor (39) Acute
surgical
patients

Vitamin C large dose vs.
none

84 vs. 43% (control)
reduction surface
area at 30 days

Norris (47) Acute hip
fracture
patients

Zinc No difference

Hartgrink (17) Acute hip
fracture
patients

Enteral feeding No difference in
incidence

RR=relative risk (95% confidence intervals).
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12.5 GENERAL NUTRITIONAL SUPPORT FOR PERSONS
WITH PRESSURE ULCERS

It is clear that nutritional deficiency in the form of starvation is associated with
increased mortality and morbidity. Therefore, nutritional requirements must be
addressed in every patient and corrected when possible, consistent with the wishes
and plan of care for each individual.

12.5.1 Energy

Daily caloric requirements range from 25 kcal/kg/day for sedentary adults to
40 kcal/kg/day for stressed adults. Stress generally includes persons with burns,
pressure ulcers, cancer, infections, and other similar conditions. In general, caloric
requirements can be met at 30–35 kcal/kg/day for elderly patients under moderate
stress. Various formulas, including the Harris–Benedict equation, can be used to
predict caloric requirements, but controversy exists over accuracy in obese or
severely undernourished individuals (22). Other formulas have been adjusted for
severely stressed hospitalized subjects (23). Considerable debate exists over
whether to use ideal body weight or an adjusted body weight in calculations. The
best instrument for predicting nutritional requirements in older, undernourished
individuals in whom ideal or usual body weight is often unknown is not clear.
Prediction equations have been published (24).

12.5.2 Protein

Greater healing of pressure ulcers has been reported with a higher protein intake
irrespective of positive nitrogen balance (25). Clinical trials have examined dietary
interventions in the healing of pressure ulcers. In 48 patients with stages 2–4
pressure ulcers who were being fed enterally, undernutrition was defined as a
serum albumin below 35 g/l or body weight more than 10% below the midpoint
of the age-specific weight range. Total truncal pressure ulcer surface area showed
more decrease (–4.2 vs. –2.1 cm2) in surface area in patients fed the enteral formula
containing 24% protein compared to a formula containing 14% protein. However,
changes in body weight or in biochemical parameters of nutritional status did not
occur between groups. The study was limited by a small sample size (only 28
patients completed the study), non-random assignment to treatment groups, con-
founding effects of air-fluidized beds, and the use of two different feeding
routes (26).

In a small study of 12 enterally fed patients with pressure ulcers, the group who
received 1.8 g/kg of protein had a 73% improvement in pressure ulcer surface area
compared to a 42% improvement in surface area in the group receiving 1.2 g/kg of
protein despite the fact that the group that received the higher protein level began
the study with larger surface area pressure ulcers (22.6 vs. 9.1 cm2) (17).

The optimum dietary protein intake in patients with pressure ulcers is unknown,
but may be much higher than current adult recommendation of 0.8 g/kg/day.
Current recommendations for dietary intake of protein in stressed elderly patients
lie between 1.2 and 1.5 g/kg/day. Yet half of chronically ill elderly persons cannot
maintain nitrogen balance at this level (27). On the other hand, increasing protein
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intake beyond 1.5 g/kg/day may not increase protein synthesis and may cause
dehydration (28). The optimum protein intake for these patients has not been
defined, but may lie between 1.2 and 1.5 g/kg/day.

12.5.3 Amino Acids

The association of dietary protein intake with wound healing has led to
investigation of the use of specific amino acids. Glutamine is essential for the
immune system function, but supplemental glutamine has not been shown to
have noticeable effects on wound healing (29). Arginine enhances wound
collagen deposition in healthy volunteers (30,31) but studies on sick, wounded
patients have not been done. No effect on healing of pressure ulcers has been
observed with arginine supplementation (32). No improvement in wound heal-
ing has been demonstrated by using high supplements of branched-chain amino
acid formulations (33).

12.5.4 Vitamins and Minerals

The deficiency of several vitamins has significant effects on wound healing.
However, supplementation of vitamins to accelerate wound healing in the
absence of a deficiency state is controversial. Vitamin C is essential for wound
healing, and impaired wound healing has been observed in clinical scurvy.
However, in studies of clinically impaired wound healing, 6 months of an
ascorbate-free diet is required to produce a deficient state (34). In animals
who are vitamin C deficient, wound healing is abnormal at 7 days but com-
pletely normal at 14 days (35).

There is no evidence of acceleration of wound healing by vitamin C supplemen-
tation in patients who are not vitamin C deficient (36). Supertherapeutic doses of
vitaminC have not been shown to accelerate wound healing (37). Two clinical trials
have evaluated the effect of supplemental vitamin C in the treatment of pressure
ulcers. In a multi-center, blinded trial, 88 patients with pressure ulcers were rando-
mized to either 10 or 500 mg twice daily of vitamin C. The wound closure rate,
relative healing rate, and wound improvement score were not different between
groups (38). An earlier trial in acute surgical patients with pressure ulcers found a
mean reduction in surface area at 1 month of 84% in patients treated with large
doses of vitamin C compared to a reduction in surface area of 43% in the control
group (p < 0.005) (39).

The recommended daily allowance of vitamin C is 60 mg. This RDA is easily
achieved from dietary sources that include citrus fruits, green vegetables, peppers,
tomatoes, and potatoes.

Vitamin A deficiency results in delayed wound healing and increased suscept-
ibility to infection (40). Vitamin A has been shown to be effective in counteracting
delayed healing in patients on corticosteroids (41). Vitamin E deficiency does not
appear to play an active role in wound healing (42).

Zinc was first implicated in delayedwound healing in 1967 (43). No study to date
has shown improved wound healing in patients supplemented with zinc who were
not zinc deficient (44,45). Zinc levels have not been associated with development of
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pressure ulcers in patients with femoral neck fractures (46). In a small study of
patients with pressure ulcers, no effect on ulcer healing was seen at 12 weeks in zinc-
supplemented vs. non-zinc-supplemented patients (47). Indiscriminate or long-
term zinc supplementation should be avoided since high serum zinc levels may
inhibit healing, impair phagocytosis, and interfere with copper metabolism
(10,48,49). The RDA for zinc is 12–15 mg, but the intake of most elderly persons
is 7–11 mg of zinc per day (50), chiefly from meats and cereals.

12.6 FACTORS CONTRIBUTING TO THE NUTRITIONAL PARADOX

Traditionally, weight loss and undernutrition have been classified as due to
either a relative lack of dietary protein (kwashiokor) or lack of both dietary
protein and calories (marasmus) (51). This classification system focused clinical
attention on a lack of adequate food. Simply put, weight loss in older persons
was attributed to starvation. Measures of serum proteins or anthropormorpho-
logical parameters were thought to detect early starvation. Remedial nutritional
strategies were aimed at increasing voluntary food intake, prescribing hyperca-
loric supplements, or instituting parenteral or enteral feeding (52). In general,
these interventions have had only a modest effect in reversing weight loss
(53,54).

Recent data suggest that the major cause of weight loss in older adults is the
anorexia/cachexia syndrome (55). This has resulted in a new paradigm for defining
the mechanism of weight loss in older persons. Simply put, underlying cachexia may
be the most common cause of weight loss in long-term care settings.

Cachexia is directly related to inflammatory states, such as cancer or acquired
immunodeficiency syndrome, and also occurs in other common conditions such as
rheumatoid arthritis, chronic renal insufficiency, chronic obstructive pulmonary
disease, ischemic cardiomyopathy, and infectious diseases (56). Interleukin (IL)-1
concentrations are elevated in elderly patients with severe undernutrition of
unknown etiology (57), and levels of IL-1b and IL-6 can be increased in elderly
persons without evidence of infection or cancer (58). Tumor necrosis factor-�
(TNF) levels are elevated in patients with severe undernutrition and congestive
heart failure, but not in patients with congestive heart failure who do not have
severe undernutrition (59). Severe undernutrition occurs in both chronic infections
and neoplastic disorders, suggesting that severe undernutrition develops along a
common pathway and is not dependent on a specific infection or a particular
neoplasm.

Measures of serum proteins are increasingly seen as acute phase reactants reflect-
ing underlying inflammation rather than measures of starvation. Physiological
stress (such as surgical operations), cortisol excess, and hypermetabolic states
reduce serum albumin even in the presence of adequate protein intake. Decreases
in serum albumin may reflect the presence of inflammatory cytokine production or
comorbidity rather than nutritional status (60). Soluble IL-2 receptor are negatively
associated with albumin, prealbumin, cholesterol, transferrin, and hemoglobin. The
use of albumin and cholesterol in these patients as nutritional markers could
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potentially lead to over diagnosis ofmalnutrition (61). This may explain why serum
albumin has not consistently been an independent predictor of pressure ulcers.

Several cytokines, particularly IL-1�, IL-1b, and IL-6, have been suggested to be
elevated in subjects with pressure ulcers.Whether these levels changewith healing or
are predictive of healing is not known. These cytokines are known to also increase in
severe undernutrition.

Serum IL-1b is elevated in patients with pressure ulcers (62). Levels of IL-1�
are elevated in pressure ulcers but low in acute wound fluid (63). In hospita-
lized elderly patients suffering from bacterial pneumonia, cerebrovascular dis-
ease, or femoral bone fracture, serum IL-1 beta (but not IL-6) was higher in
subjects with pressure ulcers. Albumin, hemoglobin, C-reactive protein, fibrino-
gen, and white cell count were also lower in subjects with pressure ulcers,
despite no significant differences in age, gender, Braden scale, or underlying
diseases between the two groups (62).

Circulating serum levels of IL-6, IL-2, and IL-2R are higher in spinal-cord-
injured patients compared to normal controls, and highest in subjects with pressure
ulcers. The highest concentration of cytokines was in subjects with the slowest
healing pressure ulcers (64). In other studies, IL-6 serum levels were increased in
patients with pressure ulcers but IL-1 and TNF were not elevated (65).

Existing studies are not clear as towhether the elevation is due to the presence of a
pressure ulcer or due to underlying severe undernutrition. Alternatively, the eleva-
tion of cytokine levels may be a common pathway for both conditions. The
hypotheses are demonstrated in Fig. 12.1. Cytokine-mediated anorexia and weight
loss are common in the population that develops pressure ulcers. The interrelation-
ship is outlined in Table 12.4.

Pressure
Ulcer

Inflammatory
disease

Undernutrition

Cytokine
cascade

?
?

Fig. 12.1. Interaction between proinflammatory cytokines, undernutrition, and pressure ulcers.
Inflammatory disease may initiate the proinflammatory cytokine cascade leading directly to
development of a pressure ulcer. Alternatively, the development of a pressure ulcer may initiate
the cytokine cascade leading to undernutrition through suppression of appetite and cachexia.
Undernutrition may lead to development of a pressure ulcer either through cachexia and loss of
body mass or through the cytokine cascade.

228 Thomas



12.7 INTERVENTIONS FOR INFLAMMATORY-MEDIATED CACHEXIA

This new paradigm suggests that interventions targeting weight loss in older
persons must address the anorexia/cachexia continuum. Assessment of appetite
can suggest anorexia as a cause of decreased food intake (66). A common cause
may be loss of appetite, due to dysregulation of a variety of psychological, gastro-
intestinal, metabolic, and nutritional factors (67). Loss of appetite may initiate a
vicious cycle of weight loss and increasing undernutrition.

Cytokines may regulate appetite directly through the central feeding drive. Sig-
nificant interaction between the central feeding drive, neuropeptide Y, and IL-1b
has been demonstrated in rats (68,69). IL-1, IL-6, TNF, interferon-g, leukemia
inhibitory factor (D-factor), and prostaglandin E2 have all been implicated in
cancer-induced severe undernutrition (70,71). Leptin, a central regulator of food
intake and body fat mass, increases under the stress of hip operations (72), but is
low in undernourished men (73).

The lack of effect of hypercaloric feeding in pressure ulcers may reflect that the
underlying pathophysiology is cytokine-induced cachexia rather than simple star-
vation. Starvation is amenable to hypercaloric feeding in all but the terminally
undernourished patients. Cytokine-induced cachexia is remarkably resistant to
hypercaloric feeding (74,75). This may explain the modest results of clinical nutri-
tion intervention trials in older persons (76).

Where possible, the underlying inflammatory condition should be sought. The
importance of defining the distinction lies in developing a targeted therapeutic
approach to weight loss in older persons (77). Failure to distinguish among these
causes of weight loss often results in frustration over the clinical response to
therapeutic interventions.

Interventions to modulate cytokine activity are possible. Cytokine modulation
has been postulated as a potential treatment for cachexia (78–79). If a significant
positive relationship exists between circulating cytokines and pressure ulcers, an
opportunity for potential intervention to promote healing exists.

Table 12.4
Documented interactions among cytokines, undernutrition, and chronic wounds

Undernutrition

- Poor wound healing

- Increased risk of infection

- Increased incidence of pressure ulcers

Proinflammatory cytokines

- Suppress appetite

- Promote/interfere with wound healing

Chronic wounds

- Source of cytokines

- Increased association with undernutrition
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12.8 CONCLUSIONS

Wound nutrition is whole body nutrition. Unquestionably, providing nutritional
support can prevent the effects of starvation. Death is an inevitable consequence of
starvation. Whether nutrition can improve the outcome of pressure ulcers remains
in dispute. Improvements in nutritional markers, such as serum protein concentra-
tions, nitrogen balance, and weight gain, have not usually been accompanied by
clinical benefits (72,80).

There is no doubt that undernutrition does not have a positive effect on wound
healing. However, there is no magic nutritional bullet that will accelerate wound
healing. General nutritional support should be provided to persons with pressure
ulcers, consistent with medical goals and patient wishes.

12.9 RECOMMENDATIONS

1. Provide optimum nutrition consistent with goals of care for each patient.
2. Optimize protein intake with a goal of 1.2–1.5 g/kg/day of protein.
3. A simple multivitamin supplement may be indicated for nutritionally compromised

patients, but there are no data to support the routine use of vitamin C and zinc in
patients with pressure ulcers.

4. Consider vitamin A supplements in patients on corticosteroids.
5. Consider whether a cytokine-associated inflammatory condition may be present and

potentially treatable.
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13 Nutrition at the End of Life: Ethical
Issues

Christine Seel Ritchie and Elizabeth Kvale

Key Points

� Because of the importance of food as an integral part of life, health-care providers
need to be well versed in the issues surrounding nutrition and hydration in terminal
illness in order to assist patients and their families in treatment decisions.

� Case law in the United States considers enteral nutrition to be medical treatment and
as such recognizes a patient’s right to refuse artificial nutritional support.

� The decision about feeding should be consistent with the overall goals of care: for
example, curative treatment, rehabilitative treatment or palliative treatment.

Key Words: Nutrition support; terminal illness; palliative treatment

13.1 INTRODUCTION

In the final weeks of an individual’s life the issues central to decisions about
nutritional support shift to a cautious weighing of its burdens and benefits. Nutri-
tion support during the final phase of life is an important and sensitive issue that
must be resolved by careful discussion between patients, the patient’s loved ones
and the health-care team. Food is an integral part of day-to-day life. As a society, we
celebrate with food andwe find comfort from food.We prepare and sharemeals as a
way of expressing love and concern. Therefore, the loss of interest in or the ability to
partake in this activity often causes great distress for caregivers. Eating is so central
to life in society that an illness that impairs the ability or desire to eat may compel
caregivers and health-care providers to feel theymust ‘‘do something’’ to address the
situation. Health-care providers need to be well versed in the issues surrounding
nutrition and hydration in terminal illness in order to assist patients and their
families in treatment decisions. This chapter will focus on the benefits and
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limitations of nutritional support in the final weeks to months of life. The principles
presented in this chapter may not be generalizable to populations with a longer life
expectancy, even if the underlying disease process is similar.

13.2 DEFINITIONS

Non-oral feeding is the provision of food by a nasogastric tube, gastrostomy tube,
gastrojejunostomy tube or TPN. Artificial hydration is the provision of water or
electrolyte solutions by any non-oral route. Artificial nutrition includes enteral
nutrition by nasogastric tube, percutaneous endoscopic gastrostomy tube, percu-
taneous jejunostomy tube, gastrostomy tube or gastrojejunostomy tube.

13.3 LEGAL, RELIGIOUS AND ETHICAL PRECIDENTS
FOR DECISION-MAKING

Multiple legal decisions provide guidance to physicians concerning the nutri-
tional treatment of terminal patients. In the Karen Ann Quinlan Case of 1976, the
court upheld the right to forgo life-sustaining care and clarified an important
distinction between killing and letting die (1). The Barber Case in 1983 involved
a patient in a deep coma after cardiopulmonary arrest following surgery to close an
ileostomy. The spouse testified that the patient had stated ‘‘no Karen Quinlan.’’
However, a California lower court indicted two physicians who stopped intrave-
nous fluids and feeding tubes for murder. The appellate court dismissed the murder
charges because the charge of murder requires proof of an act of commission.
Terminating artificial nutrition was considered an act of omission, not commission.
The distinction between acts of omission and acts of commission is central to discus-
sions of the ethics of terminal nutrition and hydration. Acts of omission may be
unlawful if there is a known duty to act. There was no duty to act in the Barber case
because of the patient’s known prior wishes for no treatment (2).

In 1986, the appellate court in the Bouvia Case ruled that refusal of medical
support, in the instance enteral nutrition, by a competent patient is a fundamental
right. The patient was a 29-year-old female with severe cerebral palsy who was
bedridden, immobile, in constant pain and competent to make her own medical
decisions. A feeding tube was placed against the patient’s wishes. The patient then
petitioned to remove the feeding tube. The lower court refused the petition stating it
was a form of suicide. An appeals court later ruled in favor of the patient (3). In the
1990NancyCruzan case, parents of Nancy Cruzan, a woman in a persistent vegetative
state, requested cessation of nutritional support. The US Supreme Court stated that
patients have a right to die and that competent patients can refuse therapy. They also
made it clear that artificial nutrition/hydrationwas no different than any othermedical
treatment. They ultimately found infavor of the state by concluding that the state (in
this caseMissouri) can set its evidentiary standard sufficiently high to require clear and
convincing evidence of the patient’s wishes to withdraw life support (1).

Although the courts see artificial nutrition/hydration (ANH) as medical treat-
ment, many patients and caregivers do not share this opinion; they see ANH as basic
treatment that cannot be withdrawn. This tension around ANH is demonstrated by
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the fact that many states have separate additional statutory requirements for ANH,
beyond that required for other forms of medical treatment (4,5). This tension was
also made manifest in public commentary surrounding the Terry Schiavo case (6).

Religious and personal views often run counter to the prevailing legal/ethical
position on ANH. Although the National Conference of Catholic Bishops stated
that ‘‘Catholics are not obligated to use extraordinary or disproportionate means
where there is no hope,’’ nevertheless they also recommended a ‘‘presumption in
favor of providing nutrition and hydration to all patients, including patients who
require medically assisted nutrition and hydration, as long as this is of sufficient
benefit to outweigh burdens involved to the patient.’’ (7,8) Orthodox Judaism also
promotes the continuation of ANH once it has been started (9).

The lack of public consensus surrounding ANH requires that health-care provi-
ders pay close attention to the burden and benefit of ANH and make sure patients
and their proxies understand as fully as possible the benefits, burdens and uncer-
tainties associated with these therapies. Only then can patients truly determine what
is consistent with their values and priorities.

In summary, case law in the United States confirms that enteral nutrition is
considered to be medical treatment and not basic care. Patients have the right to
refuse this form of medical treatment. Withdrawal of artificial nutritional support
to allow a patient to die is not equivalent to euthanasia. In the former instance, the
goal of discontinuing therapy is to remove burdensome interventions; in the latter,
the intended result is the death of the patient.

13.4 NUTRITION AND HYDRATION IN ADVANCED ILLNESS

The scientific literature provides little guidance regarding the benefits and burden
of nutrition and hydration at the end of life. A review of the literature since the
publication of the initial edition of this text identified additional data highlighting
the challenges of nutrition and hydration in terminal care. All of this data is limited
by the observational nature of the data collected.

13.4.1 Artificial Nutrition and Hydration in Terminal Cancer

Unintentional weight loss and loss of appetite are cardinal symptoms in
advanced cancer, and are poor prognostic indicators. Cancer cachexia occurs in
50%of patients suffering from any form of cancer at any stage (10). The prevalence
and degree of cachexia varies according to the pathology and stage of the malig-
nancy. For example, cachexia occurs in 30%of patients with lymphoma and 85%of
patients with gastric or pancreatic cancer (10).

The impact of nutritional support in cancer cachexia remains in question. Nutri-
tional support in cancer patients has not yet been shown to improve survival,
improve tumor response, decrease toxicity, or decrease surgical complications.
The only exception may be in GI, head and neck cancer patients and esophageal
cancer patients who are malnourished (11). These findings are somewhat equivo-
cal, however, and balanced by studies that do not demonstrate benefit. In a recent
secondary analysis of the Radiation Therapy Oncology Group 90-03 Study, a trial
primarily aimed at evaluating four different radiation fractionation schedules in
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head and neck cancer, findings did not suggest benefit of prophylactic nutrition
support (PNS). Whereas patients receiving PNS had less weight loss by the end of
treatment and less grade 3–4 mucositis, by 5 years, patients receiving PNS had
poorer locoregional control and poorer survival (12).

Even less clinical data exist regarding nutrition support at the end of life. In one
of the most well-known studies, the authors completed a prospective study of
patients in a comfort care unit – the majority of whom had cancer or stroke as
their terminal diagnosis. The patients were alert and competent. Food was offered
and feeding was assisted but not forced. The patients were followed for thirst,
hunger and dry mouth and to see if food or fluid relieved the symptoms (13).
Sixty-three percent of the patients studied did not experience hunger; an additional
34% had hunger initially that subsequently resolved. Similarly, 62% had no thirst
or thirst only initially. Most of the patients’ symptoms were easily controlled with a
small amount of food or water. The authors concluded by stating that hunger and
thirst were uncommon in the terminal phase despite food and water intake inade-
quate to sustain basal energy requirements.

13.4.2 Artificial Nutrition and Hydration in Terminal Dementia

13.4.2.1 DEFINITIONS AND PROGNOSIS OF ADVANCED DEMENTIA

Dementia is a progressive terminal condition caused by one of a number of
conditions including Alzheimer’s disease, cerebrovascular disease, congenital or
acquired neurodegenerative diseases, brain tumors, AIDS and Parkinson’s dis-
ease. The features of dementia include loss of higher cognitive function, loss of
intelligible speech, inability to maintain oral nutrition due to loss of swallowing
reflex and inability to ambulate. There were between 2.17 and 4.78 million cases
of AD in the United States in 2000, of which between 44 and 57% had
moderate or severe disease (14). Dementia is a progressive disease that worsens
in recognizable stages. The Functional Assessment Staging System (FAST) is
one system used to follow the course of Alzheimer’s disease thereby helping to
decide how far the disease has progressed (15). There are seven stages in the
FAST system, with the first stage comprising essentially no symptoms and the
last stage describing advanced, end-stage dementia. At stage 6, the patient needs
supervision in dressing, bathing, toileting and eating and becomes dependent on
the caregiver. Late deficits in this stage are incontinence and the inability to
flush the toilet. Patients typically either die or are institutionalized after 3 years
in this stage. This is the stage when patients with Alzheimer’s disease may stop
eating spontaneously, but can be encouraged to eat. At stage 7, these patients lose
the ability to speak, ambulate, eat, control their muscles and smile. When patients
reach this stage it is very difficult to maintain nutrition because encouragement to
eat becomes less successful. Patients at stage 7 typically die within a year, and
difficulty eating is a marker for the terminal phase of Alzheimer’s dementia. The
association of difficulty eating and terminal disease seen in Alzheimer’s dementia
should not be extended to other forms of dementia. For example, patients with
Parkinson’s disease often lose the ability to maintain adequate caloric intake at an
earlier stage of their disease; in this setting, a feeding tube may be helpful (16).
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13.4.2.2 ADDRESSING THE COSTS AND BENEFITS OF ARTIFICIAL NUTRITION

AND HYDRATION IN ADVANCED DEMENTIA

Physicians and families have difficulty discussing nutrition support for patients
with advanced dementia. Nutrition may be a more emotional decision to some
families than ventilator support or cardiac resuscitation. Families may articulate a
concern that they are ‘‘starving’’ their loved one. They fear the ill person will not
survive as a direct result of not eating. These issues are so difficult that sometimes
physicians and families do not ever even initiate discussions of them.

Finucane attempted to address these difficult questions based on the limited clinical
data available (17). He reviewed primary concerns commonly cited as rationale for
enteral nutrition, and included aspiration pneumonia, skin breakdown, quality of life
and survival as outcomes. His review of the literature did not indicate that enteral
nutrition improved any of these outcomes.However,many of the studies reviewedwere
not solely of patients with dementia and almost all had methodological limitations.

A potentially unintended result of tube feedings may be the subsequent use of
patient restraints. Restraints can lead to distress and agitation and sedating medica-
tions to control the behavior, all negatively impacting quality of life. Gillick
addressed quality of life in her research and found that advanced dementia patients
who were tube fed were often deprived of taste, touch and social interaction (18).
Restraints were used 71% of the time in patients with dementia and feeding tubes,
regardless of the type of tube. Bedfast patients with advanced dementia who receive
artificial nutritional support are more likely to be restrained; the resulting immobi-
lity and incontinence (rather than nutritional factors) may explain in part the lack of
association between tube feeding and decreased skin breakdown.

Sanders addressed survival secondary to tube feeding (19). He found that in a
nursing home, the patients who were fed by a gastrostomy tube and those fed by
hand had the same survival rates. He found that among gastrostomy patients,
patients with dementia had a much worse prognosis (54% 1-month mortality)
compared to those without dementia (28% 1-month mortality). Other studies,
such as that by Rimon et al., have not demonstrated that the presence of dementia
incurs a higher risk for mortality among tube-fed patients (20).

A recent study attempted to evaluate the level of comfort for nursing home
patients with dementia who had little or no voluntary intake and for whom the
decision had been made to forgo ANH. Of the 145 residents evaluated, the average
number of symptoms was 2.1 at baseline, and decreased during follow-up. In
patients who died within 2 weeks after baseline, the average level of discomfort
decreased until they died. Pain, dehydration, restlessness and dyspnea were all
associated with increased discomfort. Fluid intake in these patients did not signifi-
cantly influence the level of comfort (21).

13.4.2.3 ALTERNATIVE APPROACHES TO ARTIFICIAL NUTRITION

AND HYDRATION IN ADVANCED DEMENTIA

In patients with Alzheimer’s dementia, skillful feeding techniques need to be
employed (see Chapter 9). These include the appropriate selection of food consis-
tencies and minimization of distractions. Additionally, adequate time for feeding

Chapter 13 / Nutrition at the End of Life 239



and verbal cueing to chew the food and swallow must occur. The mid-day meal is
when food intake is often greatest, and presents an opportunity to effectively focus
feeding efforts (22).

13.5 ADDRESSING TREATMENT GOALS AND DECISION-MAKING
FOR TERMINAL PATIENTS

When treatment goals are discussed early following the diagnosis of a term-
inal condition, the patient often can decide for himself or herself what their
wishes are regarding ANH at the end of life. In this way, the goals will reflect
the preferences and values of the patient. A discussion about feeding wishes
should also take place. Unfortunately, patients’ wishes are rarely known regard-
ing tube feeding. Friedel and Ozick described how processes of care may
circumvent a meaningful informed consent process regarding gastrostomy tube
placement in a small 2000 study. Of 18 patients in a New York municipal
hospital scheduled for a gastrostomy tube, only one patient was deemed capable
of giving informed consent. None of the other 17 patients had an Advanced
Directive or Power of Attorney. The medical staff became the decision-makers
and all 18 received a gastrostomy tube (23).

The decision about feeding should be consistent with the overall goals of care.
Treatment goals are not widely discussed because physicians feel pressed for time,
feel uncomfortable discussing issues surrounding the end of life and/or were never
taught how to discuss these sensitive topics. When discussing treatment goals, one
must start by asking the patient what they already know. The next step is to review
the patient’s condition and prognosis. Then, the physician should stop to ask for
questions. The physician should continue by discussing the patient’s preferences
and goals, then outlining appropriate treatment options – or goals as they relate to
the patient’s current condition: curative treatment, rehabilitative treatment or
palliative treatment (24). Palliative treatment focuses on improving quality of life
and may include life-prolonging treatment or treatment solely aimed at comfort
care. Finally, the physician should invite questions, allow time to reflect and then
decide if related issues of treatment withdrawal need to be discussed (Fig. 13.1).

When a patient becomes terminal and is non-decisional, there are established
guidelines as to how decisions are to be made. The advanced directive, if one
exists, is the document that should be consulted first to know the patient’s prior
expressed wishes. If the advanced directive does not answer the specific question
that needs to be addressed, then the legal guardian or the agent of the advanced
directive makes the decision based on what they think the patient would have
wanted or the wishes previously expressed by the patient. If there is no docu-
ment and no designated decision-maker, then the first-order relative makes
decisions (usually spouse, then adult children, then siblings but this may vary
by state). Finally the opinion of other relatives can be considered. If none of the
above exists, then the physician’s judgment can be used to determine the best
treatment for the patient.
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13.6 PRACTICAL CONSIDERATIONS BEFORE PROVIDING
ENTERAL/PARENTAL NUTRITION AND HYDRATION

Decision-making regarding the initiation of tube feeding is never easy. Prac-
tical matters may be more likely to influence the decision regarding feeding than
ethical principles. In an imminently terminal patient the usual goal of care
should be aggressive palliative care. This means the goal is to provide comfort
care by managing the symptoms of the disease or side effects of the treatment
while maintaining optimal quality of life. Thus, the goal of nutrition support in
this phase of illness should be to maintain energy and strength while being
attentive to potentially negative quality of life effects of coercive feeding or
artificial nutrition and hydration. During this time, the physician will be most
effective if they can understand the caregivers’ feelings and counsel them. The
caregiver may feel frustrated over the inability to find and prepare foods that
are tolerated by the patient. They may also sense that the food they are offering
is not providing the comfort that they were hoping for. The caregiver should be
educated to understand that the loss of appetite and the inability to eat are
common experiences in the terminally ill. Also, physical and emotional changes
influence the ability to eat. For example, the disease itself, medications, fear or
depression may make it difficult to eat. Changes in the sense of smell, diarrhea,
constipation and nausea or vomiting also decrease the patient’s appetite. Care-
givers who push food on the patient with anorexia may inadvertently contribute
to the patient’s distress instead of comforting the patient. This was demon-
strated by McCann et al.’s study of cancer patients (13). Less is known about
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how dementia patients perceive symptoms related to feeding. It is hard to know
if patients with dementia experience discomfort from not eating or burdens
related to assisted eating because they are noncommunicative at this stage.

Thirst and hunger often appear to be diminished in the dying process. Practical
options in caring for the terminally ill include eliminating most dietary restrictions
and give only the amounts of foods and liquids tolerated or accepted. Finally, the
patient should be assisted with meals, but not forced to eat. It can be helpful to share
with caregivers that (1) withholding nutrition and hydration at the end of life can be
beneficial with regard to patient comfort and (2) the injudicious use of ANH may
aggravate symptoms of volume overload. Without hydration there are less oral and
airway secretions, less congestion, coughing and fewer symptoms associated with
ascites and edema. In addition, terminal patients cannot always cough secondary to
weakness; therefore, aspiration risk increases. Peripheral edema may increase pain
and predispose the patient to pressure ulcers. Finally, increased gastrointestinal fluids
can cause nausea and vomiting, especially for patients with intestinal strictures or
obstruction from neoplasms. During the dying process, dehydration occurs from
inadequate intake and losses from GI, renal, skin and pulmonary secretions.
Dehydration may lead to mental changes, which may decrease the patient’s
awareness of their suffering. Families are sometimes concerned about the dry
mouth that occurs as a person dies. Ice chips, sips of liquid, lip moisteners, salivary
substitutes, mouth swabs, hard candy and routine mouth care all help to relieve the
xerostoma – dry mouth – that occurs.

13.7 SUMMARY

Caring for patients with a terminal illness such as cancer or advanced Alzheimer’s
disease is difficult for the family and the physician. The issues surrounding feeding are
some of the hardest to resolve. This chapter defines the problems and offers guidelines.

To summarize, decisions regarding nutritional support in end-of-life care should
be informed by treatment goals and patient preference. Case law regards enteral
nutrition as medical treatment. With the exception of head and neck cancer and
esophageal cancer, no studies have demonstrated improved survival in cancer or
advanced dementia with enteral support. In advanced cancer patients, nausea and
pain should be addressed and corticosteroids and progestational agents considered.
In advanced dementia, emphasis should be placed on oral food intake, allowing
adequate time for feeding, avoiding distractions and using verbal cueing. Every
person, family and physician must decide for himself/herself to what extent to
nourish a person with a terminal illness based on available information about the
risks and benefits.

13.7.1 Recommendations

1. Before deciding on a specific form of nutritional support, establish treatment goals.
2. With a few exceptions, artificial nutritional support in cancer patients does not

improve survival, improve tumor response, decrease toxicity or decrease surgical
complications.
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3. Artificial nutritional support may be appropriate in head and neck cancer patients
and esophageal cancer patients who are not able to swallow properly and still have an
appetite.

4. Current limited data do not demonstrate that artificial nutritional support improves
survival or quality of life in advanced dementia patients.
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III COMMON CLINICAL CONDITIONS



14 Nutrition and Oral Health: A Two-Way
Relationship

Kaumudi Joshipura and Thomas Dietrich

Key Points

� Overall, prevalence of edentulism among older adults has declined significantly in
the past decade, increasing the ability to consume a more varied diet.

� The consumption of fermentable carbohydrates, along with increased use of xero-
genic medications, place older adults at high risk for dental caries.

� Recent studies suggest an important role for calcium, vitamin D, and possibly
vitamin C in reducing 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.

Key Words: Edentualism; dental caries; periodontitis; oral cancer

14.1 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. These two diseases are the major causes of tooth loss and thus the
major cause of dental morbidity. Other oral diseases or conditions are relatively
rare, of lesser importance from a public 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,
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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.

14.1.1 Common Oral Conditions in Older Adults

14.1.1.1 DENTAL CARIES, PERIODONTAL DISEASE AND TOOTH LOSS

Dental caries and periodontitis, both of which may result in tooth loss, are by far
the most common oral diseases. The fact that in 1999–2004, 24% of seniors aged
65–74 years and 31%of those aged 75 years and older were edentulous (i.e., had lost
all their natural teeth) illustrates that caries, periodontal disease and tooth loss still
continue to be significant public health problems in the United States. Almost 20%
of dentate seniors 65 years of age or older had at least one tooth with untreated
tooth decay in 1999–2004. On average, these seniors had about 18 decayed, missing,
or filled teeth. Root caries is also an important problem in older adults. In
1999–2004, 32% of adults 65–74 years and 42% of adults 75 years or older had at
least one decayed or restored root surface. Moderate to severe periodontitis was
14% and 21% among seniors aged 65–74 years and 75+ years, respectively.

The good news is that data from several representative health surveys 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 socio-economic
and racial/ethnic groups. For example, between 1988–1994 (NHANES III) and
NHANES 1999–2004, the prevalence of edentulism declined only marginally and
non-significantly from 46 to 44% for seniors aged 65 years and older below the
federal poverty threshold level. However, for the group of seniors with incomes of
greater than 200% of the federal poverty threshold, the prevalence of edentulism
significantly declined from 24 to 17% over this decade. Similarly, caries and period-
ontal health improved significantly for most segments of the population.

However, these findings and trends may not be generalized to other countries,
including other industrialized countries. For example, a recent representative sur-
vey of oral health in Germany found a prevalence of severe periodontal disease
(defined as attachment loss 7+ mm) of 47% in 2005, an increase from the 40%
prevalence found in a previous survey conducted in 1997.

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.

14.1.1.2 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
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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’.

In 2007, there were an estimated 34,360 newly diagnosed cases of oral and
pharyngeal cancers (24,180 in males, 10,180 in females) and an estimated 7,550
oral and pharyngeal cancer deaths (5,180 males, 2,370 females) in the United States
(4). In 2000–2004, the age-standardized annual incidence of oral and pharyngeal
cancers was 10.5 cases per 100,000. Incidence rates are much higher among males
(15.6 per 100,000) than females (6.1 per 100,000). During the same period, the
mortality from oral and pharyngeal cancer was 2.7 per 100,000 (males: 4.1/100,000,
females: 1.5/100,000) (5). Oral and pharyngeal cancer incidence and mortality are
the highest among persons 65 years and older. In 2000–2004, the age-standardized
incidence rate for this age group was 39.5/100,000 (males: 58.9/100,000, females:
25.4/100,000) and the mortality rate was 12.5/100,000 (males: 18.5/100,000, females
8.2/100,000).

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 are
6.8 and 1.7 for Black males and females, compared to 3.8 and 1.5 for White males
and females, respectively (5). The 5-year survival rate for oral and pharyngeal
cancer diagnosed between 1996 and 2002 was 60% and has only slightly improved
over the past 25 years from 53% for cases diagnosed between 1975 and 1977 (4).
However, this improvement was limited to Whites (55% in 1975–1977 to 62% in
1996–2002), while no significant improvement in the 5-year survival rate could be
observed among African Americans. 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 survive 5 years, compared to 52 and 26%
with regional and distant metastases, respectively. However, even if diagnosed at
the same stage, Blacks have lower 5-year relative survival rates than Whites (4).

14.2 IMPACT OF NUTRITIONAL STATUS ON ORAL HEALTH

14.2.1 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 carbohy-
drates 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
connective tissues (gingivitis) that may lead to periodontitis in susceptible indivi-
duals. Although the presence of plaque itself is not sufficient to cause either caries or
periodontitis, the current understanding 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.

Chapter 14 / Nutrition and Oral Health 249



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 consumption, physical characteristics of food (e.g.,
softness and stickiness), and timing of food intake all contribute to plaque forma-
tion and composition (6,7). Plaque on tooth surfaces mineralizes to form calculus
or tartar, which is often covered by unmineralized biofilm (8). 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).

14.2.2 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 metaboliz-
ing 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 carbo-
hydrates to plaque bacteria, demineralization and remineralization processes occur
in a dynamic process. Factors other than diet that affect this dynamic process
include, for example, the fluoride concentration. If demineralization is not compen-
sated 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 fermentable 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 (6). Furthermore, the effect of
dietary intake of sugars or other carbohydrates is modified by other factors,
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 (9).

Artificial sweeteners such as aspartame and saccharin and sugar alcohols such as
sorbitol, mannitol, and xylitol were shown to be noncariogenic in clinical trials
(10). Saliva also contains components that can directly attack cariogenic bacteria
and contains calcium and phosphates that help remineralize tooth enamel.

14.2.3 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 inflammatory response leads to the resorp-
tion of periodontal ligament and alveolar bone. Susceptibility to periodontitis is
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determined by environmental and genetic host factors. For example, smoking and
diabetes are established as major risk factors for periodontitis and tooth loss
(11–13). Genetic risk factors that increase periodontitis susceptibility have been
proposed, although to date data on specific genetic factors remain equivocal (14).

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 periodontitis susceptibility. It is important to note that
research in the nutritional determinants of periodontitis risk is scant andmost of the
currently available data are from cross-sectional surveys, particularly from the third
National Health and Nutritional Examination Survey (NHANES III).

In NHANES III, inverse associations of intake levels of calcium (15) and also
dairy products (16) – which is highly correlated with calcium intakes in the United
States – with periodontitis prevalence have been reported. Krall et al. have reported
a beneficial effect of calcium and vitamin D supplementation on tooth retention
(17) in a small cross-sectional study. Vitamin D status is associated with bone-
mineral density (18) and vitamin D supplementation is effective in preventing bone
loss and fractures (19). Because osteoporosis has been proposed as a risk factor for
periodontitis, we studied the association between vitaminD status and periodontitis
and found lower periodontitis prevalence among subjects older than 50 years of age
with higher serum concentrations of vitamin D (25-hydroxyvitamin D) (20). In
addition to its established effect on calcium metabolism and bone, Vitamin D also
has immuno-modulatory functions by which it may reduce periodontitis suscept-
ibility. This hypothesis is consistent with the finding of a strong inverse association
between vitaminD status and gingivitis (a precursor of periodontitis not affected by
osteoporosis) prevalence (21). If vitamin D status is truly a risk factor for period-
ontitis, these findings could have significant public health implications as hypovi-
taminosis D is highly prevalent in the United States (22) and elsewhere (23,24).
Interestingly, vitamin D receptor polymorphisms are among the genetic factors
implicated as putative risk factors for periodontitis (14). However, intervention
studies will be necessary to evaluate if vitamin D supplementation is effective for
periodontitis prevention.

Deficiencies of ascorbate have been associated with severity of gingivitis (25,26).
Furthermore, NHANES III data demonstrate an inverse association between vita-
min C intakes and periodontitis prevalence in the United States (27). More
recently, serum levels of vitamin C were shown to be strongly associated with
periodontitis prevalence, which was also confirmed among never smokers (28).
Given our increasing understanding of the role of immune function and inflamma-
tory response in periodontitis, it is likely that immune-modulating nutrients, such as
some antioxidants (28) and omega fatty acids (29). could alter the inflammatory
process in periodontitis. Interestingly, Merchant et al. reported an inverse associa-
tion between whole-grain intake and risk of self-reported periodontitis incidence in
a large cohort of male US health professionals (30). Men in the highest quintile of
whole-grain intake were 23% less likely to develop periodontitis.

Recently an interesting association between obesity and periodontitis has been
noted in several cross-sectional studies (31,32). Given recent evidence regarding
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adipose tissue serving as a reservoir for inflammatory cytokines, it is possible that
increasing body fat increases the likelihood of an active host inflammatory response
in periodontitis (33).

14.2.4 Oral Cancer

Oral cancer is generally preceded by pre-cancerous 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.

14.2.4.1 FRUITS AND VEGETABLES

A consistent finding across numerous studies is that a diet high in fruits and
vegetables is protective against oral pre-cancer (34–36) and cancer (37–39). A
generous consumption of fruits was associated with a 20–80% reduced risk of OC
even when smoking and alcohol intake and other factors including total caloric
intake are taken into account (40–42). Vegetables are also protective (38,43)
although not all studies show a protective effect (44). The inconsistencies may be
explained by variation in specific vegetables consumed and there seems a suggestion
that raw vegetables may be more important than cooked. A study evaluating
specific fruits and vegetables suggested that green vegetables, salad, and apples
were more protective. Tomato shows a strong and consistent inverse association for
oral cancer in 12 of 15 studies (45). and in one study on leukoplakia (34). Raw
tomatoes were more associated with reduce risk of oral cancer than cooked toma-
toes (45). An inverse association was also found for raw vegetables among Japa-
nese adults (46). Glutathione – an antioxidant found in fruits and vegetables – was
protective only if it was derived from fruit and raw vegetables (47).

14.2.4.2 ANTI-OXIDANTS AND OTHER MICRONUTRIENTS

Several nutrients found in vegetables and fruits show an inverse association with
oral cancer. These include vitaminA, vitamin B12, vitamin C, tocopherol (vitamin E),
retinoids, carotenoids, lycopene, beta-carotene, folate, glutathione, thiamin,
vitamin B6, folic acid, niacin, and lutein have been inversely associated with oral
cancer (40,48–53) and pre-cancer (34,54–56) in one or more studies. 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 (57).

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 premalignant lesions (58–60). High doses of 13-cis-
retinoic acid (50–100 mg/sq-m body surface area/day for a year) have been effective
in the treatment of oral leukoplakia (52). Sixty-seven percent of patients with this
condition showed major decreases in lesion size vs. 10% among placebo group and
in prevention of second primary tumors (2% had secondary tumors after a median
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follow-up of 32 months vs. 12% in placebo group) (61). 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% (62).

14.2.4.3 OTHER FOOD AND NUTRIENTS

A protective effect of fiber was observed for both oral submucous fibrosis and
leukoplakia (34) and for oral cancer (37,53). There is a suggestion that meat
(53,63) desserts, maize, and saturated fats and/or butter may be risk factors
(63–65) and that olive oil may be protective (65). Nitrate, nitrite, and nitrate
reductase activity in saliva (66) and high intake of nitrite containing meats (37)
have been linked with increased risk. Iron is suggested to be protective against OC
(55) and leukoplakia (40).

14.3 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, period-
ontal disease, and altered taste could also have some impact on nutritional status
(67) but will not be reviewed here.

14.3.1 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 (for example ingesting too few
nutrient-dense foods and too much calorie-rich, high fat foods) compared to people
with natural teeth. In 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 (68,69). Joshipura et al. (70) 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. 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 (71). 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 recent findings suggesting associations between tooth loss
and cardiovascular disease (72). Therefore patients with tooth loss warrant aggres-
sive counseling regarding methods to maintain dietary quality, such as blending or
shredding fresh fruits and vegetables to preserve adequate intake (73).

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 Krall et al.’s (74) study of veterans, individuals with
full dentures consumed fewer calories, thiamin, iron, folate, vitamin A, and car-
otene than individuals with a number of natural teeth remaining. Papas et al. (75)
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evaluated the impact of full dentures and noted both lower intake of protein and 19
other nutrients. In a separate population, Papas et al. (76) reported that subjects
who wore dentures consumed more refined carbohydrates, sugar, and dietary
cholesterol than their dentate counterparts. The above studies could be interpreted
such that the presence of dentures contributes 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 associations,
and as seen in Section 2, tooth loss resulting from caries and/or periodontitis may
well be the outcome of poor nutrition rather than its determinant. Alternatively,
both pathways may have a role and explain the cross-sectional association between
tooth loss and diet.

Surprisingly, longitudinal studies investigating whether tooth loss leads to diet-
ary changes (secondary to an assumed functional impairment) are scarce. Hung
et al. investigated the association between self-reported incident tooth loss and
concomitant dietary changes over a period of 8 years among 31,813 male US health
professionals. Compared to men who did not lose teeth, men who lost five or more
teeth had significant detrimental changes in dietary intakes of dietary fiber, whole
fruit, dietary cholesterol and polyunsaturated fat (77). Similarly, results from the
Nurses Health Study showed detrimental dietary changes over a 2 year period sub-
sequent to incident tooth loss, with a tendency for womenwho lost teeth to avoid hard
foods such as raw carrot, fresh apple, or pear (78). However, these differences were
relatively small in absolute terms and their significance with respect to chronic disease
risk is uncertain (78).

Indirect evidence that functional impairment associated with tooth loss may be a
determinant of dietary changes also comes from studies comparing different mod-
alities of replacements for missing teeth. In a study of denture wearers in Quebec,
those that wore dentures providing poor masticatory performance consumed sig-
nificantly less fruits and vegetables than those with dentures that provided good
masticatory performance (79). Likewise in Swedish older adults, poorly fitting
upper dentures were associated with decreased intake of vitamin C (80). Among
older Australians, women who reported poorly fitting dentures consumed greater
amounts of sweets and dessert items (81).

Studies have also examined dietary differences among edentulous subjects with
and without dentures. Perhaps not surprisingly, edentulous subjects without
dentures consumed more mashed food (82). and in a study of Swedish women,
edentulous women without dentures consumed more fat (69). Whether the place-
ment of dentures in an edentulous patient makes a substantial improvement in the
patient’s intake remains unclear. In the only available randomized controlled trial
among patients with partial tooth loss, Garett et al. (83) found no differences in
dietary intakes between patients who received either no dentures, fixed partial
dentures (FPD) or removable partial dentures (RPD). Sebring et al. (84) studied
the effect of conventional maxillary and implant-supported or conventional man-
dibular 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 (85) evaluated the impact of
prosthetic rehabilitation, using optimized complete dentures and then tissue-
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integrated mandibular fixed prostheses (TIP) 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 after placement of TIP. Olivier
et al. (86) evaluated dietary counseling in addition to prosthetic relining for the
edentulous on chewing efficiency, dietary fiber intake from various sources,
gastrointestinal esophageal, and colonic symptoms. Chewing ability and fiber
intake from fruits and vegetables were significantly improved. 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. 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.

The relationship between dental status and weight, weight/height, and bodymass
index (BMI) varies with the population studied. In Mojon et al.’s (87) study of
nursing home residents, compromised oral functional status was associated with
lower BMI (less than 21 kg/m2 ) after controlling for functional dependence and
age. In Hirano et al.’s (88) study of community-dwelling older adults, the authors
reported a similar association between masticatory ability and lower body weight,
after controlling for age and sex. However, in Johansson et al.’s (68) cross-sectional
study of healthier older adults, edentulous patients actually had higher BMIs,
compared to dentate subjects. In Elwood and Bate’s (89) study of older Welsh
adults, there was a trend toward higher weight and height/weight among subjects
with no teeth or dentures. The differences in findings in these studies may be due to
the different characteristics of the populations evaluated, 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 (31). 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%ormore of their previous total body weight; 6%
of men and 11% of women lost 10% or more of their previous body weight.
Edentulism remained an independent risk factor for significant weight loss (odds
ratio 1.6 for 4% weight loss and 2.0 for 10% weight loss) after controlling for
gender, income, advanced age, and baseline weight (90).

The largest study to date to evaluate blood nutrient status in relation to dentate
status is the British National Diet and Nutrition Survey (71). In their cross-
sectional study of 490 free-living and institutionalized 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 (68) reported lower serum high-density
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lipoprotein (HDL) levels among edentulous individuals compared to those who
were dentate. These results are consistent with the studies relating dietary intake to
dentition status.

Once again, the vast majority of the 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 socio-economic status and health-conscious
behaviors. Although caries and/or periodontitis 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 confounding
by socio-economic factors is a particular concern in this context (91). 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 (67). Additional
longitudinal studies are necessary to answer this important question.

14.3.2 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 xerostomia, 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 aversions, nausea, and diarrhea. Other complications include aspiration,
osteoradionecrosis, and trismus (92). Side effects of surgery vary according to
location and extent of surgery. The oral phase of swallowing is affected by surgical
resection (93). Means to counter common problems faced by OC patients are listed
in Table 14.1. These interventions can improve nutritional intake and overall
quality of life.

14.3.3 Impact of Xerostomia on Nutrition

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, xerostomiamay 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 syndrome
(an immunologic disorder in which the body’s immune system mistakenly attacks
its own moisture producing glands) and xerogenic medications. Loesche et al. (94)
reported that individuals with complaints of xerostomia were more likely to avoid
crunchy vegetables (e.g., carrots), dry foods (e.g., bread), and sticky foods (e.g.,
peanut butter). Rhodus et al. (95) studied 28 patients with Sjogren’s syndrome and
compared them to a group of controls matched on diabetes, depression, cardiovas-
cular disease, arthritis, age, gender, and dental health. Caloric and micronutrient
intakes were significantly lower among xerostomic patients. Rhodus and Brown
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(96) also evaluated 84 older residents of an extended care facility. Energy, protein,
fiber, vitamin A, C, and B6, thiamin, riboflavin, calcium, and iron were significantly
lower in the patients with xerostomia than those without. These studies suggest that
xerostomia impairs optimal nutrient intake; however, these studies are hampered by
their small size and cross-sectional design. Rhodus (95) noted that the body mass
index for the xerostomic individuals with Sjogren’s syndrome was significantly
lower than for the control group. In their study of older extended care facility
residents, they also noted a significantly lower body mass index among the xeros-
tomic subjects (96). Dormeval et al. (97) evaluated hospitalized older adults and
noted that low unstimulated salivary flow rates were associated with low body mass
index, triceps skin fold thickness, and arm circumference.

14.4 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, use of sugar-free candy or gum, and consumption of carbohydrates with
meals and water, can reduce caries incidence. Effects of nutritional 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 scarce.

Table 14.1
Problem management in oral cancer patients

Problem Management

Xerostomia – which could lead to
other problems such as caries

Sugar free mints and gums, artificial saliva,
increased intake of water, or 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 (see chapter 14)

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
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Nutritional modulation of immune function, as for example through the use of
antioxidants, may reduce progression of periodontal disease, but intervention
studies are lacking. Many epidemiologic studies have demonstrated the protective
effect of fruits and vegetables and antioxidants on oral cancer 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. 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 xerostomia, modification of food
consistency in patients with dysphagia, and alternative feeding routes if nutritional
needs cannot be met orally.

14.5 RECOMMENDATIONS

1. Clinicians should advise their dentate patients to restrict between-meal snacks, eat
carbohydrates with meals, and limit foods that are cariogenic.

2. Consumption of fruits and vegetables appears to reduce the risk for the development
of oral cancer.

3. 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 insuring adequate intakes of these food
groups. A multivitamin should be considered in this group as well.

4. 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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15 Obesity in Older Adults – A Growing
Problem

Dennis T. Villareal and Krupa Shah

Key Points

� The increasing prevalence of obese older adults is a major public health issue.
� Obesity causes frailty in older adults by exacerbating the age-related decline in

physical function.
� Treatment plans for obese older adults should include lifestyle intervention such as

weight loss, behavior modification and exercise therapy to improve physical func-
tion, quality of life and medical complications associated with obesity.

� The treatment must consider the potential adverse effects of weight loss on bone and
muscle mass.

Key Words: Obesity; older adults; frailty; weight loss; exercise; behavior
modification; sarcopenia

15.1 INTRODUCTORY OVERVIEW

Obesity is defined as an unhealthy excess of body fat, which increases the risk of
morbidity and premature mortality. Obesity is a growing concern among adults. It
not only has increased in prevalence, but has also been associated with significant
morbidity and mortality. Some of its medical risks include hypertension, diabetes,
hyperlipidemia, coronary artery disease, and osteoarthritis.More so in older adults,
obesity exacerbates the age-related decline in physical function, impairs quality of
life, and leads to frailty. The current therapeutic andmanagement tools designed for
weight loss in older persons include lifestyle intervention (diet, physical activity, and
behavior modifications), pharmacotherapy, and surgery. Current evidence suggests
that weight-loss therapy in obese older adults improves physical function, quality of
life, and reduces medical complications. Some argue that such therapy aimed at
weight loss can have potentially adverse effects on a person’s muscle and bonemass.

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition
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This chapter will review the clinical issues related to obesity in older adults and
provides health professionals with the appropriate weight-management guidelines
on the basis of current evidence.

15.2 OBESITY: AN EPIDEMIC

Obesity continues to grow in prevalence in the United States. Data from the
National Health and Nutrition Examination Survey (NHANES) indicate that
approximately one-third of United States adults are obese (1). In developed coun-
tries, the prevalence of obesity is increasing among older adults. The underlying
reasons for the increased prevalence are an increase in the older person population,
and an increase in the percentage of obesity in that population. Past studies have
compared point-in-time statistics of the American older adult population and high-
lighted the increase in prevalence of obesity. For example, in a 10-year period
between 1991 and 2000, obesity was found to grow from 14.7 to 22.9% in the 60-
to 69-year age group, while obesity grew from 11.4 to 15.5% in the > 70-year age
group. This represents an increase of 56 and 36% in the respective age groups (2).
The prevalence of obesity in older adults is likely to continue to increase, and this
increase will continue to challenge our health care systems (3). Furthermore,
obesity poses an increasing problem for long-term care facilities (4).

On a positive note, obesity is less likely to develop in the very old population
(> 80-year-olds). In this age group, the prevalence rate of obesity declines
precipitously. The relatively low prevalence of obesity after 80 years of age
could be due to the survival advantage of being lean (5). Nonetheless, more
than 15% of the older American population is obese, and obesity is more
common in older women than in men (2). Moreover, the prevalence of obesity
is not contained to the United States. It is an increasing problem of older
populations throughout the world (6).

15.3 PATHOPHYSIOLOGY OF OBESITY

Aging is associated with marked changes in body composition. After 30 years
of age, fat-free mass (FFM), which is comprised predominantly of muscle
progressively decreases, whereas fat mass increases. FFM reaches its peak dur-
ing the third decade of life, while fat mass reaches its peak during the seventh
decade (7). Subsequently, at > 70 years of age, both indices (FFM and fat
mass) decrease. Aside from quantitative changes of FFM and fat mass, aging is
also associated with the redistribution of body fat and FFM. The intraabdominal
fat increases with respect to aging, while the subcutaneous fat and total body fat
decrease with aging (8).

Body fat is accumulated when energy input exceeds energy output. Energy input
does not change or even declines with aging. Energy output comprises the resting
metabolic rate (accounts for �70%), the thermal effect of food (�10% ), and
physical activity (20%). Aging is associated with a decrease in all major components
of energy output. Resting metabolic rate decreases by 3% every decade after 20 years
of age. About three-fourths of this decline can be accounted for by a loss in FFM (9).
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The thermal effect of food is 20% lower in older men than in younger men (10).
Physical activity decreases with increasing age, and it accounts for about one-half of
the decrease in energy output that occurs with aging (11).

As one ages, the growth hormone and testosterone production decreases, which
results in a reduction in FFM and increased accumulation of fat mass (12). Thyroid
hormone-induced oxidative bursts are decreased with aging (13). Resistance to leptin
could result in a diminished ability to down-regulate appetite (14). These changes in
hormone levels with aging could play an important role in the pathogenesis of obesity.

15.4 MEASURING OVERWEIGHT AND OBESITY

It is difficult to accurately measure body fat mass in most clinical settings because
such assessments require the use of sophisticated technologies that are not readily
available. There are two measures for assessing overweight and total body fat
content, which are widely used and accepted as simple methods to classify medical
risk. They are body mass index (BMI) and waist circumference.

15.4.1 Body Mass Index

BMI is calculated as weight (kg)/height squared (m2). The BMI is used to assess
overweight and obesity and to monitor changes in body weight. It allows mean-
ingful comparisons of weight status within and between populations. However, in
older adults, age-related changes in body composition and loss of height caused by
compression of vertebral bodies and kyphosis alter the relationship between BMI
and percentage body fat. Therefore, at any given BMI value, changes in body
composition tend to underestimate fatness, whereas the loss of height would tend
to overestimate fatness.

Table 15.1
Overweight and obesity by BMI, waist circumference, and disease risk

Disease risk* (relative to normal weight and
waist circumference)

BMI
(kg/m2)

Obesity
class

Men < 40 inches
Women < 35 inches

Men > 40 inches
Women > 35 inches

Underweight < 18.5 – –

Normal y 18.5–24.9 – –

Overweight 25.0–29.9 I Increased High

Obesity 30.0–34.9 II High Very high

35.0–39.9 Very high Very high

Extreme
obesity

> 40 III Extremely high Extremely high

* Disease risk for type 2 diabetes, hypertension, and CVD.
y Increased waist circumference can also be a marker for increased risk even in persons of normal

weight.
Source: Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and

Obesity in Adults: Evidence Report. National Heart, Lung, and Blood Institute at www.nhlbi.nih.gov
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15.4.2 Waist Circumference

The presence of excess fat in the abdomen out of proportion to total body fat is an
independent predictor of comorbidities such as cardiovascular disease, diabetes, and
hypertension (15). Men with a waist circumference of> 40 inches and women with a
waist circumference of > 35 inches are considered to have increased disease risk.

Table 15.1 incorporates both BMI andwaist circumference in the classification of
overweight and obesity and provides an indication of relative disease risk (16).

15.5 HEALTH IMPLICATIONS OF OBESITY

15.5.1 Adverse Effects of Obesity

Obesity is associated with a number of health hazards. Some adverse effects
include increased mortality, health complications, poor quality of life, and disabil-
ity. These hazards are discussed in detail below.

15.5.1.1 MORTALITY

Obesity is associated with increased cardiovascular and overall mortality in both
younger and older adults (17,18). Although the relative risk of death associated
with obesity is greater for younger adults than for older ones (18,19), a high BMI
increases absolute mortality and health risks linearly up to 75 years of age (20).
That is, from a clinical standpoint, the health complications associated with obesity
increase linearly with increasing BMI until the age of 75. The relationship of
obesity in >75 years of age with total mortality is unclear. Some previous epide-
miological studies do not show that excess body weight is detrimental to mortality
in advancing age (21,22). However, underlying diseases that can themselves
increase the risk of early mortality may cause the underestimation of the relation
between obesity and mortality in older adults. Since those who are susceptible to
the effects of obesity die at a younger age, the surviving group of obese older adults
are said to be the ‘‘resistant’’ survivors. For amore comprehensive discussion of the
sometimes paradoxical relationships between BMI and mortality in late life, see
Chapter 9.

15.5.1.2 COMORBID DISEASE

Obesity and increased visceral fat are associated with increased morbidity and
poor quality of life. Most studies evaluating obesity-related complications focus on
middle-aged and younger adults. The prevalence of the medical complications
associated with obesity, such as hypertension, diabetes, cardiovascular disease,
and osteoarthritis, increases with age. Therefore, obesity and weight gain during
middle age may contribute to medical complications, and subsequent increased
health care expenditures that occur during old age (23).

15.5.1.3 METABOLIC ABNORMALITIES

There is an age-related increase in the prevalence of all components of meta-
bolic syndrome. The odds ratio for developing metabolic syndrome in those who
are > 65 years relative to those who are 20–34 years of age was 5.8 in men and 4.9
in women (24). Additionally, increased abdominal fat is independently associated
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with metabolic syndrome in adult’s aged 70–79 years (25). Fasting plasma
glucose increases by 1–2 mg/dL and postprandial glucose by 10–20 mg/dL for
each decade after 30 years. Accordingly, the prevalence of type 2 diabetes mellitus
based on standard criteria is high in older persons (26). The age-related incre-
ase in fat and more importantly visceral fat could be the main causative factor
for the increased prevalence of diabetes mellitus and insulin resistance in the
elderly.

Hypertension is extremely prevalent in the older population, affecting 65% of
all persons aged >60 years (27). Obesity and high blood pressure continue to be
correlated, even in old age (28). Obesity-related dyslipidemia (i.e., low HDL-
cholesterol and high serum triglyceride concentrations) is seen in both younger
and older adults. In the United States, 35–42% of white men and women who are
�65 years of age with metabolic syndrome have low HDL-cholesterol (�40 mg/
dL in men and �50 mg/dL in women) and high triglyceride (�150 mg/dL) concen-
trations (24). Data from longitudinal studies suggest that obesity increases the risk
of cardiovascular disease in older men. Elevated BMI in older men was associated
with an increase in new cases of coronary artery disease, fatal and nonfatal myo-
cardial infarction, and cardiovascular disease mortality during 12–15 years of
observation (29).

15.5.1.4 ARTHRITIS

Osteoarthritis (OA) is the most common type of arthritis and its prevalence
increases progressively with age in both sexes in parallel with the increase in body
weight and fat observed with aging. The age-related increase in prevalence of OA
presumably reflects bodily changes as a result of a lifetime of being overweight,
which results in chronic mechanical strain on weight-bearing joints. In a popula-
tion-based study of older adults, with a mean age of 73, the relative risk of devel-
oping knee OA increased from 0.1 for a BMI lower than 20 kg/m2 to 13.6 for a BMI
of 36 kg/m2 or higher (30).

15.5.1.5 PULMONARY ABNORMALITIES

Obesity is associated with obstructive sleep apnea (OSA), obesity-hypoventila-
tion syndrome, and pulmonary function abnormalities (31). Increased fat on the
chest wall decreases lung compliance, increases the work of breathing, and reduces
ventilation. The prevalence of OSA increases with age. Both waist circumference
and waist changes were the most powerful predictors of OSA in older obese and
normal-weight men in a 30-year follow-up study (32).

15.5.1.6 URINARY INCONTINENCE

The prevalence of urinary incontinence increases after the age of 65 and affects
15 to 30% of the population. Obesity contributes to the increase in prevalence of
urinary incontinence in older adults, and the increase in urinary incontinence is
directly associated with elevated BMI (33).
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15.5.1.7 CANCER

Obesity is a risk factor for several types of cancer, including breast, colon, gall-
bladder, pancreas, and bladder amongst both men and women, more so in older than
younger adults (34). A study in older women has shown that breast cancer occurs
more frequently in obese older women than all older women (34).

15.5.1.8 FUNCTIONAL IMPAIRMENT AND QUALITY OF LIFE

Aging causes a progressive decline in physical function because of a continued
decline in muscle mass, strength, and power and an increase in joint instability
and arthritis (35). These functional impairments affect activities of daily living,
decrease quality of life, and lead to an increased utilization of services. Obesity
has important functional implications in older adults because it worsens this
age-related decline in physical function. Data from cross-sectional studies
(36–38) and longitudinal studies (39–41) have consistently demonstrated a
strong link between increasing BMI and worsening physical function in older
persons. High BMI is associated with self-reported impairment in ADLs, limita-
tions in mobility, decreased physical performance, and increased risk for func-
tional decline (38–42). Moreover, obesity is associated with increasing nursing
home admissions (43).

Although obesity is associated with increases in FFM, aging is associated with a
decline in FFM (primarily skeletal muscle) and function, referred to as sarcopenia
(44) and obesity does not appear to protect against sarcopenia. In one study (45),
the prevalence of sarcopenia in obese persons increased with age, suggesting that
many obese persons maintain a constant fat mass while losing muscle mass. In
another study (46), obese older adults were found to have sarcopenia based on
lower relative muscle mass and low muscle strength per muscle area [low muscle
quality, Fig. 15.1] despite havingmore than adequate body weight which is opposite
of the stereotypical frail older adult. Their functional performance, aerobic capa-
city, strength, balance, and walking speed were as severely reduced as the frail non-
obese adults (46). Thus, obesity in older adults acts synergistically with sarcopenia
(sarcopenic obesity) to augment disability. Accordingly, the ‘‘sarcopenic-obese’’
individual has two problems that lead to frailty: (1) decreased muscle mass and
strength which occur with aging, and (2) a need to carry greater weight due to excess
body fat (46,47). Figure 15.2 is a cross-sectionalMRI image from themid-thigh in a
frail obese older adult. This figure demonstrates the excessive adipose tissue infil-
tration of skeletal muscle mass with obesity.

In one study (46), 96%of community-living older adults withBMIs greater than 30
were frail, as determined by physical performance test scores (48), peak oxygen con-
sumption (49), and self-reported ability to perform activities of daily living (50). Data
from another study (51) also demonstrated that obesity was associated with a marked
increased risk of frailty (odds ratio ¼ 3.5), determined by weakness, slowness, weight
loss, low physical activity, and exhaustion. In another study (52) obesity was identified
as one of the fivemodifiable risk factors that predict functional decline in both vigorous
and basic activities among older women.
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15.5.2 Beneficial Effects of Obesity

Increased body weight is associated with increased bone mineral density (BMD)
and decreased osteoporosis and hip fracture in older men and women, whereas the
converse is true for decreased body weight (53). Both body fat mass and FFM are
directly correlated with BMD.Although the increase in BMDhas been attributed to
mechanical stress on the weight-bearing skeleton, the protective effects have also
been observed in non-weight-bearing bones (54). Therefore, hormonal factors that
are increased in obese persons, such as circulating estrogens, insulin, and leptin,

IMAT SM SAT

Fig. 15.2. Cross-sectional MRI image from the mid-thigh in a frail obese female participant (76
years of age). IMAT, intermuscular adipose tissue; SAT, subcutaneous adipose tissue; SM,
skeletal muscle.

Fig. 15.1. Muscle quality (strength per muscle mass) in non-obese non-frail, non-obese frail, and
obese elderly subjects (From Villareal et al. Obes Res, 2004; 12:913).
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might contribute to the osteoprotective effects of obesity, by stimulating bone
formation and inhibiting bone resorption. The increase in both BMD and the
extra cushioning effect of the fat surrounding crucial areas such as the hip might
provide protection against hip fracture during a fall in obese older adults (55).

15.6 EFFECTS OF WEIGHT LOSS IN OLDER ADULTS

15.6.1 Body Composition

Weight loss results in a decrease in both fat mass and FFM. Therefore, it is
possible that weight loss in obese older persons could increase sarcopenia by
worsening the age-related loss of muscle mass and in younger adults, �75% of
diet-induced weight loss is composed of fat tissue and �25% is composed of FFM
(56). The relative amount of diet-induced weight loss as FFM and fat mass in older
men and women is similar to that observed in younger adults (57). Therefore, diet-
induced weight loss does not produce a disproportionate loss of lean tissue in old
persons. Despite much evidence linking high body fat to functional disability
(38,40,41). weight loss has not been typically instituted in obese older persons
because of the fear that it will exacerbate sarcopenia. Additionally, it is a general
belief among many geriatricians that some ‘‘reserve’’ of body fat is advantageous in
the older people particularly if they are hospitalized (58).

In a randomized controlled trial conducted in obese older subjects, there was no
significant difference in loss of FFM after a diet-induced weight loss plus regular
exercise compared with the control group who did not lose weight. These encoura-
ging findings suggest that regular exercise can attenuate a diet-induced loss of FFM
in older persons (59).

15.6.2 Medical Complications

Data from young and middle-aged adults show that weight loss improves or
normalizes metabolic abnormalities associated with obesity (60). A recent clinical
trial in obese older adults showed that moderate weight loss decreases multiple
metabolic coronary heart disease risk factors simultaneously (61).

15.6.3 Physical Function and Quality of Life

Moderate weight loss in conjunction with physical activity improves physical
function and health-related quality of life in obese older persons. Data from studies
conducted in overweight and obese older persons with or without joint disease have
shown that the combination of moderate diet-induced weight loss and exercise
therapy improved both subjective and objective measures of physical function
and health-related quality of life and had a greater beneficial effect than did either
diet or exercise interventions alone (59,62–64). These findings suggest that obesity
is a reversible cause of frailty and impaired quality of life in older adults.

15.6.4 Mortality

It has been observed in several population-based studies that community-
dwelling older adults who lost weight, or who experienced weight variability, had
an increased relativemortality risk comparedwith those whowereweight stable (32).
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However, most studies did not report whether the observed weight changes were
intentional or unintentional, relied on self-reported weight change, and did not
distinguish between weight loss in obese and lean subjects. For obvious reasons,
there are no randomized controlled trials studying the effect of weight loss on
mortality.

15.6.5 Bone Mineral Density

Weight loss can have adverse effects on bone mass. Previous interventional
studies conducted in young andmiddle-aged adults reported that weight loss causes
bone loss that may be proportional to the amount of weight loss (65–67). However,
it is not known whether the bone loss associated with intentional weight loss
increases the risk of osteoporotic fractures in obese persons.

A recent study showed that diet-induced weight loss, but not exercise-induced
weight loss, is associated with reductions in BMD at weight-bearing sites, suggest-
ing that exercise should be an important component of a weight-loss program to
offset adverse effects of diet-induced weight loss on bone (68). Regular exercise
may potentially attenuate weight-loss-induced bone loss, and this beneficial effect
may be specific for sites involved in weight-bearing exercise (69). Therefore,
including exercise as part of a weight-loss program is particularly important in
older persons to reduce bone loss.

15.7 INTERVENTIONS AND TREATMENT

Weight loss in obese persons of any age can improve obesity-related medical
complications, physical function, and quality of life. In older adults improving
physical function and quality of life may be the most important goals of
therapy. The current therapeutic tools and recommendations available for
weight management in older persons are (1) lifestyle intervention involving
diet, physical activity, and behavior modification; (2) pharmacotherapy; and
(3) surgery (Table 15.2).

15.7.1 Lifestyle Intervention

Lifestyle intervention is just as effective in older as in younger subjects (59,62–64).
Combination of an energy-deficit diet, increased physical activity, and behavior
therapy causes moderate weight loss and is associated with a lower risk of treat-
ment-induced complications. Weight-loss therapy that minimizes muscle and bone
losses is recommended for older adults who are obese and who have functional
impairments or metabolic complications that can benefit from weight loss.

15.7.1.1 DIET THERAPY

In order for weight loss to be successful, an energy deficit must be achieved. A low-
calorie diet that reduces energy intake by 500–750 kcal/day results in a weight loss of
0.4–0.9 kg (1–2 lb)/wk and a weight loss of 8–10% by 6 mo. The diet should contain
1.0 g/kg high-quality protein/day 70, multivitamin, andmineral supplements to ensure
that all daily recommended requirements are met, including 1500 mg Ca/day and
1000 IU vitamin D/day, to prevent bone loss. Very low-calorie diets (<800 kcal/day)
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should be avoided because of an increased risk of medical complications. Also,
depending on the patient’s cardiovascular risk status the diet therapy should be
consistent with the National Cholesterol Education Program Expert Panel (Adult
Treatment Panel III)’s Therapeutic Lifestyle Changes Diet (71).

Table 15.2
RECOMMENDATIONS

Initial assessment

� A thoroughmedical history, physical examination, appropriate laboratory tests, and
review of medications should be conducted to assess the patient’s current health and
comorbidity risks.

� Additional information such as the patient’s readiness to lose weight, previous
attempts at weight loss, and current lifestyle habits should be collected before
initiating weight-loss therapy.

� Clinicians should help obese older adults set their personal goals and welcome
participation by family members and care providers.

� Clinicians should individualize the weight-loss plan after taking into account the
special needs of this population.

Diet therapy

� Advocate a modest reduction in energy intake (500–750 kcal/day) containing1.0 g/kg
high-quality protein/day, multivitamin, andmineral supplements (including 1500mg
Ca and 1000 IU vitamin D/day).

� Consider referrals to a registered dietitian for appropriate nutritional counseling and
education.

Behavior therapy

� Behavior therapy should highlight both diet and exercise – the integral parts of
weight loss therapy and weight maintenance. The self-monitoring of nutrient intake
and better understanding of physical activity accomplishes this task.

� Consider referring to a behavioral therapist for counseling.

� Stress management, stimulus control, problem solving, contingency management,
and social support should be addressed.

Exercise therapy

� Clinicians should assess the need for stress test before any physical activity.

� Advocate an exercise program that is gradual, individualized, and monitored.

� A multicomponent exercise program including stretching, aerobic activity, and
strength exercises is recommended.

Additional recommendations

� Advocate a combination of energy-deficit diet, increased physical activity, and
behavior therapy. Such combinations are associated with the low risk of treatment-
induced complications.

� Bariatric surgery may be an option for patients who have failed multiple weight-loss
attempts.

� Weight maintenance efforts should be implemented once weight-loss goals have been
achieved.
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Referral to a registered dietitian, who has weight-management experience, is
often necessary to ensure that appropriate nutritional counseling is provided.
Patients should be educated on food composition, preparation, and portion control
and their food preferences should be supported to improve compliance.

Successful weight loss and maintenance program should be based on sound
scientific rationale. The program should be safe, nutritionally adequate, as well as
practical and applicable to patient’s social and ethnic background.

15.7.1.2 PHYSICAL ACTIVITY

Introducing an exercise component early in the treatment course can improve
physical function and can ameliorate frailty in the older adults (59). The exercise
program should be individualized according to a person’s medical conditions and
disability. The program should start at a low-to-moderate intensity, duration, and
frequency to promote adherence and avoid musculoskeletal injuries. If possible, the
program should be gradually progressed over a period of several weeks or months
to a longer, more frequent, and more vigorous effort. The goals of regular exercise
in obese older persons are to increase flexibility, endurance, and strength; therefore,
a multicomponent exercise program that includes stretching, aerobic activity, and
strength exercises is recommended. Even very old or frail persons can participate in
these types of physical activities.

15.7.1.3 BEHAVIOR MODIFICATION

Clinicians should help obese older adults set personal goals, monitor progress,
and use motivational strategies to improve adherence to the weight-loss program.
The cognitive behavioral therapy strategies that should be considered include goal
setting, self–monitoring, social support, stimulus control techniques, and problem-
solving skills. Lifestyle and behavior modification can be facilitated by counseling
from a dietitian, behavioral therapist, exercise specialist, or dietitian who has
weight-management experience.

Changes in the diet and activity habits of older adults may be challenging. An
increased burden of disease, adverse quality of life, depression, hearing and visual
difficulties, and cognitive dysfunctionmaymake it difficult to change one’s lifestyle.
This increase in chronic disabilities with aging reduces physical activity and exercise
capacity. Common geriatric situations, such as depression, cognitive impairment,
dependency on others, institutionalization, widowhood, loneliness, and isolation
should be addressed, because these factors can make it more difficult to lose weight.
Lifestyle-change programs should also encourage participation by family members
and care providers for better compliance.

15.7.2 Pharmacotherapy

Since most clinical trials that evaluate the use of pharmacotherapy excluded older
adults or included only a small number of older adults, the available data are insuffi-
cient to determine the efficacy and safety of pharmacotherapy in this population.

The use of pharmacological agents to treat obesity can add additional burden on
older persons. Many obese older patients are already taking multiple medications for
other diseases, which can increase the chances of nonadherence, drug–drug
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interactions, and errors with obesity pharmacotherapy. Moreover, potential side
effects can have more serious consequences in older adults. Weight-loss drugs are
seldom covered by health insurance or Medicare, which can add an additional
financial burden in older patients who have a fixed income. A thorough review of
all the medications should be conducted, because some may cause weight gain (e.g.,
antipsychotic, antidepressants, anticonvulsants, or steroids). Furthermore, weight-
loss-induced clinical improvements might require changes in medications to avoid
iatrogenic complications.

15.7.3 Weight-Loss Surgery

A few studies have provided informationon the effectiveness and safety of bariatric
surgery among older adults. Data from case series that evaluate the effect of bariatric
surgery in patients who are >60 years old suggest that the relative weight loss and
improvement in obesity-related medical complications are lower, whereas the perio-
perative morbidity and mortality are greater, in older compared to the younger
patients (72). However, bariatric surgery can result in considerable weight loss and
marked improvements in obesity-related physical impairment and medical complica-
tions in the older patients. The laparoscopic-adjustable gastric band is associatedwith
fewer serious complications and a lower mortality rate; therefore the gastric band
may be a better choice than the Roux-en-Y gastric bypass for older patients. How-
ever, the efficacy and safety of these procedures have not been compared in rando-
mized trials in older adults. There should be a careful patient selection, intensive
preoperative education, and expert operative and perioperative management. Sur-
gery should be considered in selected older adults who have disabling obesity that can
be ameliorated with weight loss and who meet the criteria for surgery. The preopera-
tive evaluation should include an assessment for depression, which is common
amongst older adults and could influence outcome. Postoperative management
should include monitoring for nutritional and metabolic problems; particularly,
vitamin B-12 deficiency, iron deficiency, and osteoporosis.

15.8 CONCLUSION

The increasing prevalence of obese older adults is a major public health issue.
Decreased muscle mass with aging and the need to carry extra mass due to obesity
make it particularly difficult for obese older adults to function independently and
lead to the secondary complication of frailty. Treatment plans for obese older adults
should include lifestyle intervention such as weight loss, behavior modification, and
exercise therapy to improve physical function, quality of life, and the medical
complications associated with obesity. Finally, the treatment must consider the
potential adverse effects of weight loss on bone and muscle mass.
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16 Nutrition and Lifestyle Change
in Older Adults with Diabetes Mellitus
and Metabolic Syndrome

Barbara Stetson and Sri Prakash
Mokshagundam

Key Points

� In the USA, 44% of persons with self-reported diagnosed diabetes are aged 65 years
or older and 18% are over age 75 years.

� The aim of diabetes intervention is to prevent or delay the development of long-term
complications of high blood glucose and related metabolic abnormalities and
improve the quality of life.

� ‘‘Metabolic syndrome’’ refers to a cluster of abnormalities that includes hyperten-
sion, dyslipidemia, abnormal blood glucose, and abdominal obesity. Over 40% of
adults over the age of 70 have the metabolic syndrome.

� Hypoglycemia is a major limiting factor in the management of diabetes. Factors
that may play a role in the increased risk of hypoglycemia in older adults include
poor nutritional status, cognitive dysfunction, polypharmacy, and comorbid
illnesses.

� Diabetes prevalence-related comorbidities such as diabetic retinopathy, cardio-
vascular disease, peripheral vascular disease, and congestive heart failure may
result in decreased usual activity and limit activities of daily living, including
transportation, shopping for food, and ability to read food labels and restau-
rant menus.

� Given the high rates of depression in the diabetes population, careful assessment of
depressive symptomology and its impact on dietary intake, diabetes self-care, and
health outcomes is critical.

Key Words: Blood glucose; metabolic syndrome; hypoglycemia; depression;
quality of life
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Diabetes mellitus (diabetes) is a major health problem in the USA. The estimated
number of individuals with diabetes is approximately 20.8 million, of whom 6.2
million are undiagnosed. Type 2 diabetes disproportionately affects minority popu-
lations, including African Americans, Hispanics, Native Americans, Asian Amer-
icans, and Pacific Islanders. The Pima Indians of Arizona have one of the highest
rates of diabetes in the world. Risk factors for diabetes that are specific to these
populations include genetic, behavioral, and lifestyle factors (1).

The prevalence of obesity is rising so rapidly in so many countries that the World
HealthOrganizationhas declared that there is nowaglobal epidemic of obesity.Obesity
is common in Western market economies (Europe, USA, Canada, Australia, etc.) and
in Latin America and rates are increasing in sub-Saharan Africa and Asia, where rates
have traditionally been low. Internationally, emergence of new cases of diabetes paral-
lels the increases seen inWestern countries and are increasing evenmore quickly inAsia.
The risks of type 2 diabetes in these countries tend to increase at levels of body mass
index generally classified as non-obese in Caucasian Westerners (2). These worldwide
changes are due to an accelerated prevalence of obesity, today’s predominance of
sedentary lifestyle, and the rapidly growing population of older adults (3).

16.1 DIABETES IN OLDER US ADULTS

The graying of America is also contributing to the increasing numbers of cases of
diabetes, as diabetes prevalence increases with age. In developing countries, the major-
ity of people with diabetes are between 45 and 64 years of age. In developed countries,
the majority of people with diabetes are 65 years of age or greater. In the USA, the
oldest of the large baby boomer cohort are now approaching 60 years of age, and
increasing numbers will soon join these ranks. The Third National Health and Nutri-
tion Examination Survey (NHANES III) included information on type 2 diabetes and
included persons 75 years of age and older. Extrapolation from this nationally repre-
sentative sample indicates that in theUSA44%of personswith self-reported diagnosed
diabetes are 65 years of age or older and 18% are over 75 years of age (4) (Fig. 16.1)
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Fig. 16.1. Estimated prevalence of diabetes in the USA: adult men and women.

280 Stetson and Mokshagundam



16.2 HEALTH CONSEQUENCES OF DIABETES

Diabetes is a chronic disease that leads to a variety of micro and macrovascular
complications that affect almost all systems in the body.While the primary abnorm-
ality in diabetes, elevated blood glucose level, remains largely asymptomatic, the
consequences of sustained elevation in blood glucose are potentially devastating.
Diabetes is the leading cause of blindness, chronic renal insufficiency, peripheral
neuropathy, and non-traumatic limb amputations.

Type 2 diabetes exerts a tremendous economic burden, accounting for over 100
billion dollars in annual healthcare expenditures in the USA and 28% of the
Medicare budget for older Americans (5). In NHANES III, among persons with
type 2 diabetes over 65 years of age, 21% reported being in poor health and 35%
reported having at least one hospitalization in the preceding year (6).

Cardiovascular disease (CVD) is the most frequent and costly complication of
type 2 diabetes. A recent review indicates that when cardiovascular events are
stratified by diabetes status, relative risk for men is twice and for women is threefold
of gender-matched nondiabetics. Among all CVD events, diabetes accounted for
56% of events in men and 78% of events in women. A number of diabetes-related
risk factors have been associated with CVD. Epidemiological studies have also
suggested that postchallenge hyperglycemia is a risk factor for cardiovascular
disease. Albuminuria in diabetics has been shown to have a CVD risk that is four
to five times compared to diabetics without albuminuria, suggesting that these
should be targets of preventive strategies in persons with diabetes (7).

16.3 GENERAL AIMS OF DIABETES TREATMENT

The management of diabetes requires a combination of lifestyle interventions
and medications. Diabetes is often a progressive disease requiring changing ther-
apeutic strategies. The interaction between lifestyle changes and medications must
be carefully considered. Dietary intervention to maintain optimal glycemic control
is a key component of management. The aims of diabetes treatment are to (1)
decrease/prevent the development of long-term complications of high blood glucose
and related metabolic abnormalities, (2) improve the quality of life of individuals
with diabetes, (3) treat or prevent the development of symptoms of high or low
blood glucose.

16.4 DIAGNOSIS AND CLASSIFICATION

16.4.1 Diagnosis

The American Diabetes Association (ADA) and the World Health Organization
revised the criteria for the diagnosis of diabetes in 1997 (8, 9).and again in 2003
(10). The new diagnostic criteria emphasize fasting blood glucose levels (8). In
addition to the occurrence of chronically elevated blood glucose levels, isolated
postchallenge hyperglycemia is a particularly common problem among older adults
who have abnormal glucose tolerance. The oral glucose tolerance test is less repro-
ducible than the fasting plasma glucose levels and hence is used less often in routine
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clinical practice. The American Diabetes Association (ADA) diagnostic criteria
were developed for general use and apply broadly to all age groups. No specific
ADA guidelines exist for older adults.

16.4.2 Typologies of Diabetes in Older Adults

The proper classification of diabetes is important in setting goals for nutritional
management of individuals with diabetes. Diabetes mellitus is broadly classified
into type 1 and type 2.

16.4.2.1 TYPE 1 DIABETES

Type 1 diabetes is an autoimmune disorder resulting from cell-mediated and anti-
body-mediated destruction of beta-cells of the islets (11). Insulin is required for the
management of type 1 diabetes. Failure to treat with insulin results in development of
an acute metabolic complication – diabetic ketoacidosis. Although type 1 diabetes
most commonly occurs in the first three decades of life, it can develop at any age, even
in older adults. The basic underlying mechanism of disease is autoimmune destruc-
tion of the pancreatic islets. Circulating islet cell antibodies can be demonstrated in
themajority of individuals, especially in the first few years after diagnosis. In addition
to new onset type 1 diabetes, older adults may have pre-existing type 1 diabetes. Type
1 diabetes, particularly of long duration, is often very ‘‘brittle’’ with wide fluctuations
in blood glucose levels and episodes of recurrent and severe hypoglycemia.

16.4.2.2 TYPE 2 DIABETES

The majority of older adults with diabetes have type 2 diabetes, which is character-
ized by two defects – insulin resistance and defective insulin secretion (12). The
majority of individuals with type 2 diabetes are obese. However, in the older popula-
tion the proportion of subjects with type 2 diabetes who are underweight increases and
could be as high as 20%. This is particularly true in the nursing home population (see
section onmetabolic syndrome). Type 2 diabetes results from a combination of insulin
resistance, increased hepatic glucose production, and defective insulin secretion (13).
Insulin resistance is generally considered the early defect in type 2 diabetes. Insulin
resistance is often present in nondiabetic relatives of individuals with type 2 diabetes
and in personswith impaired glucose tolerance. Several studies have also demonstrated
defective insulin secretion in these at-risk individuals. Studies of Pima Indians have
demonstrated that the progression from normal glucose tolerance to diabetes mellitus
is associated with a progressive decline in acute insulin response to glucose (14).

The exact mechanism of insulin resistance in type 2 diabetes is unclear. A variety
of genetic and environmental factors lead to decreased insulin sensitivity. Of
importance to this chapter, obesity and decreased physical activity have been
known to decrease insulin sensitivity. Aging is associated with a change in body
composition with increase in fat mass and decrease in muscle mass (15, 16). This
could be partly responsible for the increase in insulin resistance with aging. Aging is
also associated with a decline in insulin secretion, particularly a blunting of the first
phase insulin secretion (17). First phase insulin secretion is an important determi-
nant of postchallenge blood glucose levels. Age-related changes in health behaviors
such as increased sedentary lifestyles may also further compound these changes.
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Type 2 diabetes is a progressive disorder. The progression of the clinical picture with
increasing blood glucose levels, requiring increasing doses of medications, is due
mainly to a progressive decline in beta-cell function. When beta-cell function is
markedly reduced, exogenous insulin will be necessary to regulate blood glucose
levels.

16.5 ESTABLISHING MEDICATION AND NUTRITIONAL
MANAGEMENT GOALS

Once the type of diabetes is established, medication and nutritional management
goals should be developed. In addition to tailoring the nutritional recommendation
to assist glycemic control, consideration of other important risk factors is critical.
Obesity, dyslipidemia, hypertension, and insulin resistance are important and often
overlapping factors warranting consideration when planning dietary interventions
for older adults with type 2 diabetes. Avoidance of hypoglycemia, particularly
recurrent and/or severe hypoglycemia, is a major consideration in type 1 diabetes.
Lifestyle interventions that have been recommended for the management of dia-
betes have positive effects on both insulin secretion and insulin resistance. Aggres-
sive lifestyle intervention can prevent the progression of impaired glucose tolerance
to diabetes and could decrease the dose and number of medications for the manage-
ment of type 2 diabetes.

16.5.1 Medication Use and Glycemic Control in Older Adults with Diabetes

16.5.1.1 GOALS OF DIABETES TREATMENT IN OLDER ADULTS

The major aim of treating diabetes is to decrease the rate of micro and macrovas-
cular disease associated with elevated blood glucose. Two landmark trials have served
as the basis for current recommendations for the management of blood glucose levels
in diabetes mellitus. The Diabetes Control and Complications Trial (DCCT) was
conducted in adults with type 1 diabetes and compared intensive insulin treatment
using multiple insulin injections or an insulin pump to conventional treatment using
twice daily injections of intermediate and short-acting insulin over a follow-up period
of 7 years (18, 19). The results showed significant reduction in risk of all microvascular
disease endpoints in the intensively treated group.However, theDCCTdid not include
older adults and did not have the statistical power to analyze benefits onmacrovascular
risk reduction. The clear demonstration of a relationship between glycemic control,
measured by reduction in hemoglobin A1c, and improved outcomes indicates that
similar outcomes would be expected in older adults. A downside to tight control was
indicated by the findings of higher risk of hypoglycemia in the intensively treated
group. Given the burden of potential hypoglycemia and potential impact on quality of
life in an older adult with a limited prognosis, the cost–benefit ratio of intensive
glycemic control versus hypoglycemia risk must be carefully considered.

The United Kingdom Prospective Diabetes Study (UKPDS) was a long-term
study of a variety of treatment options in adults with type 2 diabetes (19). The
important findings of the UKPDS can be summarized as follows: (1) a reduction of
1% in hemoglobin A1c results in� 22% reduction in microvascular complications;
(2) reduction in microvascular complications with reduction in hemoglobin A1c is
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observed irrespective of type of intervention; (3) glycemic control in type 2 diabetes
mellitus worsens over time and necessitates changes in medication, irrespective of
initial management approach; (4) in a subgroup of subjects treated with metformin
there was a significant reduction in macrovascular disease. The DCCT did not
include older adults and there were few older participants in the UKPDS. Although
the UKPDS included an older population, subgroup analysis of the older age group
is not available. Hence, the applicability of these studies to older adults is limited.

The ADA goal for glycemic control is to have HbA1c levels � 7.0%. In addition
the ADA recommends individualization of glycemic control goals with an HbA1c
goal of<6%when feasible. The ADA goals are general and written to broadly apply
to all persons with diabetes. However, older adult persons with diabetes require
special consideration and require reassessment of goals. While the general principles
of diabetes care remain the same, it is nowwell recognized that inmanaging the elderly
subject additional factors need to be considered and the goals modified accordingly.
The 2003 California Healthcare Foundation/American Geriatric Society (AGS)
guidelines have helped clarify some of these concerns and several concepts have
been subsequently incorporated in the ADA guidelines. These guidelines have
emphasized the need for individualizing diabetes care, aggressively addressing cardi-
ovascular risk factors, and stressed glycemic control in preventing microvascular
complications. The AGS guidelines also recognize the importance of comorbidities
that are common in the elderly subject with diabetes mellitus and have significant
impact on ability to maintain strict glycemic control. These include depression,
cognitive impairment, urinary incontinence, falls, pain, and polypharmacy (20).

In addition to glycemic goals, several metabolic and cardiovascular risk fac-
tors must also be considered due to the higher rates of cardiovascular disease and
its substantial impact on morbidity and mortality in persons with diabetes (see
Table 16.2). The high risk of cardiovascular morbidity and mortality in diabetes
is due to a variety of factors. These include overall blood glucose control,
glycemic fluctuation, postprandial blood glucose levels, high LDL cholesterol,
low HDL cholesterol, elevated serum triglycerides, blood pressure, and altered
coagulation profile. In addition, systemic inflammation, a prooxidant state, and
endothelial dysfunction play a significant role. Recommendations to focus on
maintaining optimal control of blood pressure in persons with diabetes are based
on the positive results of such control as demonstrated in the UKPDS, Hyper-
tension Optimal Treatment trial (HOT), and Arterial Blood Pressure Control in
Diabetes (ABCD) studies (21–23). Additionally, the benefits of lowering total
and LDL cholesterol have also been demonstrated in intervention studies.

Table 16.1
ADA criteria for diagnosis of diabetes

Normal
(mg/dl)

Pre-diabetes
(mg/dl)

Diabetes mellitus
(mg/dl)

Fasting blood
glucose

< 100 101–125 > 125

2-hour post glucose < 140 141–199 � 200

284 Stetson and Mokshagundam



Reducing LDL-C has been shown to decrease cardiovascular events to 80 years
of age, but studies are needed to explore the efficacy of lipid-lowering therapy in
individuals older than 80 years of age. The magnitude of delay in progression of
atherosclerotic disease in response to screening-guided therapy has not been well
delineated. The cost-effectiveness of lipid screening in the elderly population, as
well as the subgroups that would benefit most from such screening, needs to be
further studied. Based on ongoing clinical trial data, the guidelines may be
modified to recommend that an LDL-C no greater than 70 mg/dL is the target
level for special high-risk populations. In the PROVE-IT study, a subgroup
analysis showed less benefit in patients over the age of 65 compared with patients
less than 65 years of age. The TNT trial excluded patients over the age of 75.
Hence, the applicability of these data to the elderly population needs to be better
defined. Optimal implementation of the current guidelines and the use of avail-
able agents will ultimately depend on expanding the knowledge base of health-
care providers and may require far-reaching educational programs that change
the way that risk-factor management is viewed by caregivers and patients alike
(24–36).

Any nutritional approach to the management of diabetes mellitus must specifi-
cally address the issues related to cardiovascular risk. Cardiovascular risk reduction
in diabetes mellitus is achieved through a combination of lifestyle changes and
pharmacological interventions that address the multiple risk factors. A general
outline of lifestyle and pharmacological approaches is shown in Table 16.3.

Taken together, these lifestyle and pharmacological interventions can play a
major role in the management of cardiovascular risk reduction in persons with
diabetes. The recommended goals for management of weight, blood pressure, and
lipids are outlined in Table 16.4.

Table 16.2
Factors to consider in management of diabetes in older adults*

1. Individualize glycemic goals. The goal, in most cases, should usually include the
standard A1c target of <7%. Consider a higher goal, if appropriate, based on the
following factors:

� patient preference � diabetes severity
� life expectancy � functional status and social support

2. Keep therapy as simple and inexpensive as possible.

3. Encourage diabetes education of the patient and primary caregivers, with the
reminder that such education is covered by Medicare.

4. Treat hypertension and dyslipidemia to decrease cardiovascular risk.

5. Screen for depression and offer therapy promptly if the diagnosis is made.

6. Maintain an updated medication list and monitor regularly for adverse drug effects.

7. Screen annually for cognitive impairment and other geriatric syndromes (e.g., urinary
incontinence, pain, injurious falls).

* Modified from Olson DE, Norris SL. Diabetes in older adults: Overview of AGS guidelines for

the treatment of diabetes mellitus in geriatric populations. Geriatrics 2004; 59(April):18–25.
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16.5.1.2 GENERAL DIABETES DIETARY RECOMMENDATIONS

The general goals of nutritional recommendations for the management of
diabetes mellitus include the following:

(1) Achieve and maintain blood glucose levels as outlined above.
(2) Achieve and maintain optimum lipid levels.
(3) Achieve and maintain reasonable body weight. This would include weight loss, if

overweight, and weight gain, if undernourished.
(4) Prevent acute complications.
(5) Maintain overall health.

The general recommendations for macronutrient intake in diabetic diet are
shown in Table 16.5. The carbohydrate composition (amount and type) of the
diet has been a focus of many recommendations and subject of recent controversy.
There are no well-designed studies that have compared different dietary

Table 16.3
Lifestyle and pharmacological approaches to risk-factor management

Risk factor Lifestyle intervention Pharmacological intervention

HbA1c Diet and exercise Insulin sensitizing agents,
insulin secretagogues, insulin

Postprandial
glucose/
glycemic
excursion

Carbohydrate content of meals
(amount, type, timing,
personal response to CHO
based on postprandial
SMBG feedback)

Repaglinide (prandin),
nateglinide (starlix),
sitagliptin, exenatide,
pramlinitide, short-acting
insulins (insulin lis-pro,
insulin aspart, regular
insulin)

LDL cholesterol Low cholesterol diet
Exercise

Statins
Bile acid binding agentsNiacin

Triglyceride Low-fat diet
Exercise/weight loss

Gemfibrozil/fenofibrate
Niacin (long acting)
Omega 3 fatty acids

Low HDL
cholesterol

Exercise
Smoking cessation

Niacin
Gemfibrozil/fenofibrate

High blood
pressure

Low sodium diet
Exercise
Weight loss

Variety of antihypertensive
agents (ace inhibitors
preferred)

Procoagulant
state

Exercise/weight loss Aspirin

Proinflammatory
state

Diet (possible) (e.g., increased
proportion of less-refined
CHO, increased vegetable
and fruit intake, reduced
saturated fat), exercise,
weight loss, medication

Aspirin
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approaches. In a study of a high-carbohydrate (60%) low-fat (25%) diet, compared
to a low-carbohydrate (35%) high-monounsaturated fat (50%) diet (37). plasma
glucose, triglyceride, and VLDL cholesterol were lower in the subjects in the low-
carbohydrate/high-monosaturated fat diet group. However, use of high-fat/low-
carbohydrate diets could lead to more hypoglycemic episodes and ketosis.

Higher protein diets have been recommended and have been popular for weight
loss. An empirical review of studies of high- versus low-protein diets found that
short-term (less than 6 months), high-protein diets may help people lose more
weight and body fat, due in part to increased satiety (38). However, the long-
term effects of high-protein diets and their efficacies in persons with diabetes have
not been well tested. Higher protein content has been shown to increase risk of
development and progression of diabetic nephropathy. It has been suggested that a

Table 16.4
Recommended assessment and management goals for CVD risk factors in diabetes

Parameter Frequency Goal

HbA1c 3–4 months <7% (<6.5%)*

Fasting blood glucose 2–7 times a weeky 80–120 mg/dl*
(90–130 mg/dl)

Postprandial blood
glucose

2–7 times a weeky < 140mg/dl* (<180mg/dl)

LDL cholesterol Annual. 3–4 months, if
abnormal

<100 mg/dlz

HDL cholesterol Annual. 3–4 months, if
abnormal

> 45 mg/dl

Triglyceride Annual. 3–4 months, if
abnormal

< 200 mg/dl

Systolic blood pressure Each visit <130 mmHg

Diastolic blood pressure Each visit < 80 mmHg

Microalbuminuria Annual Normal or no progression

Eye examination Annual Normal or no progression

Neurological
examination

Annual Normal or no progression

* Recommended by AACE/ACE.
y No clear recommendation (need to individualize).
z Optional goal of < 70 mg/dl in highest risk individuals.

Table 16.5
Macronutrient content of general diabetic diet

Carbohydrates 45–65% of total caloric intake

Protein 12–20% of caloric intake

< 30% of total caloric intake
Fat < 200 mg /day of cholesterol

Saturated and polyunsaturated fat
< 10% of total caloric intake (2–40 g/day)
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high-protein diet (2 g/kg of body weight) may be contraindicated for persons with
poorly controlled diabetes or complications (39). Low-carbohydrate diets are not
recommended in the management of diabetes. Dietary carbohydrate is the major
contributor to postprandial glucose concentration, and an important source of
energy, water-soluble vitamins and minerals, and fiber. Thus, in agreement with
the National Academy of Sciences-Food and Nutrition Board, a recommended
range of carbohydrate intake is 45–65% of total calories. In addition, because the
brain and central nervous system have an absolute requirement for glucose as an
energy source, restricting total carbohydrate to <130 g/day is not recommended
(40). Monitoring carbohydrate intake, whether by carbohydrate counting, using
the exchange system, or experience-based estimation remains a key component of
managing diabetes. Use of complex carbohydrates is preferred. The use of lower fat
content in the diet is based on the need to restrict caloric intake, improve lipid levels,
and assist weight loss. While use of vitamin supplements is not generally recom-
mended for subjects with type 2 diabetes, the ADA recommends using a multi-
vitamin in the older adult. There has been no convincing evidence to recommend the
routine use of antioxidants, vitamin E, or C in subjects with diabetes.

16.5.1.3 BALANCING DIET AND MEDICATION

The interaction of diet andmedication is of particular importance in the manage-
ment of diabetes. Insulin and drugs that increase insulin secretion are likely to
induce hypoglycemia if meals are not taken at appropriate times. Erratic eating
habits might require readjustment of medications, either dose, timing, or both. This
may be of particular concern in the hospitalized older patient with diabetes. Poor
eating habits might also necessitate change to medications that are less likely to
cause hypoglycemia when used alone. Metformin (Glucophage) and the thiazoli-
denediones (pioglitazone and rosiglitazone) are least likely to cause hypoglycemia
when used alone. The problem of unwanted weight gain is another issue for con-
sideration for many overweight individuals. Insulin and the thiazolidenediones,
particularly when used in combination, are most likely to result in weight gain.
The deleterious effect of weight gain in overweight older adults must be evaluated in
tandem with the potential benefits of improved glycemic control. Loss of appetite
may occur with metformin, exenatide (a GLP-1 receptor agonist), and pramlinitide
(an amylin analog) and would be of concern in the undernourished persons with
diabetes. Due to concerns of lactic acidosis, metformin may not be appropriate for
persons with predisposing conditions such as heart failure, liver problems, and renal
insufficiency.

16.6 BODY WEIGHT AND FUNCTIONAL STATUS
IN OLDER ADULTS WITH DIABETES

16.6.1 Overweight and Obesity

Overweight is not only an important risk factor for the development of diabetes;
it also has a significant impact on diabetes progression and the development of
complications (41). Obesity is known to be a critical problem in children and young
and middle-aged adults with type 2 diabetes. Only recently has the problem of
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obesity been systematically examined in older adults. Obesity appears to be com-
mon in older adults until the eighth decade of life and then declines in the oldest old.
Data from NHANES III indicate that type 2 diabetes strongly increases in pre-
valence with increasing overweight in older as well as younger adults. Personal risks
for diabetes were observed to be stronger for obese younger adults but still sub-
stantially elevated in older adults with odds ratio of 3.4 (95% CI, 1.1–8.3) for the
most obese men over 55 years of age and 5.8 (95% CI, 4.2–7.4) for the most obese
women over 55 years of age. In a study of 3-year mortality in community-dwelling
older adults, unintentional weight loss and underweight BMI were associated with
elevated mortality rates. Overweight or obesity and intentional weight loss were not
associated with mortality. These results, which are consistent with other findings,
suggest that undernutrition (e.g., low BMI, unintentional weight loss) may pose
greater mortality risk in older adults than do obesity or intentional weight loss (42).

16.6.2 Underweight and Malnutrition

While obesity is clearly a problem that greatly impacts diabetes in older adults,
for many individuals, malnutrition may be the more pressing nutritional concern.
Even with the problem of increasingly prevalent overweight, obesity and diabetes,
the prevalence of obesity in older persons with diabetes is still less than that in
younger persons with type 2 diabetes. This may be particularly true for the oldest
old, and those who have impaired functional status. One study found that at least
21% of nursing home patients with type 2 diabetes were underweight (43).

16.7 SPECIAL NUTRITION INTERVENTION SITUATIONS
FOR PERSONS WITH DIABETES

16.7.1 Acute Illness, Hospitalization, Enteral and Parenteral Nutrition

Management of hyperglycemia in the hospital setting has gained increasing
attention over the last few years. Hyperglycemia is common among hospitalized
subjects and has been shown to be associated with highermortality andmorbidity in
a variety of studies. This is particularly relevant to the older population, since they
are more likely to be admitted to the hospital and have higher rates of diabetes
mellitus. The American Association of Clinical Endocrinologists (AACE) and
ADA have recommended glycemic targets for patients with hyperglycemia,
depicted in Table 16.6 (44, 45). While randomized controlled studies in the inten-
sive care unit support the glycemic goal of < 110 mg/dl in the ICU, there are no
trials that clearly justify the recommended goal blood glucose levels in the non-ICU
setting (46).

Table 16.6
Summary of ADA and AACE glycemic control target recommendations

Location ADA recommendation AACE recommendation

ICU As close to 110 mg/dl as possible < 110 mg/dl

General
ward

As close to 90–130 mg/dl as possible;
postprandial glucose < 180 mg/dl

Pre-meal < 110 mg/dl,
post-meal < 180 mg/dl.
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16.7.2 Hospitalization

A variety of systemic problems have been identified that affect glycemic control
in the hospital setting. Barriers that may impact an individual’s nutrition status and
subsequently affect glycemic control include poor appetite, inability to eat,
increased nutrient and calorie needs due to catabolic stress, variation in diabetes
medications, and the possible need for enteral or parenteral nutrition support.
Proper timing of meals and the relation to medications is important. Insulin should
be administered immediately before or after a meal. Due to the wide heterogeneity
in the hospital population, individualization of nutrition recommendations is a key
to improving outcomes. The common practice of ordering ‘‘ADA Diet’’ is strongly
discouraged as the ADA does not endorse any specific diet. The consistent carbo-
hydrate meal planning system is encouraged. For this system to be effective it is
important that nursing and nutrition services coordinate their services. The key
areas of focus to improve inpatient glycemic control are:

(1) Establishing screening criteria for appropriate referral to a registered dietitian.
(2) Identifying nutrition-related issues in clinical pathways and patient care plans.
(3) Implementing and maintaining standardized diet orders such as consistent carbo-

hydrate menus.
(4) Integrating blood glucose monitoring results with nutrition care plans.
(5) Using standing orders for diabetes education and diabetes MNT as appropriate.
(6) Standardizing discharge follow-up orders for MNT and diabetes education post-

discharge when necessary (47, 48).

Patients requiring clear or full liquid diets should receive 200 g carbohydrate/day
in equally divided amounts at meal and snack times. Liquids should not be sugar
free. Patients require carbohydrate and calories, and sugar-free liquids do not meet
these nutritional needs. For tube feedings, either a standard enteral formula (50%
carbohydrate) or a lower carbohydrate content formula (33–40% carbohydrate)
may be used. Calorie needs for most patients are in the range of 25–35 kcal/kg every
24 h. Care must be taken not to overfeed patients because this can exacerbate
hyperglycemia. After surgery, food intake should be initiated as quickly as possible.
Progression from clear liquids to full liquids to solid foods should be completed as
rapidly as tolerated (49).

16.7.3 Enteral and Parenteral Nutrition

Enteral and parenteral nutrition might pose additional challenges in the manage-
ment of patients with diabetes. While the glycemic goals for individuals receiving
enteral and parenteral nutrition are the same as glycemic goals for the general
population of diabetics, achievement of normoglycemia may be more difficult in
patients who are acutely ill. There is evidence that poor glycemic control in subjects
on parenteral or enteral nutrition is related to poor outcomes. It is estimated that up
to 30% of patients who receive parenteral nutrition have diabetes. Many of these
patients have no previous history of diagnosed diabetes and develop diabetes due to
stress-induced increases in counterregulatory hormones and cytokines.

The relative value of high-carbohydrate versus high-fat enteral feeds for persons
with diabetes has been debated (50). The most widely used commercial enteral
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preparations for individuals with diabetes provide, but 1 cal/ml, 40% (CHOICEdm
TF; Novartis Medical Nutrition) to 34% (Glucerna; Abbott Laboratories, Inc.)
carbohydrate, and 43% (CHOICEdmTF) to 49% (Glucerna) fat. They also have
high-monounsaturated fatty acids (MUFA; 35% of kcal in Glucerna). MUFA has
been shown to be beneficial in improving lipid profile, glycemic control, and lower
insulin level (51). CHOICEdmTF has a higher content of medium chain triglycer-
ides and has no fructose. The use of insulin or oral agents in persons receiving
enteral nutrition should be tailored to match the timing of feeds. Parenteral nutri-
tion fluids are high in carbohydrate and derive only fewer calories from fat. In
persons with diabetes, particularly in less severely stressed individuals, the propor-
tion of carbohydrate may be decreased but is still very high. The usual rate of
glucose infusion is 4–5 g/kg body weight and lipid infusion of 1–1/5 g/kg body
weight. This requires adequate use of insulin to maintain normoglycemia (52).
Insulin infusion not only maintains glycemic control, but prevents protein break-
down and promotes protein synthesis.

16.7.4 Long-Term Care

Residents of long-term care facilities may face additional or unique problems.
They tend to be often underweight and it is not necessary to make any caloric
restrictions in these subjects. Low body weight has been associated with higher
mortality andmorbidity in these subjects. Restricting food choices may lead to poor
overall nutritional status in these subjects and has not been shown to improve
glycemic control. Hence, the use of ‘‘no concentrated sugar’’, ‘‘no sugar added’’,
or ‘‘liberal diabetic diet’’ is discouraged (53, 54).

16.8 METABOLIC SYNDROME

The term ‘‘metabolic syndrome’’ refers to a cluster of abnormalities that was
initially described by Reaven to include hypertension, dyslipidemia, abnormal
blood glucose, and abdominal obesity. Insulin resistance was considered to be a
central and pathogenetic abnormality in this syndrome. Over the last 20 years a
number of other clinical and laboratory features have been proposed to be compo-
nents of this syndrome. Some of these features included high C-reactive protein, non-
alcoholic fatty liver disease, low plasminogen activator inhibitor 1, high fibrinogen,
polycystic ovarian disease, and low adiponectin levels. In 2001, the National Choles-
terol Education Program-Adult Treatment Panel III (NCEP-ATP III) recommended
the use of themetabolic syndrome in cardiovascular risk assessment. TheNCEP-ATP
III defined metabolic syndrome as shown in Table 16.7 (55). A number of other
organizations including the World Health Organization, International Diabetes
Federation, American Association of Clinical Endocrinologists, and the American
Heart Association/National Heart Lung and Blood Institute have offered different
diagnostic criteria formetabolic syndrome. However, themost widely used definition
in the USA is the one offered by NCEP-ATP III. The prevalence of the metabolic
syndrome as defined by the NCEP-ATP III in the NHANES III increases with age.
Over 40% of adults over the age of 70 have the metabolic syndrome (56).
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The exact significance of the metabolic syndrome has been a subject of contro-
versy. The main significance appears to be the ability of the syndrome to identify
individuals who are at high risk of developing cardiovascular disease and/or dia-
betes. A variety of clinical studies have demonstrated an association between
metabolic syndrome and risk of heart disease, stroke, and development of diabetes
mellitus (57–59).

Clinical trials have not been designed specifically to test the effect of lipid and
blood pressure interventions in participants with the metabolic syndrome. Diabetes
may be considered as a good model of the metabolic syndrome, because 85% of
diabetic subjects have the metabolic syndrome, and there are clear data that lipid
and blood pressure interventions work very well in diabetic subjects. However, there
are no specific studies addressing this in older adults. Many critics, including
members of a joint panel of the ADA and the European Association for the
Study of Diabetes, have questioned the utility of the metabolic syndrome in clinical
practice. They have cited the lack of agreement in diagnostic criteria among differ-
ent organizations, the absence of a clear understanding of an underlying pathophy-
siologic mechanism linking the multiple components of the syndrome, and the
variable risk associated with individual components of the syndrome (60).

While proponents of the continued use of the metabolic syndrome in clinical
practice agree with many of the criticisms, they argue that recognition of this
syndrome in clinical practice is useful. The use of the metabolic syndrome may
encourage healthcare providers to look for other risk factors once one risk factor is
found andmore importantly encourage the use of behavioral therapy such as weight
loss (through a program of diet and exercise) and increased physical activity rather
than always prescribing a different drug for each medical condition. The manage-
ment of the metabolic syndrome is primarily aimed at reducing cardiovascular risk.
In individuals with pre-diabetes, the aim would be to prevent progression to type 2
diabetes.

Several large, randomized clinical trials have demonstrated the efficacy of both
lifestyle and pharmacological interventions in preventing the progression of

Table 16.7
ATP III criteria for diagnosis of metabolic syndrome*

Risk factor Defining level

Abdominal obesity (waist circumference)

Men > 102 cm (> 40 in.)

Women > 88 cm (> 35 in.)

Triglyceride > 150 mg/dl

HDL cholesterol

Men < 40 mg/dl

Women < 50 mg/dl

Blood pressure < 130/85 mmHg

Fasting blood glucose > 110 mg/dl

*Diagnosis is established if three or more risk factors are present.
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impaired fasting glucose or impaired glucose tolerance. In the landmark Diabetes
Prevention Program (DPP), progression to diabetes was reduced by 65% in the
lifestyle intervention group and by 31% in the metformin group (61). Over 50% of
participants in the study had three or more components of the metabolic syndrome.
In older participants, lifestyle intervention had an even greater impact than metfor-
min (62). Among participants aged 60 and older, lifestyle intervention reduced the
risk of development of diabetes by 71%. Participants in the 60- to 85-year-old age
group were the most likely to achieve weight loss (5–7% loss in body weight was
achieved with dietary change and activity) and physical activity goals. No age
differences were noted in reduction of caloric intake. Older participants receiving
metformin, the medication intervention arm of the study, did not experience ben-
efits to the degree as younger, heavier participants. Diabetes incidence rates over
time fell with increasing age, while in the metformin group, the youngest partici-
pants showed the lowest diabetes incidence. A trend was noted that metformin had
lower effectiveness relative to lifestyle change with increased participant age, despite
comparable to superior medication adherence and greater weight loss in the older
metformin group participants. Age differences in response to pharmacologic treat-
ment and physiology, as well as behavior, all likely played a role in the findings. Of
note, DPP participants were community dwelling, relatively healthy, and free of
significant physical limitations and frailty; however, the intensive lifestyle interven-
tion was modified to accommodate participants who developed limitations over the
course of the study (62).

Another large study prospectively tracked at-risk older adults and highlighted the
relationship between lifestyle variables andmetabolic syndrome and the feasibility and
benefits of lifestyle change. Participants were 3,051 men aged 60–75 without diabetes
or history of CHD, who had been followed as participants in the British Regional
Heart Study and completed a 20-year follow-up. Metabolic syndrome variables and
lifestyle factors, including dietary intake were also assessed. One fourth of the sample
hadmetabolic syndrome. After adjusting for demographics and other lifestyle factors,
variable associations with metabolic syndrome were as follows: BMI had the most
significant, positive association; physical activity was negatively associated; total diet-
ary fat and alcohol intake showed no significant association; no significant association
for saturated or polyunsaturated fat or polysaturated:saturated (P:S) ratio. Carbohy-
drate intake was associated with greater odds of metabolic syndrome; participants
eating a low-fat, high-carbohydrate diet had the greatest odds of having metabolic
syndrome while those eating a low-carbohydrate, high-fat diet showed no increase in
having metabolic syndrome. The authors cautioned against emphasizing total fat
reduction in older adults given the risk of increased carbohydrate intake which
could adversely impact lipids and the development of metabolic syndrome.

These large prospective studies highlight that change in lifestyle, even at older ages,
influenced metabolic syndrome variables, with changes observed within 3 years of
changes in behavior. Weight loss, irrespective of baseline BMI, was associated with
lower risk. Increased leisure time activity was also associated with lower likelihood of
metabolic syndrome (63). Findings suggest that modest weight loss and exercise are
appropriate for older adults at risk for type 2 diabetes, dispelling the myth that they
may not be able to change and are set in their ways (64).
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In the DREAM trial, both rosiglitazone and metformin were shown to reduce
progression to type 2 diabetes in nondiabetic adults with impaired fasting glucose
and/or impaired glucose tolerance. However, rosiglitazone use was associated with
weight gain (65). There has been growing concern about the potential cardiovas-
cular adverse effects of thiazolidenediones. Further, metformin is not yet approved
for use in the nondiabetic population, dampening widespread use of these medica-
tions. The effect of lifestyle intervention on blood pressure, dyslipidemia, and
central obesity in the setting of metabolic syndrome in individuals with normal
blood glucose has not been studied. Currently, dyslipidemia and hypertension in
subjects with the metabolic syndrome are managed similarly to those without
metabolic syndrome.

16.9 HYPOGLYCEMIA IN OLDER ADULTS

Hypoglycemia is a major limiting factor in the management of diabetes. The
incidence of hypoglycemia is relatively high in older compared to younger adults.
A variety of factors may play a role in the increased risk of hypoglycemia in older
adults. These include poor nutritional status, cognitive dysfunction, polyphar-
macy, and comorbid illnesses. Except in the severely malnourished, poor dietary
intake by itself does not lead to hypoglycemia. The most common cause of
hypoglycemia remains the use of blood glucose-lowering agents. Drugs that
increase insulin secretion and insulin itself can cause hypoglycemia. A major
finding of the DCCT, which was conducted with young, healthy adults, was that
the major deleterious health consequence of tight blood glucose control in persons
with type 1 diabetes is hypoglycemia. Drugs that enhance insulin sensitivity
(thiazolidenediones), decrease hepatic glucose production (metformin), or
decrease carbohydrate absorption (alpha-glucosidase inhibitors) have very low
risk of hypoglycemia, except when used in combination with insulin or an insulin
secretagogue. When medication use creates problems of consistent hypoglycemia,
patients must learn how to avoid andmanage hypoglycemic episodes. Older adults
taking insulin who have high variability in blood glucose levels, exhibit very low
average blood glucose concentrations, have had diabetes for a long duration, have
a low body mass index, or who have high levels of vigorous physical activity may
be at particular risk of severe hypoglycemia (66).

16.9.1 Self-Monitoring and Dietary Treatment of Hypoglycemia

Frequent self-monitoring of blood glucose levels provides specific information
that may serve as feedback for guiding decisions about moment-to-moment treat-
ment needs, thus helping patients to anticipate or prevent severely low glucose
levels. However, frequent blood glucose testing may be perceived as too expensive,
inconvenient or painful by many persons with diabetes. Unfortunately, rather than
performing frequent blood glucose testing, many individuals simply rely on their
symptoms or estimates about their blood glucose levels when deciding what to eat
or how vigorously to exercise or whether to operate a motor vehicle (67). By
increasing the frequency of blood glucose testing (at least four times per day for
persons taking insulin) andmaking informed decisions about when to eat additional
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carbohydrate (e.g., eat 15 grams of carbohydrate to raise blood glucose levels about
45 mg/dl) or to identify personal sources of vigorous physical activity contributing
to low blood glucose levels, patients may learn to prevent severe hypoglycemia.
Educating patients about the importance of always carrying glucose tabs or gel or
fast-acting carbohydrate snacks or placing them in various locations such as the car
or relative’s homes may also aid in the treatment of mild to moderate hypoglycemic
episodes. Recommendations for management of hypoglycemia in older adults are
presented in Table 16.8.

16.9.2 Hypoglycemia Unawareness and Treatment of Hypoglycemia

As previously described, older adults with type 1 diabetes and those with type 2
diabetes who are on exogenous insulin regimens are at risk for hypoglycemia.
Many individuals develop the syndrome of hypoglycemia unawareness, in which
the warning symptoms that indicate that hypoglycemia is developing (e.g., tremu-
lousness, tachycardia) are decreased or not detected. Without these warning
symptoms, individuals are not able to take actions such as eating to prevent
continued reductions in blood glucose levels and severe hypoglycemic episodes
may result. Following episodes of hypoglycemia, counterregulatory hormone
stores may not be available, and thresholds for symptoms of hypoglycemia may
shift to lower glucose concentrations. Thus, patients with recurrent hypoglycemia
may be particularly at risk for unawareness and for severely low hypoglycemic
episodes. Failure to test blood glucose levels regularly can contribute to the
problem of hypoglycemia unawareness. This cycle is particularly problematic for
older adults who are highly physically active or who skip meals, do not eat
sufficient quantities of food to match their insulin doses, or consume a high-fat
diet which delays carbohydrate absorption and is not accounted for at the time of
insulin administration.

Alcohol consumption, while not typically problematic when consumed in mod-
eration, can pose risks for hypoglycemia in older adults taking insulin. In particular,

Table 16.8
Dietary management of hypoglycemia

1. Check blood glucose level by glucose monitor.

2. If blood glucose less than 60 mg/dl or symptomatic – treat with 15 g of carbohydrate
(1/2 cup juice, 1/2 cup regular soft drink, glucose gel).

3. Repeat blood sugar reading in 15minutes after treatment and again after 60minutes.

4. Repeat step 2 until blood glucose is > 60 mg/dl.

5. If meals are due within 60 minutes – eat meal now.

6. If meals are not due within 60 minutes follow the glucose treatment with a snack
containing carbohydrate and one protein (cheese and crackers, peanut butter and
crackers, skim milk and crackers, or a small sandwich).

7. If blood glucose< 40 mg/dl and/or subject is stuporous, confused, or unresponsive –
give 1 amp of D50W as IV push and start D10W at 60 cc /hour. Check blood glucose
every 5 minutes and repeat till blood glucose > 60 mg/dl or till awake. Give oral
carbohydrate once awake.
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the major risk of alcohol-related hypoglycemia is in persons in a fasting state and
those who are alcohol dependent. The disinhibiting effect of alcohol poses the
risk of hypoglycemia unawareness, making blood glucose monitoring essential.
The potential for a delayed risk of hypoglycemia the morning after evening
alcohol intake should also be emphasized (68). The problem of patient hypogly-
cemia unawareness should be considered if the patient’s HbA1c is low (e.g.,
<6.0), and if she/he describes inability to detect counterregulatory autonomic
symptoms (e.g., tremulousness, pounding heart, anxiety, queasy stomach, sweat-
ing, flushed face) when blood glucose levels are low (69). Potential barriers to
blood glucose testing or adequate food consumption such as financial con-
straints, fear of pain, depression, or feelings of being overwhelmed by diabetes
should be assessed.

Structured psychoeducational intervention and print materials to promote
reduced hypoglycemia unawareness have been developed and systematically eval-
uated for nearly 25 years in the Blood Glucose Awareness Training (BGAT)
program developed by Cox and colleagues (67). The BGAT program focuses on
improving the accuracy of patients’ detection and interpretation of relevant blood
glucose symptoms and other internal and external cues. Prospective, controlled
studies including long-term follow-up indicate that training in BGAT results in
improved accuracy of recognition of current blood glucose levels, improved detec-
tion of hypoglycemia in individuals with hypoglycemia unawareness, improved
judgment regarding when to treat low blood glucose levels, reduced occurrence of
severe hypoglycemia, improved judgment about not driving while hypoglycemic,
and reduction in rate of motor vehicle violations, and better-preserved counter-
regulatory hormonal response during intensive insulin treatment. This intervention
approach may also be appropriate for individuals who are fearful of hypoglycemia
(67, 70). Overall, intensive training to promote blood glucose awareness can have
significant and sustained benefits and aid in more consistent dietary management of
older adults who take insulin.

16.10 DIABETES LIFESTYLE CHANGE AND PHYSICAL LIMITATIONS

Diabetes-related comorbidities such diabetic retinopathy, cardiovascular dis-
ease, peripheral vascular disease, and congestive heart failure may result in
decreased usual activity and limit activities of daily living (ADLs) and instrumental
activities in daily living (IADLs), including limited transportation options, limited
ability to shop for food, or ability to read restaurant menus. Self-monitoring may
also be influenced by reduced visual acuity. Diminished fine motor skills may also
impact ability to functionally conduct a finger stick, conduct the steps necessary for
using the glucometer, and read the results. Due to such limitations, many older
patients may require alternative choices of meters or assistance in blood glucose
testing (71). Comorbid health conditions increase polypharmacy, so pill boxes and
mediplanners may also be helpful in simplifying medication management. Comor-
bid health problems that may impact self-care and dietary interventions with older
adults with diabetes are presented in Table 16.9.
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16.11 SELF-MANAGEMENT BEHAVIORS

Few studies of diabetes self-management education (DSME) have focused on
older adults. Intervention guidelines have been based on expert consensus rather
than an empirical evidence base (72). Some older adults may have limited knowl-
edge and/or understanding of diabetes care. Self-management steps such as home-
based blood glucose monitoring, planning for meals and adjusting food intake
based on blood glucose levels, and when and how to adjust insulin or take oral
diabetes agents may be influenced by cognitive functioning, physical status and
personal preferences, and resources. Physical barriers to optimal diabetes dietary
intake may include swallowing difficulties, poor dentition, decreased thirst or
appetite, and influence of medications on taste. Psychosocial influences may include
limited financial resources, difficulties with transportation, and limited social sup-
port. Given the variability in the older adult population, it has been argued that
individual self-management intervention may be preferable to group-based inter-
vention. However, several studies have demonstrated positive outcomes with group
intervention with older adults with diabetes. A simplified self-care regimen is
optimal (72).

Provider delivery approaches to DSME to optimize care for older adults may be
seen in Table 16.10.

Table 16.9
Comorbid medical conditions influencing of diabetes dietary treatment

Comorbid diabetes-related medical conditions impacting treatment

Microvascular disease

Cardiovascular disease and related risk factors

Visual impairment

Limited mobility/frailty

Nutritional status

Obesity

Underweight/malnourished

Table 16.10
Provider delivery approaches to DSME to optimize care for older adults

Spread self-management education contact over multiple sessions.

Provide large print handouts and cues for use at home to facilitate learning and
retention.

Simplify steps of the self-care regimen.

Engage caregivers and family members to enhance self-management education.

Factor in impact on day to day quality of life when considering goal of tight glycemic
control.

Prioritize patients’ personal preferences in overall well-being when making care-related
decisions.
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16.11.1 Considering Diabetes Self-Management and Dietary Guidelines
Within the Context of Older Adults’ Lives

The reader will note that while published guidelines are available to assist the
health provider in setting general goals for metabolic control and diet and medica-
tion diabetes self-care regimens, these recommendations must of course be consid-
ered in the context of what older adults are actually doing in terms of their diabetes
diet care and in the context of the demands of their day-to-day lives. The ADA
guidelines, developed to be practical for the general population, recommend con-
sideration of comorbid health problems and the specific needs of older adults, in
developing dietary interventions. However, the domains of these diet-related needs
are not specified and strategies for adapting the recommendations to fit the special
needs of older adults with diabetes are not presented. It follows that few systematic
diabetes nutrition and lifestyle change studies have included older persons (73).
However, several controlled studies have been conducted in recent years and will be
reviewed in sections below. Lifestyle issues influencing dietary behavior in older
adults and shaping the adaptation of dietary goal and interventions to best meet the
needs of older adults with diabetes will also be discussed.

16.11.2 Dietary Habits of Older Adults with Diabetes

Of the few systematic studies of dietary intake in older adults with diabetes, both
the type of food consumed and the pattern of eating behaviors emerge as important
influences on nutritional intake. An Australian study of adults over 65 years of age
found that both diabetic and nondiabetic age-matched subjects’ typical dietary
habits exceeded recommended levels of dietary fat and provided inadequate fiber.
Only 6% of the diabetic subjects consumed a diet with at least 50% carbohydrate
and less than 30% fat (74). This suggests that recommendations to increase fiber
and decrease fat may be appropriate for the majority of older adults with diabetes.

Persons with diabetes must follow a diet that incorporates healthy food choices
and spacing of meals to be consistent with exogenous insulin use and physical
activity, with the goal of maintaining euglycemia. Unhealthful snacking is one
area that threatens optimal nutrition in older adults. A random telephone survey
of 335 community-dwelling adults aged 55 and older residing in the continental
USA found that the 98% of older adults reported snacking at least once each day,
with evening being the most common time for snacking and nearly all snacking
occurring at home (75). Taste outranked nutrition as a snack selection criteria.
Fruits were popular but were chosen less often than other less healthful snacks. This
suggests that the context of snacking is an important consideration influencing
choices made when snacking and should be addressed when providing nutritional
guidance to older patients with diabetes. Concrete suggestions for replacing highly
processed, high-fat snack foods with fruits and vegetables and other nutritious
snacks may assist older adults in selection of healthier snacks such as string cheese,
sliced apples, or sugar-free gelatin (see reference (76) for an itemized list of practical
snack foods to integrate into a diabetes diet). This may be accomplished by asking
patients to generate a list of problematic meal and snack foods along with a list of
healthy items that they personally deem to be healthy and tasty alternatives.
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Patients may be encouraged to incorporate these alternatives into their shopping
lists and keep them in the home as replacements for preferred but unhealthy items.
Evening activities that are alternatives to snacking (e.g., walking, crafts) may also be
encouraged.

16.12 PSYCHOSOCIAL AND BEHAVIORAL ISSUES RELATED
TO SELF-CARE AND DIETARY INTAKE IN OLDER ADULTS
WITH DIABETES

16.12.1 Depression

There has been a dramatic increase in the number and quality of studies of
depression and diabetes in the past decade (77). A systematic review of the pub-
lished literature indicates a mean prevalence rate of depression in 23.4% of persons
with diabetes (versus 14.5% in controls). Further, it appears that adults with
diabetes who are depressed have average HbA1c levels 0.5–1.0% higher relative
to those who are nondepressed.

The depression–diabetes link is particularly salient for older adults. Data from
the Epidemiological CatchmentArea study ofmore than 18,000 adults conducted in
five sites found depressive symptoms in 15% of adults over 65 years of age and
lifetime rate of depression in 2% of women and 3% of men (78). The prevalence of
depression in primary care geriatric clinic populations is estimated to be about 5%.
In nursing homes, estimates of depression have ranged from 15 to 25% at any given
point, with an incidence of 13% per year (79, 80). In older adults with diabetes,
rates of depression are likely even higher. In a study of Medicare claimants, major
depression was significantly more prevalent in those with diabetes and those with
both diabetes and depression hadmore treatment visits, more time in inpatient stays
and had higher medical costs, even after excluding mental health treatment-related
services (81).

Prevalence and associations with depressive symptoms were examined in adults
over 65 years of age with diabetes living in rural communities in the ELDER
(Evaluating Long-term Diabetes Self-Management Among Elder Rural Adults)
study.Nearly 16%of the sample had depressive symptomology, regardless of ethnic
group. Depressive symptoms were more common in those with lower functional
status, lower income, more chronic health conditions, lower education, unmarried,
and in women (82).

Data from the Hispanic Established Population for the Epidemiologic Study of
the Elderly (EPESE) were used to examine the prevalence of comorbid depressive
symptomology and chronic medical conditions and their influence on death rates in
older Mexican Americans (83). Death rates were substantially higher when a high
level of depressive symptoms was comorbid with diabetes, cardiovascular disease,
hypertension, stroke, and cancer. The odds of having died among persons with
diabetes with high levels of depressive symptoms were three times that of diabetics
without high levels of depressive symptoms. Hence, an interaction between depres-
sion and diabetes and the prevalence of other risk factors greatly increased absolute
risk of mortality.
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16.12.1.1 DEPRESSION AND DIETARY INTAKE IN OLDER ADULTS

In depressed older adults, indirect self-destructive behavior, such as not eating
and medication nonadherence, may be more common than overt self-harming
gestures such as suicide attempts, and are associated with decreased survival.
Many older adults might consider depression to be a normal part of aging and
may not report their symptoms to a healthcare provider. Health providers may also
attribute some depressive symptoms to old age or other physical ailments or mood
disturbance may be less prominent than multiple somatic complaints. Some older
patients with depression may present with ‘‘failure to thrive’’ rather than specific
complaints (84). In a large HMO study of 4,463 patients with diabetes with an
average age of 63 years, major depression was associated with poor adherence to
self-care reflected by poor diet, inactivity, and lower medication adherence. No
differences between depressed and nondepressed participants were observed for
preventive health behaviors such as screenings for retinopathy and microalbumin
and foot care and blood glucose self-monitoring (85).

Given the high rates of depression in this population, careful assessment of
depressive symptomology and its impact on dietary intake, related aspects of
diabetes self-care, and health outcomes are critical.

16.12.1.2 DEPRESSION INTERVENTION IN DIABETES

Recidivism of depression in persons with diabetes may be relatively higher than
in the general population (86). Following treatment for depression, non-remission
appears to be associated with lower adherence to blood glucose monitoring, higher
HbA1c levels, and higher body weight in adults with type 2 diabetes (87).

A multicenter, double-blind, placebo-controlled trial examined depression treat-
ment in a maintenance treatment trial of adults with diabetes who had participated
in a sertraline treatment trial and had achieved depression recovery. Participants
aged 55 and younger and those over 55 years of age were compared with regard to
differences in time to depression recurrence. Younger participant group had sig-
nificant increase in time to recurrence with sertraline; however, the older group
showed no intervention effect, due to a high placebo response rate. This suggests
that older persons with diabetes may have unique issues with regard to optimal
approaches for long-term management of depression (88).

In the Pathways Study, a randomized trial of depression focused on collaborative
care in patients with diabetes. Participants received depression intervention con-
sisting of pharmacotherapy, problem-solving treatment, or both, or routine pri-
mary care. Symptoms of depression were reduced but HbA1c did not show
improvement (89). The enhanced depression care did not result in improvements
in diabetes self-care behaviors including optimal dietary intake, physical activity,
smoking cessation, and adherence to medications (90). Results were similar for
both younger and older (over 60 years of age) study participants (91).

In summary, depression places older adults with diabetes at risk for relatively
poor self-care and even increased morbidity and mortality. Risk for recidivism is
high. Interventions have been found to help with mood management; however,
impact on self-care behavior on metabolic control may be limited.
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16.12.2 Social Support

Social isolation is an established risk factor for morbidity and mortality in
numerous disease states, with the largest body of literature linking it to CVD, a
common outcome of diabetes (92). One avenue in which social support may impact
outcomes in chronic diseases such as diabetes is through its impact on self-care
behaviors. Recently widowed persons may have limited cooking skills or access to
shopping. Such persons may also be depressed and withdraw from usual daily
activities, including social, food-related activities such as dining out or even pre-
paring regular meals.

The relationship between social support and mortality in older adults with
diabetes was examined using data from the second cohort of the Longitudinal
Study of Aging. A sample of 1,430 participants over 70 years of age with diabetes
was included in analyses. Social support assessment reflected connection with
individuals including relatives, friends, and neighbors as well as community support
including social events, church, and senior centers. Participants with the highest
levels of social support had the highest survival rate, with a 55% lower risk of death
compared to those with low level of social support. Those with a medium level of
support had a 41% lower risk of death. The group with the lowest social support
level had the lowest survival rates. Possible mediators of the social support mortal-
ity associations were also examined. Both mental and physical factors were impli-
cated. Participants with higher social support reported less depressed mood, less
difficulty with stress, fewer bad days, and fewer limitations in activities of daily
living, and better health ratings. They were also less likely to have heart disease and
had a shorter duration of diabetes (93).

Kuo and colleagues analyzed baseline and 2-year follow-up data from the Med-
icare Health Outcomes Survey to examine how physical and emotional health
limitations on participation in social activities were related to future disability and
death in older persons with diabetes. This focus was in contrast to a focus on
financial and other non-health-related influences on social participation. Partici-
pants were 8,949 adults aged 65 and older with no ADL disability at baseline.
Greater social functioning was associated with less disability and death, with an
18% less change of any ADL disability and 12% lower chance of death for each 10-
point increase in social functioning, even after adjusting for demographics, comor-
bidities, depression, and general health. The authors concluded that disengagement
from social activities due to health could be an early warning sign for later disability
in ADL as well as death (94).

Interestingly, studies of the impact of social support and health behavior in
persons with diabetes indicate substantial gender differences. Higher levels of social
support have been associated with improved glycemic control in women with type 2
diabetes. However, several studies have found that a high level of perceived support
is associated with less diabetes control in men, and it may be that forms of support
that are satisfactory to men may reinforce patterns of eating, drinking, and exercise
that are inconsistent with optimal diabetes self-care (95). In older adults who
continue to live with a spouse, husband’s food preference, regardless of nutritional
content, is often the best predictor of family meals that are eaten (96). This
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indicates that not only is social isolation an important influence on dietary intake,
but day-to-day social support and interactions among family and friends may both
positively and negatively impact dietary intake in older persons with diabetes. Thus,
it is imperative to evaluate the social context of patients’ food purchases and dietary
intake patterns.

Diabetes education programs that include the older adult’s spouse may help to
promote optimal social support for healthful dietary and lifestyle changes. Sub-
stantial improvements were found for diabetes knowledge, psychosocial function-
ing, and metabolic control in a 6-week diabetes education program for male
diabetes patients aged 65–82 years of age that included their spouses (97).

These studies highlight that to provide optimal care, one must consider the social
support system, provide the older adult with encouragement and reinforcement for
self-care behaviors, and provide instrumental assistance and technical advice as
needed. Transportation assistance to the grocery and medical appointments and
assistance with food preparation, as well as financial assistance, also should be
considered (71, 98). Social support resources could also consider community-based
options such as church groups. Church can be helpful in diabetes care as shown in
study with older African-American women (99) or adult day centers, public health
department wellness programs such as walking groups, supervised exercise pro-
grams such as the Active Older Adults programs offered at many YMCAs, or
home-based nursing care or other interdisciplinary professionals to create linkages.
Examples of useful resource options have been compiled in a resource guide
published through the American Association of Diabetes Educators (100). which
is listed in the Appendix to this chapter.

16.12.3 Cognitive Dysfunction

Both cross-sectional and prospective studies associate diabetes with cognitive
decline in older adults (101). Cognitive function is an important consideration since
impaired function can impact comprehension of health-related information, includ-
ing instructions regarding self-care such as procedures for conducting blood glucose
testing, making adjustments in dietary intake, and taking multiple medications
(102). A number of studies have indicated that older adults with both types 1 and
2 diabetes have impaired cognitive function compared with age-matched groups,
and the level of impairment worsens with increases in hyperglycemia. Tightened
blood glucose control, even in the absence of normoglycemia can result in cognitive
improvements in older persons with diabetes (103, 104).

A prospective, cohort design study of 6-year follow-up of nearly 10,000 Cauca-
sian women over 65 years of age who were prospectively tracked in the Study of
Osteoporotic Fractures, examined the association of diabetes, illness duration, and
cognitive decline during follow-up.Women with diabetes had lower performance at
baseline on all tests of cognitive function, with up to a twofold increased risk of
cognitive impairment. A 74% increased risk of cognitive decline was noted, along
with more rapid decline and greater likelihood of major cognitive decline, after
controlling for major confounders. Participants who had diabetes for a duration of
15 years or more had a risk of major cognitive decline 57–114%greater than women
without diabetes (105).
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Studies of cognitive functioning in older adults with diabetes are confounded by
the influence of other comorbid medical conditions, making it challenging to
distinguish the independent contributions of diabetes. Additionally, studies of
cognitive function have assessed both complex and simple aspects of cognition.
Despite inconsistent findings in studies comparing cognition in older adults with
and without diabetes, overall it appears that diabetes is associated with impairment
in more complex facets of cognitive functioning such as psychomotor efficiency and
verbal memory. Influences likely impacting functioning include duration of illness,
blood glucose control, and age. However, a review of studies of older adults with
diabetes that examined cognitive functioning and self-management behavior found
few associations. Evaluation of minor cognitive impairment and diabetes self-
management task performance in a small sample of older adults also found no
significant influence on performance (106, 107). At present, it remains unclear how
and at what threshold cognitive impairment influences acquisition of new diabetes
self-care demands.

If frequent self-monitoring and adherence to specific dietary guidelines are within
the cognitive abilities of the older patient with diabetes, then attainment of tight
blood glucose control may be a reasonable goal. However, intensive self-manage-
ment may not always be realistic for many cognitively impaired older adults.
Unfortunately, despite the potential physical benefits, intensive management and
tight control may require so many day-to-day demands, that this may be difficult to
practically achieve. Cognitive dysfunction can make adherence to dietary recom-
mendations particularly difficult. For example, older adults who are cognitively
impaired may not remember structured mealtimes that are coordinated with their
insulin regimen. Difficulty in following a complicated meal plan, such as carbohy-
drate counting or using a sliding scale to match insulin units to intake, may make
such treatment regimens too overwhelming to be practical. For some older indivi-
duals, a concrete, structured meal plan can help minimize ambiguity regarding their
diabetes diet. See the chapter Appendix for sample resources available on-line from
the American Diabetes Association. Such plans may be made in conjunction with a
diabetes educator or dietitian. Helpful strategies include using cues in the environ-
ment such as regularmeals, setting alarms, providing written information with large
print and pictures, training videotapes, and assessing comprehension and skill by
asking for demonstrations. In addition, provision of home-based caretakers ormeal
services may also assist the older person with cognitive impairment or significant
physical disability or other barriers to obtain access to optimal nutrition that is
consistent with diabetes goals.

16.12.4 Attitudes and Dietary Intake in Older Adults with Diabetes

Older patients’ personal views of diabetes appear to substantially impact their
levels of diabetes self-care. A study of adults over 60 years of age with type 2
diabetes found that perceptions regarding the cause of diabetes, treatment effec-
tiveness, and seriousness of one’s diabetes were all significantly associated with
quality of life and negative affect. Beliefs regarding treatment effectiveness were
particularly predictive of dietary intake and physical activity (108). Studies of
women reflecting heterogeneous ethnic groups and socioeconomic status indicate
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that they conceptualize diabetes in terms of their own cognitive explanatorymodels,
which are not necessarily congruent with the way in which health providers con-
ceptualize diabetes (109).

An interview study was conducted with adults with type 2 diabetes over 65 years
of age to assess their experiences with diabetes and their health goals and practices.
The mean sample age was 74 years; the majority were African American (79%) and
female (57%) and had diabetes-related comorbidities. Interview synthesis indicated
that this sample focused their healthcare goals outcomes from a functional and
social perspective, rather than a biomedical focus.Medical professions were cited as
influential (by 43% of participants); however, friends, family, and media also
appeared to be critical sources of influence in shaping expectations and care
goals. Participants’ personal diabetes care goals predominantly centered on activ-
ities of daily living and maintaining their independence and avoiding becoming a
burden to family (71%). Friends and family experiences with medical conditions
and events and shaped goals (50%). Findings also suggested that these older
participants did not differentiate between the relative importance of different
treatment goals and the prevention of different health complications. Diet and
exercise were underemphasized relative tomedicationmanagement (110). Effective
interactions with older patients should consider their experiences and influences and
focus on quality of life and patient definitions of their healthcare goals. Clearly
communicating priorities in self-care tasksmay facilitate adherence tomedical goals
and optimal care.

Many older adults may not be aware of the link between diabetes and cardio-
vascular disease and may benefit from enhanced education to promote awareness.
A study of 1,109 adults over 45 years of age with diabetes randomly sampled from a
large US mixed model managed care organization. Adults aged 65 years and older
were compared to those 45–64 years of age. Older adults had longer duration of
diabetes and higher rates of heart disease and cardiovascular comorbidities but were
less likely to relate these health comorbidities to their diabetes (111).

Collaborative provider–patient discussions regarding self-care, personal prefer-
ences and goals, and awareness of personal risk factors may enhance patient
motivation and treatment engagement. Integrating patient values and beliefs
about health and quality of life, considering available emotional and social support
and financial resources, and addressing problem solving regarding goals and treat-
ment adjustments may best promote long-term regimen adherence (102).

16.12.5 Ethnic/Cultural Issues Influencing Self-Care and Dietary Intake

Research also suggests that ethnic minority, older adults, and traditionally
‘‘hard-to-reach’’ persons may have culturally unique health-related perspectives
that are not effectively targeted by traditionally delivered health promotion inter-
ventions (112). While being healthy appears to be important and a general aware-
ness of what to do to stay healthy is evident, operational definitions of health in
these populations are often somewhat different than that typically used in health
promotion efforts. For example, focus group studies with underserved ethnic
minorities found that a prevailing belief was that better health behaviors could
build resistance to acute illnesses and keep them healthy, but that chronic diseases
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such as diabetes were due to fate and heredity and beyond their individual control.
In general, participants did not appear to make the cognitive ‘‘link’’ between the
chronic disease prevention and the importance of diet, physical activity, and weight
control. Most participants expressed an interest in ‘‘doing better’’ but were not able
to specify how such healthful changes might be made.

Qualitative evaluations of cultural influences on diabetes reveal the complexity of
psychosocial influences on diabetes lifestyle change and why traditional health
provider perspective-based dietary interventions with minority persons often fail.
An interview-based study of 20 middle-agedMexican American women with type 2
diabetes revealed that their personal understanding and interpretation of their
diabetes was most heavily based on their family’s experiences and on community
influences (109). From the participants’ perspectives, the severity of their diabetes
was indicated by being treated with insulin injections and the provider being
vigilant, while treatment with oral medications and the perception that providers
had a lax attitude was taken to mean that the diabetes was not severe. Having
diabetes was also viewed as a confusing, silent illness, and provider provision of
information was often viewed as insufficient. Participant comments revealed that
many found that provider comments were predominantly focused on negative
aspects of their behavior, were confrontational, and at times, petty or demeaning.
Provider focus on positive gains to be made with behavior change, reinforcement
for accomplishments, and avoiding pejorative terms (e.g., obese) may go a long way
in engaging many patients and enhancing a more collaborative relationship.

The strong influence of family and culture on adherence to a diabetes diet and
lifestyle change is also evident in focus group-based qualitative research with
African-American women with type 2 diabetes. Factors influencing optimal dia-
betes diet and physical activity behaviors were evaluated in a study of 70 southern,
predominantly rural African-American women, of whom 65% were aged 55 and
older (99). These women described the psychological impact of diabetes as being
stronger than the physical impact, and the psychological issues reported included
feelings of nervousness, fatigue, worrying, and having feelings of dietary depriva-
tion, including craving for sweets. Participants reported considerable life stress
other than diabetes, particularly having a multi-caregiver role. Family members
complaining about and resistant toward healthy food preparation methods was
common. Positive family support for diabetes was evident in the form of instru-
mental support from adult daughters or other female family members or friends to
older, single, or widowedwomen. In addition, spirituality and religiosity emerged as
a main theme in all groups. Spirituality was largely viewed as a primary source of
emotional support, a positive influence on diabetes, and a contributor to quality of
life. Church was described as an important source of social and emotional support
and resource for coping. This study exemplifies the importance of incorporating
family and the church in self-care behaviors of many southern African-American
women.

These findings demonstrate why consideration of the social and cultural context
of older adults’ lives is critical for the development of interventions to promote diet
and lifestyle change. Collaborative patient provider care and family-centered and
church-based approaches may offer more appropriate avenues for efforts to
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promote optimal diabetes care and maximize the effective delivery of dietary inter-
ventions for many older adults with diabetes, who are frequently overrepresented in
ethnic minority populations.

16.12.6 Quality of Life and Diabetes Diet in Older Adults

In considering prescribing a diabetes diet or when addressing issues related to
dietary adherence, it is important to consider the impact of dietary change on the
individual’s quality of life. Diabetes itself poses numerous challenges and the many
lifestyle demands are among the most difficult for patients. Both types 1 and 2
diabetes appear to have an impact on health-related quality of life (113). Diabetes-
specific quality of life issues are associated with overall well-being, and dietary
restrictions and daily hassles related to diabetes care are significantly associated
with treatment satisfaction as well as with general well-being. A liberalized diet and
flexible insulin therapy are among the diabetes-related factors most associated with
favorable quality of life in persons with type 1 diabetes (114).

A Japanese study of diabetic adults over age 60 examined the burden related to
having to make changes related to caloric restriction, dietary balance, regular diet-
ary habits, restriction of favorite foods, and the amount of snacks and restrictions
when eating out (115). Women, relatively younger subjects, those with lower family
support, chronic hyperglycemia, and taking oral diabetic agents reported greater a
higher level of burden from the lifestyle changes required by the diabetes diet.

For some older adults with diabetes, functional status is an important care
consideration. For individuals with limited cognitive function or multiple comor-
bidities, the primary goal of care may be achieving a satisfactory quality of life
rather than aggressive treatment regimens. In other cases, for those who are robust,
goals and care may be similar to those for younger persons with diabetes. The AGS
guidelines for improving care of older persons address issues that are more common
in the older diabetes population, including depression, pain, falls with injury, and
declining functional status. Consistent with research, the guidelines suggest that
goals be developed based on functional status and personal desires (116). Of note,

Table 16.11
Psychosocial influences on diet and lifestyle change in older adults with
diabetes

Dietary changes and quality of life

Social isolation / impact of social support

Depression

Hypoglycemia unawareness

Dementia / cognitive dysfunction

Competing priorities

Dislike of healthful foods or structured physical activity

Financial difficulty

Limited access to healthy foods or safe activity resources

Cultural norms that are not supportive of optimal diabetes self-care
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studies of functional status and health outcomes in older adults with diabetes have
found that persons with low functional level (defined by three or more limitations in
IADLs or ADLs) did not benefit from aggressive intervention aimed at blood
glucose control (117).

As highlighted in the previous sections, psychosocial and functional influences
play a substantial role in the dietary and lifestyle behaviors of older adults with
diabetes. Such influences are summarized in Table 16.11.

16.13 THEORETICAL CONCEPTUALIZATIONS OF LIFESTYLE
CHANGE IN OLDER ADULTS WITH TYPE 2 DIABETES

Lifestyle modification involves a complex series of behavior changes that con-
sider the social and physical environment as well as cognitive and dispositional
factors. Theories of health behavior change provide a framework for understanding
such behaviors as well as providing a context for interventions to enhance lifestyle
change. Two theories that have been shown to be efficacious in intervention trials
aimed at promoting nutrition and lifestyle change in type 2 diabetes are Social
Cognitive Theory (SCT) and the Transtheoretical Model (TTM). For an overview
of these frameworks, see Chapter 3. These frameworks have been the basis of
several major diabetes behavior change intervention trials, including the DCCT
(18) and DPP (61). References provided in the Appendix include theoretically
based patient materials with clinical examples, including handouts and patient tip
sheets.

16.14 BEHAVIOR CHANGE INTERVENTION STUDIES
OF SELF-MANAGEMENT AND LIFESTYLE CHANGE
IN OLDER ADULTS WITH DIABETES

Few studies of diabetes self-management education (DSME) have focused on
older adults. Intervention guidelines have been based on expert consensus rather
than on empirical evidence base (72). It is unclear if strategies for DSME that are
effective with younger patients are optimal for older adults. Consideration of issues
already discussed in this chapter highlight the unique self-management issues facing
many older adults with diabetes. Generational cohort influences may influence
readiness for receipt of detailed self-care information. Many of the oldest of older
adults may have limited knowledge or understanding of diabetes care. Self-manage-
ment steps may be influenced by cognitive functioning, physical status, and perso-
nal preferences and resources. Physical barriers to optimal diabetes dietary intake
may include swallowing difficulties, poor dentition, decreased thirst or appetite,
poor dentition, influence of medications on taste. Psychosocial influences may
include limited financial resources, difficulties with transportation, and limited
social support. Providing DSME content over multiple contacts and use of memory
cues such as large print handouts and cues to use at home can be helpful. A
simplified self-care regimen is optimal with goals not only to maintain diabetes
control but to have good quality of life (72). Many clinicians advocate individual
DSME for older adults, however, several studies have indicated that group
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education is effective. As can be seen from the few examples of controlled group
diabetes education programs specifically developed for older adults, participants in
intensive programs have tended to be younger, from the baby boomer generation,
limiting generalizability to the larger geriatric diabetes population.

An example of one of the few theoretically based lifestyle change intervention
programs developed specifically for older adults with diabetes is the ‘‘Sixty-some-
thing. . .’’ study (118). Principles of SCT were used to develop a 10-session self-
management training program, with 102 adults over 60 years of age with type 2
diabetes. Subjects were randomly assigned to immediate or delayed intervention
conditions. The intervention taught problem-solving skills and strategies for enhan-
cing self-efficacy for overcoming personal barriers to adhering to their diabetes diet
and other aspects of the diabetes regimen. The immediate intervention produced
greater reductions in caloric intake and percent of calories from fat, greater weight
loss, and increases in the frequency of blood glucose testing compared to delayed
controls. Improvements were generally maintained at 6-month follow-up. Results
from subjects receiving the delayed intervention closely approximated those for the
immediate intervention subjects.

Successful lifestyle change was also achieved in the Mediterranean Lifestyle
Program, a randomized intervention trial with 279 post-menopausal women with
type 2 diabetes aimed at reducing CHD risk factors. The intervention component
consisted of a 3-day retreat and 6 months of weekly meetings with an emphasis on a
Mediterranean low saturated fat diet, moderate physical activity, stress manage-
ment, smoking cessation, and group support. Behavior change was greater in
participants receiving the intervention than in the usual care control group with
greater changes in eating patterns, stress management, activity level, and smoking
cessation. Intervention resulted in improvements in BMI, HbA1c, plasma fatty
acids, and quality of life. Feasibility of this intensive approach to lifestyle change
is an important issue for consideration; participants in the Mediterranean diet arm
had a higher rate of attrition relative to those in the control condition (119).

Chodosh and colleagues conducted a meta-analysis of self-management inter-
vention studies that compared outcomes with usual care or control condition for
diabetes, osteoarthritis, or hypertension. Twenty diabetes studies were examined for
impact on HbA1c. Pooled effect size was –0.36 in favor of self-management inter-
vention, indicating lower HbA1c in treatment groups. For fasting blood glucose
outcomes, the pooled effect size for 14 studies was –0.28, equating to a decrease of
0.95 mmol/L in blood glucose level. No statistically significant differences were
observed in weight change between intervention and control conditions in the 13
studies reporting this outcome. Only three studies primarily focused on diet and
education, these had a pooled effect size of –0.062 for HbA1c. Post hoc analyses
aimed at understanding key essential elements of the self-management intervention
programs did not support any key program aspects (123).

16.14.1 Diet-Specific Intervention in Older Adults with Diabetes

A randomized nutrition education intervention was developed for older adults
with type 2 diabetes. Participants were age 65 and older (mean age 72) and without
functional or cognitive impairment. The 10-week intervention was theoretically
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based utilizing SCT and meaningful learning approaches aimed at minimizing the
presentation of too much information and maximizing learning by breaking infor-
mation down into small pieces and successively adding upon each concept across
the intervention. Strategies included limiting the content introduced at each session,
meaningfully organizing the content, integrating pre-existing knowledge with new
information, and modeling and in-session practice regarding decision-making
related to reading food labels, food purchasing, meal planning, and using the
information for diabetes self-care. Goal setting, self-monitoring, and feedback
were also utilized. The intervention resulted in improved glycemic control (120).
greater total knowledge, positive outcome expectancies, decision-making skills, and
reduced self-management barriers (121).

16.14.2 Weight Loss Intervention in Older Adults with Diabetes

Weight loss issues that must be considered for older adults with diabetes include
the impact of restrictions on quality of life and potential loss of lean muscle mass
from decreased protein intake (see also Chapter 10).

In research undertaken with younger adults with diabetes, weight loss programs
that combine diet, physical activity, and theoretically guided behavior change
techniques have been shown to be the most effective over the short term (1).
Hypocaloric diets, which can improve glucose tolerance and lipid levels, may also
be appropriate for older, obese persons with diabetes. Behavioral weight control
interventions with persons with type 2 diabetes have found that even reductions of
approximately 10% of weight loss can decrease hypertension and lipid abnormal-
ities and improve glycemic control, with improvements related to the magnitude of
weight loss (1).

The Look AHEAD trial is the first large, multisite clinical trial with type 2
diabetes that compared intensive weight loss intervention to support and education.
At the time of the writing of this chapter, 1 year results of the Look AHEAD trial
were published (122). This randomized controlled trial was conducted at multiple
centers, with 5,145 adults aged 45–74 with type 2 diabetes. Group and individual
meetings focused on intensive lifestyle change with weight loss and maintenance as
the primary goal. Restriction of caloric intake was the primary approach with a goal
of limiting total fat calories to 30%, with a maximum of 10% saturated fat and
minimum of 15% from protein. Portion-controlled diets were prescribed as were
structured meal plans. Home-based exercise with gradually increasing goals was
utilized. Walking was encouraged although other moderate intensity activities
could be chosen. A toolbox approach using algorithms and assessments of progress
was used. After the initial 6-month intervention period, toolbox options included
orlistat and/or advanced behavioral approaches for participants with difficulties in
achieving goals. At 1 year follow-up, intervention participants had lost an average
of 8.6% body weight, with greater weight loss, increased cardiovascular fitness, and
improved cardiovascular risk factors relative to participants in the control condi-
tion. Use of glucose-lowering medications decreased in intervention participants
and increased in control group participants. Use of antihypertensive medications
increased in control group participants but remained unchanged in the intervention
group. Use of lipid-loweringmedications increased in both intervention and control
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groups, with smaller increases in intervention participants. Findings highlight that
substantial weight loss is feasible in persons with type 2 diabetes. Notably, even
participants on insulin lost an average of 7.6% of bodyweight from baseline.
Follow-up of trial participants is planned for up to 11.5 years and will provide
evidence regarding ongoing risk-factor improvements and maintenance of health
gains (122).

16.15 RECOMMENDATIONS FOR IMPARTING DIETARY
INFORMATION

In order to impart diabetes diet information in a fashion that will lead to actual
changes in behavior and maintenance of these changes, it is critical to consider the
psychosocial and cultural influences that are present for each individual patient.
Simple and concrete statements such as ‘‘eat less fat’’ or ‘‘eat less food’’ or ‘‘get more
walking in each day’’ may promote learning and minimize failure. Nutrition infor-
mation is best presented in sequenced manageable steps that can then be individua-
lized to the patient’s setting. Simple tip sheets and problem-solving approaches
discussed in earlier sections may also be helpful. The National Diabetes Education
Program (NDEP) has prepared materials adapted from those used in the DPP for
use by primary care providers for middle age and older adults. These materials
address motivational approaches that consider readiness for change, behavioral
relapse. Materials can help to assess a patient’s personal readiness for change and
help in setting up a walking program. This toolkit, the NDEP GAMEPLAN
(Goals, Accountability, Monitoring, Effectiveness, Prevention through a Lifestyle
of Activity and Nutrition) is copyright free and contains healthcare provider
information with background information and patient handouts that may be
copied. For provider information, pre-diabetes risk factors are presented along
with diagnostic decision trees; screening approaches are reviewed, DPP findings
are summarized, and commonly asked primary care provider questions are
addressed (64). Information for downloading and telephone ordering is in the
appendix of this chapter.

It is also important to be mindful of the range of functioning in older adults.
Older adults of the World War II generation have tended to be characterized as
somewhat reverential toward physicians and the healthcare system. However, baby
boomers, who are now entering the realm of older adulthood, tend to differ from
previous generations and tend to have high expectations of their health providers
and desire additional information. This generation of ‘‘new’’ older adults tends to
want a collaborative relationship with their healthcare provider and desires addi-
tional information including resources such as self-help publications, Internet,
video, and audiotapes. They demand convenience, expect hard evidence of quality
and expertise, can be skeptical of advice at face value, and are often willing to
explore alternative therapies (123). In order to meet the needs of the range of older
adults with diabetes, it is clear that a ‘‘one size fits all’’ approach will not be effective.
Rather issues related to culture and ethnicity and generational cohort must be
considered.
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16.16 RECOMMENDATIONS

1. Establish the type of diabetes and medication regimen in order to appropriately
integrate dietary goals.

2. Consider the importance of cardiovascular risk, including obesity and lipids, in
developing diabetes dietary goals and routine assessment.

3. Work with the patient to set a goal of achieving and maintaining reasonable body
weight. For obese older adults, moderate weight loss may achieve dramatic results
and exercise may greatly enhance dietary intervention. Maintenance of behavior
change and weight loss is critical. For underweight adults, focus on promotion of
optimal nutritional intake and functional status.

4. Educate older adults with diabetes about the rationale for diet and lifestyle change
and link to health outcomes; promote self-efficacy for change.

5. Consider the risk of hypoglycemia for older adults taking insulin – particularly
those with poor nutritional status, cognitive dysfunction, polypharmacy, and
comorbid illness. Encourage frequent self-monitoring and dietary self-treatment
and preventive strategies.

6. Assess older adults’ specific dietary patterns such as food choices, quantity eaten,
and unplanned snacking and the lifestyle contexts in which they occur.

7. Address psychosocial issues that may influence dietary intake, including depres-
sion, social support, cognitive status, attitudes and perceptions, and the impact of
the diabetes regimen on quality of life.

8. Address and intervene within individuals’ cultural context, including family influ-
ences and church, when appropriate.

9. Provide a collaborative relationship with each patient, offer resources, and provide
concrete, behavioral strategies to promote behavior change.

10. When appropriate, provide self-help materials including Internet and National
Diabetes Education Program and ADA and AADE resources (see Appendix).

APPENDIX

Internet Resources

� American Diabetes Association: www.ada.org
� American Association of Diabetes Educators (includes ‘‘find an educator’’ service

locator): www.aadenet.org
� Centers for Disease Control and Prevention Section on Diabetes: http://www.

cdc.gov/diabetes/
� National Institutes of Health – Institute of Diabetes and Digestive and Kidney

Diseases: http://www2.niddk.nih.gov/
� NDEP GAMEPLAN (Goals, Accountability, Monitoring, Effectiveness, Preven-

tion through a Lifestyle of Activity and Nutrition) toolkit: http://ndep.nih.gov/
diabetes/pubs/GP_Toolkit.pdf800-438-5383

Books/Videos (Books from the American Diabetes Association may be ordered
at 1-800-ADA-ORDER or online at www.diabetes.org/shop-for-books-and-
gifts.jsp

Books on meal planning and nutrition, including structured meal suggestions
and recipes are available through the ADA at ‘‘http://www.diabetes.org/shop-for-
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books-and-gifts/meal-planning-nutrition.jsp’’ (sample titles that may appeal to
older adults include ‘‘Meal planning made easy’’, ‘‘Month of meals – All-American
fare’’ and ‘‘Month of Meals – Old-Time Favorites’’).

� Pastors, JG; Arnold, MS, Daly, MS, Franz, M.,Warshaw, H.S. Diabetes Nutrition
Q&A for Health Professionals. American Diabetes Association, Alexandria: VA,
2003.

� Anderson RM; Barr PA; Funnell MM; Arnold MS; Edwards GJ; Fitzgerald JT.
Living With Diabetes: Challenges in the African American Community. American
Diabetes Association, Alexandria: VA, 2000. (includes video vignettes)

� BJ. Anderson andRRRubin (Eds).Practical Psychology for Diabetes Clinicians, 2nd
Ed. Alexandria VA, American Diabetes Association, 2003.

� Mensing, C. (Ed.). The Art and Science of Diabetes Self-Management Education: A
Desk Reference for Healthcare Professionals. Chicago, American Association of
Diabetes Educators. 2006.
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17 Cardiac Rehabilitation: The Nutrition
Counseling Component

William E. Kraus and Julie D. Pruitt

Key Points

� Cardiac rehabilitation following a cardiac event is a comprehensive, multidisciplin-
ary program that includes lifestyle counseling in nutrition, physical activity, stress
management, and smoking cessation.

� Special concerns that can affect implementation of cardiac rehabilitation in older
patients include complicated co-morbidities; functional limitations, alterations in
taste, smell, and appetite; difficulties with medication use/effectiveness; and limited
financial, social, and/or caregiver resources.

� Recommendations for dietary modification in cardiac rehabilitation include advice
to increase the intake of fruits, vegetables, and whole grains, to substitute non-
hydrogenated unsaturated fats for saturated and trans-fats, and to increase intake
of omega-3 fatty acids.

Key Words: Cardiac event; hypertension; dyslipidemia; lipid-modified diet;
sodium

17.1 CORE COMPONENTS OF CARDIAC REHABILITATION

The era of cardiac rehabilitation in the United States dates back at least 30 years,
when visionaries Herman Hellerstein, Andy Wallace, and Ken Cooper, among
others, envisioned that a comprehensive lifestyle approach to the rehabilitation
and prevention of patients having had a cardiac event would potentially yield
great benefits for the individual patient and the health-care system. Until that
time, the thought of vigorous exercise in the cardiac patient soon after an event
was close to anathema. Since then the concept of cardiac rehabilitation has grown
into a comprehensive multidisciplinary program that includes lifestyle counseling,
particularly in nutrition, physical activity, stress management, and smoking cessa-
tion, as core concepts within the program (1). Despite the importance of providing
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these elements to a comprehensive rehabilitation program, until recently there was
little recognition of the need to find mechanisms to reimburse for many of these
services (2,3).

In the last 30 years the practice of cardiovascular medicine has grown and
changed and with it so has, by necessity, the practice of cardiac rehabilitation. As
one example, just very recently in 2006, the Center for Medicare and Medicaid
Services (CMS) approved three new indications for cardiac rehabilitation reimbur-
sement (percutaneous coronary intervention, cardiac transplantation, and valvular
surgery) to accompany the previous three indications of chronic stable angina, post-
bypass, and post-myocardial infarction (4). More importantly and significantly,
CMS recognized cardiac rehabilitation as the truly multidisciplinary program that
it is beyond just exercise therapy for the cardiac patient (4). And, the American
Association of Cardiovascular and Pulmonary Rehabilitation, the American Heart
Association, and the American College of Cardiology have combined efforts to
publish the first set of performance measures for referral to and delivery of cardiac
rehabilitation services (5). A practical text describing the components and pro-
cesses of cardiac rehabilitation is also now available (6). We will present in this
chapter a practical description of the nutrition component of cardiac rehabilitation
with an emphasis on the dietary options available to the cardiovascular patient and
some of the evidence supporting these dietary choices for the treatment and pre-
vention of cardiovascular disease.

17.2 NUTRITION AND CARDIOVASCULAR RISK

Healthy nutrition plays an essential role in improving the cardiovascular risk
profile following a cardiac event. Recognizing the impact that healthy dietary
behaviors can have on recovery, the guidelines for cardiac rehabilitation have stated
that ‘‘. . .nutritional counseling should be provided to all participants in cardiac
rehabilitation’’ (3). Research has shown that the combination of regular exercise
and healthy nutrition significantly slows the progression of coronary heart disease
(1). Increasing fruit and vegetable intake and managing fat in the diet are also
critical in the management of other heart disease risk factors such as hypertension,
type 2 diabetes mellitus, and dyslipidemias of many varieties.

National guidelines specifically require assessment of and targeted intervention
on the nutrition status of all cardiac rehabilitation participants (3,5). The methods
and tools used to achieve these requirements vary from program to program. The
size of the program, additional state regulatory requirements, program resources,
and other considerations will all influence the choice of tools and methods
employed by each program (see Table 17.1).

One element essential for all programs to include, regardless of size or resources,
is personalization of information for each participant. Personalization begins with
an individualized look at the participant’s nutritional status and home environ-
ment. Once an assessment is complete, each participant should have access to
appropriate nutrition education. The nutrition therapy portion of a cardiac reha-
bilitation program should culminate with healthy personalized recommendations.
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Based on the structure of the program, these services may be provided through
individual consultation with program staff or through interactive classroom
instruction.

17.3 SPECIAL ISSUES OF CONCERN FOR OLDER PATIENTS
IN CARDIAC REHABILITATION

There are several issues that present special concerns for aged patients in the
cardiac rehabilitation setting. Older patients are more likely to have more co-
morbid conditions. Co-morbidities, such as arthritis, chronic obstructive coronary
artery disease, and dementia hamper referral and interfere with cardiac rehabilita-
tion goals for patients that are referred.

A hallmark of the aging process is a progressive decline in physical activity, which
represents a significant cardiovascular risk factor (7). Although many view frailty
as a rationale to omit cardiac rehabilitation for older patients, those with limited
functional capacity may actually derive the greatest benefit in the form of propor-
tional improvements with minimal risk and improved quality of life (8). Cardiac
rehabilitation might actually be more beneficial in this group than in the general
post-event cardiac patient in promoting return to normal functional status and
establishment and maintenance of a good preventive cardiovascular program look-
ing forward. In fact, the fourth edition of the American Association of Cardiovas-
cular and Pulmonary Rehabilitation (AACVPR) guidelines address issues of aging
and present a strong case for providing cardiac rehabilitation services to the older
patient (9). However, at present, it must be noted that the benefits of cardiac
rehabilitation for these elderly patients remain more conceptual than proven.

Additional consideration must be given to other physiologic processes that are
occurring at this stage of life, such as the likely presence of co-morbid disease states
and associated treatments and altered physiologic response to food. According to
Podrabsky and Remig, an average 75-year-old person has three chronic disease
conditions and takes five prescription medications (10). There is a high likelihood
that each disease state and its treatments have its own dietary concerns/restrictions.

Some cardiovascular risk factors present particular challenges in older adults
that can interact with nutritional factors. For hypertension, salt sensitivity increases
the already stiff vasculature of elderly individuals andmakes the use of diuretics and

Table 17.1
Core components of nutritional counseling in cardiac rehabilitation

Evaluation – Assess caloric and nutrient intake, assess eating habits, assess target areas
for intervention

Intervention – Develop individualized diet plan aimed at general heart healthy
recommendations and specific risk reduction strategies; counsel participant and
family; incorporate behavior change and compliance strategies

Expected Outcomes – Participant understanding of basic dietary principles, plan to
address eating behavior problems, and adherence to diet

Adapted from Balady 2007
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a first-line medication more justifiable. However, fragile volume status might make
over-treatment and positional hypotensive episodes more likely, as well. Further,
dietary sodium content may interact and complicate the process of finding a stable
medical regimen for treatment of blood pressure, especially if the dietary sodium
content is not stable. Also, alcohol use can exacerbate hypertension and alcoholism
is a common geriatric problem.

With respect to dyslipidemia, while the importance of treating dyslipidemias as
cardiovascular risk factors in the elder patients has sometimes been controversial,
accumulating evidence suggests that treating elevated low-density lipoproteins
cholesterol levels is beneficial in older subjects and that physicians should not shy
away from aggressive treatment of lipids, irrespective of the age of the patient (11).
For example, in the PROSPER study, designed to study the efficacy of cholesterol
modification with pravastatin in older adults aged 70–82, at 3.2 years the active
therapy reduced the risk of a primary cardiovascular end point by 15%.

Given the well-known difficulty in compliance with statin therapy even in
younger cardiovascular patients, cardiac rehabilitation can be particularly valuable
for the elderly patient in encouraging compliance and reinforcing dietary
approaches to cardiovascular risk factors such as hypertension and dyslipidemias.
Further a propensity for depression following cardiovascular surgery, a particularly
problematic issue in the elderly patient, can be addressed in the cardiac rehabilita-
tion environment, thus encouraging compliance with risk modification through
lifestyle and medical interventions.

Providing nutrition counseling to an older adult population elicits the need to
discuss population-specific challenges and issues that must be considered in a
comprehensive program. Implementation of the clinical recommendations that
followmay be particularly difficult for this group. Many older adults have a limited
or restricted ability to meet their nutritional needs. As a whole, older adults often
have limited financial resources with which to purchase food, be it inexpensive
canned or frozen vegetables or a loaf of whole-grain bread, much less omega-3 fatty
acid-rich fish or fresh fruit. These cardiac participants may also be faced with
restricted access to acquiring food, especially following a cardiac event. They may
no longer drive and may be physically less able to take trips out of the house.

Dependency on others necessarily increases, leading to a lack of control on the
part of the older adult. Many older adults, while still living in the community at
large, are reliant upon informal caregivers. These informal caregivers, often family
and friends, provide essential support and services but are untrained in how to best
provide support. Including the cardiac rehabilitation participant’s support persons
during cardiac rehabilitation education sessions whenever possible is greatly bene-
ficial. These caregivers are often the critical link in the participant’s ability to follow
throughwith the established nutrition goals as the caregivers may be the people who
actually purchase and prepare the food. Including an element in nutrition counsel-
ing that enables caring for the caregiver to occur simultaneously provides a healthier
environment for the participant and allows the caregiver to be better able to per-
form caregiving duties. By functioning as a team, the caregiver and cardiac rehabi-
litation participant can jointly work toward a healthier future, thereby returning
some of the locus of control back to the participant.
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Changes in taste and smell also occur with age. This may lead to poor nutrition
status due to reduced enjoyment of eating, and therefore, to reduced intake of
nutritious foods or to increased consumption of low-nutrient-density foods with
stronger flavors such as high-fat, high-salt, and high-sugar foods. Food intolerances
such as heart burn and flatulence also seem to increase with age. Incorporating
nutrition solutions into personalized recommendations that not only clinically
address cardiovascular disease risk but also address some of the fundamental issues
faced by this population is critical for success.

17.4 DIETARY INTAKE AND THE MANAGEMENT OF HEART
DISEASE

Extensive research has been conducted on many different individual nutritional
components and the impact they have on coronary heart disease and the associated
risk factors. Hu and Willett completed a review of 147 original investigations and
reviews of major dietary factors. They identified increased intake of fruits, vegeta-
bles, and whole grains, substitution of non-hydrogenated unsaturated fats for
saturated and trans-fats, and increased intake of omega-3 fatty acids as the major
effective dietary strategies for preventing coronary heart disease (12). Additionally,
incorporation of low-fat dairy products on a daily basis helps to control blood
pressure and may, possibly, assist in weight management, if needed (13,14).
Structuring cardiac rehabilitation nutrition education around these principles
will support the goal of secondary prevention in participants.

17.4.1 Fruits and Vegetables

Numerous studies have demonstrated that diets rich in fruits and vegetables are
correlated with prevention of coronary heart disease and associated risk factors
(12). In a large epidemiologic study, a significant inverse correlation between risk
of coronary heart disease and intake of fruits and vegetables was noted. Every single
serving/day increase in intake was correlated with a 4%decrease in risk. Individuals
in the highest quintile of intake (9.15–10.15 servings/day) had a 20% lower relative
risk of developing coronary heart disease than individuals in the lowest quintile of
intake (2.5–2.9 servings/day). Especially beneficial were leafy green vegetables and
vitamin C-rich fruits and vegetables (15). In the landmark DASH trials, increased
consumption of fruits and vegetables in the setting of additional healthy food
behaviors led to markedly decreased blood pressure levels (13). The beneficial
effects of including fruits and vegetables in the diet are thought to come, in part,
from the provision of potassium, fiber, phytochemicals, and the displacement of
unhealthier food choices.

Counseling participants with regard to the inclusion of additional fruits and
vegetables in their diets should include several key elements. First, while respect-
ing the person’s dignity, discussion of the participant’s ability to procure fruits
and vegetables is important. Together, explore viable options for increasing fruit
and vegetable intake, such as selecting inexpensive preparations (canned or
frozen), selection of in-season varieties, home-delivered farm shares, and the
like. Second, emphasize the importance of serving the fruits and vegetables in a
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healthy and appealing manner. People often offset the benefit gained from the
inclusion of fruits and vegetables in the diet by adding copious amounts of fats and
sugars during food preparation. Third, starchy vegetables such as corn, potatoes,
peas, and beans should be considered part of the starches food group and not the
vegetable food group. Starchy vegetables, as the name implies, have carbohydrate and
caloric contents similar to other starches.When developing ameal plan, treating them
as such is necessary, especially when blood glucose management is a factor in meal
composition. Non-starchy vegetables are very low in calories and can be consumed
liberally, even in the setting of weight management. Last, encouragement in the
selection of whole fruits and vegetables whether they are fresh, frozen, or canned in
their own juice or light syrup over juices is important. Whole fruits and vegetables
provide the extra benefit of fiber and increased satiety. In general, over-consumption
of calories from fruit rarely occurs and only when a participant consumes more than
the recommended amount of juice or dried fruit – less satisfying foods. Increasing the
consumption of healthy fruits and vegetables is often a new experience for many
cardiac rehabilitation participants. Increasing their self-efficacy through education
and counseling to establish these new habits is critical in their eventual success.

17.4.2 Dietary Fats

There is undeniable evidence that diets high in saturated and trans-fats are
significant contributors to the risk of coronary heart disease, while inclusion of
healthy monounsaturated and polyunsaturated fats reduces risk. Differences in
total fat intake, with the exception of difficult-to-adhere-to very low-fat diets
(<10% of total calories from fat), do not significantly influence coronary heart
disease risk; only substitution of saturated and trans-fats with monounsaturated
and polyunsaturated fats significantly impact risk (16–18). In the Women’s Health
Initiative Study, an 8.2% reduction in total fat intake (2.9% from saturated fat,
0.6% trans-fats, 3.3% monounsaturated fats, 1.5% polyunsaturated fats) did not
result in significant impact on coronary heart disease risk. However, replacement of
5% of energy from saturated fat and 2% of energy from trans-fat with monounsa-
turated and polyunsaturated fats was associated with a 42 and 53% lower risk of
coronary heart disease, respectively, in the Nurses’ Health Study (17). Targeted
reductions and substitutions of fat subtypes are critical to improving a person’s
cardiac risk profile.

In addition to replacing unhealthy fats in the diet with healthy fats, inclusion of
omega-3 fats in the diet can provide substantial benefits. Inclusion of approximately
eight or more servings of omega-3 fatty acid-rich fish each month reduced sudden
cardiac death by 50%compared to consumption of less than one serving of omega-3
fatty acid-rich fish per month (19). Plant-based sources of omega-3 fatty acids have
also been indicated in the secondary prevention of coronary heart disease (19). It is
important to encourage participants to increase omega-3 fatty acids in their diet by
including two 3-ounce servings of low-contaminate (see Table 17.2) fatty fish each
week and plant-based sources such as flaxseed, English walnuts, and canola oil,
within the context of recent safety advisories.

Managing the balance of fat in the diet through the replacement of unhealthy
saturated and trans-fats with healthy omega-3, monounsaturated and polyunsaturated
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fats can represent a significant lifestyle change for many cardiac rehabilitation partici-
pants. Thiswill likely be a shift away frommany of the comfort foods that are ingrained
in their home environment. Acknowledging the difficulty of these changes can be
helpful as the participant begins to set goals for change. Smaller, more attainable
goals lead to early success and increased self-efficacy. Work with the participant to
identify one or two specific areas for change. These targeted efforts can have substantial
returns. For example, someone who is eating high-saturated fat meat at most meals
could set a goal to prepare one vegetarian meal each week. A second goal may be
substituting canola or olive oil for shortening when cooking. Both of these actions can
considerably improve the participant’s diet without an overwhelming, unnecessary, and
expensive pantry overhaul. The sheermagnitude of which could cause a total resistance
to all change.

17.4.3 Dairy Products

Dairy products may play a role in managing blood pressure and weight. Adding
low-fat dairy products such as milk and yogurt to a diet rich in fruits and vegetables
compounds the diet’s ability to reduce cardiac risk. In the setting of weight main-
tenance, the DASH-feeding studies noted addition of two to three servings of
low-fat dairy products to the basic diet more than doubled the reduction in
blood pressure achieved by subjects using this dietary approach (13). While
these positive effects on blood pressure have been well documented, newer research
demonstrates the potential for even more risk reduction benefits when weight loss
is needed.

Recent studies support the role of calcium and low-fat dairy products in weight
and body fat mass management. Including dairy (that is, three servings of yogurt/
day) in the setting of energy restriction improved total body fat loss and trunk fat
loss by 61 and 81%, respectively (14). If energy intake is held constant and
suboptimal calcium intake is increased through the inclusion of three servings of
dairy per day, body fat mass decreases (�5.4%), especially in the trunk region
(�4.6%), while body weight remains stable (14). A recent randomized control trial
compared increased calcium through supplementation and inclusion of dairy pro-
ducts. While individuals taking calcium supplements experienced improvement
over the control group in weight, total body fat, and trunk fat loss, individuals in
the dairy group had substantially greater losses (14).

Table 17.2
Fish advisory (from the American Heart Association)

Some fatty fish such as shark, swordfish, king mackerel, and tilefish have higher
mercury content. Limit your consumption of these fish to no more than 7 ounces per
week. Consumption of fish with lower mercury contamination like tuna, red snapper,
and orange roughly should be limited to no more than 14 ounces per week.

Women of childbearing age, pregnant woman, and children should avoid fish with high-
mercury contamination altogether and limit lower mercury fish to not more than 12
ounces per week.
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These smaller trials indicate that provision of dairy products in the diet is
beneficial in the management of weight and body fat; however, more extensive
research is needed. Virtually all cardiac rehabilitation participants can benefit from
the inclusion of two to three servings of dairy products in their daily diet. Primarily,
these servings should come from low-fat milk and yogurt. Cheese and butter, due to
their higher fat content and lower calcium content, are considered when determin-
ing daily fat intake, rather than as dairy servings.

17.4.4 Whole Grains and Starches

In the past several years, starches have received volumes of negative press, with
some fad diet creators suggesting virtual elimination of starches from the diet.
However, starches are essential components of a healthy diet, as they provide
certain essential nutrients and serve as a vital energy source. Starches also serve
an important function in satiation. A distinction to be made during nutritional
counseling is in the type of starch that is recommended for inclusion in the diet.
While refined grains are stripped of their nutrients, whole grains provide a bounty
of nutrients, phytochemicals, and fiber.

Inclusion of whole grains and cereal fiber in the diet decreases risk of disease. In
the Iowa Women’s Health study, Jacobs et al. found a clear inverse relationship
between intake of whole grains and risk of heart disease (20). Individuals in the
highest quintile of intake (3.2 servings/day) had a 30% lower relative risk of heart
disease than individuals in the lowest quintile of intake (0.2 servings/day) (20).
Similarly, results from the Nurse’s Health Study also demonstrated a 34% lower
risk of heart disease in women in the highest quintile of intake of fiber. The
decreased risk was only significant for dietary fiber from cereal grains and not for
fiber from fruits and vegetables (21).

Introducing or increasing whole-grain products in the diet can be structured in a
stepwise manner with the goal of at least half of all starch servings in the diet
provided by whole-grain products. It is productive to have the participant begin
to examine the starch products currently consumed and identify areas for change.
Initial increases may come from mixing whole-grain breakfast cereals with favorite
refined grain cereals or purchasing whole-grain pastas. Eventually, the participant
can continue to transition to additional whole-grain products as the palate and
gastrointestinal tract adjust.

17.5 ADDITIONAL RELEVANT DIETARY COMPONENTS

17.5.1 Stanols and Sterols

Plant stanols and sterols are organic compounds found naturally in vegetable
oils, cereals, fruits, and vegetables. Additionally, they are now added to products
such as margarines and orange juice. Due to their cholesterol-like structure, these
compounds interfere with the absorption of cholesterol and cholesterol-building
blocks in the digestive tract. The net effect of this lowered absorption is a 6–15%
reduction in LDL cholesterol (22). The Third Report of the National Cholesterol
Education Program Expert Panel of Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III) recommends consuming

326 Kraus and Pruitt



2 g of plant stanol and sterol esters per day as a therapeutic option for managing
LDL cholesterol (22). To achieve an optimal intake level, inclusion of fortified
products is necessary as the amount of stanols and sterols occurring naturally in
foods is minimal.

17.5.2 Alcohol

While alcohol intake and a reduction in cardiac events have been widely pub-
licized in the popular media and supported by several research studies, we do not
recommend encouraging the addition of alcohol in the diet of a cardiac rehabilita-
tion. The addictive nature and adverse consequences of over-consuming alcohol do
not outweigh the potential benefits. In fact, as noted, excessive alcohol intake can be
especially problematic in the older adult population. Also, it is becoming clear that
many of the studies that found a potential benefit of moderate alcohol consumption
perhaps overestimated the benefits by incorrectly including reformed high-volume
alcoholic consumers in the abstinence group.While the proper role of alcohol in the
diet and for risk reduction is still being investigated, if a participant currently
consumes alcohol, the American Heart Association recommends limiting intake
to notmore than one drink per day for women and two drinks per day formen (23).

17.5.3 Sodium

Numerous studies have shown that reducing intake of dietary sodium can have a
significant effect on lowering blood pressure, a risk factor for heart disease. In the
DASH – Sodium trial, subjects were maintained on sodium intakes of 3300, 2400,
and 1500 mg/day in a cross-over design. Blood pressure was significantly reduced
with each incremental drop in sodium intake (24). While sodium intake at the
lowest level showed the greatest overall lowering effect, maintaining this level of
intake is difficult at best. Therefore, the American Heart Association recommends
consuming no more than 2400 mg of sodium per day (23). To remain under the
recommended level of intake, counsel cardiac rehabilitation participants to steer
clear from high-sodium seasonings, canned meats, soups and vegetables, and salty
snacks and to avoid adding salt when cooking or at the table. Encourage partici-
pants to experiment with low-sodium flavor agents to maintain or add flavor to
their foods.

17.6 ALTERNATIVE DIETARY PATTERNS

One of the most significant ways that cardiac risk can be reduced is through
achieving andmaintaining a healthy body weight. As a result, cardiac rehabilitation
participants who are overweight or obese often solicit advice about initiating one of
the numerous popular diets for weight loss. For this reason health professionals
need to be aware of two key points emerging from research in this field. Several
studies have noted that weight loss is not significantly different after 12 months in
subjects following any one of the several popular diets (25–27). In a randomized
clinical trial comparing a low-carbohydrate, high-protein, high-fat diet to a low-
calorie, high-carbohydrate, low-fat diet, greater improvement of some cardiac risk
factors (triglycerides andHDL)was experienced on the low-carbohydrate diet (25).

Chapter 17 / Cardiac Rehabilitation 327



Changes in other risk factors (LDL, blood pressure, insulin sensitivity), however,
were not significantly different between the groups or, as demonstrated by meta-
analysis, were found to be unfavorable on a low-carbohydrate diet (25,27). When
discussing alternative popular diets with participants, one might examine the
restrictions set forth by the popular diet which limit the consumption of the proven
beneficial foods (fruits, vegetables, low-fat dairy products, and whole grains) dis-
cussed previously. The long-term health ramifications and safety of excluding or
limiting these foods are, as of yet, unknown.

17.7 RECOMMENDATIONS FOR APPROPRIATE CALORIC INTAKES
AND DIETARY PATTERNS

Practical implementation of a healthy diet pattern begins with laying a founda-
tion of appropriate caloric intake. For the older adult population achieving an
appropriate caloric intake may mean either a decrease or an increase in current
caloric intake. In this population less strict adherence to specific calorie levels and
more emphasis on healthy eating patterns are recommended. The tool presented in
Table 17.3 was developed by dietitians at the Duke Center for Living and Duke
CardiacRehabilitation program. Based on theHarris Benedict equation, it is a user-
friendly tool requiring minimal calculations to approximate caloric intake (see
Table 17.3). Once an appropriate calorie level is identified, determine the recom-
mended contributions from each dietary component. A healthy cardiac diet allows
for an estimated 25–30% of total calories from fat – mainly from healthy mono-
unsaturated and polyunsaturated fats by limiting unhealthy saturated fat to 7% of
total calories. A quick reference for total fat and saturated fat gram allowance for
varying calorie levels is provided (see Table 17.4). Select the calorie level closest to
the participant’s calculated needs.

Table 17.3
Determining your daily calorie allowance

Step 1: Write current weight ______ (lbs) then multiply by 10 = __________

Step 2: Choose one from Steps a–e below. (It is important not to
have a calorie level <1200 without evaluation by a
dietitian or physician)

a. If youwant to tone up body,maintain weight or lose less

than 10 lbs, then add 500

b. If you want to lose 10–25 lbs, then add 0. __________

c. If you want to lose greater than 25 lbs, subtract 500

d. If you weigh 350 lbs or more, subtract 1,000.

e. If you want to gain weight, add 1,000.

Step 3: Add calories in right-hand column from Steps 1 and 2. ______Calories

This is your estimated calorie needs per day per day

Above calorie levels are based on a person engaging in �30 min of exercise 3–5 days/week.
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Table 17.5 shows two suggested meal plans that take into account the calories
from fat and the recommendations for following a diet pattern rich in fruits,
vegetables, low-fat dairy products, and whole grains. The first plan (Table 17.5,
Chart 1) includes provisions for participants who consume beef, poultry, seafood,
eggs, and cheese, while the second (Table 17.5, Chart 2) is specifically designed for
lacto-ovo vegetarians (individuals who do not consume animal products with the
exception of eggs, cheese, and dairy products). To advise a specific patient, begin by
finding the caloric level that most closely matches the patient’s recommended
caloric intake on the appropriate chart.

17.8 SUMMARY

The goal of nutrition therapy for older adult cardiac rehabilitation participants is
the adaptation and maintenance of healthy behaviors in order to improve a parti-
cipant’s cardiovascular risk profile and prevent additional cardiac events for a
lifetime. Nutrition therapy begins with an assessment of current dietary practices
and review of potential barriers, followed by identification of targeted areas for
change and creation of an implementation plan. Including the services of a regis-
tered dietitian in a cardiac rehabilitation programmay be beneficial inmanaging the
complexities of changing dietary behaviors and providing nutrition education.
Involving individuals that are part of the participant’s support network and provid-
ing support and encouragement for each step a participant makes will foster
continued positive changes and cardiac risk reduction.

17.9 RECOMMENDATIONS

1. Complete a thorough assessment of the nutrition status and home environment of
the cardiac rehabilitation participant.

Table 17.4
Daily fat gram budget chart

Calorie needs
Maximum daily total fat

gram budget
Maximum daily saturated

fat gram budget

1300 40 10

1400 43 11

1600 48 12

1800 51 14

2000 58 16

2200 66 17

2400 73 19

2600 79 20

2800 87 22

3000 95 23
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2. Provide education on a diet rich in fruits, vegetables, low-fat dairy products, and
whole grains and low in saturated and trans-fats.

3. Assist participants in identifying changes they can make to substitute non-hydro-
genated unsaturated fats for saturated and trans-fats in their diets.

4. Approximate the participant’s optimal caloric intake (see Table 17.3) for supporting
healthy weight maintenance goals.

5. Develop a participant-specific implementation plan that acknowledges the areas
which need improvement and solutions to potential barriers.
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18 Chronic Heart Failure

Christopher Holley and Michael W. Rich

‘‘Dropsy [heart failure] is usually produced when a patient remains for a long time
with impurities of the body following a long illness. The flesh is consumed and
becomes water. The abdomen fills with fluid; the feet and legs swell; the shoulders,
clavicles, chest and thighs melt away.’’

–Hippocrates (1)

Key Points

� Heart failure is the leading cause of hospitalization in the Medicare age group. The
prognosis for established heart failure in persons over age 65 is poor, with 5-year
survival rates of less than 50% in both men and women.

� The pharmacotherapy of systolic heart failure is well established, with angiotensin-
converting enzyme inhibitors and beta-blockers having the most proven benefit.
Treatment of diastolic heart failure is an area of active research, but no therapies
have been definitively shown to reduce mortality.

� Unintentional weight loss in heart failure is likely due to both increased energy
utilization and decreased availability of fat, protein (amino acids), and carbohy-
drates despite ‘‘normal’’ caloric intake.

� Moderate dietary sodium restriction, such as a 2-g sodium diet, is appropriate for
most patients with heart failure, and excess fluid intake should be avoided.

� Some patients will require supplementation with potassium, calcium, and/or mag-
nesium if adequate amounts cannot be obtained from the diet. However, the impor-
tance of most vitamins and other micronutrients in the pathogenesis and treatment
of chronic heart failure has not been well characterized.

KeyWords: Cardiac function; systolic heart failure; diastolic heart failure; cardiac
cachexia; sodium restriction; electrolytes

18.1 OVERVIEW OF HEART FAILURE

18.1.1 Background

Heart failure is a condition in which one or more abnormalities in cardiac
function lead to an inability of the heart to pump sufficient blood to meet the

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition
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body’s metabolic needs while maintaining normal or near-normal intracardiac
pressures and blood volumes. It affects approximately 5 million Americans, and
more than 500,000 new cases are diagnosed each year (2). Importantly, both the
incidence and the prevalence of heart failure increase progressively with advancing
age (3), and almost 80% of hospital admissions for heart failure occur in persons
over 65 years of age (4), withmore than 50%occurring in persons over the age of 75
(5). As a result, heart failure is the leading cause of hospitalization in the Medicare
age group, and it is currently the most costly cardiovascular illness in the United
States (6). Moreover, it is anticipated that the rapid growth in the older adult
population will result in a doubling in the number of older persons with heart failure
during the next two to three decades.

18.1.2 Etiology

In the United States, chronic hypertension and coronary heart disease account
for 70–80% of heart failure cases (7, 8). In older women, hypertension is the most
common etiology of heart failure, accounting for almost 60% of cases (8). In older
men, coronary heart disease and hypertension each account for 30–40% of heart
failure cases (8). Valvular heart disease (esp. aortic stenosis and mitral regurgita-
tion) and nonischemic cardiomyopathies (dilated, hypertrophic, restrictive) are also
common causes of heart failure in older adults. Less frequent causes include
infective endocarditis, pericardial disease, thyroid disorders, and drug toxicity
(e.g., anthracyclines).

18.1.3 Pathophysiology

The cardiac cycle is divided into a filling phase (diastole) and an emptying or
pumping phase (systole). Impaired cardiac filling due to increased ‘‘stiffness’’ of the
heart (e.g., from hypertension) results in increased intracardiac pressures and
reduced cardiac output, leading to the syndrome of ‘‘diastolic heart failure’’. Con-
versely, damage to the heart muscle (e.g., from a myocardial infarction) results in
impaired pumping action or ‘‘systolic heart failure’’. Although most patients with
heart failure have evidence for both systolic and diastolic dysfunction, patients with
significantly reduced systolic function (ejection fraction <40%) are often classified
as having predominantly ‘‘systolic’’ heart failure, whereas patients with preserved
systolic function at rest (ejection fraction >50%) are considered to have predomi-
nantly ‘‘diastolic’’ heart failure. Patients with heart failure and an ejection fraction
of 40–49% may be viewed as having ‘‘mixed’’ systolic and diastolic heart failure.
Recent studies indicate that about half of heart failure cases are associated with
impaired systolic function, while the remainder have normal or near-normal systolic
function at rest (7, 9). Importantly, diastolic heart failure is more common in
women than in men, in part due to the high prevalence of hypertension in women,
and the proportion of patients with diastolic heart failure increases markedly with
age. In the Cardiovascular Health Study, two-thirds of women over age 65 with
heart failure had preserved systolic function, as compared with only 41% of men in
this age group (10).

Although treatment of systolic and diastolic heart failure is similar in many
respects, it is important to evaluate ventricular function by echocardiography,
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radionuclide angiography, or cardiac catheterization in all patients with newly
diagnosed heart failure because, as discussed below, there are important differences
in pharmacotherapy depending on the degree of impairment in contractile function.

18.1.4 Clinical Features

The cardinal symptoms of heart failure include exertional shortness of breath and
fatigue, reduced exercise tolerance, orthopnea, and lower extremity edema. Palpita-
tions and orthostatic light-headedness are also common, but chest discomfort in the
absence of ischemia is not usually present. Physical findings may include tachycar-
dia, tachypnea, elevated jugular venous pressure, moist pulmonary rales, an S3 or S4
gallop, hepatomegaly, and dependent pitting edema. In patients with advanced or
long-standing heart failure, there is loss of lean body mass, particularly muscle
mass, which in severe cases leads to the syndrome of cardiac cachexia.

18.1.5 Prognosis

The prognosis for established heart failure in persons over age 65 is poor, with
5-year survival rates of less than 50% in both men and women (11). In addition,
chronic heart failure is characterized by recurrent hospitalizations for acute exacer-
bations (12, 13), a marked increase in the risk of sudden death due to arrhythmia
(14), and substantially impaired quality of life due to diminished activity tolerance.
Although the short-term prognosis (i.e., 3–6months) is somewhatmore favorable in
patients with diastolic compared to systolic heart failure, the long-term prognosis is
similar (15, 16). In addition, hospitalization rates, symptom severity, and func-
tional capacity do not differ significantly in patients with preserved versus impaired
systolic function (17).

18.1.6 Treatment

Optimal treatment of chronic heart failure combines both nonpharmacological
and pharmacological approaches (18). Nonpharmacological measures include
patient education, dietary counseling, sodium and in some cases fluid restriction,
attention to psychosocial and financial concerns, and close follow-up. Older
patients with multiple comorbid conditions or complex environmental issues
often benefit from a multidisciplinary approach to care delivery, involving nurses,
social workers, dietitians, therapists, pharmacists, and physicians (19, 20).

The pharmacotherapy of systolic heart failure has been studied extensively over
the last 25 years. Angiotensin-converting enzyme (ACE) inhibitors are the corner-
stone of treatment, and available evidence indicates that these agents are at least as
effective in older as in younger heart failure patients (21). Angiotensin II receptor
blockers (ARBs) and the combination of hydralazine and isosorbide dinitrate are
suitable alternatives in patients who are unable to tolerate ACE inhibitors (22–25).
Beta-blockers have also been shown to reduce mortality and improve left ventricu-
lar function in stable heart failure patients at least up to the age of 80 (26, 27).
Digoxin improves symptoms and reduces hospitalizations for heart failure but has
no effect on survival, with similar effects in older and younger patients (28, 29).
Diuretics are important for maintaining normal volume status and for managing
acute heart failure exacerbations, but with the exception of the aldosterone
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antagonists spironolactone and eplerenone, diuretics have no discernible effect on
the natural history of heart failure. Spironolactone reduces mortality in patients
with advanced heart failure and is indicated in patients who remain highly sympto-
matic despite the above therapeutic measures (30). Current pharmacotherapy of
systolic heart failure is summarized in Fig. 18.1.

In contrast to systolic heart failure, treatment of diastolic heart failure has been less
well studied and remains largely empiric (17). Hypertension should be treated
aggressively and coronary artery disease should be managed with medications and/
or revascularization as indicated. Diuretics are indicated for controlling volume
overload, but over-diuresis should be avoided. The ARB candesartan has been
shown to reduce hospitalizations for HF in this population, but without a significant
mortality benefit (31). Additional pharmacologic agents that have been shown to
improve symptoms in selected patients with diastolic heart failure include nitrates,
ACE inhibitors, beta-blockers, calcium channel blockers (17, 32).

18.2 GENERAL NUTRITIONAL ASPECTS OF HEART FAILURE

18.2.1 Heart Failure as a Metabolic Syndrome

Heart failure is a chronic progressive disorder characterized by a host of neurohor-
monal, immunologic, and metabolic derangements (Table 18.1) (33). In acute heart
failure, activation of the sympathetic nervous system and renin-angiotensin-aldosterone
axis serves to maintain cardiac output and preserve tissue perfusion. However, chronic

Fig. 18.1. Pharmacotherapy of left ventricular systolic dysfunction. Solid regions denote
conditions for which improved outcomes have been documented in prospective randomized
clinical trials.
ACE: angiotensin-converting enzyme.
* angiotensin receptor blockers (ARBs) and the combination of hydralazine and isosorbide
dinitrate are acceptable alternatives or adjuncts to ACE inhibitors in selected patients.
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activation of these systems is deleterious and perpetuates progression of the heart failure
syndrome. Indeed, current therapy for heart failure focuses on antagonizing the harmful
effects of these two neurohormonal pathways through the use of beta-blockers, ACE
inhibitors, angiotensin receptor blockers, and aldosterone antagonists.

In addition to activation of neurohormonal systems, chronic heart failure is
associated with immunological dysregulation, as evidenced by increased levels of
circulating tumor necrosis factor-alpha (TNF-�), interleukins 1 and 6, soluble
adhesion molecules, and certain leukocyte chemokines (34, 35). Activation of
these cytokines likely plays a pivotal role in the apoptosis (programmed cell
death) and anorexia which are features of chronic heart failure. In addition, some
cytokines may exert direct cardiotoxic effects (e.g., through increased oxygen free
radical activity), thereby contributing to heart failure progression.

Many of the neurohormonal and immulogic abnormalities in chronic heart fail-
ure are also associatedwith important effects onmetabolism.While themechanisms
underlying these effects are complex and not fully understood, the net effect is
characterized by an imbalance between catabolic (tissue-wasting) and anabolic
(tissue-building) factors (36). Cardinal features of advanced heart failure include
an increase in basal metabolic rate (BMR) (37), altered protein and fat metabolism,

Table 18.1
Neurohormonal and metabolic abnormalities in chronic heart failure

Neurohormonal abnormalities

Activation of sympathetic nervous system

� Increased circulating norepinephrine and epinephrine

� Sympathovagal imbalance with sympathetic dominance

Activation of renin-angiotensin-aldosterone system

� Increased angiotensin II levels

� Increased aldosterone levels

Increased atrial and brain natriuretic peptide levels

Increased levels of endothelin-1

Increased levels of vasopressin (anti-diuretic hormone)

Increased cortisol levels

Decreased levels of dehydroepiandrosterone (DHEA)*

Increased insulin levels in noncachectic patients

Increased growth hormone

Normal or reduced insulin-like growth factor-1 (IGF-1)

Thyroid dysfunction

Metabolic abnormalities

Increased basal metabolic rate (BMR)

Impaired peripheral blood flow (decreased nutrient delivery)

Altered protein and fat metabolism

Insulin resistance*

*denotes anti-anabolic effect.

Chapter 18 / Chronic Heart Failure 337



and impaired peripheral blood flow with reduced nutrient delivery to bodily tissues.
In the chronic setting of advanced heart failure, these effects lead to tissue wasting
and loss of lean body mass (38).

18.2.2 Cardiac Cachexia

Hippocrates’s early description of ‘‘dropsy’’ (i.e., heart failure) cited at the
beginning of this chapter provides a remarkably apt characterization of cardiac
cachexia. While tissue wasting and loss of muscle mass occur early in chronic heart
failure, marked tissue wasting and cachexia are hallmarks of advanced or end-stage
heart failure.

Cardiac cachexia has been defined as a 6% or greater decline in lean body mass
over a period of 6 months or more (39). Estimates of the prevalence of cachexia in
patients with heart failure vary widely, but typically range from 10 to 20%. Impor-
tantly, cachexia differs markedly from starvation (e.g., due to anorexia nervosa).
Although patients with heart failure may exhibit signs of malnutrition, in cachexia
there tends to be a greater loss of lean body mass, principally muscle mass but also
bone mass, whereas in starvation there is preferential loss of adipose tissue in the
early stages, with subsequent loss of muscle mass as malnutrition progresses (38).
In addition, prolonged starvation is almost invariably associated with a very low
body mass index (BMI), whereas patients with cardiac cachexia may experience
only modest reductions in body weight, in part due to increased extracellular fluid
accumulation (edema), as well as conversion of muscle tissue to fat.

As noted above, the complex cascade of metabolic disturbances leading to
cardiac cachexia is incompletely understood. However, circulating levels of
TNF-� are invariably elevated in patients with cardiac cachexia; indeed, the
TNF-� level is the strongest predictor of weight loss in heart failure patients
(36). It is currently unknown whether TNF-� plays a direct pathophysiological
role in the development of cardiac cachexia or if it merely serves as a marker
for the cachectic state (and the severity of heart failure), but circulating TNF-�
levels are a strong independent predictor of mortality in heart failure patients.
Unfortunately, early clinical trials of TNF-� blocking agents have been disap-
pointing (see below).

Other circulating factors that may play a role in cardiac cachexia include endo-
toxin, leptin, and ghrelin. Circulating endotoxin may arise when extensive fluid
overload causes gut edema, allowing bacterial toxins to move from the bowel to the
bloodstream. This leads to increased inflammatory cytokines with systemic effects
as noted above. Leptin is a peptide that acts centrally to reduce food intake and
increase energy expenditure, but leptin levels have not been shown to reliably
predict nutritional status or prognosis in heart failure patients (40). In contrast
to leptin, ghrelin is a centrally acting peptide produced in the stomach that stimu-
lates food intake and can increase circulating levels of growth hormone (GH).
Administration of ghrelin has shown promising results in both animal models of
heart failure as well as in a small clinical trial, in which heart failure patients treated
with ghrelin for 3 weeks had increased left ventricular function, exercise capacity,
and lean body mass (41, 42).
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18.2.3 Caloric Intake, Fat, and Protein

The occurrence of weight loss in patients with advanced heart failure is somewhat
paradoxical, since heart failure is often associated with reduced physical activity.
Furthermore, although some heart failure patients develop anorexia, due either to
heart failure itself or as a result of medications (e.g., digoxin, captopril), in the
absence of anorexia caloric intake is similar in heart failure patients (including those
with cachexia) and persons without heart failure (43). This combination of pre-
served caloric intake and apparently reduced activity would be expected to result in
weight gain rather than weight loss. What, then, accounts for the net loss in non-
edematous body mass so frequently encountered in end-stage heart failure patients?

First, as noted above, most studies have shown that despite reducedmuscle mass,
there is an increase in BMR in most patients with heart failure, most likely due to
increased energy requirements for respiration and the generalized catabolic state
arising from neurohormonal dysregulation (esp. increased circulating catechola-
mines) (37, 44). Second, although caloric intake is maintained, there is evidence
that fat absorption is impaired in patients with heart failure, perhaps due to bowel
edema (45). In addition, although intestinal handling of protein appears to be
preserved (46), alterations in protein and carbohydrate metabolism result in
impaired delivery of these nutrients to the body’s tissues (38). In sum, weight loss
in heart failure is likely due to both increased energy utilization and decreased
availability of fat, protein (amino acids), and carbohydrates despite ‘‘normal’’
caloric intake.

Management of cardiac cachexia is problematic, and perhaps the best approach
is to focus on prevention. In this regard, preliminary data suggest that both ACE
inhibitors and beta-blockers may exert favorable effects on weight loss in heart
failure patients. In a post hoc analysis of the Studies of Left Ventricular Dysfunc-
tion (SOLVD) trial, patients receiving the ACE inhibitor enalapril were 19% less
likely to experience weight loss of 6% or more during a mean follow-up period of 35
months compared to patients receiving placebo (p¼ 0.05) (47). Although cachexia
is an ominous sign associated with significant mortality, there is some evidence that
pharmacologic treatment of HF can lead to partial reversal of the cachectic state. In
a small observational study involving 13 heart failure patients with cachexia, 6
months of treatment with either carvedilol or metoprolol was associated with
significant weight gain accompanied by favorable effects on plasma norepinephrine
and leptin levels (48). In another study of eight patients with advanced heart failure
and cardiac cachexia, treatment with the combination of digoxin, the ACE inhibitor
enalapril, and the loop diuretic furosemide was associated with significant clinical
improvement as well as increased muscle bulk, subcutaneous fat, and serum albu-
min and hematocrit levels (49). In contrast to these studies, two trials of etanercept,
a tumor necrosis factor (TNF) blocking agent, failed to demonstrate significant
benefit and were discontinued (50). These findings were particularly disappointing
since TNF-� may play a role in the development of cardiac cachexia.

Beyond pharmacologic approaches to prevent or treat cachexia, a few studies
have examined the role of nutritional support in advanced heart failure patients. In
one small randomized trial, a high caloric diet failed to result in significant changes
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in nutritional status or clinical outcomes of patients with advanced heart failure
(51). In another study, patients with moderate to severe heart failure and malnu-
trition received high-energy nasogastric tube feedings for 2 weeks (52). Total body
weight and extracellular fluid weight declined, but lean body mass increased. There
was, however, no change in oxygen consumption or cardiac function (53). A third
study involving only six patients undergoing mitral valve surgery showed that
perioperative nutritional support was associated with improved clinical status and
stable cardiac function. Finally, in a study of eight patients with cardiac cachexia,
infusion of branched-chain amino acids had no discernible effect on protein meta-
bolism (54). In summary, there are insufficient data at present to assess the impact
of various modes of nutritional support on metabolic parameters or clinical out-
comes in patients with advanced heart failure.

18.2.4 Heart Failure and Obesity

The epidemic of obesity in the United States and elsewhere has led to an increasing
proportion of heart failure patients who are overweight or obese. While the prepon-
derance of evidence indicates that patients with heart failure and increased body
mass index (BMI) have better outcomes than those with cachexia or low BMI
(<18–20 kg/m2) (55), the presence of obesity nonetheless warrants attention in
heart failure patients. Obesity is independently associated with the development of
heart failure as well as with hypertension, diabetes, obstructive sleep apnea, pulmon-
ary hypertension, and other comorbidities that adversely affect the heart failure
patient. Obesity may also result in misdiagnosis of heart failure, since exertional
shortness of breath may be due to pulmonary hypertension or physical decondition-
ing, while lower extremity edemamay be caused by venous insufficiency. Conversely,
sedentary obese patients may not experience significant shortness of breath until
heart failure is far advanced, and early diagnosis of heart failure, at a stage when
treatment is more likely to be effective, can easily bemissed. Finally, the excess weight
carried by overweight heart failure patients results in increased cardiac work, which
strains the already weakened heart. Indeed, obesity is often associated with increased
heart rate and vascular resistance, effects that not only increase cardiac work but
which are diametrically opposed to the actions of beta-blockers and ACE inhibitors.
Thus, heart failure patients who are significantly overweight or obese should gener-
ally be counseled to gradually lose weight through a combination of increased
physical activity and a modest reduction in caloric intake(18). When feasible, this
should be done under the guidance of a nutritionist or exercise therapist to minimize
potential risks, particularly in elderly patients(56)(see also Chapter 15).

18.3 SPECIFIC NUTRIENTS IN HEART FAILURE

18.3.1 Water and Sodium

Activation of the renin-angiotensin-aldosterone system in patients with heart
failure results in sodium and water retention. As a result, untreated heart failure is
usually associated with increased total body water and total body sodium. Of note,
total body sodium is generally increased even when serum sodium levels are reduced
(i.e., hyponatremia). This situation occurs in patients with advanced heart failure
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because fluid retention is more pronounced than sodium retention, in part due to
the action of vasopressin (anti-diuretic hormone). Indeed, hyponatremia in patients
with heart failure is associated with more severe hemodynamic and neurohormonal
disturbances and is a marker for poor prognosis (57).

Diuretics are the mainstay of therapy for fluid overload in heart failure patients.
Ideally, diuretic dosages are adjusted to maintain a normal state of hydration (i.e.,
‘‘euvolemia’’). However, over- and under-diuresis are both common, so that at any
given time, a patient may be volume-overloaded, euvolemic, or relatively dehy-
drated, and careful assessment of volume status is thus essential in managing heart
failure patients. From the practical standpoint, the simplest way to do this is by
monitoring daily weights. Patients should be instructed to weigh themselves every
morning without clothing, after voiding, and before eating, and weights should be
recorded on a daily weight chart. An optimal or ‘‘dry’’ weight should be established,
and variances of more than 2–3 lbs in either direction should lead to adjustments in
diuretic dosage. The rationale behind this approach is that short-term variability in
body weight primarily reflects changes in total body water. Note, however, that
nonedematous weight may change over longer periods of time, usually decreasing
but occasionally increasing if the overall nutritional status improves. Therefore,
periodic reassessment of the patient’s desirable weight is appropriate.

In addition to monitoring daily weights and adjusting diuretic dosages, dietary
sodium restriction plays a pivotal role in maintaining normal volume status and
avoiding acute heart failure exacerbations, as evidenced by the fact that several
studies have shown that dietary sodium excess is a common precipitant of repetitive
heart failure hospitalizations (12, 58). Dietary sodium excess contributes to fluid
retention, and an acute dietary sodium load (e.g., potato chips, canned soup, ‘‘fast
food’’) may result in a sudden increase in intravascular blood volume, triggering a rise
in intracardiac pressures and precipitating acute heart failure. Older patients with
diastolic heart failure are particularly sensitive to salt intake and changes in blood
volume and are therefore less tolerant of a salt load. While there are no clinical trial
data demonstrating improved outcomeswith sodium restriction, it is standard of care
that heart failure patients, family members, and other caregivers should be educated
about the importance of avoiding high-sodium foods and limiting daily sodium
intake to no more than about 2 g (18). Although some patients may find it difficult
to adhere to a sodium-restricted diet, careful instruction and guidance from a dietitian
is often effective in overcoming this barrier. In contrast to sodium restriction, fluid
restriction is not usually required for most patients with mild to moderate heart
failure unless significant renal impairment is also present. However, patients should
be advised to avoid excess fluid intake; i.e., the oft-quoted dictum to ‘‘drink 8–10
glasses of water every day’’ does not apply to patients with heart failure. In addition,
patients with advanced heart failure accompanied by hyponatremiamay benefit from
more stringent fluid restriction, e.g., 1.5 L/day total fluid intake.

18.3.2 Other Electrolytes

Apart from their effect on body water, diuretics have important effects on
key electrolytes, including sodium, potassium, chloride, magnesium, and calcium. Thia-
zide and ‘‘loop’’ diuretics (furosemide, bumetanide, torsemide), as well as metolazone,
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promote urinary loss of sodium, potassium, chloride, andmagnesium. As a result, these
classes of diureticsmay be associatedwith hyponatremia, hypokalemia, hypochloremia,
and hypomagnesemia. In addition, loop diuretics increase calcium excretion and may
contribute to a negative calciumbalance, although hypocalcemia due to loop diuretics is
uncommon. Conversely, the potassium-sparing diuretics spironolactone, eplerenone,
triameterine, and amiloride, as well as the ACE inhibitors and angiotensin receptor
blockers, are all associated with potassium retention and may occasionally induce
significant hyperkalemia. For these reasons, serum electrolytes should be monitored
periodically in patients receiving long-term diuretic therapy, especially during periods of
dosage adjustment.

Diet and nutrition play an important role inmanaging electrolytes in heart failure
patients. Unfortunately, many trials evaluating micronutrient supplementation in
cardiac disease states have excluded patients with heart failure (59). Despite this
limitation, some general principles apply. Patients with heart failure and preserved
renal function should consume a diet rich in potassium, magnesium, and calcium,
but low in sodium. Most patients on chronic loop diuretic therapy will require
potassium replacement, either through high-potassium foods (e.g., fresh fruits) or
as potassium supplements (usually administered as potassium chloride, which also
aids in chloride replacement). Diuretic-induced hyponatremia is potentially life
threatening and may require hospitalization (e.g., if the serum sodium concentra-
tion falls to <120–125 meq/L). Treatment includes fluid restriction, reduction in
diuretic dosage, and temporary liberalization of sodium intake. Hypomagnesemia
is relatively common during long-term diuretic therapy, but may be overlooked
unless serum magnesium levels are assessed. Importantly, magnesium deficiency
may contribute to muscle fatigue. Treatment consists of dietary therapy and mag-
nesium supplements. Patients with chronic heart failure often suffer bone loss
(osteopenia) due to low levels of vitamin D and secondary hyperparathyroidism
(33). However, the value of calcium supplements, with or without vitamin D, in
heart failure patients is currently unknown.

18.3.3 Other Minerals

Zinc, manganese, copper, and selenium all have anti-oxidant effects, and defi-
ciencies of these minerals may be associated with increased lipid peroxidation and
oxidative stress (60). In addition, severe copper and selenium deficiency have been
associated with cardiomyopathies in humans (61, 62), while zinc and manganese
deficiency have been associated with myocardial contractile dysfunction in labora-
tory animals (63, 64). Diuretics appear to increase urinary zinc excretion, and
clinically significant zinc deficiency is common in older heart failure patients on
chronic diuretic therapy (65). Conversely, serious deficiencies of manganese, cop-
per, and selenium occur infrequently in older adults consuming a normal diet. Based
on currently available data, daily intake of each of these minerals should be
sufficient to meet Dietary Reference Intakes (DRIs). Although some patients with
diuretic-associated zinc deficiency may benefit from zinc supplements, there are
currently no data to support routine use of such supplements in older heart failure
patients.
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Iron is essential for the production of hemoglobin, and iron deficiency is common
in older adults. Although iron deficiency has no known direct cardiotoxic effects,
chronic anemia leads to an increase in cardiac work in order to preserve tissue
oxygen delivery and in severe cases may lead to high-output cardiac failure. Con-
versely, iron overload due to multiple blood transfusions or hemochromatosis has
been associated with restrictive cardiomyopathy (66). Thus, iron intake should be
sufficient to maintain tissue stores and prevent chronic iron deficiency anemia, but
excess iron intake should be avoided.

18.3.4 Vitamins

Vitamin B1 (thiamin) deficiency impairs oxidative metabolism and has been
unequivocally linked to high-output cardiac failure (60, 67). In addition, thiamin
deficiency may contribute to ‘‘diuretic resistance’’ in patients receiving moderate to
high doses of loop diuretics over a prolonged period of time (68, 69). In the United
States, clinically important thiamin deficiency is most commonly encountered in
alcoholics and in older heart failure patients treated with loop diuretics. Of note,
both digoxin and furosemide diminish uptake of thiamin by cardiac myocytes, and
the effects of these drugs are additive (70). Thiamin deficiency responds promptly
to either oral or parenteral thiamin administration and is usually associated with
substantial improvement in cardiac function and symptoms. Although chronic
thiamin supplementation may be considered in selected high-risk populations
(e.g., alcoholics and poorly nourished older adults treated with high-dose loop
diuretics), in most cases maintaining a well-balanced diet will ensure adequate
thiamin intake.

Vitamin C supplementation has been associated with improved endothelial
function (71–73), and some epidemiologic studies have suggested that increased
intake of vitamin C correlates with reduced risk for cardiovascular disease (74–76).
However, there is no convincing evidence that vitamin C deficiency contributes to
the development of heart failure or that vitamin C supplements are beneficial in
heart failure patients (60).

Vitamin E has anti-oxidant properties and reduces platelet adhesion (77), and
several epidemiologic studies have reported that diets high in vitamin E, alone or in
combination with vitamin C, are associated with a lower incidence of coronary
heart disease (78–81). In contrast, several large randomized trials of vitamin E
therapy failed to show significant benefit, and one meta-analysis suggested that
high-dose vitamin E intake may be associated with increased mortality (82, 83).
Moreover, follow-up analysis of the Heart Outcomes Prevention Evaluation
(HOPE) trial and its extension (HOPE-TOO) showed that vitamin E therapy was
associated with increases in the incidence of heart failure and in the risk of hospi-
talization for heart failure (84).

Deficiencies of folic acid, vitamin B6, and vitamin B12 are common in older adults
and contribute to age-associated increases in homocysteine levels (85). In addition,
elevated homocysteine is an established marker for increased risk of coronary and
cerebrovascular diseases in both older and younger adults (86–88), and elevated
homocysteine levels have also been associated with more severe heart failure and
poorer prognosis (89). However, although plausible mechanisms for an adverse
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effect of homocysteine on myocardial function have been proposed, there is cur-
rently no convincing evidence that reduction in homocysteine levels through the use
of folic acid and B-vitamin supplements lowers the risk of coronary or cerebrovas-
cular events or improves myocardial function or outcomes in heart failure
patients (89).

Vitamin D is essential for maintaining normal calcium homeostasis, and marked
vitamin D deficiency has been associated with decreased contractility in laboratory
animals (90). VitaminD deficiency is common in older adults with or without heart
failure (91, 92), and although vitamin D supplementation is appropriate in these
individuals, there is no evidence that such treatment alters the clinical course of
patients with heart failure.

Although high-dose niacin is an effective agent for the treatment of dyslipidemia,
there is no evidence that niacin deficiency contributes to the development of
cardiovascular disease (60). Likewise, low beta-carotene intake has been associated
with increased risk for myocardial infarction (93), but there is no evidence that
vitamin A levels correlate with heart failure risk or that vitamin A supplements are
useful in the prevention of cardiovascular disease (60). Similarly, there are no
established links between vitamins B2 (riboflavin) and B17 (pantothenic acid) and
either the development or treatment of cardiac disorders (60).

18.3.5 Other Nutritional Supplements

Despite continued interest in the anti-oxidant coenzyme Q10 (ubiquinone), its
role in the pathophysiology and treatment of heart failure remains controversial.
Myocardial coenzyme Q10 levels are reduced in patients with heart failure, and low
plasma coenzyme Q10 levels are associated with increased mortality (60). In addi-
tion, the HMG-CoA reductase inhibitors (‘‘statins’’), which are commonly used to
treat hyperlipidemia, have been associated with depletion of coenzyme Q10 (94).
Observational studies and some (but not all) small randomized trials indicate that
coenzyme Q10 supplementation may improve LV function, symptoms, and exercise
tolerance (95–99). However, there are no large randomized controlled trials, and
routine administration of coenzyme Q10 is not recommended – even in patients on
statin therapy (100).

Carnitine and creatine phosphate are nutritional supplements which may
enhance skeletal muscle performance in some patients with heart failure
(101–103), but there is little evidence that oral administration improves cardiac
function. In addition, there is no evidence that these agents improve long-term
clinical outcomes in heart failure patients, and there are also concerns about the
safety of these agents during chronic use (60).

18.3.6 Multinutrient Therapy

Older heart failure patients often have multiple nutritional deficiencies, suggest-
ing that therapeutic interventions may need to be broad based, rather than focusing
on a single or even a relatively small number of micronutrients. This concept is
supported by a recently reported trial, in which 30 heart failure patients over age 70
(mean age 75 years) were randomized to receive high-dose micronutrient capsules or
placebo in double-blind fashion (104). The capsules contained calcium, magnesium,
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zinc, copper, selenium, vitaminA, thiamin, riboflavin, vitaminB6, folate, vitaminB12,
vitamin C, vitamin D, vitamin E, and coenzyme Q10. During a 9-month follow-up
period, patients receiving the micronutrient capsules demonstrated decreased left
ventricular volumes, an increase in left ventricular ejection fraction (mean 5.3%),
and improved quality of life scores, whereas no changes occurred in the placebo
group. Although these findings require replication in a large prospective randomized
trial, they provide preliminary evidence that a combination of nutritional supple-
ments may be beneficial in older heart failure patients.

18.4 IMPACT OF HEART FAILURE MEDICATIONS AND AGE
ON NUTRITIONAL PARAMETERS

18.4.1 Medication Effects

As mentioned previously, many of the agents used in the treatment of chronic
heart failure may have a beneficial effect on nutritional status. Conversely, there is a
risk for drug-related side effects and a potentially negative impact on the nutritional
status of these patients. Diuretics directly impact fluid and electrolyte homeostasis,
and diuretic-induced electrolyte abnormalities are very common. In addition, loop
diuretics have been associated with thiamin deficiency, and thiazide diuretics in
particular may adversely affect carbohydrate and lipidmetabolism. Digoxinmay be
associated with nausea and anorexia, and these symptoms may occur in older
patients even at therapeutic dosages. The ACE inhibitor captopril occasionally
causes dysgeusia (altered taste), nausea, and anorexia, and other ACE inhibitors
may be associated with similar side effects, although less frequently. Beta-blockers
may also influence carbohydrate and lipid metabolism, and depressive symptoms,
including reduced appetite, may occur in older patients treated with these agents.
Finally, the calcium channel blockers diltiazem and especially verapamil are com-
monly associated with constipation in older individuals.

18.4.2 Age-Specific Nutritional Issues

Older age is associated with increased risk for a broad range of nutritional
deficiencies, and this risk is potentiated by the presence of cardiovascular disease
in general and by heart failure in particular. In addition, older adults are more
susceptible to the adverse effects of pharmacological agents and dietary interven-
tions on nutritional parameters, in part due to pre-existing nutritional deficiencies
coupled with an increased prevalence of comorbid conditions. The latter issue may
be particularly problematic, since the presence of several common comorbidities,
e.g., coronary artery disease, diabetes mellitus, and renal insufficiency, may lead to
serial dietary restrictions (low fat, low carbohydrate, low protein, low salt) culmi-
nating in a diet that is unpalatable and severely deficient in both calories and
essential nutrients. It is therefore critically important that an appropriately detailed
nutritional evaluation, including dietary history, body weight, selected laboratory
tests (hemoglobin, albumin, cholesterol, electrolytes, creatinine, blood urea nitro-
gen), and in some cases anthropometric assessments, be incorporated into the
routine management of older patients with chronic illnesses, including heart failure.
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18.5 NUTRITIONAL GUIDELINES

Nutritional guidelines for managing chronic heart failure in older adults are sum-
marized in Table 18.2. As noted previously, nutritional management of older patients
begins with a nutritional assessment, ideally with the assistance of an experienced
dietitian or nurse. As with other chronic illnesses, the guiding principle in making
nutritional recommendations to older heart failure patients is, first and foremost,
maintenance of a well-balanced diet with sufficient calories, nutrients, and fluids to
meet daily requirements (see Table 18.3). In addition, the diet should be both palatable

Table 18.2
Nutritional guidelines for older adults with chronic heart failure

Component Recommendation

Nutritional assessment –
basic (all patients)

Obtain detailed dietary history; Assess body weight and
habitus; Laboratory: hemoglobin, serum albumin,
cholesterol, serum electrolytes (sodium, potassium,
calcium, phosphorus, magnesium), creatinine, blood
urea nitrogen

Supplemental (selected
patients)

Anthropometric measures (e.g., skinfold thickness)
Determination of lean body mass, folate and
B12 levels, bone mineral density

General diet Well balanced, rich in fruits and vegetables, whole
grains, dairy products, lean meats

Caloric intake Sufficient to maintain lean body mass; 1600–2000
calories/day in most cases

Protein 15–20% of total calories

Fat 25–30% of total calories

Complex carbohydrates 50–60% of total calories

Fluids About 2 L/day

1.5 L/day in setting of hyponatremia, severe renal
failure, diuretic resistance; Avoid excess fluid intake

Electrolytes

Sodium 2 g Na+/day

Potassium, calcium,
magnesium

Sufficient to maintain body stores and serum levels;
supplement as indicated

Minerals

Zinc, copper, manganese,
selenium

Sufficient intake to meet DRIs; zinc supplements in
selected patients

Iron Sufficient to maintain body stores; avoid iron overload

Vitamins

Thiamin (vitamin B1) Supplement in alcoholics, possibly patients on chronic
high-dose loop diuretics

Folate, B6, and B12 Supplement if deficient (common)

(continued)
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and ‘‘accessible’’, i.e., within the patient’s financialmeans and physical capabilities. Few
older patients with heart failure require a weight reduction diet, since body weight
correlates inversely withmortality in heart failure patients (55). Indeed, inmost cases it
is appropriate to prescribe a diet that will eithermaintain current nonedematous weight
or promote a modest increase in lean body mass. Although it has been suggested that
the proportion of calories derived from protein and fat should perhaps be increased in

Table 18.2
(continued)

Component Recommendation

Cholecalciferol
(vitamin D3)

Supplement if deficient, esp. if osteoporosis present
(common)

Beta-carotene

Riboflavin (vitamin B2)
Niacin (vitamin B3)
Ascorbic acid (vitamin C)
Alpha-tocopherol
(vitamin E)

No known relation to heart failure; maintain DRI

Dietary supplements

Ubiquinone (coenzyme
Q10)

Carnitine
Creatine phosphate

Unproven benefit, not recommended

DRI: Dietary Reference Intake.
Source: Food andNutrition Board, Institute ofMedicine. Dietary Reference Intakes: The Essential

Guide to Nutrient Requirements, The National Academies Press, 2006.

Table 18.3
RECOMMENDATIONS

1. Nutritional management begins with a nutritional assessment. Obtain baseline body
weight and monitor at regular intervals. Recognize that caloric needs may change as
body weight changes and provide increased nutritional support if rapid unintentional
weight loss occurs.

2. Patients should be encouraged to choose a well-balanced diet high in fruits and
vegetables as excellent sources of vitamins and electrolytes.

3. Sodium restriction to 2 g/day is usually sufficient; dietary counseling may be required
to assist patients in achieving this goal.

4. Fluid restriction is not usually necessary except when hyponatremia, severe renal
failure, or advanced heart failure is present; in these cases, fluid should be restricted to
�1.5 L/day. Excess fluid intake (‘‘8–10 glasses of water per day’’) should be avoided.

5.Magnesium, potassium, and calcium levels should bemonitored and supplemented as
needed. Other nutrients of concern in high-risk patients include thiamin, folate,
vitamin B12, vitamin D, and zinc. Routine daily use of an oral vitamin/mineral
supplement may be helpful in alleviating any deficits.
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older heart failure patients (38), there is little evidence to support this contention, and
current recommendations are that 15–20% of total calories be derived from protein,
25–30% from fat, and the remaining 50–60% from complex carbohydrates.

Moderate dietary sodium restriction, such as a 2-g sodium diet, is appropriate for
most patients with heart failure (18). Patients should be instructed to avoid high-
sodium foods, such as canned soups and sauces, tomato juice, most prepared lunch
meats and pre-packaged frozen entrees, pickles, ‘‘fast foods’’, and certain ethnic foods
which are high in sodium (e.g., Chinese cuisine).Moderate use of salt during cooking is
acceptable, but use of salt at the table should be avoided. Dining out is potentially
problematic, and patients should be advised to call ahead to see if low-sodium options
are available either on themenu or by request. Patients should also be instructed about
the widespread availability of alternative seasonings which contain little or no salt.

Fluid intake should be adequate to maintain hydration while avoiding volume
overload. In patients with preserved renal function, about 2 L of fluid per day is
appropriate. Excess fluid intake (‘‘8–10 glasses of water a day’’) should be avoided,
but fluid restriction is unnecessary in the absence of hyponatremia, severe renal
failure, or advanced heart failure with diuretic resistance. In such cases, fluid intake
should be limited to about 1.5 L/day. Alcohol should be minimized or avoided,
especially in cases of alcohol-induced cardiomyopathy.

Dietary potassium, calcium, and magnesium requirements vary considerably
depending on medications, renal function, and comorbid conditions (e.g., osteoporo-
sis). As a general principle, a well-balanced diet rich in fresh fruits and vegetables,
whole grain breads and cereals, and dairy products will provide sufficient amounts of
potassium, calcium, and magnesium to meet normal needs. However, many older
heart failure patients will require supplemental administration of one or more of these
electrolytes to overcome losses through urinary excretion or as a result of other
metabolic abnormalities. Since individual requirements cannot easily be predicted,
periodic assessment of serum electrolyte levels is appropriate.

As discussed above, the importance of most vitamins and other micronutrients in
the pathogenesis and treatment of chronic heart failure has not been well character-
ized, and it is therefore difficult to make specific nutritional recommendations in
most cases. However, since older patients are at increased risk for multiple nutri-
tional deficiencies, it is appropriate to maintain a high index of suspicion, particu-
larly in frail, socially isolated, or institutionalized elders, as well as those with
multiple comorbidities and those receiving multiple medications. In particular,
deficiencies of folate, B12, vitamin D, and zinc are common, and dietary or phar-
macological supplementation is indicated when specific deficiencies are identified or
suspected. In addition, since long-term administration of loop diuretics may deplete
thiamin stores, thiamin replacement should be considered in such cases, particularly
in the setting of increasing diuretic resistance. Finally, although evidence supporting
high-dose multivitamin and mineral supplements in older heart failure patients is
sparse, daily use of a non-prescription multivitamin and mineral supplement may
ease concerns about multinutrient deficiencies and is unlikely to be harmful. Con-
versely, the use of other dietary supplements, such as coenzyme Q10, carnitine, or
creatine phosphate, is not currently recommended, and patients should be screened
for the use of these and other neutraceuticals.
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19 Nutrition Support in Cancer

Elizabeth Kvale, Christine Seel Ritchie,
and Lodovico Balducci

Key Points

� Older cancer patients have unique qualities related to aging that place them at
nutritional risk during cancer treatment.

� Routine assessment of nutritional risk is indicated in older cancer patients.
� Comprehensive geriatric assessment of older cancer patients can assist with determi-

nation of which older patients can tolerate cancer treatment with acceptable levels of
morbidity and mortality.

� Dietary counseling and nutritional intervention (especially protein supplementation)
should be incorporated into the care of nutritionally compromised older cancer
patients as needed.

� Cancer is a frequent indication for enteral nutrition support (when there is intact gut
function) or total parenteral nutrition.

� Management of nutritional compromise should be guided by patient-centered goals
of care that incorporate the existing evidence-base into decision-making.

Key Words: Cancer; aging; cachexia; inflammation

19.1 INTRODUCTION

The majority of solid tumor cancers occur in patients over the age of 65 years.
Age interacts with the factors that influence disease prevalence, treatment options,
prognosis, quality of life, and survivorship. The nutritional compromise that older
adults may carry into illness is compounded by diminished homeostatic reserve and
susceptibility to toxicities of treatment that contribute to deterioration of nutri-
tional status during cancer treatment. Further, the clinical approach to supportive
care in the older cancer patient, including nutritional support and symptom man-
agement, is influenced by concerns for the tolerance of various interventions,
pharmacologic and otherwise.

From: Nutrition and Health: Handbook of Clinical Nutrition and Aging, Second Edition

Edited by: C. W. Bales and C. S. Ritchie, DOI 10.1007/978-1-60327-385-5_19,
� Humana Press, a part of Springer ScienceþBusiness Media, LLC 2009

355



In general, the literature offers little evidence to guide the management of nutri-
tional compromise in older cancer patients. This chapter will focus on developing an
understanding of the factors that contribute to nutritional risk in older cancer
patients, nutritional assessment in this population, indications for nutritional sup-
port, and supportive nutrition management in cancer patients. The development of
an evidence-based proactive approach to supportive nutritional care of older cancer
patients is a research imperative as older patients benefit from improved survival
rates in cancer treatment (1).

19.2 BACKGROUND

The high prevalence of malnutrition among patients with cancer is documented
in the literature. The Eastern Cooperative Oncology Group (ECOG) quantified
wasting and malnutrition in cancer patients in 1980 (2). In this seminal report,
weight loss of greater than 10% in the previous 6 months was most common in
patients with GI tumors. Twenty-six percent of patients with pancreatic cancer
exceeded this benchmark, and as many as 38% of patients with measurable gastric
tumor burden experienced weight loss at this level of severity. Wasting was less
common among those with breast cancer (6% of patients reported >10% weight
loss over 6 months), acute nonlymphocytic leukemia (4%), sarcoma (7%), prostate
(10%), and favorable non-Hodgkin’s lymphoma (10%). Most of these data were
extracted from studies conducted in the inpatient setting, and it is likely that these
patients were relatively sicker and more likely to be exposed to aggressive treatment
regimens than patients in the community. Malnutrition is nearly ubiquitous in
hospitalized patients with advanced cancer (3). Hospitalized older cancer patients
are noted to have a high prevalence of malnutrition. In one retrospective study
among patients with amean age of 74.1 years admitted to anOncology –Acute Care
for Elders (OACE) unit, 42 of 119 patients (35%) had a history of weight loss
documented in their charts. The most common primary malignancy among the
patients with recorded weight loss was a gastrointestinal cancer (4).

Findings in an outpatient radiation oncology population (mean age of 53 years)
suggest a linear relationship between cancer stage and nutritional compromise (5).
The prevalence of nutritional compromise across this outpatient population was
high. Moderate to severe malnutrition as defined by score on a standard nutritional
assessment (patient-generated subjective global assessment) was identified in
greater than 40% of the head and neck cancer patients, in greater than 30% of
the colorectal patients, and in greater than 20% of gastro-esophageal patients. In
contrast, a study examining the prevalence of malnutrition in a general practice in
the United Kingdom found that malnutrition was not significantly more common
among 213 patients with a cancer diagnosis as compared to 228 patients with other
chronic diseases (10% vs. 8%; P ¼ 0.469). The mean age in the UK study was 68
(range 22–93) with 68%being 65 and older; thus, age did not predict malnutrition in
this study (6). The literature supports the conclusion that disease type and stage are
important factors in the development of malnutrition in cancer. There are insuffi-
cient data to determine if the prevalence of malnutrition in cancer increases with
age.
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Malnutrition is associated with poor outcomes in cancer treatment. In the ECOG
study cited earlier, weight loss of at least 5% in the 6 months prior to diagnosis was
associated with decreased survival, reduced response rate to chemotherapy, and
lower quality of life. The prognostic impact of weight loss in this study was most
significant in individuals with other favorable indicators, such as preserved perfor-
mance status (2). Poor nutritional status predicts surgical outcomes (7,8), depres-
sion (9), increased risk of chemotherapy-related toxicity (10,11), and quality of life
(12) in cancer patients. Moreover, poor nutritional status is linked to health care
cost. Among cancer patients discharged from one cancer center between 1993 and
1994, the presence of a discharge diagnosis of malnutrition and/or dehydration
resulted in an average length of stay (ALOS) of 9.4 days, while those with a
diagnosis of malnutrition alone resulted in an ALOS of 13.4 days. Patients without
either diagnosis had an ALOS of 5.8 days (13). There are insufficient data to
determine whether older cancer patients are more vulnerable to the negative out-
comes associated with poor nutritional status as compared to younger patients.

19.3 PHYSIOLOGIC BASIS FOR MALNUTRITION IN CANCER
AND CONTRIBUTING FACTORS

The development of nutritional compromise in cancer patients is multifactorial.
Contributing factors can be organized into factors attributed to the underlying
disease, treatment-associated factors, and co-morbid conditions. ‘‘Cancer’’ is a
spectrum of diverse illnesses that have in common the presence of an underlying
neoplastic process. As noted earlier, malnutrition associated with cancer is largely
determined by the type and stage of cancer. The tumor may have a direct effect on
gastrointestinal function through mass effect. This may manifest as esophageal or
bowel obstruction, early satiety, or anorexia. Changes in taste or smell have been
noted in cancer patients (14). Decreased caloric intake is observed in cancer
patients and contributes to weight loss (15,16). Disruption of gut physiology may
also occur, with resulting diarrhea, malabsorption, or constipation. Tumor-asso-
ciated symptoms may also contribute to the loss of appetite and weight loss
observed in cancer patients. Poorly controlled pain, in particular, has a deleterious
effect on appetite (17). Fatigue and depression are highly prevalent symptoms that
may also contribute to loss of appetite in cancer patients (18). Screening for
depression is especially important in cancer patients because this is a potentially
reversible factor.

Many authors conceptualize constitutional symptoms such as fatigue, depres-
sion, and insomnia as part of the systemic inflammation and cytokine derangement
identified as anorexia–cachexia syndrome (19). The anorexia–cachexia syndrome
is a complex metabolic/inflammatory/neuroendocrine disturbance that is incom-
pletely understood. The adaptive physiologic response to weight loss in a healthy
individual is an increase in appetite. This response is absent in persons with anor-
exia–cachexia syndrome and reflects a disruption of homeostatic mechanisms and
metabolic imbalance. Cancer cachexia is characterized by involuntary weight loss,
lean body mass wasting, and poor performance. Death is the ultimate endpoint of
untreated cachexia. Metabolic disruptions observed in this syndrome include
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hypermetabolism, a feature which distinguishes cachexia from simple decreased
caloric intake (20). Altered carbohydratemetabolism is also present, with amarked
increase in the hepatic production of glucose (21). Protein metabolism in patients
with cachexia shows both increased degradation of protein in muscle biopsies and
decreased protein synthesis, with a resulting whole-body catabolism (22). There is
also an acute phase response, with increased total body protein turnover (20). Lipid
metabolism is characterized by an increase in lipid mobilization, a cytokine-
mediated disruption of the clearance of triglycerides from the plasma, and a
decrease in lipogenesis.

A more complete discussion of the mechanisms of cachexia is found elsewhere in
this text (Chapter 11). It should be noted, however, that although cachexia is a final
common pathway for many end-stage diseases, it cannot be assumed that the
mediators that drive the syndrome are the same in different disease processes.
Cancer cachexia is associated with an increase in pro-inflammatory cytokines
such as IL-6, IL-1�, and TNF-� that may be important triggers of the acute
phase response and metabolic derangement. Tumor-specific factors may also be
present as important mediators of cachexia. Most notably, proteolysis-inducing
factor, a glycoprotein first noted in the urine of cachectic pancreatic cancer patients
(23), has now been identified in many other cachexia-inducing tumors and appears
to mediate cachexia via the ubiquitin–proteasome proteolytic pathway. Lipid
mobilizing factor is another tumor-specific mediator involved in the increased
mobilization of fat stores (22).

A number of cancer treatment-related factors may contribute to the development
of malnutrition in cancer patients. These include mucositis, chemotherapy-induced
nausea and vomiting, diarrhea, malabsorption, anorexia, constipation, post-surgi-
cal complications, and food aversion. Mucositis, or stomatitis, is an inflammation
of the oral mucosal tissue that can occur in response to chemotherapy, radiation
therapy, or concomitant therapy. A recent systematic review of the literature found
that the mean incidence of mucositis across 33 studies involving 6,181 patients
receiving RT with or without chemotherapy was 80%. Rates of hospitalization
due to mucositis for the studies that reported this outcome (n ¼ 700) were 16%
overall and 32% for patients receiving altered fractionization radiation therapy
(24). In the eight studies that reported weight loss (n ¼ 880), 34% of patients
reported weight loss, with 17% reporting>10%weight loss in the three studies that
reported this outcome (n ¼ 485). Older cancer patients are noted to have both
increased susceptibility to mucositis and delayed recovery (25). Protocols that
include 5FU and leucovorin are especially toxic with regard to this side effect.

Chemotherapy-induced nausea and vomiting (CINV) remains an important
symptom that may contribute to the development of malnutrition in older cancer
patients despite significant improvements in prevention and treatment. In a recent
study in the community oncology setting, 69.5% of patients received guideline-
based management of acute CINV with regimens utilizing 5-hydroxytryptamine 3
(5HT3) receptor antagonists, and 77.5% received appropriate therapy for delayed
CINV with regimens utilizing dexamethasone. Among 151 patients (mean age 56)
enrolled prior to treatment with a new chemotherapy regimen, 36% of patients
developed acute CINV and 59% developed delayed CINV during cycle 1 (26).
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CINV also significantly interfered with quality of life in this study. Older persons
experience more CINV toxicity than younger patients and are believed to be more
susceptible to the toxicity of treatment to the gastrointestinal tract because of
increased proliferation of intestinal crypt cells (27).

Constipation may be associated with cancer treatment and has a deleterious
impact on patient appetite and quality of life. Constipation may occur either as a
result of chemotherapy, or secondary to medications used in symptom manage-
ment, most notably opioids and 5HT3 antagonists (which may be associated with
either diarrhea or constipation). The vinca alkaloids are most likely to be associated
with constipation as a side effect. Constipation and ileus are attributed to the
neurotoxicity of these agents and most frequently develop within a few days of
dosing and may require several weeks to resolve (28). Presentation may be severe,
mimicking bowel obstruction, and may require intensive nutritional support.

Malabsorption is not a frequent clinical finding in association with chemother-
apy in the oncology or supportive care literature. Absorption studies, however, have
found altered sugar absorption following chemotherapy that peaks at about 7 days
after treatment (29,30). This altered sugar absorption reflects a disruption of
alimentary function that may impact absorption of other macro- and micronutri-
ents. Altered absorption as the result of whole gut mucositis may contribute to the
development ofmalnutrition in cancer patients, but has not been extensively studied
in the clinical setting. Malabsorption in cancer patients may also result from
surgical resection of gut sections (31–33). Additionally, there is some evidence
that the stress of surgery may contribute to an inflammatory catabolic state follow-
ing surgery in cancer patients with malnutrition (34).

19.4 RISK FACTORS FOR MALNUTRITION IN OLDER
CANCER PATIENTS

A number of factors may place older patients at greater risk for nutritional
deficits in cancer treatment than younger adults. While macronutrient absorption
is well preserved in aging, a number of micronutrient deficiencies may be more
common in older patients. Absorption of vitamin B12, vitamin D, and calcium may
be less efficient in aging, leading to deficiencies of these nutrients. Among older
adults in colder climates especially, or among adults with impaired mobility or
illness that may limit sun exposure, vitamin D deficiency may be present. This is of
concern especially given the links between some types of cancer and vitamin D
deficiency. There is a direct link between disruption of vitamin Dmetabolism in the
older adult and calcium levels. In addition to reduced sun exposure, the kidneys
become less efficient in the dihydroxylation of 25-hydroxyvitamin D to the active
1,25-dihydroxy form. Older adults may also have reduced numbers of vitamin D
receptors in the gut. These changes in vitamin D metabolism result in reduced
absorption of calcium. In older cancer patients who experience these deficiencies,
the end result may be an increase in parathyroid hormone secretion to compensate
for low calcium levels, with increased bone loss.

Low riboflavin intake, as measured by erythrocyte glutathione reductase activity
coefficient, is noted in a significant minority of older Americans and may be higher
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in developing countries (35). Estimates of vitamin B6 deficiency may vary depend-
ing on the methodology of assessment, but in western society approximately 10%of
older adults are identified as deficient using a measure of elevated transferase
activity coefficient (35). Vitamin B12 deficiency is a well-recognized problem for
older adults with atrophic gastritis. Vitamin B12 is generally absorbed after disso-
ciation by pepsin and hydrochloric acid from protein sources. In older adults with
gut physiology resulting in a low acid environment, this absorption is impaired.
Cancer treatments that result in a greater shift toward a low acid environment or
impair subsequent absorption of B12 in the proximal small bowel may further
compound this problem.

Changes in gut physiology with aging may make older adults somewhat more
vulnerable to the adverse effects of cancer and cancer treatment. In general, there is
an increased prevalence of motility disorders in aging. While the clinical impact on
gastrointestinal function may be minimal in normal aging, this may present a
significant vulnerability in cancer treatment. As noted earlier, the increased prolif-
eration of cells lining the colonic mucosa may place older adults at greater risk for
the adverse effects of cancer therapies that target dividing cells (36). Additionally,
aging may diminish the adaptive capacity of the gut. There is evidence from both
animal studies and human studies that the ability to rebound from a period of
nutritional stress is markedly diminished with aging. This underscores the impor-
tance of a proactive plan to provide aggressive nutritional support to older adults to
prevent the development of periods of significant nutritional compromise.

19.5 NUTRITIONAL ASSESSMENT OF OLDER CANCER PATIENTS

There is uniform agreement in the literature that routine assessment of nutri-
tional status is an important element in the comprehensive management of cancer
patients. There is emerging recognition that comprehensive geriatric assessment
(CGA) of older cancer patients can assist with determination of which older patients
can tolerate cancer treatment with acceptable levels of morbidity and mortality
(37–41). A CGA includes nutrition assessment, and the routine institution of CGA
for older patients would accomplish nutritional screening and address significant
cognitive, emotional functioning, social and functional factors that contribute to
nutritional risk. Unfortunately, CGA is time consuming and requires significant
resources. The majority of patients over 65 probably do not require this intensive
level of evaluation, however, the majority of older cancer patients are not screened
at all for nutrition risk.

The assessment of older cancer patients for nutritional risk should include
targeted elements of the history, physical examination, and laboratory and instru-
mental evaluation. One simple parameter that can be obtained from the history to
screen for protein-calorie malnutrition is the presence of weight loss, usually
reported as percent of usual weight lost. History of weight loss has demonstrated
prognostic value in cancer populations (2,5). Weight loss alone as a single indicator
of nutritional state is limited by the fact that weight can change dramatically with
shifts in total body water. A number of structured instruments have been developed
to elicit history related to nutritional risk. Ottery’s patient-generated subjective
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global assessment (PG-SGA) is most reported in the literature and has been vali-
dated in a number of populations (13,42,43). This instrument also has clinical
utility, as patients are categorized into levels of nutritional compromise
(Table 19.1) that can guide nutritional intervention. The combination of a history
of weight loss and the PG-SGA in cancer patients is demonstrated to increase the
sensitivity and positive predictive value of the PG-SGA significantly (5), and the
authors advocate this approach to assessment of nutritional risk in older cancer
patients.

The physical examination offers an opportunity for the clinician to objectively
assess the older patient’s level of nutritional risk. Body mass index (BMI) nor-
malizes body weight for height (BMI¼weight (kg)/height (m2)) and can be a useful
indicator of protein-calorie malnutrition. A BMI of less than 22 may indicate
protein-calorie deficit, and a value of less than 18 is considered indicative of clinical
malnutrition. Limitations on the use of BMI as a screen include the high prevalence
of obesity in theUnited States, whichmay contribute to themaintenance of normal-
range BMI even in the setting of advanced disease with associated weight loss (44).
Other physical exam findings that may indicate nutritional compromise include a
loss of subcutaneous fat, muscle wasting, ankle or sacral edema, and ascites.
Anthropometrics involve formal measurement of body fat depositions in assess-
ment of nutritional state. The triceps skinfold is a frequently utilized measure of
subcutaneous fat. This measure is obtained through the use of specialized calipers
on the upper left arm, and through calculation of the arm muscle circumference
(AMS) (AMS ¼ arm circumference � TSF) can give an estimate of muscle main-
tenance or loss. The use of all anthropometrics is limited by need for specialized
training in the use of these measures, and continued poor interobserver reliability
even in the setting of specialized training (45). The emerging methodology utilizing
bioelectrical impedance vector analysis (BIVA) may offer advantages over other
approaches in the assessment of body composition. Bioelectrical impedance analy-
sis measures the opposition to flow of an alternating electrical current through body
tissues. Conventional bioelectrical impedance analysis (BIA) is influenced by

Table 19.1
The Patient Generated Subjective Global Assessment (PG-SGA)

Global assessment

� SGA-A – Well nourished or anabolic
� SGA-B – Moderate or suspected malnutrition
� SGA-C – Severely malnourished

Nutritional Triage Recommendations (based on additive score on PG-SGA
� 0–1 No intervention at this time
� 2–3 Patient and family education by dietitian, nurse, or other clinician with

pharmacologic intervention as indicated
� 4–8 Requires intervention by dietitian, in conjunction with nurse or physician
� �9 Indicates a critical need for improved symptom management and/or nutrient

intervention options
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violations of standard assumptions of body composition including fluid status.
BIVA addresses this shortcoming and offers enhanced precision in measurement
of body composition to follow response to nutritional intervention (46,47).

Assessment of the older cancer patient’s level of nutritional risk can be augmen-
ted through assay of biochemical indicators that are sensitive to nutritional state.
Serum albumin is commonly used as an indicator of nutritional state. Clinicians are
familiar with this marker, and it is routinely obtained as a component of basic
metabolic laboratory panels. Because albumin is synthesized by the liver, low levels
(less than 3.5 g/dL) may indicate protein-calorie malnutrition. Albumin is also a
negative acute phase reactant, however, and levels of serum albumin are usually
reduced in the setting of stress such as acute illness or injury. Additionally, albumin
levels may be affected by fluid status, liver disease, and renal disease. Despite the
insensitivity of albumin as a screen for malnutrition, low levels of albumin are
consistently identified in malnutrition and are associated with poor outcomes and
higher mortality in a number of populations (48–54). Serum albumin has a half-life
of 20 days and is not responsive to acute nutritional insult or intervention.

Pre-albumin is more useful for following response to nutritional intervention
than albumin, having a half-life of 1–2 days. Pre-albumin has demonstrated useful-
ness in predicting tolerance to surgery in some cancer populations and is predictive
of prognosis following nutritional intervention in cancer patients (8,55,56).

Transferrin is a hepatically synthesized protein that is responsive to nutritional
status. The half-life of transferrin is 8–10 days, and it is more useful than albumin as
a measure to follow response to nutritional support. Clinicians are familiar with
transferrin as an iron-binding globulin, and levels of transferrin are also influenced
by settings of iron deficiency or overload. Transferrin is not reliable when patients
have received multiple transfusions.

Serum C-reactive protein is an acute phase reactant that is elevated in inflamma-
tory states and reflects a catabolic balance. Elevated C-reactive protein levels are
not seen in healthy aging people (56). Routine early assessment in the supportive
care of older oncology patients may identify individuals experiencing the inflam-
matory metabolic derangement that is phenotypically characterized as cachexia.
Identification of persons in a catabolic and inflammatory metabolic state may help
clinicians select appropriate interventions as targeted therapies for cancer cachexia
become available (57). Other indicators of nutritional state and metabolic balance
may have utility in selected clinical or research settings. These include insulin
growth factor (IGF)-1, leptin, fibronectin, specific interleukins and cytokines,
delayed hypersensitivity reaction, urine creatinine, and retinol-binding protein. In
males, assessment of serum testosterone is helpful, as hypogonadism has a relatively
high prevalence in some cancer populations andmay impair an anabolic response to
nutritional support (58–60).

19.6 NUTRITIONAL SUPPORT OF OLDER CANCER PATIENTS

The appropriate level of nutritional support for older cancer patients is highly
individualized and determined by the patient’s pretreatment status, cancer treat-
ment plan, personal resources, and goals of care. The approach to the nutritional
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assessment and support of patients who elect palliative goals of care are addressed
elsewhere in this text. This discussion focuses on patients who require supportive
care during and after treatment. It is recommended that any older cancer patient
who either screens positive for nutritional compromise or is scheduled to receive
cancer treatment therapy that places them at risk for nutritional compromise
receive nutritional support proactively and concurrently with cancer treatment.
Therapies that place nutritionally intact older patients at risk include any radiation
therapy to the oral cavity, pharynx, esophagus, stomach, or GI tract (61) as well as
moderately to highly emetogenic chemotherapy protocols (Table 19.2). Figure 19.1
provides a general algorithm for the nutritional support of older cancer patients
based on initial assessment with the SGA or other similar assessment that allows the
clinician to assess the patient as nutritionally intact, compromised, or experiencing
malnutrition.

19.6.1 Levels of Intervention

Nutritional support of older cancer patients must be tailored to meet the needs
and goals of the patient in a proactive manner. There is evidence from a number of
trials that dietary counseling and nutrition intervention increase caloric and protein
intake in varied populations of cancer patients. Other outcomes that demonstrate
improvement with dietary counseling and nutritional intervention in some studies
include quality of life, symptom management, and patient satisfaction (62–64). The
essential content of dietary counseling interventions has not been evaluated in studies,
but the majority of counseling intervention studies have utilized the American Die-
tetic Association Medical Nutrition Therapy Protocol (ADA MNT). The ADA
MNT offers guidelines on the timing and frequency of dietary intervention consulta-
tion, nutrition intervention strategies, ongoing assessment, and allows for individua-
lization of the intervention (65). Nutrition supplementation, particularly protein
supplementation, plays a role in the nutritional support of ill elderly patients (66).

Table 19.2
Emetogenicity of common chemotherapy agents

Risk of emesis with treatment Typical agents

High – Nearly all patients exposed Cisplatin

Dacarbazine
Nitrogen mustard

Moderate – >70% of patients Carboplatin

Anthracyclines
Cyclophosphamide
Irinotecan

Low – 10–70% of patients Mitoxandrone

Taxanes
Minimal – <10% of patients Hormones

Vinca alkaloids
Bleomycin
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Similarly, calorie and protein supplementation is an important component of nutri-
tional support for cancer patients who are not meeting energy or protein require-
ments. No studies were identified in the literature evaluating whether indications for
supplementation in older patients are different from those for the general cancer
population.

Indications for enteral nutrition in older cancer patients are the same indications
that apply to other populations. Enteral nutrition is beneficial for patients with
intact gut function who are unable to ingest adequate nutrients orally. There is no
evidence that routine use of enteral nutrition in well-nourished cancer patients
undergoing chemotherapy or surgery is helpful. Patients with cancers of the oro-
pharyngeal region or gastrointestinal tract, however, are at particular risk for
malnutrition. Head and neck cancer patients, because of the location of the tumor
and also because this population has a high prevalence of co-morbid alcohol use,
have a high rate of malnutrition at the time of presentation. In one study, asmany as
57% of head and neck cancer patients were estimated to be nutritionally compro-
mised at the time of presentation (67). Additionally, head and neck patients are at
high risk for treatment-related impairment of oral intake secondary to mucositis
and dysphagia. In retrospective studies of head and neck cancer patients, placement

Initial Nutrition Screen
Minimum recommendation: BMI, unintentional weight loss (5% loss of 

normal wt in 1 month, 10% in 6 months)

Nutritionally intact
Nutritionally 

Compromised

Low risk therapy High risk therapy

Nutrition Supportive Care
•More complete assessment, SGA or similar
•Assessment for contributing symptoms, geriatric 
syndromes
•Assessment for contributing psychosocial factors
•Discussion of goals of care and nutritional support
•Patient specific dietary counseling
•Aggressive symptom management
•Oral, enteral, or parenteral nutritional support as 
indicated

Reassess at each 
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•Patient specific dietary counseling
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Fig. 19.1. An algorithm presenting recommendations for nutrition screening and initial evalua-
tion and management of older cancer patients.
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of a percutaneous endoscopic gastrostomy (PEG) tube prior to initiation of radia-
tion therapy was associated with less weight loss, fewer hospitalizations, and fewer
treatment interruptions (68) and was well tolerated (69). The potential benefits of
prophylactic PEG placement should be weighed in the nutritional support of older
head and neck cancer patients. Similarly, patients with esophageal cancer are likely
to present with significant pretreatment weight loss and have a high risk of tumor or
treatment-associated impairment of oral intake. In a prospective study prophylactic
PEG placement prior to chemoradiation therapy reduced weight loss during ther-
apy (70). In selected populations of patients these benefits should be considered in
the discussion of possible enteral support.

Enteral feeding is preferable to parenteral feeding because it is physiologically
beneficial, less expensive, and better tolerated (71). Cancer, however, is a frequent
indication for total parenteral nutrition (72). Total parenteral nutrition may
support patients through periods of treatment-related gut dysfunction such as
mucositis or ileus and may also be helpful for patients with disease-related gut
dysfunction such as a total obstruction or high-output fistula. A number of studies
have looked at the use of parenteral nutrition perioperatively for malnourished
patients and were summarized in a consensus statement from the National Insti-
tutes of Health, the American Society for Parenteral and Enteral Nutrition, and the
American Society for Clinical Nutrition. Based on a review of 13 prospective RCTs
involving 1,250 patients, the authors identified a 10% reduction in postoperative
complications for malnourished (defined by weight loss, nutritional indices, or
prognostic indices) patients with gastrointestinal malignancies who received pre-
operative TPN for 7–10 days. No benefit was identified in malnourished patients
receiving routine postoperative TPN, in fact early postoperative TPN in similar
populations was associated with a 10% increase in complications. This consensus
statement also suggests that nutrition support is necessary for patients unable to eat
after surgery and recommends that TPN be initiated within 5–10 days in post-
operative patients who are unable to eat or tolerate enteral feeding (73).

19.6.2 Tailoring the Intervention

The goal of nutrition support of older cancer patients is to provide adequate
energy and nutrients to maintain metabolic balance. The caloric requirements for
older cancer patients can be estimated using equations, such as the Harris–Benedict
equation (74), developed to predict basal metabolic rate; however, it should be
noted that these equations are intended for use with healthy individuals and were
generally not derived from populations of older persons (Table 19.3). Generally,

Table 19.3
The Harris–Benedict equation to estimate energy expenditure

Estimates of energy expenditure

Harris–Benedict equations for basal metabolic requirements (BMR):
Formales BMR¼ 66.4730+ (13.7516�W)+ (5.0033�H)� (6.7550�A)
For females BMR¼ 65.5095+ (9.563�W)+ (1.8496�H)� (4.6756�A)
W ¼ weight (kg); H ¼ height (cm); A ¼ age (years)

Chapter 19 / Nutrition Support in Cancer 365



estimates for cancer patients are adjusted for mild to moderate stress (61). The
estimate of energy expenditure in cancer patients is complicated not only by varia-
tions in predictive equations and adjustments for stress utilized (75) but also by
method of measure of body composition (76). These differences are unlikely to be
of clinical significance, however. Energy expenditure can be measured utilizing
indirect calorimetry, and this approachmay offer advantages particularly in follow-
ing the efficacy of interventions aimed at the inflammatory component of anorex-
ia–cachexia syndrome. There is insufficient evidence, however, to support routine
use of indirect calorimetry in clinical applications in older cancer patients.

19.7 CANCER ANOREXIA–CACHEXIA-SPECIFIC INTERVENTIONS

There is a burgeoning literature on interventions targeting anorexia–cachexia
syndrome. This text will address only those interventions for which a sufficient
literature exists to allow some assessment of their role in clinical care. Many
interventions have focused on the anorexia component of the anorexia–cachexia
syndrome. Corticosteroids are frequently utilized as appetite stimulants in patients
with cancer based on a number of reports demonstrating improved appetite, but not
weight gain (77–79). Dexamethasone 3–8 mg/day or prednisone 15 mg/day are
typical doses, although studies demonstrating superiority of a particular agent or
dosing strategy are not found in the literature. Corticosteroids are perhaps most
effective when utilized for patients with advanced disease. Positive effects on
symptoms such as appetite, food intake, and sensation of well-being generally
have a duration of around 4 weeks (20). In older patients the utility of corticoster-
oidsmay be limited by co-morbidities such as diabetes mellitus that limit their use or
by their potential to induce delirium. Additionally, well-recognized long-term side
effects of glucocorticoids include immunosuppression, osteoporosis, and
myopathy.

Progestational agents are frequently utilized as appetite stimulants in cancer
patients and have been relatively well studied. A 2005 Cochrane database review
of megestrol acetate (MA) for treatment of anorexia–cachexia syndrome summar-
ized data from 30 trials involving 4,123 patients. The authors found a benefit for
MA as compared to placebo conditions with regard to appetite improvement and
weight gain. No conclusions could be drawn with regard to other important out-
comes such as survival or quality of life (80). Reports from the North Central
Cancer Treatment group indicate that the resulting weight gain consists of primarily
fat and not lean tissue. The same report indicates that doses from 480 to 800mg/day
are effective, with little benefit from higher dosing schedules (81). Potential side
effects of MA and related agents are significant and include the risk of deep venous
thrombosis (DVT), male impotence, and menstrual bleeding in female patients.

Decision-making regarding initiating an orexigenic medication should be an
intentional and thoughtful process. Neither of the two best studied agents has
demonstrated improvement in survival or lean body mass. Additionally, though
both of these agents stimulate appetite, they may theoretically shift patients toward
a catabolic balance. The burden of side effects may limit their utility in older
patients with multiple morbidities. Finally, there are no published data on the risk
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of DVT withMA administration in older adults. The authors recommend initiating
an orexigenic agent only in patients for whom appetite loss is troublesome, selecting
an agent based on tolerability or desirability of potential side effects and evaluating
effectiveness of the intervention at a pre-determined time-point (Table 19.4). Other
agents proposed or utilized as orexigenic agents but less well studied include tetra-
hydrocannabinol (THC) derivatives. The limited studies in the literature suggest
that these agents are not as effective in stimulating appetite or weight gain in cancer
patients as MA, and side effects may limit their usefulness in an older population
(82,83). The atypical antidepressant mirtazapine has been utilized based on limited
evidence of appetite stimulation (84). The use of this agent is likely related to
desirability of its antidepressant effect. Cyproheptadine is not effective and not
well tolerated and does not have a role in the care of older cancer patients with
appetite loss (85).

Current research is exploring the role of agents to address the inflammatory
component of the metabolic derangement that characterizes the anorexia–cachexia
syndrome. A number of small studies of varied design indicate that anti-inflamma-
tory medications may be beneficial either alone or in combination with other agents
(86–89). Thalidomide, in a randomized controlled trial conducted in 50 patients
with advanced pancreatic cancer, attenuated loss of weight and lean body mass
(90). The fish oil derivative, eicosapentanoic acid, generated a significant amount
of interest because it targets mechanisms related to the production of proteolysis-
inducing factor (91–93). Unfortunately, subsequent well-designed trials have not
found evidence that fish oil agents are effective in improving appetite ormaintaining
lean body mass (94–96). This example stands as a cautionary tale against the over-
interpretation of preliminary studies, and the use of the agents described in this
paragraph should be limited to research settings until further evidence is available.

Table 19.4
Appetite stimulants in cancer care

Medication
Usual
dose

Desirable
side effect

Undesirable
side effect

Relative
cost

Corticosteroids

Dexamethasone
Prednisone

3–8 mg q a.m.

15 mg

Improved energy
level

Sense of well-being
Improved bone
pain

Muscle atrophy

Bone loss
Elevated

glucose

$

Megestrol acetate 480–800 mg/
day

None DVT

Hypogonadism
Menstrual

bleeding

$$$$

Mirtazapine 15–30 mg/
day

Antidepressant
effect

Sedation

$$

Abbreviations: DVT, Deep vein thrombosis; $, Reflects relative expense only
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19.8 RECOMMENDATIONS

1. All older cancer patients should be evaluated for nutritional risk prior to initiation of
cancer treatment. Older cancer patients who are identified as nutritionally compro-
mised or who are receiving therapy that places them at high nutritional risk should be
followed proactively for nutritional needs throughout cancer treatment.

2. Dietary counseling and nutrition intervention increases caloric and protein intake in
varied populations of cancer patients and should be incorporated into the care of
nutritionally compromised older cancer patients. Protein supplementation may be
especially helpful in the care of older cancer patients.

3. Orexigenic agents should be initiated only in patients for whom appetite loss is
troublesome. Agents should be selected based on tolerability or desirability of
potential side effects, and effectiveness of the intervention should be evaluated at a
pre-determined time-point.
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20 Nutrition and Chronic Obstructive
Pulmonary Disease
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and Katherine Gray-Donald

Key Points

� By 2020, COPD will be the third leading cause of mortality worldwide.
� ManyCOPDpatients aremalnourished, resulting in clinical deterioration, decreased

exercise capacity, and diminished survival.
� The weight loss and loss of lean mass associated with COPD reflect in part metabolic

disturbances, including hypermetabolism, inflammation-induced catabolism, alterations
in protein metabolism, hormonal alterations, and muscle alterations and dysfunction.

� Loss of body mass also results from low food intake caused by increased difficulty in
carrying out daily food-related activities (e.g., shopping, cooking) due to fatigue,
dietary problems (loss of appetite, early satiety, dyspnea associated with feeding,
swallowing problems, gastroesophageal reflux), and psychological problems (soli-
tude, depression, anxiety, attitude/beliefs).

� Hospital stay due to exacerbations and treatment with glucocorticosteroids can also
contribute to reduced food consumption.

� Interventions should emphasize weight gain in patients with BMI < 25 and weight
stability in those with higher BMI, positive nitrogen balance, and functional
improvements in muscle strength, handgrip strength, and walking ability.

� Strategies to help meet adequate intake include eating six to seven small meals
(300–500 kcal/meal) throughout the day, using energy/protein-dense foods/supplements,
using affordable yet enjoyable foods, and enlisting family community support at
mealtime.

� Other strategies aim tominimize the energy cost of food activities.Meal preparation time
should be kept to a minimum, one-dish recipes help reduce the energy spent cleaning up
after the meal, frequently used foods and kitchenware should be close at hand, and
cooking more than needed on good days to ensure having good food to eat on bad days.

Key Words: Respiratory function; pulmonary disease; dyspnea; weight loss
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20.1 INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is prevalent and a major cause
of disease andmortality. It is estimated that up to 10%of the world population over
40 years of age experience some degree of airway limitation (1). The prevalence of
COPD is age dependent. In Sweden, 3.5% of young adults (20–44 years) present
airflow limitation. In the United States, rates of moderate COPD rise to 21% in the
population aged 65–74 years and to 23% in adults aged more than 75 years (2).
COPD is an important cause of morbidity (3) and currently ranks as the fifth
leading cause of mortality accounting for more than 2,750,000 deaths worldwide
(4). In the United States, the COPD death rate has doubled between 1970 and 2002
(5). As the population ages, it is projected that by 2020, COPD will be the third
leading cause of death worldwide (6). The economic burden of this condition is
enormous, approximately $5–25 billion per year in developed countries (7).

It is well known that smoking represents the most important risk factor for COPD
(8). Although it is reported that only 15% of smokers have COPD, this is a mislead-
ing estimate as all smokers show decreased lung function and all will probably
develop COPD unless they stop smoking (9). COPD mortality is becoming more
common in women than in men. Between 1980 and 2004, estimates of COPD deaths
in the United States increased from 38,362 to 58,646 in men while increasing from
17,425 to 63,341 in women (10). Among COPD patients receiving long-term oxygen
treatment, women have a significantly greater risk of dying than men (11). The
differential evolution of smoking habits, increased susceptibility to smoke-related
COPD, smaller stature, differential clinical course of COPD, and bias for under-
diagnosis and care are suspected reasons for the changing gender profile of COPD
(12–14). Thus the notion that COPD is an old man’s disease is quickly changing. As
with osteoporosis, COPD may soon become an old woman’s disease (15). Besides
smoking status, age, and gender, other risk factors for COPD include long-term
exposure to air pollution and occupational dust, genes, oxidative stress, comorbid-
ities, respiratory infections, socioeconomic status, and nutrition (8,16).

COPD is a condition in which airflow obstruction, a key element, interferes with
the normal function of the respiratory system. In turn, impaired lung function,
depending on the severity of the disease, can curtail activities of daily living (17)
including, food-related activities, leading to sub-optimal food intake (18,19).
This condition is however complex and multidimensional in nature (20). Well-
documented extrapulmonary effects of COPD include systemic inflammation,
nutritional metabolic abnormalities, skeletal muscle dysfunction, muscle and bone
loss, and weight loss (21). Weight loss is a common development in COPD.
Depending on the population studied and on the indicator used to determine
nutritional status, between 19% and 60% of COPD patients are classified as
nutritionally depleted (22,23). The clinical deterioration, decreased exercise capa-
city, and diminished life expectancy that are associated with unintentional weight
loss have been acknowledged formany years (24–26).More recent findings confirm
that low BMI and weight loss are important prognostic factors of mortality in
patients with moderate to severe COPD (27–30).
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Total daily energy expenditure (TDEE) in patients with COPD is highly variable
but is often increased (31). This may be due to increased resting energy expenditure
(REE) (32) and/or increased energy cost of physical activity, but this is still not
clear. Proposed mechanisms for increased TDEE include a hypermetabolic state
created by systemic inflammatory effects associated with COPD, glucocorticoster-
oid-associated catabolism, increased requirements for respiration, and greater
metabolic or mechanical demands for activities. Insufficient energy intakes result-
ing from ambulatory dysfunction, poor appetite and breathing difficulties, as well
as elevated concentrations of cytokines have also been implicated as possible
reasons for weight loss. It follows that COPD-associated weight loss can result
from increased energy requirements not adequately compensated by an equivalent
increase in food intake, diminished food intake, or both. Evidence for the preven-
tion or reversibility of this nutritional decline is accumulating and points to the
importance of nutritional interventions in this area.

20.2 DEFINITION, PATHOPHYSIOLOGY, AND ETIOLOGY OF COPD

In 2001 the Global Initiative for Chronic Obstructive Lung disease (GOLD)
redefined COPD as ‘‘a preventable and treatable disease state characterized by
airflow limitation that is not fully reversible’’ (8). COPD includes conditions
associated with airflow obstruction such as chronic bronchitis and emphysema
but not asthma (33). Chronic bronchitis is a clinical syndrome manifested by
mucus hypersecretion, a daily productive cough for at least 3 months of the year
for two consecutive years, and bronchial gland hypertrophy. Emphysema, on the
other hand, is a chronic lung disorder characterized by the destruction of the gas-
exchanging parenchyma distal to the terminal bronchioles, leading to the collapse of
the abnormally enlarged air spaces and interfering with the transfer of O2 and CO2

between the blood and the alveolar air (34–36). COPD can remain asymptomatic
for many years and a diagnosis using spirometry is usually made at the moderate to
advanced stages when dyspnea is severe enough to interfere with usual activities of
daily living and a major loss of lung function has occurred.

COPD pathology involves lung parenchyma, intrathoracic airways, large and
small, and lung vasculature. The two prominent clinical features of COPD are
increased resistance to expiratory airflow and hyperinflation of the lungs. It is
characterized by chronic inflammation, tissue destruction, and airway narrowing
that are responsible for the chronic airflow limitation (34). The expiratory airflow
resistance causes air to be progressively trapped in the lungs during expiration
which accounts for most of the hyperinflation and which also reduces inspiratory
capacity. With increased airway resistance and hyperinflation, the work of breath-
ing is noticeably elevated. The exchange of O2 and CO2 is impaired in COPD
gradually leading to CO2 retention. As a consequence, the level of minute ventila-
tion needed tomaintain arterial carbon dioxide pressure at normal levels can be two
to three times the normal rate (37). Hyperinflation also affects the diaphragm, the
primary muscle of inspiration, which normally assumes a dome shape that pro-
trudes upward into the thoracic cavity. The negative pressure in a tightly curved
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diaphragm is necessary to move air into the lungs. With hyperinflation, the dia-
phragm is flattened, increasing the radius of the curvature and decreasing the
pressure generated. A flattened diaphragm may not be able to produce any useful
inspiratory pressure, thus adding to the work of breathing and often resulting in the
recruitment of the muscles of the abdominal wall and other accessory muscles to
increase ventilation (38).

Recent evidence indicating that COPD is not only a lung disease is increasing.
COPD is now recognized as a multi-component condition with several systemic
effects that influence survival and that are the result of systemic chronic inflamma-
tion (21,39). These systemic features include notable weight loss, muscle wasting
and weakness, and alterations in bone metabolism.

The multidimensional nature of COPD requires a multidisciplinary approach to
treatment. Carefully planned therapy should include cessation of smoking but also
administration of bronchodilators and/or glucocorticosteroids, respiratory muscle
training, and nutritional support aiming to maintain or improve body weight.
Management and care will help alleviate some of the symptoms and improve quality
of life, but will not reverse the condition.

20.3 NUTRITIONAL CONCERNS

20.3.1 Low Body Weight, Weight Loss, and Muscle Wasting in COPD

There is no consensus regarding the diagnostic criteria for malnutrition in COPD
patients. Many studies have based nutritional assessment on body weight, either in
terms of body mass index (BMI; kg/m2) or percent of ideal body weight (%IBW) in
their assessment. However, with rates up to 25%, prevalence of poor nutritional
status is high in patients suffering from COPD (22,40–41). Being underweight is a
risk factor for exacerbations and hospitalization (40,42). A low body weight,
weight loss, and loss of fat-free mass (FFM) have consistently been shown to be
independent predictors of COPD mortality (27,29,41–46), whereas being over-
weight or obese decreases the risk of mortality (42–43,47). In fact, being under-
weight increases the risk of dying by 4.5 times (43). The 5-year survival rates for
COPD patients on long-term oxygen therapy are 24%, 34%, 44%, and 59%,
respectively, for patients with BMIs <20, 20–24, 25–29, and �30 kg/m2 (42).
A BMI of at least 25 kg/m2 confers best survival (29).

In addition to body weight, weight history predicts outcomes of COPD patients.
COPD patients often experience weight loss. Rates of weight loss increase with
decreasing lung function and are higher in women with severe COPD compared to
men (35% vs. 25%, respectively) (27). Weight loss increases the odds of having a
COPD exacerbation regardless of initial body weight (40). Furthermore, weight
loss is a predictor of mortality. A loss of 3 units in BMI in COPD patients increases
the risk of all-cause mortality by 70% and doubles the risk of respiratory mortality.
Even a loss of 1 unit (the equivalent of about 3 kg in a 1.7 m person) suffices to
confer excess mortality (27,29). However, COPD-related weight loss is reversible
(24,48). By contrast, weight gain in underweight and normal-weight patients with
severe COPD appears to have a beneficial effect on survival (27).
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Using total body weight or BMI as an indicator of nutritional status is limited by
the inability to distinguish between fat tissue and lean bodymass. Bodyweight is not
always sensitive to variations in body composition in COPD patients and loss of
FFM is frequently found in normal-weight COPD patients (49). Patients suffering
from COPD frequently present with decreased lean body mass/fat-free mass that is
disproportionate compared to healthy adults (50–51). Thus FFM is more depleted
in COPD patients than in healthy controls (32,52) and more in women than in men
(25% vs. 11%) (30,53). Loss of FFM has deleterious effects on respiratory muscle
functioning, resulting in decreased strength and endurance of the respiratory mus-
cles which is evident in their impaired capacity for strenuous exercise (54–55).
Moreover, poor nutritional status will weaken the immune system and may inter-
fere with the protection of the airways contributing to undesirable clinical out-
comes. FFM is associated with bone mineral density (49) and is a predictor of
survival (45,56) even in subjects with mild to moderate COPD (30). In fact, FFM
appears to be a better predictor of mortality than BMI (30,57).The COPD-asso-
ciated excessive loss of FFM is often termed pulmonary cachexia (58–59), and is
associated with COPD-related clinical outcomes. For instance, better functional
status is found with a higher lean/fat ratio in both men and women with COPD
(60).

Recording body weight over time can be an informative measure of nutritional
status. However, since changes in body composition, particularly loss of lean
body mass, may go unrecognized in COPD, other methods of accurately deter-
mining changes in body composition in COPD patients need to be adopted (see
Section 20.4.4).

20.3.2 Causes of Weight Loss and Muscle Mass Depletion

Weight loss and loss of FFM reflect complex interactions between metabolic
disturbances (hypermetabolism, inflammation-induced catabolism, alterations in
protein metabolism, hormonal alterations, muscle dysfunction) and changes in
dietary behavior leading to reduced food intake due to dyspnea, decreased appetite,
fatigue, frequent hospital admissions, and treatment with glucocorticosteroids. The
following sections discuss these factors.

20.3.2.1 METABOLIC DISTURBANCES

Hypermetabolism. Energy expenditure that is chronically greater than energy
intake obviously leads to weight loss. In COPD patients, TDEE is frequently
increased compared to healthy individuals (31,55,61) which when coupled with
unchanged or decreased intake could account for loss of weight. TDEE is the
sum of the energy expenditure of three components: resting energy expenditure
(REE), physical activity, and diet-induced thermogenesis (DIT). In most healthy
sedentary adults, REE is the largest component (approximately 60–70%) of TDEE.
It has long been recognized that the body’s usual response to a decrease in food
intake is to lower REE, an adaptive mechanism necessary to sustain life (62). As in
other chronic diseases, this mechanism appears to fail in COPD and several studies
over the years have pointed to an increase in REE as one explanation for the
observed weight loss in many patients with COPD. In a well-designed study by
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Schols and colleagues (63), weight-losing and weight-stable COPD patients were
compared. The weight-losing patients exhibited higher REE (118� 17% predicted)
than the weight-stable patients (110 � 11% predicted), and both groups of COPD
patients had significantly higher REE than healthy controls (104 � 6% predicted).
The higher REE remained after adjusting for lean body mass and was significantly
higher in the weight-losing than in the weight-stable COPD patients. Elevated REE
is evident in 50–60% of COPD patients (31–32). COPD patients often show a
reduced physical activity level; however, increased energy expenditure from physi-
cal activity could arise from greater energy demand for the same task due to muscle
inefficiency but evidence on this point is not clear (61,64).

To summarize, it is well established that REE in many clinically stable patients
with moderate to severe COPD is 10–20% higher than would normally be predicted
from the Harris–Benedict equation (65). However, it is also clear that the energy
expenditure of COPD patients varies greatly, so that the energy requirements are
difficult to predict. This leaves energy balance as measured by weight changes as a
crude but useful measure in the clinical setting.

Catabolic processes. COPD, as many other chronic illnesses, is characterized by
acute and chronic inflammation. There is elevated cytokine production that is asso-
ciated with deleterious systemic effects and, in particular, the degradation of skeletal
muscle mass termed ‘‘cachexia’’ (66) (see also Chapter 11). Acute exacerbations
are most often triggered by an infection or some other environmental stimuli and
result in hospitalization. Bacterial and viral infections are powerful catalysts for the
body’s immune system, resulting in a complex and coordinated interaction to rid the
body of these foreign substances. The production and release of stress hormones
and cytokines contribute to the resulting changes in substrate metabolism and
inappropriate mobilization of muscle protein and fat. A prolonged pro-inflamma-
tory cytokinic response has been related to unrestrained net protein catabolism
(cachexia) seen in patients with cancer and other critical illnesses (67–68). Tumor
necrosis factor-alpha (TNF-�), a multipurpose cytokine, has been implicated in the
metabolic and nutritional disturbances observed in very ill patients (69). Elevated
concentrations of serum TNF-� have also been found in weight-losing COPD
patients, whereas weight-stable patients and healthy control subjects have much
lower levels of TNF-� in their blood (70–72). TNF-� is believed to be the central
cytokine responsible for the loss of muscle mass in COPD patients but other
cytokines may also be involved, such as C-reactive protein (CRP) and interleukins
(IL-6, IL-8). Elevated CRP in patients hospitalized for acute COPD exacerbation
is associated with nonrecovery of symptoms after 2 weeks and is predictor of
exacerbation recurrence within 50 days (73). Moreover, frequent exacerbators
have lesser reduction in plasma IL-6 and IL-8 during recovery than infrequent
exacerbators. Evidence for the role of chronic low-grade systemic inflammation in
pulmonary cachexia is also building (74). Smokers present with higher, albeit sub-
clinical, serum concentrations of cytokines (CRP, IL-6) that persist up to 20 years
after smoking cessation (75). In a recent study, higher CRP and IL-6 levels were
found in stable COPD patients compared to healthy controls (76), but whether
chronic inflammation could account for the loss of weight in stable COPD patients
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is not clear as cachectic and non-cachectic patients do not appear to differ in their
degree of inflammatory response. Furthermore, anti-TNF-� strategies have not
proven successful in reversing cachexia (77)which highlights the high complexity of
the underlying inflammatory component of the disease and of the etiology of weight
loss in COPD. Still more research is needed to clarify the relationship between the
production of cytokines during the acute and chronic inflammatory processes and
their contribution to elevated REE and weight loss seen in many COPD patients.

Alterations in protein and amino acid metabolism. One possiblemechanism for the
COPD-related loss of FFM bears on alterations in protein metabolism that
increases protein turnover favoring net catabolism. In patients with severe COPD,
both protein degradation and protein synthesis are enhanced which translates to a
10% increase in whole-body protein turnover compared to healthy controls (78).
In a recent study, subjects with Stage II–IV COPD were found to have increased
urinary pseudouridine (PSU) compared to healthy subjects, indicating increased
protein breakdown (79). But even in stable cachectic COPD patients not treated
with corticosteroids and with no increase in whole-body protein turnover, there is
evidence showing an increased whole-body myofibrillar protein breakdown when
compared to non-cachectic COPD patients or controls, indicating muscle protein
breakdown (80).

Being the building blocks for proteins, it is not surprising that amino acid
metabolism is also altered in COPD (81). Some studies indicate that serum gluta-
mate, glutamine, and alanine may be decreased in underweight patients with
COPD, particularly in those with lower FFM. However, other studies report an
increase in plasma glutamate. There are also reports of metabolic disturbances with
respect to branched-chain amino acids (BCAA: leucine, isoleucine, and valine),
plasma BCAA being lower in underweight compared to normal-weight COPD
subjects (82).

Hormonal alterations. Testosterone is an anabolic hormone that drives protein
accretion and muscle repair. Hypogonadism has hence been examined as a possi-
ble explanation for the COPD-related loss of FFM in men. Prevalence of low
testosterone levels is about 20–40% in men with COPDwhich does not differ from
that of the general older population (83). In COPD patients, low testosterone
status is linked to peripheral muscle wasting (84), skeletal muscle weakness (85),
and reduced pulmonary function (86), but not to exercise tolerance or capacity
(85,87). A low ratio of insulin-like growth factor to growth hormone (IGF-1/
GH), evidence for GH derangement, is also reported in cachectic COPD patients
(88). Testosterone replacement or administration of anabolic steroids or of
growth hormone results in increased body weight that is predominantly from
increased lean mass and increased skeletal muscle strength (89–93). Studies on
its effect on exercise capacity/tolerance are conflicting (89–90,92–93). The evi-
dence so far is unconvincing and long-term testosterone replacement therapy
remains controversial as it may be associated with potentially dangerous side
effects (94).
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Muscle dysfunction. Muscle dysfunction and ambulatory limitations are com-
mon in COPD patients, resulting in detrimental effects on physical capacity and
quality of life. Inefficient ventilation cannot entirely account for the overall func-
tional limitation so other causes have been sought. This has been the focus of much
research; yet, to date, it is still not clear whether muscle dysfunction is the result of
myopathy or de-conditioning (i.e., disuse). There is evidence in favor of the causal
role of myopathy, including morphological (shift from type I to type II fibers) and
metabolic differences (oxidative activity, oxidative stress in muscles), between
COPD patients and healthy subjects (95). But evidence, including studies showing
reduced physical activity level (96), and the fact that muscles in COPD patients
have the ability to respond to muscle training when training ‘‘outside the constraint
of maximal ventilation’’ (97) also support the role of de-conditioning (98). It is
likely that both are responsible. Patients with COPDmay face a downward spiral in
which muscle dysfunction leads to decreased physical activity that leads to FFM
loss and in turn to greater muscle dysfunction.

20.3.2.2 REDUCED FOOD INTAKE

The failure to meet increased energy/protein requirements and/or reduction in
food intake leads to gradual and sometimes precipitous weight losses, depending on
the extent of energy/protein imbalance. When even a small but constant reduction
in energy intake is not offset by a decrease in energy expenditure, weight loss will
occur. Recent studies confirm that malnourished patients have lower dietary intake
than those that are well nourished (64,99) and that in general, COPD patients
present a negative energy balance that can be attributed to insufficient food intake
(40,99).

Energy requirements to maintain body weight in hospitalized COPD patients is
high. Energy needs have been shown to be in the range of 135–150% of REE as
predicted using the Harris–Benedict equation and 1.2 g protein/kg body weight is
needed to meet protein requirements (23,100–101).

When malnourished patients with severe COPD strive to regain their lost weight,
the necessary energy requirement is substantially increased. In an intervention study
conducted in underweight lung transplant COPD candidates, an energy intake of
180% of predicted REE (�44 kcal/kg) led to a weight gain of �2 kg (101). In
addition, protein intake was increased to 1.8–1.9 g/kg. This increase in intake was
reached using, for the most part, ordinary foods.

Reasons for low food intake in COPD are numerous but can be classified into
those linked to ambulatory dysfunction (difficulties in shopping and meal prepara-
tion, fatigue), dietary problems (dyspnea, swallowing and chewing problems, loss of
appetite), and psychological problems (solitude, depression, anxiety, attitude/
beliefs). The presence of two or more of these problems has been associated with
lower energy intake (102). Furthermore, both hospitalization and COPD treat-
ments can cause reduced food intake.

Difficulties in shopping for food, meal preparation, cooking, and fatigue. Functional
limitations and fatigue in COPD affect activities of daily living, including food-
related activities. A forced expiratory volume in 1 second (FEV1) <50% is a
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predictor of a high degree of meal-related challenges (103). Most patients with
COPD report that feelings of breathlessness make it difficult to shop for food and
transport groceries (104). Chronic fatigue occurs in close to half of COPD patients
(105). The entire process of shopping, preparing, and eating ameal can be very tiring
for some patients and, for that reason, can lead to a reduction in energy intake.
Seventy percent of underweight patients with very severe COPD reported having
difficulties cooking meals compared to 43% of those with normal weight (106).
Strategies developed by patients to cope withmeal-related difficulties include cooking
extra meals on ‘‘good days’’, eating cold meals on bad days, or using food supple-
ments, but they often become dependent on others for these activities.

Dyspnea, dysphagia, gastroesophageal reflux. Dyspnea is a distressing manifesta-
tion in respiratory diseases that is described as unpleasant sensations of hunger for
air, effort to breathe, tightness in the chest, and unsatisfactory inspiration (107).
Some patients with COPD experience dyspnea during chewing and swallowing, and
may decrease their intake of food to avoid these unpleasant sensations. It has been
suggested that the increased sense of breathlessness experienced during eating by
hypoxemic but not by normoxemic patients is due to decreased arterial oxygen
saturation in the former but not in the latter group of COPD patients (108). In
contrast, no differences in post-prandial dyspnea sensations nor in objective mea-
sures of ventilation in undernourished compared to normally nourished patients
were observed with a liquid meal in a small group of patients (109). As the
prevalence of severe dyspnea (40%) is not linked to nutritional status in COPD
patients (22), other factors may be more important in the restriction of protein and
energy intake.

COPD patients are also susceptible to oropharyngeal dysfunction. Dysphagia is
more prevalent in COPD patients compared to healthy subjects but reported pre-
valence rates vary greatly. In a group of 84 male COPD patients, 85% showed some
degree of dysphagia based on videofluoroscopic examination (110). These patients
had been referred for swallowing assessment due to suspected swallowing difficul-
ties which could explain the high rate of dysphagia in this sample. In another study,
self-reported symptoms of swallowing problems were found in 15% of a group of
100 male COPD patients compared to 4% in a control group of 50 patients without
COPD or other respiratory complaints (111). The presence of dysphagia in COPD
patients may increase the risk of aspiration, a possible contributing factor for
exacerbations though this relationship has not been clearly demonstrated. The
prevalence of gastroesophageal reflux (GER) symptoms (regurgitation, heartburn)
in COPD is about 20% (111). GERD symptoms are associated with the degree of
severity of airway obstruction. Importantly, experiencing GER symptoms once or
more per week has been shown to double the rate of exacerbations compared to
those with symptoms less than once per week independently of the severity of
COPD (112). The exact impact of oropharyngeal dysfunction on food intake in
COPD patients is not known.

Loss of appetite, taste alteration, and early satiety. Appetite is an important
factor influencing the motivation to eat (113–114). Loss of appetite is associated
with reduced food intake and weight loss in elderly individuals and is considered a
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clinical symptom of malnutrition (115). Among COPD patients, diminished appe-
tite is a frequent complaint (88). The diminished desire to eat is related to weight
loss in underweight patients. In addition, taste alterations have been reported in
men with COPD (116). As taste is an important determinant of food choices and
consumption (117), alterations in taste could also modulate the motivation to eat.
Finally, early satiety is linked to lower BMI in COPD patients (99). This could
explain why some patients with COPD report eating smaller but more frequent
meals. Loss of appetite, taste alterations, and early satiety may all contribute to
reduced food consumption in individuals with COPD; the full nutritional impact of
these factors on food intake in COPD remains to be determined.

Solitude, depression, and anxiety. The presence of others at mealtime is known to
influence the quantity of food eaten at a meal (118–119). Some COPD patients
report that being alone affects their enjoyment of the meal and that being with
others makes meals more appealing and more tasty (104). Up to 50% of COPD
patients experience anxiety and depressive symptoms (120), which for some indi-
viduals may be related to decreased food consumption (121).

Social norms, attitudes, and health beliefs. Early interventions to prevent weight
loss in COPD would benefit from appropriately targeting dietary behaviors for the
special case of COPD. According to current behavior theory, social norms are
determinants of food behavior as they influence attitudes toward food and health
beliefs. A ‘‘healthy diet’’ may be seen as one low in fat and simple carbohydrates and
thus lower in total energy so that overeating with the aim of gaining or maintaining
weight can be felt and seen as socially unacceptable (122). COPD patients, espe-
cially female patients (25% vs. 5% inmen) reported being currently on a weight loss
diet (102). Over 30% of women and 5% of men with COPD express a fear of
gaining weight. Modifying dietary behaviors in these patients with the aim of
increasing the intake of energy-dense foods requires strategies that are different
from advice provided to the general population. While giving nutritional advice to
patients, it is important to include those on providing or preparing the food.

Hospitalization and treatment with glucocorticoids. Some patients withCOPDcan
maintain their weight and function reasonably well until an acute event causes a
deficit in energy balance. Weight loss follows and the lost weight is not necessarily
regained during the recovery period leading to a stepped decline in body weight over
time (123). Patients with advanced COPD have episodes of acute not fully reversible
airway obstruction that increase in frequency with the severity of the disease. These
exacerbations may require hospitalization where the deterioration of nutritional
status (apart from that caused by the normal progression of the disease) is unfortu-
nately a likely consequence. It is well recognized that serious nutritional deficits can
develop over the course of hospitalization in a variety of clinical contexts (ICU,
rehabilitation, nursing home), and this has deleterious impact on length of hospital
stay and on in-hospital and post-discharge survival (124–132). Failure to eat ade-
quately may be explained by patients’ dislike of the foods offered, lack of appetite,
and diet prescriptions (133). Failure to record patient’s height and weight, failure to
identify undernourished patients, lack of adequate nutritional support when
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problems are recognized, failure to observe and record patient’s dietary intake, and
prolonged use of glucose and saline IV fluids remain common institutional causes of
low intake (134).

Satisfaction with foods’ sensory qualities (taste, temperature, appearance, and
overall appeal) is related to food intake in hospital (135). The most frequently cited
reason for nonconsumption of the foods served is lack of taste (136). The taste of
food is a largely neglected nutritional factor in hospitals/institutions. Improving
food taste has been shown to have a beneficial impact on nutritional status in elderly
patients (137–138). Adequate dietary intake is at the center of nutritional rehabi-
litation and weight gain, and the attending health care team is the COPD patient’s
first line of defense against protein and energy undernutrition during their hospital
stay. Organizational factors are important determinants of the evolution of nutri-
tional status in hospitalized patients, and improvements in this area are likely to
help in preventing weight loss in hospitalized patients.

Oral or intravenous therapy with glucocorticosteroids is used in the treatment of
an acute exacerbation of COPD. The anti-inflammatory and immunosuppressive
properties of glucocorticosteroids are well established and are responsible for their
widespread use in COPD and in other respiratory/inflammatory diseases. The
catabolic effects of glucocorticosteroids on respiratory muscles are also well
known. In a prospective examination of eight patients prescribed an average daily
dose of 14.2 � 8.2 mg of methylprednisolone or an equivalent for the previous
6 months, severe muscle weakness in both the respiratory and peripheral muscles
developed (139). The negative effect of glucocorticosteroids on protein metabo-
lism is indicated by diminished protein formation, resulting in increased protein
breakdown and reduced protein synthesis. Reducedmuscle mass, thinning of skin,
a reduction in the protein matrix of the bones followed by calcium loss, and a
negative nitrogen balance are other well-known side effects of glucocorticosteroid
treatment (140).

20.4 NUTRITIONAL EVALUATION OF DEPLETION

20.4.1 Screening for Malnutrition

Given the poor nutrition prognosis for COPD patients and the possibility of
frequent hospital admissions, it is important that frontline health care workers in
the community and in hospitals identify individuals at risk of nutritional decline so
that nutritional therapy/intervention can be initiated. Maintaining weight through-
out the progression of the disease may be difficult to achieve, but weight main-
tenance in the early stages is easier andmay bemore beneficial than interventions to
induce weight gain after depletion of lean bodymass has occurred. Thorsdottir et al.
(141) have developed and validated a screening tool to detect malnutrition risk in
hospitalized COPD patients. This tool includes seven criteria: BMI, recent weight
loss, age, dietary problems (vomiting, diarrhea, loss of appetite, problems with
chewing and swallowing), recent surgery, comorbidity, and hospitalization of
more than 5 days in the last 2 months. Using a 5/7 cut-off score, this screening
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tool demonstrated excellent specificity (95%) but poor sensitivity (46%). A sug-
gested screening process for COPD patients based on the current literature is
provided in Fig. 20.1.

Reports of recent weight loss (>5% of usual body weight) can be used to identify
individuals at risk. Reduced lean body mass and other factors such as diminished
appetite, feelings of early satiety, difficulty obtaining and/or preparing food, dietary
restrictions, and being a current smoker may identify individuals at high risk of
becomingmalnourished (99). These individuals need to be brought to the attention
of dietitians who can then conduct a nutritional assessment and begin nutritional
intervention/therapy.

20.4.2 Assessment of Nutritional Status of Patients with COPD

Nutritional assessment is defined as a comprehensive evaluation of nutritional
status, including medical history, dietary history, physical examination, anthropo-
metric measurements, and laboratory data (142). A summary of the studies deter-
mining the nutritional status of patients with COPD is shown in Table 20.1. The
current desired weight range is a BMI in the range of 25–29 kg/m2 in COPDpatients
(29,42). BMI only requires the measurement of body weight and height. If height
cannot be directly measured, it can be calculated from equations using knee height
(150–151) or arm-span measurements (152–153).

It is also desirable to measure indicators of fat-free mass as increasing fat mass
may conceal FFM loss. Skinfold measurements and the bioelectrical impedance
assay (BIA) are two simple, practical, and validated methods for this purpose. The
skinfold thickness method involves measuring triceps, biceps, subscapular and

RISK OF
NUTRITIONAL

DECLINE

WEIGHT LOSS > 5%

UNDERWEIGHT
(BMI < 25)

NORMAL WEIGHT (BMI > = 25)
BUT LOW FFM

DIFFICULTY WITH SHOPPING/
MEAL PREPARATION

DIETARY RESTRICTIONSDIMINISHED APPETITE/
EARLY SATIETY

CURRENTLY SMOKING

Fig. 20.1. Screening for COPD patients at risk of nutritional decline: factors that may help
identify individuals at risk of becoming malnourished.
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Table 20.1
Summary of studies assessing nutritional status of patients with COPD: criteria for
malnutrition

Criteria Study sample
%

Malnourished References

<90% UBW 38 Hospitalized patients 50 (143)

<90% IBW Retrospective assessment
of nutritional status of
77 hospitalized patients

43 (144)

<90% IBW 135 Outpatients 24 (46)

<90% IBW 779 Outpatients 24 (145)

NI comprising four
parameters: Alb, Pre-
Alb, TLC, %IBW

153 Rehabilitation center
inpatients

19 (146)

BMI< 20 underweight and
TSF < 10th percentile,
MAC < 5th percentile

136 Outpatients 23 (147)

<90% IBW and <63%
FFMPIBW

25 Rehabilitation center
inpatients

26 (50)

NI based on
anthropometric and
biochemical variables

50 Hospitalized patients 60 (148)

�85% IBW 18 Outpatients 50 (109)

BMI < 20 58 Outpatients 34 (149)

NI-based anthropometric
and biochemical
variables

34 Hospitalized patients 38 (141)

BMI < 20 4088 Patients on LTOT 23 M; 30 F (42)

BMI � 19.9 81 Outpatients 25 (49)

BMI < 20 and/or MAMC
� 15th percentile

103 Stable outpatients 23 (99)

BMI < 20 255 Outpatients on LTOT 10 (41)

BMI � 21 73 Outpatients 37 (102)

BMI < 21 and FFMI �
16 M; �15 F

412 Rehabilitation center
inpatients

29 M; 27 F (45)

BMI < 19 or BMI < 25
and weight loss <10%

42 Lung transplantation
candidates

64 (106)

BMI < 20 41 Hospitalized patients 24 (40)

FFMI < 17 M, <15 F 1898 CCHS population 15 M; 16 F (30)

BMI � 21 and/or FFMI �
16 M, �15 F

389 Outpatients 27 (22)

%UBW: percent usual body weight; %IBW: percent ideal body weight; NI: nutritional index; Alb:
albumin; Pre-Alb: prealbumin; TSF: triceps skinfold; MAC: mid-arm circumference; TLC: total

lymphocyte count; FFMPIBW: fat-free mass per ideal body weight; BMI: body mass index;
MAMC: mid-arm muscle circumference; FFMI: fat-free mass index; LTOT: long-term oxygen ther-
apy; CCHS: Canadian Community Health Study; F: female; M: male.
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suprailiac crest skinfold thicknesses using a caliper. Sex- and age-specific equations
have been developed to determine body composition from these measurements
(154). BIA, a technique used to assess body composition, has been shown to be a
safe, convenient, and feasible alternative in the evaluation and monitoring of lean
body mass in normal and critically ill subjects (155–156). BIA has been used in
COPD patients (63). Dual-energy X-ray absorptiometry (DEXA) is the current
gold standard when estimating body composition. In a recent validation study
conducted in COPD patients, Lerario et al. (157) found that, while not perfect,
both skinfold measurements and BIA are highly correlated with DEXA measure-
ments, and both methods are considered reliable and clinically satisfactory for
assessing FFM in this population.

20.4.3 Assessment of Visceral Protein Status

A more comprehensive review of the biochemical measures used in the assess-
ment of nutritional status can be found elsewhere in this text (Chapter 4). Most
patients with COPD have values within the normal range for serum albumin,
transferrin, and retinol-binding protein (145,158–160). A comparison of mal-
nourished and well-nourished COPD patients revealed no differences in these
indicators (141).

20.4.4 Assessment of Short-Term Changes in Lean Body Mass

Depletion of lean body mass is a serious problem in a substantial portion of
patients with COPD and affects their muscle strength, their ability to exercise, their
daily living activities, and their survival. Short-term changes in protein metabolism
can be estimated using the nitrogen balance technique (161), a noninvasive and
usefulmeasure. Agreement between urinary urea nitrogen and total urea nitrogen in
critically ill patients with a variety of clinical conditions has been reported
(162–163). Many patients with COPD are in negative nitrogen balance in hospital,
indicating that protein breakdown exceeds protein synthesis (23). The measure-
ment of urinary pseudouridine standardized with urinary creatinine concentration
can also be used as a marker of muscle protein depletion and of loss of FFM (164).

20.5 NUTRITIONAL INTERVENTION IN MALNOURISHED STABLE
PATIENTS WITH COPD

The interest in using nutritional support to improve the outcome inmalnourished
stable COPD patients has grown over the last two and a half decades but refeeding
trials among inpatients and outpatients have had mixed results (Table 20.2). Three
studies have shown that under well-controlled, experimental conditions, short-term
(14–21 days) nutritional therapy will result in weight gain and improvements in
respiratory muscle strength (145,158,167–168). Mean weight gain in these studies
ranged from 1.7 to 3.0 kg; the energy intake ranged between 1.4 and 2.2�REE. Of
the seven outpatient trials (Table 20.2), four did not show any improvements in lung
function or respiratory muscle strength over periods ranging from 7 weeks to 4
months, whereas two well-controlled refeeding trials were successful in improving
functional measures of physical performance (158,171).
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Table 20.2
Summary of refeeding trials carried out in malnourished stable COPD patients

No. of subjects, type,
duration Total intake Comments References

6 Patients followed in a
clinical research unit for
2 weeks

3 > 1.5 �
BMR 3 ¼
1.5�BMR

Gain of 3 kg, improvement
in PImax, no change in
spirometry

(145)

21 Patients, randomized
and followed as
outpatients for 8 weeks

�2,091 kcal,
1.7�BMR

No weight gain, no change
in PImax, PEmax

(165)

25 Patients, randomized
and crossover, followed
as outpatients for 8 weeks

�2,350 kcal,
�1.8 �
BMR

Small increase in weight,
no effects on FEV1,
FVC, TLC

(159)

21 Patients, randomized
and followed as
outpatients for 9 months

�2,118 kcal,
�82 g
protein

Gain of 4 kg, improvement
in respiratory muscles
and grip, no change in
lung function

(158)

28 Patients, randomized,
placebo controlled, and
followed for 13 weeks

�2,719 kcal,
2.4�REE

Gain of 1.5 kg, no change
in PImax, PEmax

(166)

10 Patients, randomized, in
hospital refeeding trial,
16 days

�2,489 kcal,
2.2�REE

Gain of 2.4 kg,
improvement in PEmax,
no change in FEV1, FVC

(167)

27 Patients, randomized
and followed in a clinical
research unit for 3 weeks
followed by 3 months as
outpatients

1.7 � REE,
1.5 g
protein/
kg/day

Gain of 1.7 kg,
improvement in grip
strength and PEmax

(168)

12 Patients followed as
outpatients for 4 months

�1,670 kcal No change in weight,
FEV1, or respiratory
muscles

(169)

217 Patients participating
in an intensive inpatient
rehabilitation program,
randomized and
followed for 8 weeks

�2,400 kcal Weight gain in both
depleted and
nondepleted patients.
Nutrition and steroids
led to a greater increase
in lean body mass in
depleted patients

(170)

85 Patients participating in
a rehabilitation
program, randomized
and followed as
outpatients for 7 weeks

�2,225 kcal Small increase in weight,
effect on shuttle walk test
in well-nourished patients
(BMI > 19 kg/m2)

(171)

BMR: basal metabolic rate; REE: resting energy expenditure; PImax: maximal inspiratory pres-
sure; PEmax: maximal expiratory pressure; FEV1: forced expiratory volume in 1 second; FVC: forced

vital capacity, TLC: total lung capacity.
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Ameta-analysis of controlled trials of>2 week supplementation in stable COPD
concludes that supplementation leads to weight gain in undernourished patients,
but the evidence related to the beneficial effect on lung function or quality of life
shows mixed results (172). The limited therapeutic effect of nutritional support in
clinically stable outpatients is disappointing but may be related to the intensity and
modality of the intervention and the complexity of the metabolic disturbances in
COPD (160). Additional therapy using other substances (ghrelin (173), L-carnitine
(174), creatine (175–176)) to reverse the weight loss has shown some degree of
success but is not widely used.

20.5.1 Nutritional Intervention During an Acute Exacerbation

Limited data are available evaluating the effect of oral nutritional support during
an exacerbation of COPD patients. An acute exacerbation may result in a tempora-
rily low energy and protein intake as well as an increased REE on admission to
hospital (177). Food intake may increase a few days after admission. Our own data
indicate that an increase in oral intake to 2,370 kcal/day and 1.54 g protein/kg/day
is possible during hospitalization (23). However, a randomized double-blind,
placebo-controlled trial, supplementing COPD patients experiencing acute exacer-
bationwith oral liquid supplement for 9 days, found no short-term improvements in
lung function or muscle strength (178).

20.6 NUTRITION AND EXERCISE

While nutritional support alone in malnourished COPD patients has been met
with limited success, the combination of nutritional support and an appropriate
exercise program that helps improve respiratory muscle strength and increase lean
mass may work better in a comprehensive rehabilitation program for COPD
patients. Adding a simple but effective resistance or endurance training program
may be as beneficial in COPD patients as it was found to be in healthy elderly whose
walking capacity and respiratory and limb muscle strength improved after partici-
pating in an 18-month nutritional supplementation and resistance training program
(179). In a group of frail elderly people, the combination of resistance training and
supplementation was more beneficial in improving muscle strength and mobility
than supplementation alone (180). Studies in COPD patients in this regard are
rare. One study reports weight gain and improvement in the shuttle walk test in a
supplemented group of COPD patients compared to a placebo group during a
7-week rehabilitation program (171).

20.7 WHAT ARE THE NUTRITIONAL REQUIREMENTS
OF COPD PATIENTS?

Optimal levels of carbohydrate, protein, and fat intake have not been defined for
individuals with COPD. Recommendations for energy and protein intake have
mainly come from feeding trials in malnourished, stable patients and from patients
in acute care during an exacerbation of the disease.
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20.7.1 Energy and Protein Intake

In malnourished, stable patients successful weight gain and nitrogen retention
were achieved with energy intakes ranging from 1.4 to 2.2�REE (145,167–168). In
patients hospitalized during an exacerbation, an energy intake of 1.9 � REE is
achievable (23,101). It is important that adequate energy intakes to cover the
higher than expected energy expenditures be provided to COPD patients. Protein
intakes have been high in successful refeeding studies. Intakes of�1.7 g/kg/day lead
to good weight gain and positive nitrogen balance (158,181). To achieve such a
level of protein intake from food requires a fairly high energy intake. Thorsdottir
(100) reports stable nitrogen balance during the first week of admission with intake
ranging from 1.2 to 1.7 g/kg/day. Apart from determining which energy and protein
requirements are needed to keep weight stable or reverse weight loss seen in COPD
patients, attention has started to focus on other dietary constituents and to inves-
tigate nutritional modulation of COPD and its outcomes.

20.7.1.1 THE MACRONUTRIENT COMPOSITION OF FOOD INTAKE

The macronutrient composition of the diet for patients with COPD has received
attention because an increase in dyspnea resulting from diet-induced thermogenesis is
possible. A high intake of carbohydrate (�74% of total energy) has been shown to
increase carbon dioxide production and minute ventilation (182); however, a more
realistic intake of 53% energy from carbohydrate was shown to be well tolerated
by normal-weight and underweight COPD patients. A carbohydrate-rich (60% of
energy) supplement, while resulting in a higher respiratory quotient, led to faster
gastric emptying and less shortness of breath than a fat-rich supplement (60% of
energy) (183). Although a very high intake of carbohydrate is not appropriate for
this population, an intake of up to 60% of energy as carbohydrate is well tolerated.
Broekhuizen et al. (184) showed successful clinical outcomes with a 125 ml supple-
ment containing 60% carbohydrate, 20% protein, and 20% lipid that given three
times a day contributed an extra 570 kcal/day.

20.7.1.2 AMINO ACIDS

Amino acids are implicated in intermediary metabolism. Disturbances in gluta-
mate metabolism are found in many chronic diseases. COPD patients present low
levels of plasma glutamate and glutamine (185–186). However, there are no reports
of glutamate supplementation studies in these patients. A more interesting area of
research is branched-chain amino acids (BCAA) metabolism in COPD. Decreased
levels of plasma BCAA have been reported in patients with COPD and in particular
in those who were underweight (82). Furthermore, diminished BCAA concentra-
tions are related to hypermetabolism. BCAA supplementation results in increased
post-prandial whole-body protein synthesis (187), suggesting possible benefits in
improving protein accretion in COPD patients. BCAA’s are found in all protein-
rich foods but especially eggs and red meat.

20.7.1.3 POLYUNSATURATED FATTY ACIDS

The potentially protective role of antioxidants and omega-3 fatty acids in lung
function has recently been addressed. Clear benefits of a high intake of omega-3
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fatty acids have been shown for coronary heart disease and stroke. Omega-3 fatty
acids confer their health benefits through anti-inflammatory properties and their
inhibitory effects in the synthesis of cytokines and mitogens (188). Omega-3 fatty
acids are abundantly present in mackerel, lake trout, tuna, herring, salmon, and
anchovies as well as in seeds and nuts, particularly flaxseeds and walnuts. A
randomized double-blind controlled trial reported beneficial effects of omega-3-
rich PUFA supplements (9 g per day) for a period of 8 weeks on exercise capacity in
stable COPD patients (189). In another study, an omega-3-rich PUFA supplemen-
ted over a 2-year period improved the inflammatory status of COPD patients
(TNF-�, interleukin-8, leukotriene B) compared to no change in another group
that received an omega-6-rich PUFA supplement (190). The beneficial effects of
omega-3 fatty acids are still uncertain at this point. Nonetheless, they are important
components of the phospholipid membrane of all cells and membrane fluidity is
necessary for cells and tissues to function properly.

20.7.1.4 FRUIT AND VEGETABLE INTAKE AND ALCOHOL

The role of diet in the prevention of COPD has been explored. Consumption
of fruits and vegetables is associated with decreased risk of developing COPD in
smokers (191). Walda et al. (192) also found a 10–24% diminished risk of 20-year
COPD mortality with greater fruit consumption. The beneficial effect of increased
fruit and vegetable intake on impaired lung function in COPDhas, however, not yet
been clearly demonstrated.

In contrast to increased risk of airway obstruction with heavy alcohol drinking,
low to moderate alcohol intake is associated with better lung function and
decreased risk of airflow limitation (193). Red wine consumption may be of
benefit to COPD patients. Resveratrol, a biologically active component in wine
with strong antioxidant properties, may improve the inflammatory status in these
patients (194).

20.8 RECOMMENDATIONS

Weight loss is a common clinical feature of COPD and because the adverse
effects of weight loss are well understood, adequate nutritional support and
appropriate exercise program should be part of an inclusive rehabilitation pro-
gram for COPD patients. Weight gain, positive nitrogen balance, and improve-
ments in muscle strength, handgrip strength, and walking distance are possible
with energy intakes ranging from 1.4 to 2.2 �REE and protein intakes of �1.7 g/
kg/day. For obese patients, appropriate nutritious food choices along with a daily
exercise program are important and weight stability with an improvement in body
composition should be promoted. Increased intake of fruits and vegetables is
recommended. Other food constituents, particularly antioxidants, BCAAs, and
omega-3 fatty acids, may be beneficial. Every effort should be made to identify
patients at risk of nutritional decline as soon as possible so that appropriate
therapy can be delivered as secondary prevention rather than as treatment once
serious losses have occurred.
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20.8.1 Maintaining or Improving Nutritional and Respiratory Function

20.8.1.1 ROLE OF THE DIETITIAN

Because of the serious consequences of undernutrition in this patient group, the
nutritionist should focus on the patient who is starting to lose or has lost lean body
mass. COPD patients often have a poor appetite, may suffer from fatigue and
breathlessness, and dietary advice should include enjoyable, energy- and protein-
dense foods as eating can tire some COPD patients. The patient’s usual food habits,
tastes, and preferences need to be considered. It is important for the patient to try to
eat what he/she enjoys. Sustaining an adequate intake at all times is a challenge.
Extra food may be needed and could come in the form of energy-dense supplements
spread out over the day to avoid interfering with other foods.

Many concurrent health problems may be evident but nutritional interventions
in hospitals need to ensure the adequate intake of protein and energy. This can be
achieved through tempting food choices (having family members bring in favorite
foods), offering snacks on a very regular basis, having food available at frequent
intervals without disruptions, and helping the patient and family understand the
importance of nutritional therapy (despite their major preoccupation with breath-
ing problems). At home, family support or such services as meal delivery (Meals on
Wheels), home care, or community meals can help assure adequate nutritional
support. Nutritious snacks, such as cheese, puddings, or commercial supplements,
are very important for COPD patients, as many find it difficult to eat a lot
during one meal. Thus, patients should eat frequent (six to seven) small meals
(300–500 kcal/meal) of the foods they enjoy (see suggestions in Tables 20.3 and
20.4; see also Chapter 9). Strategies to help motivate the patient to eat and achieve
nutritional goal also aim to reduce the energy cost of food activities so as to not tire
nor discourage the patient. These include using simple recipes with a minimum of
preparation time.Meals prepared, cooked, and served in one dish helpminimize the

Table 20.3
Suggestions for a menu plan for a female COPD patient

Day 1

Breakfast 1 Soft-boiled egg, 1 slice of whole-wheat toast with 3 slices of cheese,

Coffee or tea with whole milk and sugar

Snack �200 g Rice pudding with raisins

Lunch 1 Bowl of chunky vegetable soup homemade or canned and 1 turkey

Sandwich (2 slices of whole-wheat bread, mustard, �90 g sliced

turkey, tomatoes, and lettuce)

Dinner �100 g Fried salmon, 100 g boiled carrots, 40 g boiled peas,

1 small scoop (�16 g) of ice cream and �240 g (1 cup) of applesauce

Snack �200 g Rice pudding with raisins

This menu supplies approximately 2,190 kcal or �1.7 � REE for a 75-year-old female COPD
patient weighting 64 kg. Her protein intake is �1.7 g/kg body weight. The caloric breakdown is as
follows: 19% protein, 50% carbohydrate, and 31% fat.
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energy spent in cleaning up after the meal. Cooking larger meals on good days will
ensure that good food is available on bad days. Placement of frequently used foods
and kitchenware close at hand in the kitchen will reduce oxygen consumption and
dyspnea (195). These should ideally be placed on the counter or on shelves set at hip
and/or shoulder height. Economic status can also present a challenge to optimal
dietary intake as many COPD patients may be disabled and may have retired from
work; thus affordable food suggestions are important.

High-risk individuals (Fig. 20.1) should also undergo a dietary evaluation asses-
sing the adequacy of energy and protein intake, and acceptable foods that are
nutrient dense should be offered to enhance intakes. Micronutrient requirements
are likely met by using the food guide pyramid as a resource. Patients in hospitals
need close monitoring to ensure that meals are not missed due to medical proce-
dures, that snacks and meals are consumed, and that missed foods are replaced.

20.8.1.2 MAINTAINING OR IMPROVING RESPIRATORY FUNCTION

Whenever possible, in addition to nutritional interventions, patients should
participate in an endurance and strength exercise program to preserve and/or
improve respiratory muscle strength and build peripheral muscles. Severely
depleted patients may need an exercise program adapted to their special situation.
The benefits of exercise are well known (179–180), and in COPD patients, they can
enhance the nutritional therapy, owing to improved appetite and well-being.

It is possible that despite adherence to an exercise program and aggressive
therapy some individuals cannot arrive at the desired outcome, and in such
instances anabolic agents may be considered. A treatment combining nutritional
supplementation with the injection of the anabolic steroid nandrolone decanoate
resulted in an increase in weight and fat-free mass and improved respiratory muscle
function (170,196). Clearly, more work needs to be done to unravel the factors that
make some patients more able to maintain nutritional adequacy, whereas others
have great difficulty in this area.

Table 20.4
Suggestions for a menu plan for a male COPD patient

Day 2

Breakfast 60 g Raisin cereal with 2% milk, coffee, or tea with 3.7% milk and sugar

Snack One 5-oz can chocolate pudding

Lunch �490 g (2 cups) beef and vegetable stew, 2 slices of bread with 2 teaspoons
of butter, a few slices of tomatoes and 3 slices of cheese, 1 small scoop of
ice cream (16 g), and �244 g (1 cup) of applesauce

Snack Tea or coffee with 2% milk

Dinner �150 g Fried chicken, 200 g (1 cup) of rice, �70 g (1/2 cup)

Snack One 5-oz can chocolate pudding

This menu supplies approximately 2,470 kcal or�1.7�REE for a 73-year-old male COPD patient
weighing 70 kg. The protein intake is�1.8 g/kg body weight. The energy breakdown is as follows: 20%
protein, 50% carbohydrate, and 30% fat.
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In conclusion, COPD patients need to be screened to detect those who are
starting to lose weight as well as those already undernourished. Dietary interven-
tions are thought to be more useful early on in the disease process to stop the loss of
lean body mass, compared to refeeding to rebuild. Waiting until patients show
obvious signs of undernutrition is not in their best interest. Offering appealing foods
with high energy and protein density is important and needs to be institutionalized.
Disruptions in food intake for laboratory tests should be minimized. Support at
home is crucial. Appealing meals need to be provided with a minimum of effort on
the patient’s part. Fatigue, discomfort, depression, anxiety, and reduced income
from leaving a job can all lead to poor intakes. It is clear that a treatment plan for
discharged patients is critical to their well-being, as breathlessness and exercise
intolerance are their most distressing symptoms.

20.9 RECOMMENDATIONS

1. Routine nutritional assessment (weight and height measurements, fat-free mass
assessment, and recent weight loss) for patients with COPDwill help identify patients
with poor status so that intervention can be initiated as early as possible.

2. Patients found to be at risk should receive nutritional surveillance, be provided
adequate protein (�1.7 g/kg/day) and energy (1.4–2.2 � REE) supplements as
needed, be given an appropriate exercise program, and be encouraged to include
food sources rich in antioxidants and omega-3 fatty acids.

3. Interventions should emphasize weight gain in patients with BMI < 25 kg/m2 and
weight stability in those with normal body weight or overweight, positive nitrogen
balance, and improvements in muscle strength, handgrip strength, and distance
walked.

4. For undernourished patients at home, family and community support is crucial so
that the patient can receive appealing meals with a minimum of effort in a supportive
social environment. Social support is also important in the hospital setting, as is the
need to minimize disruptions of food intake for medical tests.
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21 Nutrition and Chronic Kidney Disease

Srinivasan Beddhu

Key Points

� The development and progression of chronic kidney disease (CKD) is influenced by a
number of dietary factors, including salt and protein intake and energy balance
(obesity).

� While the benefits of a low-protein intake in preventing the development of CKD are
not firmly established, it is likely that a high-protein intake is detrimental to indivi-
duals with even mild impairment of renal function.

� In the non-CKD population, obesity is a risk factor for the development of CKD via
a variety of mechanisms, including clinical or sub-clinical insulin resistance, hyper-
tension, and possibly other metabolic derangements.

� However, the deleterious metabolic effects of obesity are neutralized by its protective
nutritional effects in the moderate CKD population and the deleterious metabolic
effects of obesity are outweighed by its protective nutritional effects in stage V CKD
patients on dialysis.

� Specific dietary recommendations regarding protein level and intakes of sodium,
phosphorus, potassium, and fluids must be carefully individualized as appropriate
for the level of renal function.

Key Words: Renal disease; hemodialysis; uremia; metabolic acidosis

21.1 INTRODUCTION

Based on the National Health and Nutrition Examination Survey (NHANES), it
is estimated that 13% of US adults have chronic kidney disease (CKD) and from
1988 to 1994 the prevalence of CKD has increased by 30% in 1999–2004 (1).
Furthermore, chronic kidney disease is a strong independent predictor of athero-
sclerotic events (2). The annual mortality on dialysis is approximately 20% and the
totalMedicare cost of end-stage renal disease in 2005 is estimated to be $ 19.3 billion
(3). Thus, chronic kidney disease is extremely common, carrying a significant
health and economic burden.
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Nutritional status plays a major role in development and progression of CKD as
well as strongly influences survival in established CKD. Thus, dietary interventions
could potentially have a significant impact on decreasing the progression of CKD
and improving the outcomes of those with established CKD. The data on (1) the
impact of diet and obesity on the development and progression of CKD and (2)
nutritional issues unique to advanced CKD (uremia) are reviewed in this chapter.

21.2 ROLE OF DIET AND OBESITY ON DEVELOPMENT
AND PROGRESSION OF CKD

Figure 21.1 summarizes the role of diet and nutrition in the development and
progression of chronic kidney disease. These are discussed below in detail.

21.2.1 Salt Intake, Hypertension and the Risk of CKD

Hypertension is a very strong risk factor for CKD. In those with pre-existing
hypertension, lowering the dietary sodium intake to approximately 1 g/d is asso-
ciated with better control of blood pressure (4,5). In those without pre-existing
hypertension, the beneficial effects of lowering salt intake have been controversial
(6). However, in the Dietary Approaches to Stop Hypertension (DASH)-Sodium
Study, 412 participants were randomly assigned to eat either a control diet (typical
of intake in the United States) or the DASH diet (which is rich in vegetables, fruits,
and low-fat dairy products). Within the assigned diet, participants ate foods with
high, intermediate, and low levels of sodium for 30 consecutive days each, in
random order. Reducing the sodium intake from the high (approximately 3 g/d)
to low (approximately 1 g/d) level reduced the systolic blood pressure by 6.7 mmHg
during the control diet and by 3.0 mmHg during the DASH diet. The effects of
sodium were observed in participants with and in those without hypertension. The
DASH diet was associated with a significantly lower systolic blood pressure at each
sodium level. As compared to the control diet with a high sodium level, the DASH
diet with a low sodium level led to a mean systolic blood pressure that was
7.1 mmHg lower in participants without hypertension, and 11.5 mmHg lower in
participants with hypertension. These data suggest that reducing salt intake and

Obesity HypertensionAngiotensinogen

TNF-α
IL-6
Adiponectin

Insulin resistance
Inflammation
Oxidative stress Kidney Injury

Obesity HypertensionAngiotensinogen

TNF-α
IL-6
Adiponectin

Insulin resistance
Inflammation
Oxidative stress

Kidney Injury

Fig. 21.1. Mechanisms of kidney damage in obesity.
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increasing vegetables and fruits consumption could lower blood pressure. None-
theless, there are no randomized controlled trials that have examined whether
reduction of dietary sodium in normotensive individuals will reduce the develop-
ment of CKD.

21.2.2 Protein Intake and Kidney Function

The impact of protein intake on renal function likely differs based on the level of
baseline renal function. Hence, these are discussed separately.

21.2.2.1 IN THOSE WITH NORMAL RENAL FUNCTION

A high-protein, low-carbohydrate diet has been shown to produce greater weight
loss in obese subjects compared to a low-fat, high-carbohydrate diet (7). However,
there are concerns on whether a high-protein diet will cause nephrotoxicity. In a
6 month randomized controlled trial of 65 healthy, overweight and obese indivi-
duals, dietary protein intake changed from 91.1 g/d to a 6 months intervention
average of 70.4 g/d (P<0.05) in the low-protein group and from 91.4 to 107.8 g/d
(P<0.05) in the high-protein group (8). These resulted in changes in glomerular
filtration rate (GFR) of –7.1 ml/min in the low-protein group and +5.2 ml/min in
the high-protein group (group effect: P<0.05). Kidney volume decreased by
–6.2 cm3 in the low-protein group and increased by +9.1 cm3 in the high-protein
group (P<0.05), whereas albuminuria remained unchanged in all groups. Thus, a
high-protein diet led to increased renal mass and hyperfiltration. As hyperfiltration
is a recognized risk factor for progressive kidney damage, theoretically high-protein
diet over the long-term might result in kidney failure. On the other hand, as
discussed below, obesity per se is a risk factor for kidney damage. Therefore, the
risk–benefit ratio of long-term use of high-protein diet on kidney function remains
unclear. Hence, based on the currently available data (7). short-term (6–12months)
use of high-protein diet in obese individuals for weight loss might be reasonable.

21.2.2.2 IN THOSE WITH CHRONIC KIDNEY DISEASE

In animal studies, restricting protein intake delays the progression of renal
disease. In the Modification of Diet in Renal Diseases (MDRD) Study (9). 585
patients with GFR of 25–55 ml/min/1.73 m2 were randomly assigned to a usual-
protein (1.3 g/kg) or a low-protein (0.58 g/kg) diet. Over 2.2 years of follow-up, the
mean decline in the GFR did not differ significantly between the diet groups. In the
same study, 255 patients with GFR of 13–24 ml/min/1.73 m2 were randomly
assigned to the low-protein (0.58 g/kg) or a very-low-protein diet (0.28 g/kg) with
a keto acid-amino acid supplement. The very-low-protein group had a marginally
slower decline in GFR than did the low-protein group (P ¼ 0.07). In a secondary
correlational analysis of the 255 patients with GFR of 13–24 ml/min/1.73 m2, data
on patients assigned to both diets were combined (10). Controlled for baseline
factors associated with a faster progression of renal disease, a 0.2 g/kg/d lower
achieved total protein intake was associated with a 1.15 mL/min/year slower mean
decline in GFR (P ¼ 0.011). The authors suggested in patients with GFR less than
25 mL/min/1.73 m2 a prescribed dietary protein intake of 0.6 g/kg/d. Nonetheless,
this suggestion is based on an observational analysis of randomized controlled trial
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data. Moreover, protein restriction in the MDRD Study was associated with small
but significant declines in various indices of nutritional status (11). Thus, the role of
protein restriction in slowing the progression of CKD remains controversial.

On the other hand, high-protein intake, particularly of non-dairy animal protein
intake in those with mild kidney dysfunction (MDRD GFR > 55 mL/min/1.73 m2

but <80 mL/min/1.73 m2) in the Nurses Health Study was associated with greater
decline in renal function (12).

In summary, high-protein diet might be beneficial for weight loss in obese
individuals with normal kidney function but should be avoided in those with even
mild impairment of renal function. Therefore, kidney function should be estimated
with a GFR estimating equation before high-protein diet could be prescribed
particularly because mild kidney dysfunction is very common and is almost always
asymptomatic.

21.2.3 Obesity, Insulin Resistance and the Risk of CKD

While the impact of obesity on cardiovascular disease, hypertension and diabetes
are well established, only recently the data on the impact of obesity on kidney
disease is emerging (13–17). In an analysis of 320,252 adults, compared to those
with normal BMI (18.5–24.9 kg/m2), the risk of developing end-stage renal disease
(ESRD) needing dialysis therapy was 1.87 (95% CI, 1.64–2.14) for those who were
overweight (BMI, 25.0–29.9 kg/m2), 3.57 (CI, 3.05–4.18) for those with class I
obesity (BMI, 30.0–34.9 kg/m2), 6.12 (CI, 4.97–7.54) for those with class II obesity
(BMI, 35.0–39.9 kg/m2), and 7.07 (CI, 5.37–9.31) for those with extreme obesity
(BMI � 40 kg/m2) (16). Furthermore, in morbidly obese individuals that under-
went bariatric surgery, loss of weight is accompanied by better control of blood
pressure and reduction of glomerular hyperfiltration and proteinuria (17–19).
These data suggest that obesity is a risk factor for kidney disease and that weight
loss in obese individuals slows the rate of kidney damage.

In the above studies, higher baseline BMI remained an independent predictor for
CKD/ ESRD after additional adjustments for baseline blood pressure level and the
presence or absence of diabetes mellitus (16). However, diabetes is only one
extreme of insulin resistance. It is possible that sub-clinical insulin resistance in
non-diabetic individualsmight reflect a poormetabolic milieu andmight still lead to
kidney injury. Indeed, in non-diabetic adults, insulin resistance is associated with
development of CKD (20).

The potential molecular mechanisms for this phenomenon are depicted in
Fig. 21.1. Adipose tissue is not a mere storage depot of fat. It is metabolically active
and produces adipokines such as tumor necrosis factor-� (TNF-�), interleukin-6
(IL-6), plasminogen activator inhibitor, leptin, angiotensinogen, and adiponectin
(21–35). Alterations in production of these adipokines in obesity result in meta-
bolic derangements that cause insulin resistance, dyslipidemia, hypertension, and
inflammation (21–35). In morbidly obese individuals that underwent bariatric
surgery, loss of weight is accompanied by better control of blood pressure and
reduction of glomerular hyperfiltration and proteinuria (17–19). These data sug-
gest that weight loss reduces kidney damage in obesity. A part of this effect might be
mediated through hypertension and a part of this effect might be independent of
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hypertension. Insulin resistance, inflammation, and oxidative stress as conse-
quences of altered production of adipokines in obesity might also result in kidney
damage.

21.3 NUTRITIONAL ISSUES IN UREMIA

The previous section discussed the role of diet and obesity in the development and
progression of CKD. In this section, nutritional issues that might be unique to
uremia, i.e., the obesity paradox, the pathophysiology of wasting syndrome and
serum phosphorus in advanced CKD are discussed.

21.3.1 Obesity Paradox in Uremia

The annual mortality in dialysis patients is approximately 20% a year. Better
nutritional status as evidenced by higher body size, muscle mass, and serum albu-
min is associated with better survival in dialysis patients. In particular, in contrast to
the associations of high body mass index (BMI) with increased mortality in the
general population, high BMI is associated with better survival in dialysis patients
(36–46). This phenomenon has been described as risk factor paradox or reverse
epidemiology of wasting disease (40,47,48). Hence, it has been suggested that
obesity is protective rather than harmful in dialysis patients (40).

Although high BMI is associated with better survival in dialysis patients, the
associations of adiposity with traditional cardiovascular risk factors such as dia-
betes and non-traditional risk factors such as inflammation are not confined to the
non-dialysis population. Indeed, previous studies have shown that in dialysis
patients, adiposity and/or high BMI is associated with insulin resistance (49).
diabetes (50). inflammation (51). anemia (52). coronary calcification (53,54)
and carotid atherosclerosis (49). It is perplexing that if adiposity is associated
with these apparent cardiovascular risk factors, why adiposity is associated with
better survival in dialysis patients.

These apparently perplexing associations might be explained if (1) adiposity has
dual competing effects on survival; a protective nutritional effect, and a deleterious
metabolic effect resulting in insulin resistance, dyslipidemia, hypertension, and
inflammation and (2) the level of kidney function modifies the relative importance
of these effects (55,56). In this paradigm, the deleterious metabolic effects of
obesity outweigh its protective nutritional effects in the non-CKD population, the
deleterious metabolic effects of obesity are neutralized by its protective nutritional
effects in the moderate CKD population and the deleterious metabolic effects of
obesity are outweighed by its protective nutritional effects in stage V CKD on
dialysis. In other words, the overall effects of obesity on survival vary according
to the level of kidney function and there is an interaction of body size and presence
or absence of CKD on survival even though the metabolic effects of adiposity are
not modified by the level of kidney function.

21.3.2 Pathophysiology of Malnutrition in Uremia

Figure 21.2 summarizes the likely causal pathways for sarcopenia (low muscle
mass) in uremia. Muscle mass is the net result of muscle protein synthesis and
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breakdown. Decreased protein intake results in decreased muscle protein synthesis
whereas inflammation, oxidative stress, and metabolic acidosis promote muscle
protein breakdown. Uremic toxins decrease muscle protein synthesis by decreasing
protein intake as well as by directly inhibiting muscle protein synthetic machinery.
Uremic toxins also increase muscle protein breakdown by inflammation, oxidative
stress, and metabolic acidosis as well as by directly stimulating muscle protein
catabolic pathways.

The relative importance of these pathways (decreased anabolism vs. increased
catabolism) in causing uremic malnutrition remains controversial and the following
discusses these issues.

21.3.2.1 PROTEIN INTAKE AND NUTRITIONAL STATUS

The current clinical guidelines recommend a dietary protein intake of 1.2 g/kg/d
for hemodialysis patients (57). These guidelines are based upon opinion and
observational data. High-protein intake might result in increased serum phos-
phorus (discussed later) and metabolic acidosis which might be detrimental in
dialysis patients. Furthermore, as discussed below, there are controversies on
whether dietary interventions could impact on the nutritional status in dialysis
patients.

It has been suggested that malnutrition in dialysis patients is a misnomer because
uremic wasting (the state of low muscle mass, body weight and serum proteins in
dialysis patients) is caused by hypercatabolism and not decreased dietary intake
(58). In support of this theory, there is experimental data that suggest that acidosis
(59–61) and tumor necrosis factor-alpha (TNF-�) (62,63) activate ubiquitin-pro-
teasome proteolytic system, the major pathway for protein catabolism (64). Thus it
has been suggested that metabolic acidosis and inflammation may be the major
determinants of the ‘‘state of loss of protein’’ in dialysis patients (65). Further, in a
small study of eight peritoneal dialysis patients, increase in dialysate lactate was
associated with decreased expression of skeletal muscle ubiquitin and improvement
of nutritional indices in 1 month (66). The other factors that are thought to

Muscle protein synthesis

Uremic  Sarcopenia ( muscle mass)

Protein intake

Muscle protein breakdown

Inflammation
Oxidative stress
Metabolic Acidosis

Uremic toxins

Muscle protein synthesis

Uremic  Sarcopenia ( muscle mass)

Muscle protein breakdown

Inflammation
Oxidative stress
Metabolic Acidosis

Uremic toxins

Protein intake

Fig. 21.2. Likely causal pathways for sarcopenia in uremia.
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contribute to this state of increased catabolism include resistance to anabolic
activities of insulin and muscle breakdown induced by the hemodialysis procedure
(58,67,68).

Nonetheless, while increased catabolismmight play a causative role in the state of
low muscle mass, body mass index, and serum proteins in dialysis patients, it
remains unclear whether inflammation, oxidative stress, and metabolic acidosis
are the key determinants of muscle mass in uremia. Dietary intake might still be
the most important determinant of muscle mass and body size in dialysis patients.
For instance, after starvation for a prolonged period, malnutrition is likely in
dialysis patients as in the general population. However, once malnutrition is estab-
lished, it might be more difficult to reverse it in dialysis patients as compared to the
general population. Thus, difficulties in reversingmalnourished state with increased
nutrition does not preclude that malnourished state is the result of deficient dietary
intake.

21.3.2.2 METABOLIC ACIDOSIS AND NUTRITIONAL STATUS

As discussed above, metabolic acidosis (59–61) activates ubiquitin–proteasome
proteolytic system, the major pathway for protein catabolism (64) and hence,
metabolic acidosis is proposed as the major cause of low muscle mass in dialysis
patients. Thus, low-serum creatinine levels, which reflect lower muscle mass in
prevalent hemodialysis patients is expected in those with lower serum bicarbonate
concentrations. However, in an analysis of the well-dialyzed participants of the
HEMO Study, the opposite association was present, i.e., those with higher serum
creatinine concentrations (higher muscle mass) had lower serum bicarbonate con-
centrations (69) suggesting that acidosis was not a dominant determinant of low
muscle mass.

21.3.2.3 INFLAMMATION AND NUTRITIONAL STATUS

TNF-� also activates the ubiquitin–proteasome proteolytic system (63,70).
Thus, inflammation is thought to be a major determinant of muscle wasting in
dialysis patients (58). In an earlier analysis of the HEMO Study data, very high
levels of CRP were associated with decreased serum creatinine levels (69). In a
separate study, mid-thigh muscle mass estimated by computed tomography was
also negatively associated with CRP (71). In addition to increased catabolism,
inflammation may also suppress appetite resulting in malnutrition (47,72–74).
Thus, it is biologically plausible that inflammation is associated with malnutrition
in dialysis patients.

However, longitudinal associations between inflammation and low BMI have
never been documented in dialysis patients. Furthermore, in the above longitudinal
analysis of HEMO Study, each unit increase in natural logarithm of CRP was
associated with a very modest 0.15 mg/dl decrease in serum creatinine (69).
Hence, a 10-fold increase in natural logarithm of CRP will be associated with a
drop in serum creatinine of 1.5 mg% in prevalent hemodialysis patients. Thus, the
association of severe inflammation with loss of muscle mass in dialysis patients is
plausible but might not be sufficient to explain the high prevalence of low muscle
mass in dialysis patients.
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In summary, as suggested in Fig. 21.2, the effects of deficient diet and increased
catabolism need not be mutually exclusive and on the other hand, they might have
synergistic effects. Interventional studies are warranted to determine the relative
importance of anabolic vs. catabolic processes in uremic malnutrition.

21.4 CALCIUM–PHOSPHORUS, PARATHYROID HORMONE,
AND VASCULAR CALCIFICATION

With decline in GFR, phosphorus excretion in the urine is reduced and phos-
phorus accumulates in the blood. This results in hypocalcemia as well as
hyperparathyroidism.

Higher phosphorus, calcium phosphorus product, and parathyroid hormone
levels are associated with increased vascular calcification (75) and mortality in
dialysis patients (76). Serum phosphrous could be reduced by decreasing dietary
phosphorus intake. However, this is problematic because foods that are high in
phosphorus are also high in protein. Therefore, in order to let the patient consume
reasonable amounts of protein, phosphorus binders are used along with meals.
These act by binding the phosphorus in the gut resulting in non-absorbable com-
pounds that are eliminated in stools.

Aluminum containing phosphorus binders resulted in elevated serum aluminum
levels with consequent osteomalacia and dialysis dementia. Therefore, aluminum
containing phosphorus binders have been largely abandoned. Currently, the two
main classes of phosphorus binders are calcium based or non-calcium based.
Randomized controlled trials showed that therapy with sevelamer (a non-calcium
containing phosphorus binder) as opposed to calcium-containing phosphorus bin-
ders were associated with decreased arterial calcification, particularly in those who
are older and have pre-existing calcification (77,78). In a follow-up analysis of one
of these trials of 129 incident hemodialysis patients, in sevelamer treated subjects,
mortality, a pre-specified secondary end-point was lower. However, in a multi-
center, randomized, open-label, parallel design trial (n ¼ 2,103) of sevelamer and
calcium-based binders, all-cause mortality rates and cause-specific mortality rates
were not significantly different (79). However, there was a significant age interac-
tion on the treatment effect. Only in patients over 65 years of age was there a
significant effect of sevelamer in lowering the mortality rate. There was a suggestion
that sevelamer was associated with lower overall, but not cardiovascular-linked,
mortality in older patients. Taken together with the above observational data,
sevelamer might be beneficial in elderly who are likely to have arterial calcification
but not in younger dialysis patients.

21.5 RECOMMENDATIONS

Table 21.1 provides a summary of diet recommendations individualized appro-
priately for the level of renal function. More extensive information about appro-
priate dieting modifications during various levels of CKD can be found at the
National Kidney Foundation website (www.kidney.org).
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In summary, diet and nutritional status exert a strong effect on both the devel-
opment and the progression of CKD and is a strong determinant of the outcomes in
those with established CKD. Dietary and life-style interventions could reduce the
burden of CKD in the United States.
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22 Nutritional and Pharmacological Aspects
of Osteoporosis

David A. Ontjes and John J.B. Anderson

Key Points

� Physical activity and a healthy diet are two of the more important lifestyle
contributors to bone health and the maintenance of its functions into late life, with
calcium and vitamin D being the two most important dietary components.

� The changes in the skeleton over the life cycle reflect early-life gains and late-life
losses that place the individual at increasing risk of fragility fractures of the bones,
especially the distal radius, lumbar vertebrae and proximal femur (hip).

� Low circulating 25-hydroxyvitamin D concentration and vitamin D inadequacy are
highly prevalent in elderly populations; older adults may need 700–800 IU of vitamin
D and 1,000–1,200 mg of calcium as provided by the combination of their usual diet
and supplements.

� Recent human studies of vitamin K supplementation suggest that this vitamin
promotes more complete carboxylation of osteocalcin and other matrix Gla proteins
and may be associated with a reduced risk of osteoporotic fractures.

� Available pharmacologic agents act to increase the absorption of calcium from the
gastrointestinal tract, to decrease the rate of resorption of existing bone, or to
increase the rate of formation of new bone. Drug therapy is usually indicated when
osteoporotic fractures occur or when the measured bone mineral density is in the
osteoporotic range.

� Both the incidence and prevalence of osteoporosis are increasing as populations are
aging, thus preventive strategies, either primary or secondary, must be identified and
implemented. A combination of good nutrition, including sufficient calcium and
vitamin D and appropriate exercise, will continue to be important, even as pharma-
cologic agents become more widely used.
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Osteoporosis is a disease characterized by low bone mass and an increased risk of
fracture. It is typically a chronic multi-factorial disease occurring in late adulthood,
following menopause in women and a decade or so later in men. Osteoporosis may
appear in younger individuals who may be at high risk because of hypogonadism,
malabsorptive gastrointestinal disorders, and exposure to excessive glucocorticoids
or other drugs capable of causing a negative calcium balance.

Both hereditary and environmental factors contribute to the multi-factorial
nature of this disease. Inherited differences in bone metabolism and structure as
well as lifestyle and environmental factors influence bone strength. In terms of
lifestyle, both regular physical activity and a healthy diet remain two of the
more important contributors to bone health and the maintenance of its func-
tions into late life. The two most important dietary components are calcium and
vitamin D. When calcium intake is not adequate, the adaptive role of the
calcium regulatory system operates in an attempt to preserve calcium home-
ostasis. If the adaptation is not sufficient, loss of both bone mass and density
will lead to fragility fractures. This review focuses on two aspects of osteoporo-
sis: (1) dietary factors involved in prevention and (2) the role of nutrition and
drugs in treatment of osteoporosis.

22.1 BONE STRUCTURE AND BONE MASS DURING THE NORMAL
LIFE CYCLE

Each individual bone contains two types of bone tissue: trabecular (cancellous)
and cortical (compact). Trabecular bone is the more metabolically active because it
has about 8–10 times more total surface area than a similar mass of cortical bone.
The mineralized surfaces are covered by bone cells, including osteoblasts that are
responsible for new bone formation and osteoclasts that are involved in resorption
of existing bone. Each specific bone contains both types of bone tissue, but in
different proportions. For example, long bones, such as the femur, contain much
more trabecular tissue at either end near the hip joint or knee joint and a much
greater proportion of cortical bone in the shaft that connects the two ends. This
distinction is important because most fractures occur where more metabolically
active trabecular bone tissue predominates.

In early life, during the growth period of the skeleton, bone acquisition through
new bone formation predominates over bone resorption. This phase typically ends
by 16–18 years of age in females and 18–22 years of age in males. Once linear growth
is completed, resorption of bone equals formation. In young adulthood, the net
amount of bone mass remains fairly constant, though some modest gain may still
occur until the mid-20s or beyond. By age 30 years, most individuals have achieved
their maximum or peak bone mass that will serve as a ‘‘healthy norm’’ for the rest of
life. Beyond the age of 30 years, a very slow loss of bone mass typically occurs with
normal aging. In radiographic definitions of osteopenia and osteoporosis based
on measurements of bone mass, the mean bone density of a population of 20- to
29-year-oldmales or females is taken as the standard of comparison for determining
whether osteoporosis is present later in life.
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In late life, i.e., after the menopause in women and a decade or so later in men,
imbalances in the remodeling of the skeleton result in more rapid bone losses, so
that reductions in both bone mineral content (BMC) and bone mineral density
(BMD) occur. The loss of estrogens after the menopause and probably the
later decline of androgens in men contribute to an increase in resorption, a reduc-
tion of formation, or both. The increase in resorption is triggered by increased
activity of osteoclasts, and the decline in formation is directly related to decreased
activity of osteoblasts. An increase in bone turnover, i.e., increased rates of resorp-
tion and formation with resorption dominating formation, accelerates the rate of
bone loss. Bone turnovermay be assessed indirectly bymeasurement of biochemical
markers of bone metabolism such as the breakdown products of bone collagen or
proteins derived from osteoblasts such as osteocalcin or ‘‘bone-specific’’ alkaline
phosphatase.

The changes in the skeleton over the life cycle reflect early-life gains and late-life
losses. As loss of bone mass and change in structure progress, the individual is at
increasing risk of fragility fractures of bones such as the distal radius, lumbar
vertebrae, and proximal femur (hip).

22.2 MEASUREMENT OF BMD IN THE DIAGNOSIS OF
OSTEOPOROSIS AND PREDICTION OF FRACTURE RISK

Osteoporosis may be diagnosed based either on the presence of fragility fractures
or on a demonstration of low bone mineral density. BMD is most commonly
measured today using a technique called dual-energy X-radiographic analysis
(DXA). Osteopenia, or too little bone, is followed by osteoporosis, or even greater
bone loss, which places an individual at great risk of a fracture. Quantitative
definitions of osteopenia and osteoporosis have been established for postmenopau-
sal Caucasian women by the World Health Organization as follows: osteopenia
is between 1 and 2.5 standard deviations (SDs) below the 20–29-year-old mean
values for Caucasian women; and osteoporosis is more than 2.5 SDs below the
20–29-year-old means (1). These values for individuals at any adult age compared
to means of healthy young adults are known as T-scores (1). According to this
definition, a postmenopausal 60-year-old woman with a BMD T-score of 3.0 SDs
below the 29-year-old mean at one or more skeletal measurement sites would be
diagnosed as having osteoporosis even though she might not yet have evidence of
osteoporotic fractures. The International Society for Clinical Densitometry recom-
mends using a single standardized sex-specific database for calculating T-scores in
postmenopausal women and elderly men. In younger patients, a Z-score expressing
the standard deviation from the mean in a control population matched for age,
ethnicity, and sex should be used instead of a T-score.

The WHO definition of osteoporosis does not apply to pre-menopausal women
or to men. However, for these individuals as well as for postmenopausal women, a
low BMD is still strongly predictive of fracture risk. In any individual the risk of
fracture increases by approximately two-fold for each standard deviation of the
measured T-score below young control values (2).
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22.3 ETIOLOGIES AND TYPES OF OSTEOPOROSIS

No single cause predisposes an individual to osteoporosis, but rather a variety of
inherited and acquired factors do so. Some of the most common clinical risk factors
are summarized below. Osteoporosis results when too much bone resorption
occurs, too little formation exists, or a combination of both co-exists (3). The
most common cause of increased bone resorption results from estrogen deficiency
associated with menopause in normal women. Accelerated bone loss continues for
about 10 years after menopause; then the rate of decline subsides to near the rate
that exists for normal aging. Estrogen replacement in the postmenopausal period
reduces the rate of resorption and stabilizes bone mass. Men with hypogonadism
have accelerated bone loss similar to that of postmenopausal women (4). Other
conditions that cause increased bone resorption include hyperparathyroidism and
hyperthyroidism.

Age-related bone loss is characterized by low rates of bone formation. This type
of osteoporosis affects bothmen and women. Although the causation of age-related
bone loss is poorly understood, it may be related in part to decreased intestinal
absorption of calcium. Other factors besides advanced age may cause impaired
bone formation including exposure to certain drugs, such as glucocorticoids, and
immobilization or lack of mechanical stress on bone itself.

Genetic factors undoubtedly play amajor role in determining both the peak bone
mass of young adults and the rate of bone loss in older individuals. In population-
based studies, natural variations (polymorphisms) in genes for the vitamin D
receptor, the estrogen receptor, and for type I collagen matrix protein all appear
to affect bone mass. The identity of other genes contributing to bone mass and
strength is the subject of active ongoing research.

22.4 NON-DIETARY RISK FACTORS IMPLICATED IN ETIOLOGY
OF OSTEOPOROSIS

Several non-dietary risk factors—all potentially adverse or harmful—have
been identified that promote the loss of bone and the onset of fractures (see
Table 22.1). Each of these factors has an associated risk, but when two or
three exist together at the same time, the risk of an osteoporotic fracture can
increase dramatically. For example, the small-framed older postmenopausal
woman who smokes a pack of cigarettes a day, drinks two to three servings of
alcohol a day, and who has little physical activity in her daily life will typically be
at great risk of an early hip fracture, i.e., by age 70 years or younger. When
elderly individuals suffer declines of acuity of their senses, such as vision and
equilibrium, or take medications that result in the same effects, they are much
more likely to fall and break their hip.

The most important of these acquired factors, in general, may be the decline in
lean body mass that accompanies reduced physical activity. Declining muscle
strength and tone lead to reduced physical stress on bone which is coupled to
reduced bone formation and increased resorption.
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22.5 DIETARY RISK FACTORS IMPLICATED IN ETIOLOGY
OF OSTEOPOROSIS

Clearly, adequate intakes of energy, protein, essential fatty acids, and the many
micronutrients are required for the support and maintenance of bone health of
adults. In contrast to the benefits of a healthy diet on the skeleton, several dietary
factors may have adverse effects on bone tissue (see Table 22.2). These deleterious
factors are thought to operate throughout the life cycle, not just during late life. A
resurgence of interest in the adequacy of calcium and vitaminD in the adult diet has
resulted in new dietary recommendations.

22.5.1 Calcium and Phosphorus

The most common dietary problem associated with the development of osteo-
porosis has been an inadequate consumption of calcium, at least among Caucasians
in western nations, including pediatric populations (5). Low calcium intakes in
these nations are typically accompanied by high phosphate consumption because of
the ingestion of naturally occurring phosphorus in foods, especially animal pro-
teins, and also of phosphorus from processed foods. Phosphorus food additives are
quite common in western nations because of the widespread use of processed
foods—foods modified with the many applications that utilize phosphate salts of
one type or another—and this source may account for almost 33% of the total
phosphorus intake of consumers of processed foods (6). Cola-type soft drink
beverages containing phosphoric acid also fit in this category, although technically
they are not foods. The net result of consuming phosphate-rich foods may be a
decreased ratio of calcium (Ca) to phosphate (P) intake (Ca:P ratio) that is wor-
sened when individuals consume little milk, cheese, or other calcium-rich foods in
their usual diets.

Intake ratios less than 0.5:1 have been established to increase parathyroid hormone
secretion and, presumably, increase bone resorption (7). A constantly elevated
parathyroid hormone (PTH) level leads to bone loss and a gradual decline in BMD
thatmay lead to osteoporosis (6). The time period required to reach the osteoporotic

Table 22.1
Risk factors: non-dietary

� Thinness with low lean body mass

� Cigarette smoking

� Excessive alcohol consumption

� Insufficient physical activity
� Drugs—over-the-counter and prescription

� Decline of sensory perceptions

� Falls
� <18.5 BMI for low lean body mass

� >Two drinks a day for men and >one drink a day for women

� Drugs like corticosteroids, anabolic steroids, phenytoin
(Dilantin1), and others
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range, according to WHO definitions, is not clear, but a long-term dietary pattern of
low calcium–high phosphate may even contribute to inappropriately low bone mass
in females before they reach 20 years of age, if fractures among girls and pubertal
females are a valid index of low bone mass (8).

Vegetarian diets may also compromise bone health through a number of possible
mechanisms (9). but the low calcium and vitamin D intake from a vegan dietary
pattern may be largely responsible for lower bone mass among vegetarians. Calcium
supplementation alone, however, has not been found in a meta-analysis to improve
bone mass or density of postmenopausal osteoporotic women appreciably (10). In
addition, some studies have reported that calcium supplements, as opposed to calcium
from foods, have little benefit for bone measurements over a year or longer (11).

22.5.2 Vitamin D

The active form of vitamin D (1,25-dihydroxyvitamin D) is essential for normal
absorption of dietary calcium in the gastrointestinal tract. Vitamin D deficiency
leads to impaired calcium absorption and a secondary increase in the secretion of
parathyroid hormone. The latter leads in turn to impaired mineralization of bone
matrix and increased resorption of bone mineral with an overall reduction in bone
mass and strength. Vitamin D deficiency associated with limited skin exposure to
vitamin D-promoting sunlight and a low intake of vitamin D from foods, especially
fortified dairy products in the United States and various deep-sea fish species in
much of the world, is now considered a major risk factor for low bone mass or
density and fracture. The clinical diagnosis of this condition is based on measure-
ment of a low circulating concentration of 25-hydroxyvitamin D, which is the
immediate precursor for 1,25-dihydroxyvitamin D (12). Calcium intake per se
has little influence on the serum 25-hydroxyvitamin D concentration (13). The
clinical definition of vitamin D deficiency has changed in recent years to recognize
the importance of milder forms of inadequacy. Severe vitamin D deficiency, asso-
ciated with classical rickets in children and osteomalacia in adults, is present when
serum levels of 25-hydroxyvitamin D fall below 20 ng/ml (50 nmol/l). Milder
vitamin D insufficiency occurs at serum levels ranging between 20 and 30 ng/mL.
In this range rickets and osteomalacia do not occur, but intestinal absorption of
calcium is still suboptimal, leading to mild secondary increases in PTH secretion
and a reduced bone mass (14). Only at serum 25-hydroxyvitamin D levels exceed-
ing 30 ng/ML (75 nmol/L) is intestinal absorption of calcium optimal and excessive
PTH secretion absent.

Low circulating 25-hydroxyvitamin D concentration and vitamin D inadequacy
are highly prevalent in older populations, especially in Northern Europe and North
America (15). Vitamin D insufficiency is also very common in dark-skinned
populations worldwide. A recent meta-analysis suggests that older adults, especially
shut-ins, need 700–800 IU of vitamin D and 1,000–1,200 mg of calcium as a
supplement to their usual diet (16). In some individuals the daily requirement for
vitamin D may be increased to over 1,000 IU/day due to gastrointestinal disorders
causing malabsorption or to the administration of drugs causing increased vitamin
D clearance.
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22.5.3 Vitamin K

Vitamin K has a role in the post-translational modification of osteocalcin and
possibly other matrix proteins synthesized by osteoblasts. This fat-soluble vitamin
promotes insertion of a carboxyl group at the gamma position of the amino acid,
glutamic acid, in the newly synthesized protein. Gamma carboxylationmay occur in
up to 8 or 10 sites in each osteocalcin molecule. The insertion of these carboxyl
groups allows for bidentate binding of one calcium ion wherever glutamate residues
exist throughout the molecule. The additional calcium-binding sites in osteocalcin
are generally thought to enhance the mineralization of collagen in new bone matrix,
but the specific mechanisms involved in the mineralization process remain to be
elucidated. Vitamin K is now also thought to be needed for the activation of
osteoblasts. A deficiency of this vitamin in the diets of older subjects may contribute
to increased vertebral and hip fractures.

Recent human studies of vitamin K supplementation using naturally occur-
ring molecules or synthetic analogs suggest that more complete carboxylation
of osteocalcin and other matrix Gla proteins result from treatment, and this
may be associated with a reduced risk of osteoporotic fractures. For example,
one report suggests that vitamin K2 (menaquinone-4 or MK-4) supplementa-
tion (945 mg/day) over 3 years improved both hip bone geometry and strength
(17) and another suggests that menaquinone-7 (MK-7) had a longer circu-
lating half-life than vitamin K1 (phylloquinone) (18). Another report, in
abstract only, of older Japanese women found that a lower circulating con-
centration of vitamin K2 was associated with greater risk of vertebral fracture
(19). Finally, a 2-year randomized controlled trial demonstrated that vitamin
K1 (phylloquinone) substantially increased gamma carboxylation of osteocal-
cin and, with supplemental calcium and vitamin D, improved BMC of the
ultradistal radius (20). Vitamin K is converted in human tissues to other
forms of vitamin K.

Although only a relatively few prospective studies have been reported, the
limited evidence suggests that many older adults have insufficient or deficient
intakes of vitamin K from both foods and supplements that may place them at
increased risk of fracture. Increasing carboxylation of osteocalcin with vitamin
K is generally thought to be fracture preventive. The major food sources,
dark-green vegetables, contain vitamin K1 and they are poorly consumed by
most US citizens. Food fortification of vitamin K may need to be considered
to correct for the inadequate consumption of vitamin K by most in the United
States. Supplementation of vitamin K may be recommended in the future.

22.5.4 Protein and Acid Load

An unusually high animal protein intake may contribute to bone loss and
osteoporosis, but the mechanism has not been fully established. After metabolism
of amino acids, the increased production of acids, i.e., phosphoric and sulfuric,
from the degradation of phosphorus- and sulfur-containing amino acids is con-
sidered responsible for initiating bone resorption to maintain acid–base balance.
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The net effect is an increased loss of calcium ions in urine, a loss that has been
shown acutely after a single meal and in short-term experiments, but not in long-
term studies.

22.5.5 Sodium and Potassium

High-sodium snack foods have become very popular in western nations and they
contribute additional sodium to an already high intake that derives from so many
foods processed with sodium or salt. Renal losses of calcium increase on high-
sodium intakes because the kidneys favor sodium reabsorption at the expense of
calcium ions. The net loss of calcium comes from bone, and therefore a loss of bone
mass may be associated with excessive consumption of sodium-rich snack foods.
Higher intakes of potassium from fruits and vegetables may help to reduce the
adverse effects of sodium on calcium losses (21).

22.5.6 Phytochemicals, Micronutrients, and Other Bioactive Compounds

Phytoestrogens, particularly genistein, have been demonstrated in a rando-
mized controlled trial to result in improvement of bone density in older adults
after a year of supplementation (22). Further corroboration is needed before
a recommendation of genistein supplementation can be advanced.

Finally, a poor diet, especially one based on limited intakes of servings of fruits
and vegetables, may be deficient in other bone-essential nutrients, such as magne-
sium, vitamin K, zinc, anti-oxidant nutrients, and probably a dozen or more
phytochemicals. Any one or a combination of these deficits may limit efficient
bone formation. Adverse effects of these deficits include loss of protection against
oxidative stress and poor regulation of acid–base balance, both impacting bone as a
major buffering store. Several other micronutrients may have important affects on
bone tissue, hence bone mass, but typically the research is limited and clinical
applications remain uncertain. Whatever the mechanisms may be, bone health
requires a wide variety of nutrients that are best supplied by a varied diet consisting
of the recommended numbers of servings of foods each day (21). Recommended
intakes for energy and several key nutrients impacting on bone health are listed for
the elderly in Table 22.3.

Table 22.2
Risk factors: dietary

� Poor overall diet quality
� Low calcium intake

� High phosphorus intake

� Low vitamin D status

� High animal protein and acid load

� High-sodium snacks

� Vegetarian diet
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Table 22.3
Recommended daily intakes of selected nutrient variables for the elderly

51–70 years >70 years
Male Female Male Female

Energy, kcal 2,300 1,900 2,300 1,900

Protein, g 63 50 63 50

Calcium, mg+ 1,200 1,200 1,200 1,200

Phosphorus, mg 700 700 700 700

Vitamin D, mcg+,# 10 10 15 15

IU+,# 400 400 600 600

Vitamin K, mcg+ 120 90 120 90

+Intake listed as an Adequate Intake (AI). AIs represent the recommended average daily intake

level based on observed or experimentally determined approximations. AIs are used when there is
insufficient information to determine an RDA.

#While the AI for vitaminD is 400–600 IU/day, many experts recommend a slightly higher amount,
700–800 IU/day16.

22.6 ADAPTATION TO LOW CALCIUM INTAKES

Several adaptations to dietary intakes occur after each meal in healthy indivi-
duals; a number of these adaptations directly affect calcium homeostasis by impact-
ing on serum PTH and 1,25-dihydroxyvitamin D concentrations. For example, low
calcium intake, especially when coupled with a high phosphate consumption
pattern, stimulates PTH secretion via a calcium sensor on the membranes of para-
thyroid gland cells. A chronically elevated PTH, in turn, stimulates the removal of
calcium from bone and the loss of bone mass and density (see above).

In addition, low calcium stimulates the vitamin D regulatory mechanism
by increasing the renal production of the hormonal form of vitamin D, i.e.,
1,25-dihydroxyvitamin D, which leads to an increase in intestinal calcium absorp-
tion and bone utilization of calcium. The potential problem in older women, and
perhaps men, is that the intestinal adaptation declines, and less calcium can be
absorbed with the hormonal stimulus.

Finally, excessive, continuous PTH secretion that may develop late in life with a
low Ca:high P ratio diet and low circulating 25-hydroxyvitamin D concentration
contributes to continuous bone loss. It is now recognized that a persistent and
continuous treatment with PTH causes significant bone loss, whereas a discontin-
uous treatment with PTH, i.e., once daily or once weekly, increases bone mass and
density by stimulating osteoblasts to make new bone tissue. Thus, any type of low
calcium intake that generates a continuous secretion and elevation of PTH in blood
will have serious negative consequences on the maintenance of bone mass.

22.7 DIETARY PREVENTION AND TREATMENT—FOODS
AND SUPPLEMENTS

The general principles of both primary and secondary prevention of osteoporo-
sis are similar: (1) Increase calcium intake through foods and supplements to
�1,000 mg/day in order to suppress PTH secretion. (2) Assure that individuals
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obtain sufficient amounts of vitamin D through both foods and supplements
to maintain optimal calcium absorption: 800 IUs or more are now being
recommended (15). Sunshine exposure is also encouraged, depending on
geographic latitude and time of the year. (See a full discussion of the beneficial
effects of calcium and vitamin D in the following pages, under Treatment,
22.9.1.1.) (3) A healthy overall diet containing virtually all nutrients from foods,
i.e., nine servings of fruits and vegetables a day, makes sense from a nutritional
perspective. For the elderly, a daily supplement that contains a wide range
of nutrients at recommended intake levels is both safe and inexpensive. Snack
foods may also be beneficial for the elderly to help boost energy intakes to
recommended amounts (23). The current Dietary Reference Intakes (DRIs)
should be used to guide consumers in maintaining appropriate amounts of nutri-
ents each day (5).

22.8 ADVERSE EFFECTS OF EXCESSIVE CALCIUM AND VITAMIN D
SUPPLEMENTATION

Recent findings on vascular calcification, i.e., plaque mineralization and new
bone formation in the medial layers of arteries, suggest that a small fraction of usual
dietary calciummay be contributing tomineralization at these two sites and to heart
valves in adults, particularly among the elderly (24). Much remains to be learned
about the signaling factors that contribute to bone formation at these sites, but
current evidence supports the concern about adverse vascular flow dynamics and
abnormal elasticity of these tissues, leading to suboptimal nutritional and oxygen
supply to the subjacent tissues. In a recently reported study, Bolland et al. (25)
found a link between daily use of calcium supplements (1 g elemental calcium daily,
400 mg in the morning and 600 mg in the evening versus placebo) and increased risk
of cardiovascular events in healthy postmenopausal women followed for 5 years.
However, the extent of cardiovascular risk from calcium supplements is still a
matter of debate. A recent letter to the editor (26) reported that when they pooled
the five trials with crude mortality data (representing 12,609 subjects) from their
recent meta-analysis of calcium supplementation, there was no evidence of an
increased mortality. Moreover, when Hsia et al. (27) examined cardiovascular
disease (as a pre-specified secondary efficacy outcome) in a large randomized
controlled trial of women aged 50–79 years who took 500 mg calcium with
200 IU vitamin D twice daily versus placebo, they found that supplemental
calcium neither increased nor decreased coronary and cerebrovascular risk over
a 7-year use period.

Calcium supplementation could also become a concern in individuals with
declines in renal function; the retention of calcium may become excessive and
accelerate vascular calcification. This condition may be worsened if calcium and
vitamin D are bundled together in one supplement. Oral intakes of vitamin D in
excess of 10,000 IU/day are associated with increases in urinary and serum calcium
and may result in vitamin D intoxication when serum 25-hydroxyvitamin D levels
exceed 100 ng/mL (28).
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22.9 DRUGS AND OTHER AGENTS USED IN PREVENTION
AND TREATMENT OF OSTEOPOROSIS

The objectives of therapy in osteoporosis include prevention of further
excessive bone loss, promotion of bone formation, prevention of fractures,
reduction or elimination of pain, and restoration of physical function. Over
the last two decades a number of anti-osteoporotic drugs have been developed.
The mechanisms of action of these agents vary, as shown in Fig. 22.1. In simple
terms, the agents may be characterized as acting to increase the availability of
calcium from the gastrointestinal tract, to decrease the rate of resorption of
existing bone, or to increase the rate of formation of new bone. Estrogens,
selective estrogen receptor modulators, calcitonin, and bisphosphonates are
considered to be ‘‘anti-resorptive’’ agents, acting to reduce rates of bone resorp-
tion by reducing osteoclast activity. Parathyroid hormone analogs in contrast
are ‘‘anabolic’’ agents, stimulating bone formation through a primary action on
osteoblasts. Most of the drugs mentioned below have been shown to improve
bone density, and several have also been shown to reduce the incidence of
fractures in randomized placebo-controlled clinical trials. Drugs approved by
the Food and Drug Administration for the treatment of osteoporosis in the
United States are generally indicated for use in patients having either documen-
ted osteoporotic fractures or bone densities at least 2 SDs below normal young
controls. At the beginning of therapy it is important to obtain quantitative
measurements of bone density at one or more sites of interest, for example,
the lumbar spine and proximal femur. Such measurements can serve as a base-
line for evaluating the effects of therapy after 1 or 2 years. Biochemical markers
of bone turnover, particularly breakdown products of bone collagen, may also
be used to monitor a therapeutic effect.

GI Tract

Dietary Intake

GI Excretion

Plasma Ca

Bone

Kidney

Urinary Excretion

Calcium
Vitamin D

(–)

+
+

(+)

Result: Net Positive Balance

NaF
PTH
GH

Estrogen
Bisphosphonates
Calcitonin
RANKL inhibitors

Fig. 22.1. Effects of therapeutic agents on calcium balance. Increases in dietary calcium and
vitamin D result in increased gastrointestinal (GI) absorption. Anabolic agents increase bone
formation [heavy arrow from plasma calcium (Ca) to bone]. Estrogen and othermolecules inhibit
bone resorption. NaF, sodium fluoride; PTH, parathyroid hormone; GH, growth hormone;
RANK, receptor-activated nuclear factor Kappa; RANKL, RANK ligand.
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22.9.1 Anti-resorptive Agents

Most of the drugs in current use are considered to be ‘‘anti-resorptive’’ agents,
acting to reduce rates of bone resorption rather than to stimulate bone formation.
When bone resorption is inhibited and bone formation continues, a modest gain in
bone mass, typically 2–5%, can occur. The overall gain tends to be limited because
bone formation is eventually downregulated to match the lowered rate of resorp-
tion. Anti-resorptive drugs are generally more effective in increasing the mass of
trabecular bone than cortical bone because of the higher rate of resorption existing
in trabecular bone.

22.9.1.1 CALCIUM AND VITAMIN D

Patients with severe vitamin D deficiency are unable to mineralize bone matrix
normally and develop osteomalacia. Most individuals with only moderately limited
vitamin D stores do not have osteomalacia, but they do have mild secondary
hyperparathyroidism and a higher bone turnover as described above. Supplemen-
tation with calcium and vitamin D serves to increase the quantity of calcium
absorbed by the gastrointestinal tract, to raise serum levels of ionized calcium,
and to reduce the secretion of parathyroid hormone (29). Rates of bone resorption
are thus decreased. In some clinical trials administration of calcium and vitamin D
supplements to older populations in whom prevailing vitamin D stores and calcium
intake are low has produced improvements in bone density (30,31).and decreased
fracture rates (30,32). Other observational studies of large populations have failed
to show a relationship between dietary calcium intake, calcium supplements, and
fracture rates (33,34). The varying outcomes of these studies may reflect varying
intakes of calcium and vitamin D in the study populations prior to entry. In spite
of the uncertainty about the efficacy of calcium and vitamin D alone for treatment
of osteoporosis, it is widely held that a sufficient intake of both is required as part of
any anti-osteoporotic regimen. In a recently published meta-analysis, Tang et al.
found support for calcium plus vitamin D supplementation in the ‘‘preventive
treatment’’ of osteoporosis, including a 12% risk reduction in fractures of all
types in the 17 trials that reported fracture as an outcome (35). Also published
very recently is a study of 930 participants randomized to receive 4 years of treat-
ment with 1,200 mg elemental calcium (as calcium carbonate) or placebo and
followed for 10.8 years on average. The investigators (36) found that calcium
supplementation reduced the risk of all fractures, including those due to minimal
trauma, but that the beneficial effect was not sustained once treatment ended.

The requirement for dietary calcium is not precisely defined, but will depend on
the age and health status of the individual. The Institute ofMedicine of theNational
Academy of Sciences has recommended an elemental calcium intake of at least
1,000mg/day for adults between 19 and 50 years of age, and 1,200mg/day for adults
over 50 years of age (5). To reach these levels, calcium supplements will be required
in most individuals. Calcium carbonate is widely used and is the least expensive
supplement. It is poorly absorbed in individuals with achlorhydria, since it is soluble
only in an acidic medium. Calcium citrate is soluble at any pH and may be better
absorbed in achlorhydric individuals (37).
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The desirable dietary intake of vitamin D required for bone health is also poorly
defined. Results vary depending upon the population studied and the degree of sun
exposure. The Institute of Medicine has recommended intakes of 5 mcg/day
(200 IU/day) for adults aged 31–50, 10 mcg/day (400 IU/day) for adults aged
51–70, and 15 mcg/day (600 IU/day) for those 71 and older (5). The adequacy of
dietary supply of vitamin D is reflected in serum levels of 25-hydroxyvitamin D. At
25-hyroxyvitamin D serum levels below 32 ng/mL (80 nmol/L) serum levels of
parathyroid hormone and rates of bone resorption begin to rise. Thus, a state of
vitamin D sufficiency may be defined as having serum levels of 25-hydroxyvitamin
D above this threshold. A study of older adults in Boston showed that less than 50%
reached the desired threshold with an average dietary intake of 5 mcg (200 IU)/day.
When supplemented with vitamin D to an intake of 20 mcg (800 IU)/day, 90%
reached the targeted 25-hydroxyvitamin D threshold of 80 nmol/L (38). A meta-
analysis of seven randomized, controlled trials of 9,820 elderly subjects showed that
in five studies higher doses of vitamin D (700–800 IU/day) reduced the relative risk
of both hip and non-vertebral fractures, whereas no significant reduction in frac-
tures was seen in two studies using lower doses (400 IU/day) (39). In addition to
reducing fracture risk, vitamin D supplementation may improve muscle function
and reduce the risk of falls in susceptible populations. In a meta-analysis of five
randomized clinical trials of vitamin D in 1237 older subjects, falls were reduced by
22% in comparison to control subjects receiving calcium or placebo (40). In
summary, a vitamin D supplement of approximately 20 mcg (800 IU)/day is desir-
able in older adults with limited sun exposure. In individual patients vitamin D
requirements and the response to supplementation are best assessed by monitoring
serum levels of 25-hydroxyvitamin D.

22.9.1.2 ACTIVE METABOLITES OF VITAMIN D

VitaminD is converted in the body to two active metabolites, 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D (calcitriol). Calcitriol, the most active metabolite,
has been evaluated for treatment of osteoporosis because of its potent effects in
improving gastrointestinal calcium absorption. The results of several clinical trials
have been mixed. In one of the largest trials 622 women with one or more vertebral
compression fractures were randomized to receive either a calcium supplement or
calcitriol (0.25 mcg twice a day). The number of new vertebral fractures was
significantly reduced in the subjects receiving calcitriol during the second and
third years of treatment (41). In other smaller trials calcitriol failed to reduce the
incidence of fractures (42). Hypercalcemia and hypercalciuria are recognized com-
plications of higher doses of calcitriol, particularly when combined with calcium
supplements (43). Because of the lack of conclusive evidence of benefit and the
potential risk, calcitriol is not recommended as a first-line therapy in the treatment
of osteoporosis.

22.9.1.3 ESTROGENS

Estrogen replacement in postmenopausal women prevents the excessive bone loss
due to estrogen deficiency. Estrogens should be given together with a progestin in
women who have an intact uterus to avoid the increased risk of endometrial cancer
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due to estrogens alone. A large number of clinical studies have shown that both
orally and transdermally administered estrogens increase spine BMD in postmeno-
pausal women (44). TheWomen’s Health Initiative trial of estrogen replacement in
postmenopausal women showed that both combined estrogen–progestin (in women
with an intact uterus) and estrogen alone (in women with hysterectomies) reduced
hip and vertebral fracture risk (45). Estrogens convey both benefits and risks apart
from their skeletal effects. Orally administered estrogens have a beneficial effect on
the serum lipid profile, but they increase the risk of venous blood clots in susceptible
individuals. Long-term estrogen replacement also adversely affects the risk for
breast cancer in postmenopausal women. For this reason, estrogen replacement is
not considered to be the treatment of choice in most postmenopausal women if the
primary objective of therapy is the prevention of fractures.

22.9.1.4 SELECTIVE ESTROGEN RECEPTOR MODULATORS (SERMS)

These synthetic analogs have the ability to act on the estrogen receptor to
produce a variable spectrum of estrogen effects. SERMs are capable of replicating
biological effects of natural estrogen in some target tissues, but may act as estrogen
antagonists in other tissues. The basis for the observed effects may depend in part to
the existence of two types of estrogen receptors existing in different tissues. In bone
tissue ERb is the more abundant whereas in reproductive tissues ER� predomi-
nates. Drugs in this class include tamoxifen, a drug used to treat breast cancer, and
raloxifene, a drug approved for the treatment of osteoporosis. Raloxifene acts as an
estrogen agonist with respect to bone and lipoprotein metabolism. It increases bone
density and lowers serum cholesterol when given to postmenopausal women.
Raloxifene does not stimulate the endometrium and like tamoxifen it acts as an
estrogen antagonist in breast tissue. Thus, raloxifene is a good choice as an anti-
osteoporosis drug in women at high risk of breast cancer. A large clinical trial has
demonstrated that raloxifene therapy reduces vertebral fracture risk in postmeno-
pausal women with osteoporosis (46).

22.9.1.5 ISOFLAVONES

These naturally occurring phytoestrogens are derived from plant materials and
include genistein and daidzein. Isoflavones appear to act like SERMs or weak
estrogen agonists in bone. Phytoestrogens in soy beans may help prevent loss of
vertebral BMD in adult life and, hence, may delay the occurrence of osteoporosis
(47). Only a few clinical trials in peri- and postmenopausal women have been
conducted. Two different groups of investigators used doses of approximately
90 mg/day of isoflavones to obtain small increases in vertebral density after
6 months of treatment (48,49). These studies were not designed to determine
whether isoflavones could reduce fracture risk. A recent study of ipriflavone, an
artificial derivative of a natural molecule found in soy protein, failed to demonstrate
improvement in bone density or in biochemical markers of bone metabolism in
474 postmenopausal women. In addition to having no measurable effect on bone
mass, approximately 13% of women receiving the experimental compound showed
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a significant decrease in white blood cells (50). Further research will be needed to
demonstrate which isoflavones may have beneficial effects on bone and whether
fracture incidence is decreased.

22.9.1.6 BISPHOSPHONATES

These useful drugs are analogs of pyrophosphate, a substance that occurs
naturally in bone. Nitrogen-containing bisphosphonates are taken up by osteo-
clasts, resulting in reduced osteoclast activity and survival. They are among the
most potent anti-resorptive drugs known. Clinical trials of several bisphosphonates,
including etidronate, alendronate, risedronate, ibandronate, and zoledronic acid,
indicate that bone density is increased in postmenopausal women after two or more
years of treatment. Further trials with alendronate (51). risedronate (52). and
zoledronic acid (53) provide strong evidence that these drugs can reduce fracture
risk by 40–60% at various skeletal sites, including the spine and hip. Ibandronate
has been shown to reduce the incidence of vertebral but not hip fractures (54).
These drugs are effective in men as well as women, making them useful for the
treatment of almost all patients with osteoporosis. Bisphosphonates are effective
given either orally at intervals of 1–4 weeks (alendronate, risedronate, or ibandro-
nate) or intravenously at intervals of 1–12 months (ibandronate or zoledronic acid).
Alendronate, risedronate, ibandronate, and zoledronic acid are currently approved
in the United States for treatment of osteoporosis. Other drugs of this class are
likely to be approved in the near future.

22.9.1.7 CALCITONIN

This natural peptide hormone is produced in small quantities by the parafolli-
cular cells of the normal thyroid gland. Synthetic peptides having the amino acid
sequence of either human or salmon calcitonin have been approved for the treat-
ment of osteoporosis. This hormone binds directly to cell surface receptors on
osteoclasts leading to reversible inhibition. The administration of synthetic
human or salmon calcitonin in patients with osteoporosis causes a reduction in
bone resorption and a modest increase in bone density. Clinical trials have found
that intranasal calcitonin therapy reduces the occurrence of vertebral fractures but
not non-vertebral fractures in postmenopausal women (55). Large doses of calci-
tonin may have an analgesic effect through an independent action on the central
nervous system.

22.9.1.8 INHIBITORS OF RANKL

The natural cytokine RANK ligand (RANKL) is a member of the TNF family of
ligands and receptors. RANKL accelerates osteoclast formation and function. It is
blocked by its natural antagonist, osteoprotegerin, also known as OPG, which is
secreted by several types of cells, including osteoblasts. OPG thus inhibits osteoclast
activation and bone resorption. OPG is detectable in the serum of adult humans and
may have an important regulatory role in bone metabolism. When given as a single
injection to postmenopausal women, OPG causes long-lasting inhibition of bone
resorption, indicating that it is a potentially useful agent for the treatment of
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osteoporosis (56). Denosumab, a monoclonal antibody against RANKL, is also a
potent anti-resorptive agent that can increase BMD in postmenopausal women in
clinical trials (57).

22.9.2 Anabolic Agents

Whereas most of the currently approved therapies for osteoporosis inhibit bone
resorption there has been a growing interest in therapies that can stimulate bone
formation.

22.9.2.1 SODIUM FLUORIDE

Fluoride has long been known to be a potent stimulator of bone formation.
When taken in higher doses of 50–100 mg/day it causes marked increases in BMD,
especially in cancellous bone. Clinical trials with sodium fluoride, however, have
produced conflicting results. Earlier studies indicated that although bone density
was increased, bone strength was not. Treated patients showed no decrease in
vertebral fractures and an increase in non-vertebral fractures, suggesting that the
quality of fluoride-containing bone might be impaired (58). Another group, giving
a slow release formulation at a dose of 50 mg/day together with calcium citrate did
find that this agent reduced new but not recurrent vertebral fractures (59). Fluoride
is not currently approved for use as an anti-osteoporosis drug because of continuing
concerns about its effectiveness and safety.

22.9.2.2 PARATHYROID HORMONE (PTH)

This natural peptide hormone is a primary regulator of calcium homeostasis and
bone metabolism in humans and other mammals. Its effects are complex, because it
can activate both bone formation and bone resorption, depending on the condi-
tions. Its primary target is the osteoblast, where it can induce proliferation and
maturation, thus increasing bone collagen synthesis. These anabolic effects predo-
minate when PTH is present intermittently and in low concentrations. At higher,
more sustained concentrations the predominant effect of PTH favors increased
osteoclast activity and bone resorption. These increased activities are true for
both intact PTH 1-84 and for the biologically active fragment PTH 1-34. Osteoclast
activation by PTH is probably mediated by cytokines such as IL-6 and RANKL.
These cytokines are produced by osteoblasts under the influence of PTH and
promote the recruitment and activation of osteoclasts. When recombinant human
PTH 1-34 (teriparatide) is given as a subcutaneous dose of 20–40 mcg once a day,
blood levels are only intermittently elevated. Clinical trials have shown that inter-
mittent PTH administration is an effective therapy for osteoporosis, causing a
marked 10–15% increase in spine BMD over a period of 24 months, with lesser
increases in the femoral neck. In the largest PTH trial to date treatment reduced the
risk of both vertebral and non-vertebral fractures in postmenopausal women with
osteoporosis (60). The drug is effective in men as well as women (61).

Preliminary studies indicate that PTH can be combined or given in sequence
with anti-resorptive drugs to achieve further increases in BMD (62). Combined
estrogen and PTH therapy appears to be more effective than estrogen therapy alone
(63). The concurrent administration of alendronate together with PTH 1-84 was
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not additive (64). In contrast, the sequential administration of alendronate to
postmenopausal women for 1 year following a year of therapy with PTH 1-84
resulted in a further gain of nearly 6% in BMD following a 6% increase during
the first year (65).

Over the short term PTH is well tolerated by most patients. Transient hypercal-
cemia and hypercalciuria usually return to normal within a few hours of adminis-
tration. In Fisher rats given high doses of PTH for up to 2 years beginning in
infancy, the risk of osteosarcoma is increased. This cancer does not appear to be a
risk with therapeutic doses of PTH given to adult humans. However, the FDA
recommends that therapy with PTH be limited to no more than 2 years. Because of
its high cost relative to oral bisphosphonate drugs many physicians reserve PTH for
use in patients who cannot tolerate bisphosphonates or who continue to have
fractures or lose BMD in spite of therapy with other drugs.

22.9.2.3 GROWTH HORMONE AND INSULIN-LIKE GROWTH FACTOR-1 (IGF-1)

These natural peptides play a critical role in determining bone growth and the
achievement of optimal bone mass. Growth hormone acts on target tissues to
stimulate the formation and release of IGF-1. After the liver, bone is the second
richest source of IGF-1 in the body. IGF-1 acts locally in bone to promote chon-
drocyte and osteoblast differentiation and growth. IGF-1 also circulates in the
blood, where its concentration reflects the rate of secretion of growth hormone.
Two studies have suggested that lower serum levels of IGF-1 are associated with a
higher risk of hip and spine fractures (66,67). There have been several small clinical
trials determining the effects growth hormone or IGF-1 on bone metabolism and
bone density, but none have been designed to examine fracture rates. In one trial
involving men over age 65, treatment with recombinant human growth hormone
(rhGH) caused a 1.6% increase in lumbar BMD after 6 months, but the changes
were not sustained after 1 year (68). A study in elderly women with recent hip
fracture found that administration of IGF-1 complexedwith IGF-1-binding protein
3 promoted a more rapid regain of bone mass in the contralateral hip (69). Both
growth hormone and IGF-1 activate the entire bone remodeling system, causing
increased bone resorption as well as bone formation (70). Thus far the net anabolic
effects of these agents on bone have been modest. Their use in elderly individuals is
also limited by side effects, including weight gain, edema, carpal tunnel syndrome,
and glucose intolerance.

22.10 SUMMARY

Since both the incidence and prevalence of osteoporosis are increasing as popula-
tions are aging, greater expenditures for the care of fracture patients are almost
certain to occur. Many patients will not survive the first post-fracture year.
Preventive strategies, either primary or secondary, that are cheap and effective
must be identified and implemented. Diet and drug therapy represent the two
major approaches, but exercise programs should not be overlooked. Improving
the diet with respect to calcium and vitamin D intake may be one of the most
easily modifiable approaches for the prevention of osteoporosis. Walking and
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maintaining activities of daily living by the elderly are also critical for the prevention
of osteoporosis. Any type of minimal exercise program should also yield some
benefit to the retention of musculoskeletal function.

When osteoporotic fractures occur, or when bone density declines into the
osteoporotic range, drug therapy is usually indicated. With the emergence of new
pharmacologic agents many choices are now available. Even more choices will be
available in the future. Table 22.4 summarizes the efficacy of the agents currently
available, as demonstrated in published clinical trials. Choice of an appropriate
agent should depend not only on demonstrated efficacy in reducing fracture risk but
also on patient risk factors and individual side effects. A combination of good
nutrition including sufficient calcium and appropriate exercise will continue to be
important, even as anti-osteoporotic drugs become more widely used.

22.11 RECOMMENDATIONS

1. Dual energy X-radiographic analysis (DXA) should be used to measure bone
mineral density (BMD) in all women over age 65 and in men or younger women
with known risk factors for osteoporosis. Clinical observations, such as the occur-
rence of fragility fractures and loss of height or back pain, are also important in
making a diagnosis of osteoporosis. Serial DXA examinations done at intervals of 1
or 2 years are useful in following the response to therapy.

Table 22.4
Efficacy of anti-osteoporotic therapies in randomized clinical trials

Increased
BMD

Spine
fractures

Non-spine
fractures

Hip
fractures

Calcium and vitamin D

preparations

Calcium monotherapy +/� NA NA NA

Vitamin D monotherapy +/� NA NA NA

Calcium + vitamin D + NA +/� +/�
Calcitriol +/� +/� +/� NA

Estrogens and SERMs

Estrogen replacement + + + +

Raloxifene + + NS NS

Bisphosphonates

Alendronate + + + +

Risedronate + + + +

Ibandronate + + NS NS

Zoledronic acid � � � �
Calcitonin

Intranasal calcitonin + + NS NS

Anabolic agents

Human PTH + + + NA

Human growth hormone +/� NA NA NA

434 Ontjes and Anderson



2. Primary and secondary prevention of osteoporosis emphasize (1) increased calcium
intake to 1,000 mg/day or more and (2) intake of sufficient vitamin D to assure
optimal calcium absorption (at least 800 IU/day if sun exposure is limited). The
adequacy of vitamin D intake may be assessed clinically by measurement of serum
25-hydroxyvitamin D. Adequate intakes of calcium and vitamin D are essential
parts of any anti-osteoporotic regime. Vitamin K may also be included in this
recommendation.

3. Drug therapy is usually indicated when osteoporotic fractures occur or when
BMD declines into the osteoporotic range. Most available drugs are anti-resorptive,
but anabolic, bone-forming agents are also available and have proven to be
effective.

a. Estrogen replacement therapy helps prevent excessive bone loss resulting from the
decline of ovarian synthesis of estrogens following the menopause, and selective
estrogen receptor modulators (SERM) may also produce estrogen-like effects on
bone as well. For example, raloxifene, a SERM, has been reported to reduce the
risk of vertebral fractures.

b. Bisphosphonates constitute another major class of anti-resorptive drugs that are
effective in reducing osteoporotic fractures. Drugs in this class include alendro-
nate, risedronate, ibandronate, and zoledronic acid and may be given orally or
intravenously. These drugs are considered to be first-line agents in treating both
women and men.

c. Parathyroid hormone (PTH), given subcutaneously and at low doses, is the most
effective anabolic agent currently available for use in patients with osteoporosis.
Anti-resorptive drugs such as bisphosphonates may be useful when given sequen-
tially after a course of therapy with PTH.

4. Maintaining physical activity is also a key component of any regimen aimed at
preventing osteoporosis or treating osteoporotic patients.

5. Good nutrition from foods, including recommended amounts of calcium and
vitamins D and K, should accompany the use of drugs or other therapeutic mod-
alities. If sufficient calcium or vitamin D or vitamin K cannot be obtained from
foods, supplements will be necessary.
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23 Osteoarthritis

Paola de Pablo and Timothy E. McAlindon

Key Points

� Osteoarthritis is the most common arthritis in aging adults and is the most frequent
reason for joint replacement at a cost to the community of billions of dollars per year.

� There are numerous mechanisms by which micronutrients might be expected to
influence the development or progression of osteoarthritis. Micronutrients that
might interact with osteoarthritis include vitamins C and D and possibly vitamins
E and K and selenium.

� There have been numerous positive clinical trials of glucosamine and chondroitin
products for osteoarthritis. While shown to be well tolerated, recommendations
regarding these compounds await further study since these results are clouded by
issues of biologic plausibility, heterogeneity, publication bias, inconsistent results,
and methodological problems.

� Further studies of simple and safe nutritional interventions for osteoarthritis, includ-
ing clinical trials, are needed.

Key Words: Osteoarthritis; nutrition; antioxidants; vitamins; glucosamine and
chondroitin products

23.1 INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis and a major cause of
disability in aging adults. The economic impact of OA is important (1–3). The cost
associated with OA has been estimated at $15.5 billion dollars in the United States
(in 1994 dollars) (4). Furthermore, osteoarthritis is the most frequent reason for
joint replacement at a cost to the community of billions of dollars per year.

23.1.1 Risk Factors for Osteoarthritis

The striking relationship of OAwith increasing age andwith heavy physical work
has led to its characterization as a ‘‘degenerative’’ disorder. However, this paradigm
is inaccurate because a variety of mechanical, metabolic, and genetic disorders may
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lead to osteoarthritis (5). The contemporary view is that OA results from dynamic
interaction between destructive and reparative processes within a joint. Risk factors
for OA are listed in Table 23.1.

23.1.2 Pathogenesis of Osteoarthritis

Pathologically, osteoarthritis is characterized by focal damage to articular carti-
lage. This may range in severity from minor surface roughening to complete
cartilage erosion. The process is often described as being ‘‘degenerative’’ or resulting
from ‘‘wear and tear’’ and is generally noninflammatory. The cartilage damage is
usually accompanied by some form of ‘‘reaction’’ in the surrounding bone. Osteo-
phytes are an early bony response to cartilage damage. These consist of outgrowths
of bone from the peripheral margin of the joint, which may confer some protection
to an osteoarthritic joint by reducing instability. The trabeculae in the bone adjacent
to an area of osteoarthritic cartilage become thickened and are susceptible to
microscopic fracturing. This gives rise to the appearance of ‘‘subchondral sclerosis’’
on a radiograph. In severe disease, particularly where full thickness cartilage has
occurred, circumscribed areas of bony necrosis may develop in the subchondral
bone. These may be filled with marrow fat or with synovial fluid which has tracked
from the joint space through the cartilage defect into the subchondral bone. They
give rise to the radiographic appearance of ‘‘cysts.’’ Ultimately the subchondral
bone itself may be eroded, or may collapse. In some cases, a low-level synovitis
develops resulting from the presence of crystal or other cartilaginous ‘‘detritus,’’
which may contribute to damage in the joint.

Biochemically, cartilage consists of a network of collagen fibrils (predominantly
type II), which constrain an interlocking mesh of proteoglycans that resist com-
pressive forces through their affinity for water. The tissue is relatively avascular and
acellular. Turnover in healthy cartilage is slow and represents a balance between
collagen and proteoglycan synthesis and degradation by enzymes such as metallo-
proteinases. In early osteoarthritis, the chondrocytes (cartilage cells) proliferate and
become metabolically active. These hypertrophic chondrocytes produce cytokines

Table 23.1
Risk factors associated with osteoarthritis

Constitutional factors Increased age

Female vs. male gender
Obesity

Mechanical factors Heavy/repetitive occupations

Heavy physical activity
Major joint injury

Genetic factors Mutations in the type II collagen gene

Acromegaly
Other factors Muscle weakness

Proprioceptive deficits
Calcium crystal deposition disease
Hemochromatosis
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(e.g., IL-1, TNF-�), degradative enzymes (e.g., metalloproteinases), and other
growth factors. Proteoglycan production is increased in early OA, but falls sharply
at a later stage when the chondrocyte ‘‘fails.’’

23.1.3 Clinical Features of Osteoarthritis

Osteoarthritis is characterized by pain, impaired joint motion, and disability.
Pain of affected joints is typically exacerbated by activity and relieved by rest. With
advanced disease, pain may be noted with less activity, and may even occur at rest.
Stiffness is also a common complaint, usually lasting less than 30 minutes. Osteoar-
thritis commonly affects the first carpometacarpal joint, proximal interphalangeal
joint, distal interphalangeal joint, hip, knee, subtalar joint, first metarsophalangeal
joint, and the cervical and lumbar spine.

23.1.4 Therapeutic Approach to Osteoarthritis

The impact osteoarthritis has on daily life activities in addition of its high
prevalence poses a public health problem. The management of osteoarthritis is
largely palliative, focusing on symptom alleviation. Current therapy of osteoarthri-
tis consists of both non-pharmacologic (weight-loss, exercise, education programs)
and pharmacologic (analgesics, non-steroidal anti-inflammatory agents [NSAIDs],
intra-articular corticosteroids) approaches. However, pharmacologic therapy has
shown modest, although sound, symptomatic efficacy over short-term treatment
courses, but no relevant effect over the long-term use (6). While overall benefit
versus risk profile for NSAIDs remains favorable when used appropriately, the
other available drugs for short-term relief of pain can also be associated with
serious, adverse events in certain settings and patient populations. Furthermore,
current therapeutic measures to treat osteoarthritis are often incompletely effective.
Clearly, there is a need for safe and effective alternative therapies as well as
preventive strategies. Such interventions could be addressed by nutrition.

23.1.5 Osteoarthritis and Diet

Despite a great public interest in the relationship between nutrition and arthritis,
there has been relatively little focus in traditional scientific studies on this associa-
tion. The biological mechanisms by which micronutrients might influence the
pathophysiological processes in osteoarthritis are numerous. Such processes
include oxidative damage, cartilage matrix degradation and repair, and chondro-
cyte function and response in adjacent bone. However, it is surprising to find that in
osteoarthritis there has been relatively little focus in rigorous studies on nutrition,
compared with osteoporosis, a widespread age-related skeletal disorder, where
numerous studies have demonstrated associations with dietary factors. Several
studies have shown apparent effects of various micronutrients on the natural
history of this disorder.

Moreover, patients often ask their physicians questions about nutrition and
osteoarthritis. There are numerous speculative lay publications on this subject,
and health food stores offer multiple nutritional supplements represented as thera-
pies for arthritis (7). Surveys suggest that 5–8% of adults in the United States have
used at least one of these supplements (8). There is an important consumption of
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such over-the-counter nutritional remedies, with glucosamine and chondroitin
ranking third among all top-selling nutritional products in the United States with
sales up to $369 million per year (9).

23.2 OSTEOARTHRITIS AND NUTRITIONAL SUPPLEMENTS

23.2.1 Glucosamine and Chondroitin Sulfate

Glucosamine and chondroitin sulfate are cartilage extracellular matrix compo-
nents that have beenwidelymarketed as nutritional supplements that have potential
benefit in reducing pain and slowing the progression of osteoarthritis on the basis
that they might provide a substrate for matrix synthesis and repair. However, the
mechanisms of action of these components remain unclear.

23.2.1.1 GLUCOSAMINE

Glucosamine, an amino monosaccharide found in chitin, glycoproteins, and
glycosaminoglycans, is also known as 2-amino-2-deoxyglucose or 2-amino-2-
deoxy-beta-d-glucopyranose. D-Glucosamine is made naturally in the form of
glucosamine-6-phosphate and is the biochemical precursor of all nitrogen-
containing sugars (10). Specifically, glucosamine-6-phosphate is synthesized from
glutamine and glucose-6-phosphate (11), as the first step of the hexosamine bio-
synthesis pathway. Glucosamine is available as a nutritional supplement in three
forms, glucosamine sulfate, glucosamine hydrochloride, andN-acetyl-glucosamine.

According to our understanding of the metabolic pathways involved, glucosa-
mine, as an amino sugar, should be rapidly degraded by the liver during ‘‘first-pass’’
metabolism. Early pharmacodynamic studies assessed absorption of the com-
pounds only indirectly (12,13). A pharmacokinetic study in dogs, using a refined
high-performance liquid chromatographic (HPLC) assay, demonstrated that glu-
cosamine hydrochloride has a bioavailability of about 10–12% from single or
multiple doses (14). Research in rats has suggested that glucosamine is substan-
tially degraded in the lumen of the gastrointestinal tract (15). To evaluate the
absorption of glucosamine sulfate in humans, Biggee et al. performed a small
study evaluating 10 participants with osteoarthritis, measuring serum levels of
glucosamine every 15–30 min over 3 h after ingestion of the recommended
1,500 mg of oral glucosamine sulfate (16). Nine of ten subjects had detectable
serum glucosamine beginning to rise at 30–45 min and peaking at 90–180 min. The
mean maximal serum level was 12 mmoles/L. This would provide <2% of ingested
glucosamine to blood and interstitial fluid combined. Based on the very small serum
levels seen in this study, the authors concluded that ingestion of standard glucosa-
mine sulfate is unlikely to stimulate cartilage chondroitin synthesis. Persiani et al.
evaluated both serum and synovial fluid levels of glucosamine in five people with
knee osteoarthritis before and after administration of daily oral glucosamine for
2 weeks and found similar increase in serum synovial fluid glucosamine concentra-
tions of 7.9 and 7.2 mol/l, respectively (17).

In addition to the fact that serum levels of glucosamine are very low, the notion
that exogenous glucosamine might be incorporated into the structure of hyalur-
onan or cartilage proteoglycans is also problematic because while glucosamine
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can enter the glycosaminoglycan biosynthetic pathway after its conversion to
UDP-N-galactosamine, glucose is a much more abundant substrate. Recent in
vitro and in vivo studies in animals have shown increases in proteoglycan synthesis
by chondrocytes after addition of glucosamine to the culture medium, suggesting
that instead of providing substrate for hyaluronan or cartilage proteoglycans, the
mechanism of action may be an anti-inflammatory effect (12,13).

A potential adverse effect of glucosamine was recently highlighted in a report
from the Institute ofMedicine (18). Glucosamine may lead to an increase in insulin
dysregulation among individuals predisposed to such problems. These concerns are
based on the known ability of glucosamine to bypass the glutamine:fructose-6-
phosphate amidotransferase step of hexosamine biosynthesis and desensitize glu-
cose transport (19). Insulin dysregulation of particular interest to individuals with
osteoarthritis since high bodymass index is a risk factor for osteoarthritis, as well as
for insulin resistance, and diabetes mellitus. Glucosamine could contribute to
diabetes by interfering with the normal regulation of the hexosamine biosynthesis
pathway (20), but a study in patients with type 2 diabetes found that glucosamine
supplementation does not result in clinically significant alterations in glucose
metabolism (21). Preliminary studies have been reassuring; however, their inter-
pretation has been limited by the considerable variability in measures and small
numbers of participants (22,23). In contrast, a recent study examining the effects of
oral glucosamine on serum glucose and insulin levels at the initiation and through-
out the duration of a 3-h oral glucose tolerance test was recently conducted using
sera from 16 patients with osteoarthritis, but with no other diagnosed medical
condition who had fasted overnight. Three participants who were found to have
previously undiagnosed abnormalities of glucose tolerance demonstrated signifi-
cant incremental elevations in glucose levels after ingestion of glucosamine sul-
phate. The other 13 participants also had incremental elevations that were not
statistically significant. Glucosamine sulphate ingestion had no effect on insulin
levels. These results suggest that glucosamine ingestion may affect glucose levels
and consequent glucose uptake in patients who have untreated diabetes or glucose
intolerance (24).

While the effects of glucosamine have been well documented in animal models,
less is known about its effects on glucose metabolism in humans. Indeed, much
information is still needed regarding its biological effects in vivo and its effects on
glucose metabolism (25). The biologic effects of other constituents such as sulfate,
chondroitin sulfate, and other additives need to be investigated as well. The
National Institute of Health (NIH) is currently supporting a study of glucosamine
supplementation in persons with obesity, given that this populationmay be prone to
the effects of glucosamine on insulin resistance.

23.2.1.2 CHONDROITIN SULFATE

Chondroitin sulfate is a sulfated glycosaminoglycan composed of linear alter-
nating units of N-acetylgalactosamine and glucuronic acid, usually attached to
proteins forming proteoglycan. This compound is an important structural compo-
nent of extracellular matrix and the predominant glycosaminglycan found in
articular cartilage, providing much of its resistance to compression. In humans it
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is also found in bone, cartilage, cornea, skin, and the arterial wall. The two most
common forms of chondroitin sulfate found in nutritional supplements are types A
(chondroitin 4-sulfate) and C (chondroitin 6-sulfate). Chondroitin sulfate is pri-
marily obtained from fish cartilage as well as in bovine and pork cartilage. The
biologic fate of orally administered chondroitin sulfate is less clear, but some evidence
exists to suggest that the compound may be absorbed following oral administration,
possibly as a result of pinocytosis (26). Chondroitin sulfate is able to cause an
increase in RNA synthesis by chondrocytes (27), which appears to correlate with
an increase in the production of proteoglycans and collagens (28–31). In addition,
there is an evidence that chondroitin sulfate partially inhibits leukocyte elastase and
may reduce the degradation of cartilage collagen and proteoglycans, which is promi-
nent process in osteoarthritis (32–35).

Jackson et al. conducted a study to delineate the pharmacokinetics of glucosa-
mine and chondroitin sulfate (36). To date, the results of this study have only been
reported in abstract form. Based on typical dosages, a total of 33 subjects (11 per
treatment arm) were randomized to receive glucosamine 1,500 mg, or chondroitin
sulfate 1,200 mg, or the combination of both glucosamine and chondroitin sulfate
for 12 weeks. Nine blood samples per subject were subsequently obtained over 36 h
and plasma concentrations of glucosamine and chondroitin sulfate were measured
in duplicate. Similar to the previously reported oral single-dose pharmacokinetics,
plasma glucosamine levels in both the glucosamine and combination treatment
groups achieved peak concentrations in 2–3 h post-dose with a terminal elimination
half-life of approximately 3 h. The mean maximal plasma concentration was
211.1 ng/ml for glucosamine and 216.6 ng/ml for chondroitin sulfate. Area under
the concentration–time curve (AUC) was slightly decreased in the combination
group compared to glucosamine alone, while Cmax was roughly equal. Compared
to oral single-dose pharmacokinetics, both AUC and Cmax for glucosamine were
lower following multiple-dose ingestion. No change in plasma chondroitin sulfate
from baseline was detected following multiple-dose oral administration of either
chondroitin sulfate alone or combination. The authors concluded that glucosamine
is substantially absorbed and rapidly eliminated following multiple-dose oral
administration of glucosamine alone and in combination in humans whereas no
change in basal plasma chondroitin sulfate concentration can be detected with
similar administration of chondroitin sulfate alone or in combination. Compared
to single-dose ingestion, a decrease in AUC and Cmax for glucosamine was
observed following multiple-dose administration possibly reflecting a change in
absorption, cellular utilization, or elimination with sustained oral use.

23.2.1.3 SULFATE

Cartilage proteoglycans are highly sulfated. The amount of sulfate made avail-
able to cells is an important factor in the degree of proteoglycan sulfation (37,38).
In vitro experiments on cultured cells suggest that increases in serum sulfate con-
centration enhance glycosaminoglycan synthesis (39). It has also been found that
the rate of sulfated glycosaminoglycan synthesis in human articular cartilage is
sensitive to small deviations from physiologic sulfate concentrations (40). Sulfate
pools in humans are among the smallest of all species (41), making them especially
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susceptible to physiologically relevant small changes. Sulfate balance is poorly
understood and may vary on dietary factors or on dietary supplements. There are
suggestions that sulphate is in itself clinically relevant (42,43). A study measuring
human urinary sulfate excretion after ingestion ofmethionine or chondroitin sulfate
supplements in the setting of high or low protein diets found that more sulfate was
excreted in the urine in those with high-protein diets compared to those with low-
protein diets. This suggests that in the low-protein state, the body increased sulfate
retention from supplements (42). These observations raise the possibility that
sulfate supplementation may have a beneficial role in cartilage health.

Low sulphate concentrations in blood may contribute to osteoarthritis by decreas-
ing cartilage chondroitin sulphation. A recent study measured serum levels of sul-
phate during 3 h of fasting or glucose ingestion after overnight fasts to determine how
much sulphate lowering may occur during this period. Sera samples of 14 patients
with osteoarthritis who fasted overnight were obtained every 15–30min during 3 h of
continued fasting and during 3 h after ingestion of 75 g of glucose. Continuation
of overnight fasting for 3 h resulted in a near-linear 3-h decrease in levels for all
14 patients ranging from 3 to 20% with a mean drop of 9.3%, whereas the 3-h
decrease after glucose ingestion ranged from 10 to 33% with a mean drop of 18.9%.
The authors concluded that a 3-h continuation of fasting caused a marked reduction
in serum sulphate levels, whereas ingestion of 75 g of glucose in the absence of protein
resulted in doubling the reduction, suggesting that fasting and ingestion of protein-
free calories may produce periods of chondroitin under-sulphation that could affect
osteoarthritis (44).

23.2.2 Efficacy for Pain and Function

Glucosamine and chondroitin sulfate had been the subject of numerous clinical
trials in Europe and Asia, all of which (until recently) had demonstrated favorable
effects (45–59). Also several systematic reviews and meta-analyses have examined
the efficacy of glucosamine in the treatment of osteoarthritis (60–64).

McAlindon et al. performed a meta-analysis and quality assessment of 15 eligible
double-blind placebo-controlled clinical trials of glucosamine and chondroitin
(60). Most of the trials were sponsored by the product manufacturer and reported
positive findings. The results highlighted methodologic problems and suggested
publication bias. The aggregated effect sizes were 0.44 (95%CI 0.24–0.64) for
glucosamine and 0.78 (95%CI 0.60–0.95) for chondroitin. Results were similar
when pain was the outcome. As a reference, 0.2 is considered a small effect, 0.5 a
moderate effect, and 0.8 a large effect (65).

Towheed et al. also performed a systematic review of randomized controlled
trials of glucosamine, which was recently updated (62). The effect size for pain and
function was 0.61 (95%CI: 0.28–0.95), consistent with a moderate effect of gluco-
samine. However, when the analysis was restricted to the higher quality studies,
there was no benefit of glucosamine (0.19; 95%CI: –0.11 to 0.50). In the subset of
trials that tested the Rotta preparation of glucosamine sulfate (n=10), there was a
surprisingly large effect on pain (1.31; 95%CI: 0.64–1.99) (62), which is as large as
the effect of a total joint replacement.
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Leeb et al. conducted a meta-analysis on the effects of chondroitin sulfate,
including seven double-blind, RCTs evaluating a total of 703 patients (66). The
estimated pooled effect sizes were 0.9 (95%CI: 0.8–1.0) for pain and 0.74 (95%CI:
0.65–0.85) for functions suggesting that chondroitin sulfate might be useful in
osteoarthritis. However, the authors acknowledged major limitations in interpret-
ing the data including small numbers of participants in the eligible trials, the fact
that no study was evaluated using intent-to-treat analysis, and the evident publica-
tion bias that could lead to a relative error of 30% (66).

Reichenbach et al. recently conducted a meta-analysis of randomized or quasi-
randomized trials of chondroitin for osteoarthritis pain (67). Twenty trials with a
total of 3,846 patients with hip or knee osteoarthritis were included. There was a
high degree of heterogeneity among the trials (I2=92%). Trials with unclear con-
cealment of allocation, or that were not analyzed according to the intention-to-treat
principle and small trials, showed larger effects in favor of chondroitin than the
other trials. For nine trials, the authors had to use approximations to calculate
effect sizes. After pooling the three large trials that had performed an intent-to-treat
analysis, including 40% of the original sample, the effect size was –0.03 (95%CI:
–0.13 to 0.07; I2¼0%), corresponding to a difference of 0.6 mm on a visual analogue
scale (10 cm). A meta-analysis of 12 trials showed a pooled relative risk of 0.99
(95%CI: 0.76–1.31) for any adverse event. The authors noted that trial quality was
generally low, and heterogeneity among the trials made initial interpretation of
results difficult. The authors concluded that large-scale, methodologically sound
trials indicate that the symptomatic benefit of chondroitin is minimal or nonexistent
(67).

The body of evidence concerning the efficacy of glucosamine and chondroitin has
been altered by the publication of recent independently funded, clinical trials some
of which had completely null results (68–71). The first of these enrolled 114 patients
with knee osteoarthritis, naı̈ve to glucosamine and chondroitin, and randomized
them into a 2-month placebo-controlled trial of 500 mg tid of glucosamine sulfate
(71). They found no difference in pain outcomes between the two groups after
either 30 days or 60 days of treatment.

Hughes &Carr performed a double-blind placebo-controlled randomized trial of
glucosamine sulfate (1.5 g per day) in participants with severe knee OA, 23%having
a Kellgren–Lawrence grade of 4 and a mean Western Ontario and McMaster
Universities (WOMAC) Osteoarthritis Index score of 9.2 (SD 3.5) (70). No sig-
nificant between-group differences were found in the primary endpoint (pain in the
affected knee, measured using a Visual Analog Scale [VAS]) or any of the secondary
pain assessments in this study at 6, 12, and 24 weeks of follow-up.

Cibere et al. performed a glucosamine withdrawal trial in 137 people with knee
osteoarthritis who were already using the product with at least moderate benefit
(68). The design was a 6-month, randomized, placebo-controlled glucosamine
discontinuation trial in which enrollees were randomly assigned to placebo or to
the treatment, where participants continued taking glucosamine sulfate. The pri-
mary outcome was the proportion of disease flares. Ultimately, disease flares
occurred in 42% of the placebo arm and 45% of the glucosamine arm (difference
–3%, 95%CI: –19 to 14). In the multivariate regression analysis, time to disease
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flare was not significantly different between the glucosamine and the placebo group
(hazard ratio of flare¼ 0.8; p¼ 0.4). No differences were found in severity of disease
flare or other secondary outcomes between placebo and glucosamine patients.
Cibere et al. also analyzed samples for type II collagen degradation biomarkers as
a proxy for osteoarthritis progression (72). However, they found no statistically
significant effect of glucosamine sulfate on type II collagen fragment levels, with the
primary outcome being the ratio of C1, C2 epitope/C2C epitope in the urine and
serum at baseline, 4, 12, and 24 weeks of follow-up.

Recently, Messier et al. conducted a 12-month randomized clinical trial to
determine whether glucosamine hydrochloride (1.5 g) and chondroitin sulfate
(1.2 g) is effective, both separately and combined with exercise, compared to
placebo plus exercise program in 89 older adults with knee osteoarthritis (73).
The primary outcome was WOMAC function and secondary outcomes included
WOMAC pain. The authors did not observe a significant difference in function and
pain between the groups at 6- or 12-months follow-up (73).

The Glucosamine Unum in Die Efficacy (GUIDE) Trial (74), tested glucosamine
sulfate among 318 patients with knee osteoarthritis, randomised to 1,500mg u.i.d., or
acetaminophen 1 g t.i.d., or placebo, for 6 months. The rescue medication was
ibuprofen 400 mg. The primary endpoint was the 6-month change in the Lequesne
index in the ITT population. The effect of glucosamine sulfate was significant on all
parameters, e.g., Lequesne difference –1.2 (95%CI –2.3 to –0.8; WOMAC difference
–4.7 (95%CI –9.1 to –0.2), and OARSI-A responders 39.6 vs. 21.2% (p=0.007).
Acetaminophen hadmore responders than placebo, but it failed to reach a significant
difference on the Lequesne (p=0.18) and WOMAC (p=0.077) indexes. The authors
concluded that glucosamine sulfate at the oral once-daily dose of 1,500 mg is an
effective symptomatic medication for knee OA.

The Glucosamine/chondroitin Arthritis Intervention Trial (GAIT), sponsored
by the NIH, was the largest comparative trial of these treatments (75). About 1583
participants were randomized to one of the five arms: placebo, celecoxib 200 mg
daily, glucosamine hydrochloride 1,500 mg daily, chondroitin sulfate 1,200 mg
daily, or the combination of glucosamine hydrochloride and chondroitin sulfate.
The primary outcome in this study was treatment response, defined as a 20%
improvement in knee pain. The respective response rates were 60.1, 70.1, 64.0,
65.4, and 66.6%. The difference between combination treatment and placebo was
reported as near statistically significant (p ¼ 0.09). In a subgroup analysis of
participants with a higher WOMAC score at baseline, the response rates were
54.3, 69.4, 65.7, 61.4, and 79.2%. In this analysis, the combination treatment was
significantly different from placebo (p ¼ 0.002). The authors concluded that gluco-
samine and chondroitin sulfate alone or in combination did not reduce pain
effectively in the overall group. The combination therapy may be effective in
treating moderate to severe knee pain due to OA. However, the study was limited
by an attrition rate of at least 20% in each group, as well as high response rates in
the placebo group. The analyses did not incorporate data from all time points, as
study participants were also evaluated at 4, 8, 16 and 24 weeks. Also, the subgroup
analysis looking at those with higher baseline pain scores appeared to be a post-hoc
analysis where the placebo response rate was slightly lower and the combination
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treatment response rate was slightly higher. Further, the trial tested glucosamine
hydrochloride and not glucosamine sulfate. Glucosamine sulfate is widely available
as a dietary supplement in the United States and used as a prescription drug in
Europe where it was recommended in the recent EULAR practice guidelines for
knee OA in Europe (76), since the results would then have provided important
information that might have explained in part the study heterogeneity, as noted by
Hochberg in an accompanying editorial (77).

However, as noted in a recent literature review byReginster et al. (63) differences
in results on the efficacy of glucosamine for symptomatic osteoarthritis originate
from differences in products, study design, and study populations. Most of the
clinical trials with negative results were performed with glucosamine hydrochloride
500 mg three times daily, whereas most of the trials with positive results were
performed with the glucosamine powder for oral solution at the dose of 1,500 mg
once daily, raising the question of the importance of sulphate and its contribution to
the overall effects of glucosamine, as sulphate in itself may have clinical relevance
(42,43). Also, the most clinically relevant results in GAIT were seen when sodium
chondroitin sulphate was taken with glucosamine hydrochloride. Indeed, several of
the glucosamine preparations contain other salts that could potentially influence
uptake and utilization of glucosamine (78). Reginster et al. concluded that gluco-
samine sulphate has shown positive effects on symptomatic and structural out-
comes of knee OA, with the caution that these results should not be extrapolated to
other glucosamine salts (e.g., hydrochloride or other preparations) in which no
warranty exists about content, pharmacokinetics, and pharmacodynamics (63).

Recently, Vlad et al. conducted a study to identify factors that explain hetero-
geneity in 15 glucosamine trials for pain in OA selected for analyses (64). The
summary effect size was 0.35 (95%CI: 0.14, 0.56), with I2=0.80. Except for alloca-
tion concealment, no feature of study design explained the substantial heterogene-
ity. Summary effect sizes ranged from 0.05 to 0.16 in trials without industry
involvement, but the range was 0.47–0.55 in trials with industry involvement. The
effect size was 0.06 for trials using glucosamine hydrochloride and 0.44 for trials
using glucosamine sulfate. Trials using Rottapharm products had an effect size of
0.55, compared with 0.11 for the other trials. The authors concluded that there is
sufficient information to conclude that glucosamine hydrochloride lacks efficacy
for pain in osteoarthritis. Among glucosamine sulfate trials, enough heterogeneity
existed such that no definitive conclusion about efficacy is possible. This hetero-
geneity appeared to be most prominent among trials with industry involvement
(with effect sizes consistently higher). Potential explanations considered by the
authors for the effect of industry involvement in trials include bias due to industry
involvement, inadequate allocation concealment, and different glucosamine sulfate
preparations, as it is possible that the Rottapharm glucosamine sulfate preparation
is more efficacious than other products (64). Furthermore, findings supporting this
issue were recently discussed by an expert panel (79). In an accompanying editorial,
Reginster conducted a meta-analysis including the three Rottapharm-supported
pivotal trials of 1.5 g of glucosamine sulfate taken once a day for treatment of knee
osteoarthritis evaluating a total of 624 patients, using the WOMAC as an end-
point (80). The pooled effect size was 0.33 (95%CI 0.17–0.49) and there was no
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heterogeneity according to the I2 calculation. The results were homogeneous, as all
three studies enrolled patients with similar disease characteristics and treatment
courses. The effect size was consistent across the parameters. Although the effect
size is small to moderate, it is clinically relevant (6).

23.2.3 Efficacy as Disease-Modifying Agents

Two large multicenter studies, sponsored by Rotta Pharmaceuticals, examined
whether glucosamine might reduce rate of loss of articular cartilage (81,82). These
enrolled�200 outpatients with primary kneeOA into 3-year randomized controlled
trials comparing glucosamine sulfate 1.5 g/day with placebo. The primary outcome
in each trial was based on joint space measurements obtained from conventional,
extended-view, standing antero-posterior knee radiographs, a recommended radio-
graphic approach at that time. Both trials showed quantitatively similar benefits in
the glucosamine treatment arms, with respect to the rate of loss of joint space width
and symptoms. Unfortunately, the approach that was used to estimate joint space
width in these randomized controlled trials has proved to be problematic, even
though it was the recommended technique at the inception of the trials (83). Precise
measurement of this variable is contingent on highly reproducible radio-anatomic
positioning of the joint and may be biased by the presence of pain. If those in the
glucosamine group had less pain at their follow-up x-ray, they may have stood with
the knee more fully extended, a non-physiologic position that may be associated
with the femur riding up on the tibial edge, giving the appearance of a better
preserved joint space. What appeared to have been a slower rate of joint space
loss may have reflected between-group differences in the degree of knee extension at
the follow-up radiograph.

Michel et al. reported the results of a 2-year randomized, double-blind, con-
trolled trial of 800 mg chondroitin sulfate or placebo once daily among 300 patients
with knee osteoarthritis (84). The primary outcome was joint space loss over
2 years as assessed by a postero-anterior radiograph of the knee in mild flexion, a
better validated technique (85). Secondary outcomes included pain and function.
The participants in the placebo arm exhibited significant joint space loss with a
mean cumulative joint space loss of 0.14 mm (�0.61) at 2 years of follow-up
compared to no change in the chondroitin arm, 0.00 mm (�0.53). In the intent-to-
treat analysis, the between-group difference in mean joint space loss was 0.14 �
0.57 mm; p ¼ 0.04. In contrast, the differences in the symptom outcomes between
the groups were trivial and non-significant. However, chondroitin was well toler-
ated, with no significant differences in rates of adverse events between the two
groups. While the authors focused on the results providing evidence of structure
damage modification by chondroitin, important questions remain about the inter-
nal validity of joint space width as a measure of cartilage loss, and its relevance to
the clinical state of the patient with knee osteoarthritis – especially in the absence of
any overt impact on symptomatic outcomes. Of note, the lack of symptomatic
improvement of chondroitin sulfate in this moderate to large intervention trial
further highlights the likely over-estimation of effect sizes of symptoms as an out-
come reported in the two meta-analyses of this treatment.
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Similarly, Reginster et al. recently conducted the multicentre Study on Osteoar-
thritis Progression Prevention (STOPP) assessing the effect of chondroitin sulfate
on the structural progression of knee osteoarthritis, comparing orally administered
chondroitin 4&6 sulfate, 800 mg and placebo over 24 months in 622 patients with
knee osteoarthritis. The results of this study have been presented in abstract form at
the time of this publication (86). The primary outcome was the minimal joint space
narrowing measured over 2 years, on digitalized radiographs (Lyon schuss view).
Secondary outcomes included pain. The study groups were balanced at baseline
with respect to demographic and clinical variables, including osteoarthritis severity.
About 30% patients of the chondroitin sulfate group and 26%of the placebo group
dropped out. The intention-to-treat analysis showed a mean (SE) joint space
narrowing of 0.24 (� 0.03) mm at 2 years in the placebo group, which was sig-
nificantly reduced in the chondroitin sulfate group (0.10 � 0.03 mm) (p<0.01). The
per protocol analysis confirmed the results obtained in the ITT analysis. The
interaction of time and treatment showed a statistically significant difference in
pain VAS and WOMAC (p<0.01) in favour of chondroitin sulfate. The authors
concluded that chondroitin sulfate significantly reduced progression of joint space
narrowing compared with placebo in patients with knee osteoarthritis.

23.2.4 Omega-3 Polyunsaturated Fatty Acids

Omega 3 fatty acids are a family of polyunsaturated fatty acids (PUFAs) that have in
common a carbon–carbon double bond in the !-3 position. The human body cannot
synthesize omega-3 fatty acids de novo, but can synthesize all the other necessary
PUFAs from the simpler�-linolenic acid. Thus, �-linolenic acid is an essential nutrient
which must be obtained from food, and the other PUFAs which can be either
synthesized from �-linolenic acid within the body or obtained from dietary intake are
sometimes also referred to as essential nutrients. PUFA classification is based on the
position of the last double bond along the fatty acid chain. PUFAs are classified as
omega-3, omega-6, or omega-9. The main dietary PUFAs are omega-3 (i.e., eicosa-
pentenoic acid and linolenic acid) and omega-6 (i.e., arachidonic acid and linoleic acid).
Omega-3 is found in fish oil and canola oil, as well as in flaxseeds, soybean, and
walnuts. Omega-6 is found in sunflower oil, soybean, safflower, corn, and meat.
These PUFAS are metabolized by cyclooxygenases and lipo-oxygenases into different
eicosanoids. The omega-6-derived eicosanoids tend to be proinflammatory, whereas
the omega-3-derived eicosanoids tend to be anti-inflammatory.

Omega-3 have a range of potentially favorable effects on chondrocytes, includ-
ing decreased expression of aggrecanase, cyclo-oxygenase-2, 5-lipoxygenase,
5-lipoxygenase-activating protein, interleukin-1�, tumor necrosis factor-�, and
matrix metaloproteinases-3 and -13 (87–89). Overall, these results indicate that
omega-3 PUFAs have anticatabolic and anti-inflammatory properties. However,
a low omega-6/omega-3 ratio might also be detrimental. A dietary intervention
study in rats showed that low intake of omega-6 induced cartilage surface irregu-
larities and localized proteoglycan depletion (90).

The utility of omega-3 for osteoarthritis was tested in a double blind, 24-week
placebo-controlled trial of cod liver oil (10 ml containing 786 mg of eicosapentenoic
acid) as an adjunct to NSAIDs in 86 patients with OA. Participants were assessed at
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4-week intervals for joint pain/inflammation and disability. There was no significant
benefit for the patients taking cod liver oil compared with placebo (91). Further
studies are needed to determine whether these are of benefit for osteoarthritis.

23.2.5 Avocado/Soybean Unsaponifiables

Avocado and soybean unsaponifiables (ASU) have anabolic, anticatabolic, and
anti-inflammatory effects on chondrocytes in vitro. ASUs increase collagen synth-
esis (92). inhibit collagenase activity (93,94), increase the basal synthesis of
aggrecan and reverse the IL1�- induced aggrecan synthesis inhibition (95),
decrease the production of matrix metalloproteinase (MMP)-3, IL-6, IL-8, and
prostaglandin E2 while weakly reversing the IL1�-induced decrease in TIMP (tissue
inhibiting metalloproteinase)-1 production (92,94) (95). ASU decrease the pro-
duction of nitric oxide (NO) and MIP-1� (95) while stimulating the expression of
TGF-� and PAI-1 (96). Further, ASUs prevent the osteoarthritic osteoblast-
induced inhibition of matrix molecule production, suggesting that ASU may pro-
mote OA cartilage repair by acting on subchondral bone osteoblasts (97).
Piascledine (Pharmascience, Inc., Montreal, Quebec, Canada) composed of one-
third avocado and two-thirds soybean unsaponifiables (ASU) (94) is the most
frequently investigated lipid combination. In sheep with lateral meniscectomy,
900 mg once a day for 6 months reduced the loss of toluidine blue stain in cartilage
and prevented subchondral sclerosis in the inner zone of the lateral tibial plateau but
not focal cartilage lesions (98).

Four trials were pooled in a meta-analysis that had positive results (99). ASUs
were evaluated on knee and hip osteoarthritis in four double-blind randomized
placebo-controlled trials (99–103). In two 3-month randomized controlled studies,
one on knee and hip OA (100) and one on knee osteoarthritis (102), 300 mg once a
day decreased NSAID intake. There was no difference between 300 and 600 mg per
day (102). In a 6-month RCT on knee and hip osteoarthritis, 300 mg once a day
resulted in an improved Lequesne functional index compared with placebo (101).
ASU had a 2-month delayed onset of action as well as residual symptomatic effects
2 months after the end of treatment. In a 2-year RCT on hip osteoarthritis, 300 mg
once a day did not have an effect on joint space narrowing (103), or any of the
secondary endpoints (pain, function, and PGA). However, a posthoc analysis
suggested that ASU might decrease joint space narrowing in patients with severe
hip osteoarthritis.

Recently, Ameye and Chee conducted a best-evidence synthesis and concluded
that good evidence is provided by ASU for symptom-modifying effects in knee and
hip osteoarthritis but there is some evidence of absence of structure-modifying
effects (104). ASU seem to have symptom-modifying effects on knee and hip
osteoarthritis over the medium term, however their symptom-modifying effects in
the long term have not been confirmed.

23.2.6 Selenium and Iodine: Studies of Kashin–Beck Disease

Selenium, an essential micronutrient, is an integral component of iodothyronine
deiodinase as well as glutathione peroxidase. Kashin–Beck disease is an osteoar-
thropathy of children and adolescents, which occurs in geographic areas of China in
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which deficiencies of both selenium and iodine are endemic. Strong epidemiologic
evidence supports the environmental nature of this disease (105). Although the
clinical and radiologic characteristics of Kashin–Beck disease differ from osteoar-
thritis, it raises the possibility that environmental factors also play a role in OA.

Selenium deficiency together with pro-oxidative products of organic matter in
drinking water (mainly fulvic acid) and contamination of grain by fungi have
been proposed as environmental causes for Kashin–Beck disease. The efficacy of
selenium supplementation in preventing the disorder, however, is controversial.
Moreno-Reyes et al. studied iodine and selenium metabolism in 11 villages in
Tibet in which Kashin–Beck disease was endemic and 1 village in which is was not
(106). They found iodine deficiency to be the main determinant of Kashin–Beck
disease in these villages. It should be noted, however, in the three groups (1) people
with disease in villages with Kashin–Beck disease, (2) people without disease in
villages with Kashin–Beck Disease, and (3) people in the control group without
Kashin–Beck Disease, all had selenium levels that were very low and those in the
latter group had the lowest levels. In an accompanying editorial, Utiger inferred
that Kashin–Beck disease probably results from a combination of deficiencies of
both of these elements, and speculated that growth plate cartilage is both dependent
on locally produced triiodothyronine and sensitive to oxidative damage (105). It
should be noted that there is little evidence, if any, to suggest that Kashin–Beck
disease has any similarities with adult-onset spontaneous osteoarthritis.

Jordan et al. evaluated the relationship between selenium and knee OA in an
observational community-based population, the Johnston County Osteoarthritis
Project (107), in which 940 participants submitted toenail clippings for a selenium
assessment by Instrumental Neutron Activation Analysis. Radiographic knee OA
was scored using a definition of Kellgren–Lawrence grade � 2. Mean selenium
levels were 0.76 parts per million (ppm) (� 0.12). Compared with those in the lowest
tertile of selenium, those in the highest tertile had an OR of 0.62 (95%CI: 0.37–1.02)
for having prevalent knee OA and an OR of 0.56 (95%CI: 0.31–0.97) for having
bilateral knee OA. Based on these findings, low selenium levels appear to be
associated with prevalent knee OA, particularly bilateral disease.

While results from this study are provocative, there are several limitations to it.
First, although the measurement of selenium via toenail clippings has been used in
the past, the duration of exposure to different selenium levels cannot be ascertained
using this measurement. Second, given that Kashin–Beck disease was the model
from which selenium deficiency was hypothesized to be associated with OA, infor-
mation on iodine status would have been of interest in this study. Admittedly, the
supplementation of iodine in salt within the United States makes it less likely to find
people severely deficient in iodine. However, if iodine status was predictive of OA in
participants with low selenium levels as has been seen in Kashin–Beck disease, it
would be important in enhancing our understanding of the role of selenium in
osteoarthritis pathophysiology. Finally, it is possible that selenium concentration
could be the surrogate for another unmeasured micronutrient. A randomized
controlled trial of selenium supplementation (perhaps in factorial designwith iodine
supplementation) is needed to evaluate whether it would be effective as a DMOAD.
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There is little research evaluating the efficacy of selenium in treating osteoarthritis
symptoms. There is one small published clinical trial of supplemental selenium in
which Hill and Bird conducted a 6-month double-blind placebo-controlled study of
Selenium-ACE, a proprietary nutritional supplement in theUnitedKingdom, among
30 patients with either primary or secondary hip or knee OA (108). The ‘‘active’’
treatment contained on average 144 mg of selenium as well as 450 mg, 90 mg, and
30 mg of vitamins A, C, and E, respectively. In fact, the ‘‘placebo’’ also contained
2.9 mg of selenium. Pain and stiffness scores remained similar for the two groups at
both 3 and 6 months of follow-up. The authors concluded that their data did not
support efficacy for selenium-ACE in relieving osteoarthritis symptoms.

It is unlikely that the aforementioned clinical trial will provide any insight
regarding the efficacy of selenium in the treatment of symptoms in OA. With just
30 participants in the trial, it is underpowered to detect even a moderate effect of
selenium. Even if investigators had found an effect of the active treatment, it would
have been impossible to attribute the effects to selenium as the active treatment also
contained moderate-high doses of vitamins A, C, and E. A larger randomized
placebo-controlled clinical trial evaluating selenium supplementation should be
conducted to evaluate its efficacy in the treatment of symptoms related to OA.

23.2.7 Other Nutritional Products

There appears to be an increasing number of nutritional remedies being promul-
gated for purported benefits in arthritis. Trials of S-adenosylmethionine also have
had apparently positive results, albeit somewhat limited by adverse effects and high
dropout rates (109–114). A ginger-derived product has also been tested in a trial
that had moderately positive results (115).

23.3 OXIDATIVE DAMAGE AND OSTEOARTHRITIS

Reactive oxygen species (ROS) are molecules such as superoxide, hydrogen
peroxide, and hydroxyl radical that are associated with cell damage. The use of
oxygen as part of the process for generating metabolic energy produces reactive
oxygen species. ROS are species with unpaired electrons, which are constantly
formed in tissues via endogenous and some exogenous mechanisms (116). Nor-
mally the oxygen is reduced to produce water; however, in about 1–2% of all cases,
the oxygen is reduced to produce the superoxide radical (O2

–) (117), as a by-product
in the electron transport chain (118). Free radicals are also produced in the mito-
chondria and are implicated in the development or exacerbation of many common
human diseases associated with aging (116,119–121), including osteoarthritis (122).
Other endogenous sources include release by phagocytes during the oxidative burst,
generated by oxidase enzymes and hypoxia-reperfusion events (123). ROS can cause
damage to many macromolecules including cell membranes, lipoproteins, proteins,
and DNA (124). Chondrocytes are important sources of ROS. Oxidative damage to
cartilage is physiologically important (125–128), as superoxide anions can damage
collagen structure, depolymerize synovial fluid hyaluronate, and damage mitochon-
dria, (122,125,127,129,130). which may also contribute to the age-related loss of
chondrocyte function (122). Evidence of oxidative damage due to over-production
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of nitric oxide and other ROS has been demonstrated in aging and osteoarthritic
cartilage (131) and has been correlated with the extent of cartilage damage (132).
Subjects with chondral or meniscal lesions also have increased levels of ROS in their
synovial fluid (133).

23.3.1 Antioxidant Effects

The human organism has a large multilayered antioxidant defense system (116).
Intracellular defense is provided primarily by antioxidant enzymes including per-
oxidases, catalase, and superoxide dismutase. Hyaluronic acid may also have an
antioxidant role in joints (134). Antioxidant micronutrients may act as reducing
agents that prevent oxidative reactions often by scavenging ROS before they can
damage cells, and thereby have an important function in the extracellular space
where antioxidant enzymes are rare (135). Antioxidants include the micronutrients
ascorbate (vitamin C), alpha-tocopherol (vitamin E), beta-carotene (a vitamin A
precursor), and other carotenoids. The serum concentrations of these antioxidants
are primarily determined by dietary intake. The concept that antioxidant micronu-
trients might provide further defense against tissue injury when intracellular
enzymes are overwhelmed, has led to the hypothesis that high dietary intake of
these micronutrients might protect against age-related disorders. However, when
ROS are produced in increased amounts like in osteoarthritis, the antioxidant
capacity of cells and tissues can become insufficient to detoxify the ROS, which
then contribute to cartilage degradation by inhibiting matrix synthesis, directly
degrading matrix molecules, or by activating matrix metalloproteinases (MMPs)
(136). which are zinc-dependent proteases. In such instances, antioxidant micro-
nutrients might provide further defense against tissue injury. Therefore, given
their antioxidant properties, vitamins could have beneficial effects in osteoarthri-
tis (137,138). High dietary intake of these micronutrients may protect against
age-related disorders. Since higher intake of dietary antioxidants appears bene-
ficial with respect to outcomes such as cataract extraction and coronary artery
disease (119–121,139) it is possible that they may confer similar benefits for
osteoarthritis.

23.3.2 Antioxidant Micronutrients in Osteoarthritis

23.3.2.1 VITAMIN C

Vitamin C, also known as ascorbic acid or ascorbate, is a water-soluble antiox-
idant vitamin that is found naturally in citrus fruits, rose hips, blackcurrants, and
strawberries, as well as in vegetables such as brussel sprouts, broccoli, peppers,
cabbage, potatoes, and parsley.

Vitamin C plays several functions in the biosynthesis of cartilage molecules.
Vitamin C is required for the post-translational hydroxylation of specific prolyl
and lysyl residues in procollagen, through the vitamin C-dependent enzyme lysyl
hydroxylase. This modification essential for stabilization of the mature collagen
fibril (119–121, 139–141). Vitamin C also appears to stimulate collagen biosynth-
esis by pathways independent of hydroxylation, perhaps through lipid peroxidation
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(142). In addition, vitamin C participates in glycosaminoglycan synthesis by acting
as a carrier of sulfate groups (143). Therefore, relative deficiency of vitamin C may
impair not only the production of cartilage but also its biomechanical quality.

Recent work on the impact of oxidative stress on cartilage has added insights
into the biological mechanisms of osteoarthritis progression. Yudoh et al. studied
this from the viewpoint of genomic instability and replicative senescence in human
chondrocytes (132). They isolated chondrocytes from articular cartilage from
patients with knee osteoarthritis, looking to measure oxidative damage histologi-
cally by immunohistochemistry for nitrotyrosine (e.g., a maker of oxidative damage).
They then assessed cellular replicative potential, telomere instability, and glycosami-
noglycan production both under conditions of oxidative stress and in the presence of
an antioxidant (ascorbic acid). Similarly, in the tissue cultures of the articular carti-
lage explants, theymeasured the presence of oxidative damage, chondrocyte telomere
length, and loss of glycosaminoglycans in the presence or absence of reactive oxygen
species, or ascorbic acid.

They found lower antioxidative capacity and stronger staining of nitrotyrosine in
osteoarthritic regions compared with normal regions within the same cartilage
explants. Oxidative damage correlated with the severity of histological damage.
During continuous culture of the chondrocytes, the telomere length, replicative
capacity, and glycosaminoglycan production were all decreased in the presence of
oxidative stress. In contrast, treatment of cultured chondrocytes with ascorbic acid
resulted in greater telomere length and replicative lifespan of the cells. Similarly, in
the tissue cultures of the cartilage explants, chondrocyte telomere length and
glycosaminoglycan production in the cartilage tissue subjected to oxidative stress
were lower in than in the control groups, while those treated with ascorbic acid
exhibited a tendency to maintain the chondrocyte telomere length and glycosami-
noglycan production. These results suggest that oxidative stress induces chondro-
cyte telomere instability and catabolic changes in cartilage matrix structure and
composition. This process may contribute to the development and/or progression
of osteoarthritis.

The results of in vitro and in vivo studies support this hypothesis. Peterkovsky
et al. observed decreased synthesis of cartilage collagen and proteoglycan mole-
cules, in guinea pigs deprived of vitamin C. Moreover, addition of ascorbate to
tissue cultures of adult bovine chondrocytes resulted in decreased levels of degra-
dative enzymes and increased synthesis of type II collagen and proteoglycans
(143,144). Yudoh et al. recently also demonstrated greater telomere length and
replicative lifespan of human chondrocytes in culture medium treated with ascor-
bate (132). Schwartz et al. and Meacock et al. found that vitamin C supplementa-
tion in a guinea pig model of surgically induced osteoarthritis reduced the extent of
joint damage (145,146).

Epidemiologic data from the Framingham OA cohort also suggest that higher
intake of vitaminCmay reduce progression of OA (147). In that study, participants
had knee X-rays taken at a baseline and at follow-up approximately 8 years later.
Knee osteoarthritis was classified using the Kellgren and Lawrence grading system
(148). Nutrient intake, including supplement-use, was calculated from dietary
habits reported at the mid-point of the study using a food frequency questionnaire.
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In the analyses, micronutrient intakes were ranked into sex-specific tertiles and
tested to see if higher intakes of vitamin C, vitamin E, and beta-carotene, compared
with a panel of non-antioxidant ‘‘control’’ micronutrients, were associated with
reduced incidence and reduced progression of knee osteoarthritis. All analyses
presented were adjusted for age, sex, body mass index, physical activity, and total
energy intake. Six hundred forty participants (mean age 70.3 years) had complete
assessments. There were no significant associations with vitamin C and incident
radiographic knee osteoarthritis. However, with respect to progression of radio-
graphic knee osteoarthritis, there was a threefold reduction in risk for those in the
middle and highest tertiles compared to those in the lowest tertile of vitamin C
intake (adjusted OR 0.3, 95%CI 0.1–0.6). Those in the highest tertile for vitamin C
intake also had reduced risk of developing knee pain (OR 0.3, 95%CI 0.1–0.9).
Reduction in risk of progression was also seen for �-carotene (OR 0.4, 95%CI
0.2–0.9) and vitamin E (OR 0.7, 95%CI 0.3–1.6) but these findings were less
compelling, in that the beta-carotene association diminished substantially after
adjustment for vitamin C, and the vitamin E effect was seen only in men (OR
0.07, 95%CI 0.07–0.6).

Vitamin C is a water-soluble compound with a broad spectrum of antioxidant
activity due to its ability to react with numerous aqueous free-radicals and reactive
oxygen species (116). The extra-cellular nature of reactive oxygen species-mediated
damage in joints, and the aqueous intra-articular environment, may favor a role for
a water-soluble agent such as vitamin C, rather than fat-soluble molecules like
�-carotene or vitamin E. In addition, it has been suggested that vitamin C may
‘‘regenerate’’ vitamin E at the water–lipid interface by reducing�-tocopherol radical
back to �-tocopherol. Whether this occurs in vivo, however, is controversial. An
alternative explanation is that the protective effects of vitamin C relate to its
biochemical participation in the biosynthesis of cartilage collagen fibrils and pro-
teoglycan molecules, rather than its antioxidant properties. No significant associa-
tions were observed for any of the micronutrients among alleged non-antioxidants.

Baker and colleagues investigated the relationship of vitamin C intake (evaluated
using a food frequency questionnaire) and knee pain over a 30-month period among
324 (mostly men) participants in the Boston Osteoarthritis of the Knee study, a
natural history study of knee osteoarthritis (149). In this cross-sectional analysis,
pain score was computed as an average of WOMAC pain scores reported at all
visits. Vitamin C status was based on the average vitamin C level from all visits.
Individuals with in the lowest tertile of vitamin C intake had more knee pain after
adjusting for age, body mass index, and energy intake compared to those in the
middle and highest tertiles of vitamin C intake with the relation being stronger in
men than in women.

There are numerous reasons to expect that vitamin C might have beneficial
effects in osteoarthritis, so the results of a recent study of the effects of ascorbic
acid supplementation on the expression of spontaneous osteoarthritis in theHartley
guinea pig are surprising (150). This rigorous investigation tested the effects of
three doses of ascorbic acid on the in vivo development of histological knee
osteoarthritis. The low dose represented the minimum amount needed to prevent
scurvy. Themedium dose was the amount present in standard laboratory guinea pig
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chow and resulted in plasma levels comparable with those achieved in a person
consuming five fruits and vegetables daily. The high dose was the amount shown in
a previous study of the guinea pig to slow the progression of surgically induced
osteoarthritis (146).

A positive association between the ascorbic acid supplementation and the sever-
ity of spontaneous osteoarthritis was observedwith a higher dose of vitaminC being
associated with greater severity of arthritis. A dose-dependent increase in all ele-
ments of the knee joint histological scores was seen across the three arms of the
study. There was a significant correlation of histologic severity score with plasma
ascorbate concentration (r=0.38, p=0.01). Of note, there was evidence of active
TGF in the guinea pigs in this study, predominantly expressed in marginal osteo-
phytes, whereas little was seen in the extracellular matrix of the articular cartilage,
remote from osteophytes (150). TGF has been implicated in the pathophysiology
of osteoarthritis (151–153), and ascorbate may function on an activator of this
cytokine (154). The presence of TGF in osteophytes supports a role of this cytokine
in the effects of vitamin C on histologic severity.

While these findings are provocative, it remains uncertain to what extent they can
be generalized to humans. The model of spontaneous osteoarthritis used in this
study may not reflect the same pathology as osteoarthritis in humans. Further, it is
difficult to extrapolate that the concentrations of vitamin C considered pathologic
in guinea pigs are also pathologic in humans. Nonetheless, it is paradoxical that an
apparently beneficial effect of dietary vitamin C was found in the Framingham
cohort study (147) and in the Boston Osteoarthritis of the Knee study. Thus, the
current knowledge predicates a need for further studies of vitamin C in humans.

One multicenter, randomized, double-blind, placebo-controlled case-crossover
study of 133 patients with radiographically diagnosed hip and/or knee OA evalu-
ated the effectiveness of 1 g of oral calcium ascorbate (155). Each participant
received vitamin C for 14 days and placebo for 14 days, separated by a 7-day
washout period. The participants were randomized to the sequence of administra-
tion of vitamin C and placebo. The primary outcome was pain on VAS in a pre-
selected joint. Using intent-to-treat analysis, treatment with vitamin C resulted in a
greater improvement in pain compared with placebo with a mean difference of
4.6 mm (p ¼ 0.0078).

These results are exciting and support the possibility that vitamin C is effective in
improving symptoms related to knee and/or hip osteoarthritis. However, there are
several limitations to this study preventing vitamin C from being hailed as a
treatment for symptomatic osteoarthritis. First, the dosage of vitamin C used in
this trial was more than 10 times that of the Recommended Dietary Allowances of
60–200 mg per day, though it has been reported that oral doses up to 3 gm daily are
unlikely to cause adverse reactions. The long-term safety of such high doses of
vitamin C in older patients with osteoarthritis needs further evaluation, and efficacy
needs to be confirmed by longer studies. Also, this trial was relatively small and it
included participants with knee and/or hip OA, likely a heterogenous population.
Finally, it is unclear whether a mean difference of 4.6 mm on VAS is a meaningful
difference, though vitamin C’s duration of action is unclear and treatments with a
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prolonged duration of action potentially will have apparently diluted out effects in
studies with a case-crossover design, biasing the results toward the null. Thus, the
presence of even a small effect of vitamin C may still be very meaningful.

23.3.2.2 VITAMIN D

Vitamin D, also known as calciferol, is a broad term inclusive of a collection of
steroid-like substances such as vitamin D2 (ergocalciferol) and vitamin D3 (chole-
calciferol). Vitamin D is only found in animal sources and can be produced by the
body with exposure to ultraviolet radiation.

Normal bone metabolism requires the presence of vitamin D. Suboptimal vita-
min D levels may have adverse effects on calcium metabolism, osteoblast activity,
matrix ossification, and bone density (156,157). Hence, low tissue levels of vitamin
D may impair the ability of bone to respond optimally to pathophysiological
processes in osteoarthritis and predispose to disease progression.

Reactive changes in the bone underlying, and adjacent to, damaged cartilage are
an integral part of the osteoarthritic process (158–164). Sclerosis of the underlying
bone, trabecular micro-fracturing, attrition, and cyst formation are all likely to
accelerate the degenerative process as a result of adverse biomechanical changes
(165,166). Other phenomena, such as osteophyte (bony spur) formation may be
attempts to repair or stabilize the process (167,168). It has also been suggested that
bone mineral density may influence the skeletal expression of the disease with a
more erosive form occurring in individuals with ‘‘softer’’ bone (169). Although
some cross-sectional studies have suggested a modest inverse relationship between
presence of osteoarthritis and osteoporosis, recent prospective studies have sug-
gested that individuals with lower bone mineral density are at increased risk for
osteoarthritis progression (170). The idea that the nature of bony response in
osteoarthritis may determine outcome has been further advanced by the demon-
stration that patients with bone scan abnormalities adjacent to an osteoarthritic
knee have a higher rate of progression than those without such changes (171).

Animal studies suggest that vitamin D might also have direct effects on chon-
drocytes in osteoarthritic cartilage. They suggest that vitamin D might exert an
effect on the development or progression of OA through cartilage as well as bone.
Although these findings emanate from animal studies, they serve as preliminary
data that these relationships may also exist in humans. During bone growth,
vitamin D regulates the transition in the growth plate from cartilage to bone. It
had been assumed that chondrocytes in developing bone lose their vitamin D
receptors with the attainment of skeletal maturity. Corvol et al., however, found
that chondrocytes isolated from mature rabbit growth plate cartilage were able to
transform 25-hydroxycholecalciferol to 24,25-dihydroxy-cholecalciferol (172,173).
They also observed that 24,25-dihydroxy-cholecalciferol could stimulate proteogly-
can synthesis by mature chondrocytes and that it increased DNA polymerase
activity in chondrocytes during cell division. Additionally, they demonstrated
the presence of nuclear receptors for 24,25-dihydroxy-cholecalciferol in chondro-
cytes (172).

Tetlow & Woolley were able to demonstrate a regional association of vitamin D
receptor expression withmatrix metalloproteinase (MMP) expression in osteoarthritic
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human chondrocytes, a phenomenon virtually absent in normal cartilage (174). In
further analyses using chondrocyte culture systems, they found that 1-25(OH)2D3

could up-regulate expression of matrixMMP-3, yet suppress production ofMMP-9
and prostaglandin E2. Thus, in vitro vitamin D has both enhancing and suppressive
roles in the regulation of chondrocyte products. Since these could have differential
effects on cartilage, and the net overall effect is unknown, Tetlow et al. (broadly)
concluded that the disparate modulatory effects of 1-25(OH)2D3 may be of rele-
vance to the chondrolytic processes that occur in OA and that further research is
needed.

In addition, vitamin D deficiency could also importantly affect other elements
of disease in osteoarthritis, including pain and muscle weakness. Bischoff et al.
investigated the in situ expression of 1,25-dihydroxyvitamin D3 receptor in human
skeletal muscle tissue (175). Intraoperative periarticular muscle biopsies were
obtained from 20 female patients receiving total hip arthroplasty due to osteoar-
thritis of the hip or an osteoporotic hip fracture or back surgery. The immuno-
histological distribution of the vitamin D3 receptor was investigated using a
monoclonal rat antibody to the receptor. The receptor-positive nuclei were quan-
tified by counting 500 nuclei per biopsy. Strong intranuclear immunostaining of
the vitamin D receptor was detected in human muscle cells. Biopsies of hip
patients had significantly fewer receptor-positive nuclei compared to those of
back surgery patients (p ¼ 0.002). VDR expression was significantly correlated
with age (correlation coefficient ¼ 0.46; p ¼ 0.005), but not with vitamin D levels.
The data demonstrated presence of nuclear 1,25-dihydroxyvitamin D3 receptor in
human skeletal muscle.

In a subsequent study, Bischoff et al. studied whether VDR expression in vivo is
related to age or vitamin D status, or whether VDR expression differs between
skeletal muscle groups (176). They investigated these factors and their relation to
1,25-dihydroxyvitamin D receptor (VDR) expression in muscle. Intranuclear
immunostaining of the VDR was present in muscle biopsy specimens of all ortho-
pedic patients undergoing total hip arthroplasty or spinal surgery. Older age was
significantly associated with decreased VDR expression (�= –2.56; p ¼ 0.047),
independent of biopsy location and serum 25-hydroxyvitamin D levels.

In addition, higher BMD (170,177) has been found to be associated with a
decrease in disease progression in persons with knee osteoarthritis. Zhang et al.,
in a prospective analysis found that high BMD as well as BMD gain decreased the
risk of progression of radiographic knee osteoarthritis in the Framingham cohort
(170). Furthermore, a significant positive association between serum 25(OH)D and
BMD in individuals with primary knee osteoarthritis was observed in the Framing-
ham study, independent of sex, age, BMI, knee pain, physical activity, and disease
severity (178), suggesting that vitamin D supplementation may enhance BMD in
persons with OA.

McAlindon et al. tested the association of vitamin D status on the incidence and
progression of knee OA among the Framingham OA Cohort Study participants
(179). This study included both a dietary assessment and a serum assay of 25(OH)
D. Dietary intake of vitamin D and serum 25(OH)D levels was unrelated to
osteoarthritis incidence. Risk of progression over 8 years, however, was three- to
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–fourfold higher for participants in the middle and lower tertiles of both vitamin D
intake (OR for lowest vs. highest tertile 4.0, 95%CI: 1.4–11.6) and serum level (OR
2.9, 95%CI: 1.0–8.2). Low serum vitamin D level also predicted cartilage loss,
assessed by loss of joint space (OR 2.3, 95%CI: 0.9–5.5) and osteophyte growth
(OR 3.1, 95%CI: 1.3–7.5).

Lane et al. tested the relationship of serum 25- and 1,25-(OH)2 D with the
development of radiographic hip OA among older Caucasian women participating
in the Study of Osteoporotic Fractures (180). They measured serum vitamin D
levels in 237 subjects randomly selected from 6,051 women who had pelvic radio-
graphs taken at both the baseline examinations and after 8 years of follow-up. They
analyzed the association of vitamin D levels with the occurrence of joint space
narrowing and with the development of osteophytes, and with changes in the mean
joint space width and individual radiographic feature scores during the study
period. The risk of incident hip OA defined as the development of definite joint
space narrowing was increased for subjects who were in the middle (OR 3.21;
95%CI 1.06–9.68) and lowest (OR 3.34; 95%CI 1.13–9.86) tertiles for vitamin D
comparedwith those in the highest tertile. VitaminD levels were not associated with
incident hip OA defined as the development of definite osteophytes or new disease.
No association between serum vitamin D and changes in radiographic hip OA was
found.

Recently, Felson et al. evaluated the relationship between vitamin D status and
cartilage loss in osteoarthritis (181). They measured 25(OH)D levels by radio-
immunoassay in participants from two longitudinal cohort studies, the Framing-
hamOsteoarthritis Study and the BostonOsteoarthritis of the Knee Study (BOKS).
The Framingham Osteoarthritis study included individuals without knee OA (87%
of knees had a K/L score �1), while participants in BOKS had symptomatic knee
osteoarthritis at baseline (21% of knees had a K/L score �1). In both studies,
worsening was defined by radiographic tibiofemoral joint space loss. In addition,
the BOKS also obtained knee MRIs at baseline and at 15 and 30 months, of which
26% had a K/L score �1 at baseline. The mean vitamin D level was 20 ng/ml at
baseline in both studies, and about 20% of knees exhibited joint space loss during
the observation periods. The investigators found no association of baseline vitamin
D levels with radiographic worsening or cartilage loss measured on MRI. In the
BOKS, 57% of knees with MRI showed progressive cartilage loss on follow-up
MRI (�1 cartilage plate). In this cohort, the risk of cartilage loss was lower for
subjects with vitaminD deficiency (25(OH)D<20 ng/ml) compared with those with
sufficient vitamin D levels (25(OH)D �20 ng/ml), adjusting for age, sex, BMI, and
baseline cartilage score (OR 0.74, 95%CI 0.50, 1.09). However, the analyses did not
distinguish between incidence of radiographic OA and progression. Also, as noted
by the authors, MRIs were not acquired in a way that permits evaluation of change
in cartilage volume.

Carbone et al. tested the relationship of antiresorptive drug use to structural
findings and symptoms of knee osteoarthritis (182) in the Women in the Health,
Aging and Body Composition Study. They found associations of use of alendronate
and/or estrogen with lower structural lesion and lower pain scores (182). However,
as pointed out by DeMarco (183), the original report did not account for potential
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influence of vitamin D on these associations. Carbone at al, therefore, re-analyzed
their results to adjust for a possible effect of vitaminD supplement use (184). In this
study, 16% of participants used vitamin D supplements. Vitamin D supplements
use was not associated with structural changes of osteoarthritis or pain severity, nor
did its inclusion as a covariate in the statistical models change the formerly observed
associations.

Thus, the epidemiological evidence on the relationship of vitamin D to OA, and
OA progression, is conflicting. Clearly, it is a public health priority to establish
whether vitamin D has disease-modifying properties for OA. Therefore, we are
currently involved in conducting a randomized double-blind placebo-controlled
trial evaluating longitudinal structural progression and symptom effects of vitamin
D supplementation on osteoarthritis.

23.3.2.3 VITAMIN E

Vitamin E comprises eight fat-soluble compounds, tocopherols (derivatives of
tocol), �-, �-, �-, and �-tocopherol and �-, �-, �-, and �-tocotrienol, produced solely
by plants. Some of the richest sources of vitamin E include vegetable and nut oils,
safflower, nuts, sunflower seeds, and whole grains. The most common and biologi-
cally active form is alpha-tocopherol (5,7,8 tri-methyltocol). Synthetic �-tocopherols
and their esters also exist. �-Tocopherylacetate is often used commercially because
vitamin E esterification protects it from oxidation. In the human body, the ester is
rapidly cleaved by cellular esterases making natural vitamin E available.

Vitamin E has diverse influences on the metabolism of arachadonic acid, a pro-
inflammatory fatty acid found in all cell membranes. Vitamin E blocks formation of
arachidonic acid from phospholipids and inhibits lipoxygenase activity, without
having much effect on cyclooxygenase (185). It is, therefore, possible that vitamin
E reduces the modest synovial inflammation that may accompany osteoarthritis.

In vitro effects of vitamin E on chondrocytes have been investigated. Tiku et al.
showed that vitamin E reduced the catabolism of collagen by preventing the protein
oxidation mediated by aldehydic down products of lipid peroxidation when chon-
drocytes were submitted to an oxidative burst (186). Vitamin E strongly increased
the sulfate incorporation while slightly reducing the glucosamine incorporation
(187), suggesting that it increased glycosaminoglycan (GAG) sulfation or that it
increased GAG synthesis while reducing glycoprotein or glycolipid synthesis. Like
vitamin C, vitamin E affected the activities of lysosomal enzymes: it decreased the
activities of arylsulfatase A and acid phosphatase in cultures of human articular
chondrocytes (187). However, vitamin E did not affect the LPS-induced catabolism
of GAGs (188) and did not prevent synoviocyte apoptosis induced by superoxide
anions (189).

Previous studies suggest that vitamin E may enhance chondrocyte growth via
protection against reactive oxygen species and ultimately modulate the develop-
ment of osteoarthritis (128,190). In the Framingham OA Cohort, men with higher
vitamin E levels were less likely to have knee OA progression compared with those
with lower levels (147).

Benefit from vitamin E therapy has been suggested by several small human
studies of osteoarthritis (191–194). In a 6 week double-blind placebo-controlled
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trial of 400 mg alpha-tocopherol (vitamin E) in 56 patients with osteoarthritis
(195), vitamin E-treated participants experienced greater improvement in every
efficacy measure including pain at rest (69% better in vitamin E vs. 34% better in
placebo, p<0.05), pain on movement (62% better on vitamin E vs. 27% on
placebo, p<0.01), and use of analgesics (52% less on vitamin E; 24% less on
placebo, p<0.01). The rapid response in symptoms observed in this study suggests
that vitamin E does not exert a structural effect in osteoarthritis; instead, perhaps
the beneficial effect results from some metabolic action such as inhibition of arachi-
donic acid metabolism.

Two trials concluded that vitamin E was more efficient than placebo in decreas-
ing pain. In a small 10-day crossover trial on spondylosis, 600 mg of vitamin E per
day was superior to placebo as assessed by a patient questionnaire (196). One trial
suggested that vitamin E was no less efficient than diclofenac, a nonsteroidal anti-
inflammatory drug, in decreasing pain. In a 3-week randomized controlled trial, no
significant difference was found between 544 mg of �-tocopherylacetate three times
a day and 50 mg diclofenac three times a day on VAS of pain (197). However, the
twomost recent trials failed to show any benefit over placebo on knee osteoarthritis.
Vitamin E (500 IU of per day) showed no symptomatic benefit over placebo as
assessed by WOMAC in a 6-month randomized controlled trial (198).

Results from a 2-year double-blind, placebo-controlled trial among 136 patients
with knee osteoarthritis do not support a chondroprotective effect of vitamin E.
Wluka et al. tested whether vitamin E (500 IU) affects cartilage volume loss in
patients with knee osteoarthritis (199). The primary outcome was change in tibial
cartilage volume from baseline to 2 years follow-up measured by magnetic reso-
nance imaging. Secondary outcomes included pain, stiffness, function, and total
WOMAC scores as well as the SF-36. One hundred seventeen subjects completed
the study for a loss to follow-up rate of 14%. Loss of medial and lateral tibial
cartilage was similar in subjects treated with vitamin E and placebo (e.g., mean loss
in the medial compartment 157 vs. 187 mm3, p ¼ 0.5). There were no significant
differences between the vitamin E and the placebo-treated groups in improvement
of symptoms from baseline. The authors concluded that vitamin E does not appear
to benefit cartilage volume loss in osteoarthritis.

However, there are limitations that should be considered in the interpretation of
these results. First, this study was powered to detect a 50% reduction in the rate of
cartilage loss in the treatment arm. This effect size likely was an over-estimate of any
effect that could have been expected from vitamin E over a 2-year follow-up period.
Second, the structural outcome measure evaluated in this study was cartilage
volume assessed on MRI. This is problematic since cartilage volume uncorrected
for surface area lacks construct validity (200). Further, cartilage volume has not
been tested for sensitivity to change, thus it is unclear whether a real change in
cartilage volume within a given individual can be distinguished from measurement
error. Cartilage volume needs to be comprehensively validated and evaluated for
reliability before it should replace joint space narrowing on plain radiograph as the
structural outcome measure recommended in OA clinical trials (83). In this study,
cartilage volume was the only structural outcome measured.
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A recent systematic review observed that although three out of the five RCTs
concluded that vitamin E decreased pain, the two longest, largest, and highest-
quality trials failed to detect any symptomatic or structural effects in knee OA,
suggesting that, at least for knee OA, vitamin E alone has no medium-term bene-
ficial effect. According to the best-evidence synthesis, the authors concluded that
there is no evidence of symptom-modifying efficacy for vitamin E and some evi-
dence of inefficacy regarding structure-modifying effects (104).

23.3.2.4 VITAMIN K

The primary form of vitaminK, a fat-soluble vitamin, in the diet is phylloquinone
(vitamin K1), which is concentrated in dark green leafy vegetables and vegetable
oils. Although there is some endogenous production of vitamin K, a subclinical
deficiency can develop by limiting dietary intake of phylloquinone. Low dietary
intake of vitamin K is common, and studies evaluating biochemical measures of
vitamin K status suggest that inadequate intake of vitamin K is widespread among
adults in the United States and the United Kingdom (201,202).

Although it is not known to have antioxidant effects, vitamin K does have bone
and cartilage effects, which may be relevant for osteoarthritis. Post-translational
�-carboxylation of glutamic acid residues to form �-carboxyglutamic acid (Gla)
residues confers functionality to these ‘‘Gla’’ proteins (203). Vitamin K is an
essential co-factor for this process (203). Multiple coagulation, bone, and cartilage
proteins are dependent upon vitamin K because the Gla residues are required for
these proteins to function appropriately. Bone and cartilage Gla proteins include
growth arrest-specific protein 6 (Gas-6), and the skeletally expressed extracellular
matrix proteins, osteocalcin, and matrix Gla protein (MGP) (203–206).

The vitamin K-dependent �-carboxylation of these bone and cartilage proteins is
important for their normal functioning. Growth arrest-specific protein 6 (Gas-6),
through its interactions with the axl tyrosine kinase receptor, prevents chondrocyte
apoptosis and is involved in chondrocyte growth and development (204). Low
levels of vitaminK could lead to inadequate levels of functional Gas-6, contributing
to increased chondrocyte apoptosis and attendant mineralization. Another Gla
protein is osteocalcin, the most abundant noncollagenous protein in bone, and a
potent inhibitor of hydroxyapatite mineralization. Matrix Gla protein (MGP), a
protein which plays a role in chondrocyte development and maturation, is asso-
ciated with mineralization in hypertrophic chondrocytes and endochondral ossifi-
cation, the same process through which osteophytes form (207,208). Also, MGP
may inhibit mineralization via its interaction with bone morphogenetic protein-2
(BMP-2). BMP-2 is a known inducer of chondrocyte and osteoblast differentiation
that signals through Smad1, together enhancing bone formation. Interference by
MGP leads to diminished bone-forming capacity (209), and conversely, under-
carboxylated MGP could lead to increased bone-forming capacity.

Beyond being a necessary co-factor for �-carboxylation, vitamin K compounds
also exhibit anti-inflammatory properties, reducing prostaglandin E2 and interleu-
kin-6 production and inhibiting interleukin-1 and prostaglandin E2-mediated bone
resorption (210,211).
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The effects of inadequately functioning vitamin K-dependent proteins has been
seen in warfarin (vitamin K antagonist) embryopathy, Keutel syndrome (a genetic
disorder where MGP is deficient), and an MGP knock-out mouse model, all of
which exhibit growth plate cartilage abnormalities (212–214). These abnormalities
may reflect a process similar to osteophyte formation since both cartilage plate
abnormalities and osteophyte formation involve endochondral ossification. Thus,
vitamin K is an important regulator of bone and cartilage mineralization and
function and may play a role in osteoarthritis.

Neogi et al. investigated the potential association between vitamin K and
osteoarthritis in the Framingham Osteoarthritis cohort. In their first assessment
they examined the relationship between dietary vitamin K intake (evaluated using a
food frequency questionnaire) and radiographic evidence of osteophytes (215).
They demonstrated an association between higher vitamin K intake and lower
osteophyte prevalence, but the association was not significant with prevalence
ratios of osteophytes from lowest to highest vitamin K intake quartiles of 1.0
(reference), 1.1, 0.8, and 0.9 (p for trend ¼ 0.2). In a follow-up study, Neogi et al.
subsequently measured vitamin K levels using plasma vitamin levels (216). In this
study, they showed an association between plasma phylloquinone and severity of
radiographic osteoarthritis, particularly of osteophytes, in the hand and knee, after
adjusting for age, sex, body mass index, femoral neck bone mineral density, total
energy intake, and plasma vitamin D. The prevalence of hand and knee osteophytes
in those in the highest plasma phylloquinone quartile was 40% lower than in those
in the lowest quartile. No significant associations were noted for control nutrients,
vitamins B1, and B2, suggesting that a healthy lifestyle does not account for these
results.

If a relationship between vitamin K and osteophytes does exist, the public health
benefits could potentially be enormous. However, based on these two observational
studies, it is unclear whether there is an association between vitamin K and osteoar-
thritis. It seems reasonable to expect that plasma levels of micronutrients are more
accurate measure compared with dietary intake measures, lending more credibility
to the latter study supporting an association between vitamin K and osteophytes.

The data is suggestive that vitamin K deficiency is associated with features of
osteoarthritis and osteoarthritis severity, thus vitamin K supplementation has the
potential of being classified as a modifying osteoarthritis drug. To address this
possibility, Neogi and others are currently involved in conducting a randomized
double-blind placebo-controlled trial evaluating longitudinal structural and symp-
tom effects of vitamin K supplementation on osteoarthritis.

23.4 WEIGHT LOSS

Epidemiologic data indicate that being overweight considerably increases the risk
for the development of knee osteoarthritis and may also increase the susceptibility
to both hip and hand OA (217). Since overweight individuals do not necessarily
have increased load across their hand joints, investigators have wondered whether
systemic factors, such as dietary factors or other metabolic consequences of obesity,
maymediate part of this relationship. Early laboratory studies in animals suggested
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that there is an interaction between body weight, genetic factors and diet, although
attempts to demonstrate a direct effect of dietary fat intake have proved incon-
clusive (218,219). The fact that adipose cells share a common stem cell precursor
with connective tissue cells such as osteoblasts and chondrocytes has prompted
investigation into the possibility that their phenotypic differentiation might be
influenced by the metabolic milieu (220). Indeed, fat and fatty acids can influence
prostaglandin and collagen synthesis in vitro and have been associated with
osteoarthritic changes in joints (220,221). Preliminary evidence also suggests that
leptin, an adipose tissue-derived hormone, may have anabolic effects in osteoar-
thritic cartilage (222).

Based on these observations, weight loss is considered a priority in the manage-
ment of overweight individuals with osteoarthritis. However, there have been
relatively few rigorous studies testing weight loss as a therapeutic intervention to
reduce symptoms, prevent disability, or delay disease progression. The Arthritis,
Diet, and Activity Promotion Trial (ADAPT) examined whether long-term exercise
and dietary weight loss are effective interventions for functional impairment, pain,
and mobility in 316 older overweight individuals with knee osteoarthritis (223).
The results suggest that diet-induced weight loss and exercise-induced weight loss
are independently effective but that the combination of the two is additive andmore
effective than either alone. Further, only the combination treatment consistently
showed a significant effect.

In contrast, a more recent study by Christensen et al. (224) differs with the
Arthritis, Diet, and Activity Promotion Trial both in design and in conclusions. On
the basis that weight loss might relieve knee osteoarthritis symptoms both through
biomechanical effects and influences on body fat (225), they tested the effectiveness
of a rapid diet-induced weight-loss intervention on overweight individuals with
knee osteoarthritis, enrolling 96 persons (mostly women) with knee osteoarthritis
into a comparison of a low-energy diet (LED) intervention (3.4 MJ/day�800 kcal/
day) with a control diet (5 MJ/day �1,200 kcal/day). The low-energy diet interven-
tion consisted of a nutrition powder taken as six daily meals that met the recom-
mendations for a daily intake of high-quality protein such that 37% of the energy
provided from the powder was from soy protein. The control intervention (i.e.
‘‘hypo-energetic diet’’) consisted of a traditional low-calorie high-protein diet
taken in the form of ordinary foods individually chosen by participants based on
recommendations from a 2-h nutritional advice session. The LED group also had
weekly dietary sessions, whereas the control group was given a booklet describing
weight-loss practices. The primary outcome was self-reported pain and physical
function limitation measured by the WOMAC index. Changes in body weight and
body composition as independent predictors of changes in knee osteoarthritis
symptoms were also examined.

There were nine dropouts, mainly due to noncompliance. However, this appeared
to be non-differential, so the authors performed an analysis based on completers. The
LED group lost considerably more weight than the controls (11.1 vs. 4.3%) with a
mean difference of 6.8% (95% CI 5.5–8.1%). The LED group also lost 2.2% more
body fat (95%CI 1.5–3.0%). There were substantially greater reductions inWOMAC
scores among the low-energy intervention group. The mean between-group difference
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for the totalWOMAC indexwas 219.3mm (p=0.005). Oddly, this was not reflected in
the Lequesne Index assessment, which detected no between-group difference. In
subsidiary analyses they estimated that the ‘‘Number Needed to Treat’’ to obtain an
improvement in WOMAC score of 50% or greater in at least one patient was 3.4.
They also found that the changes in WOMAC score were best predicted by reduc-
tion of body fat, with a 9.4% significant improvement in WOMAC score for each
percent of body fat reduced.

These results indicate that rapid and substantial weight loss may, by itself,
translate into reduced pain and improved function in overweight patients with
knee osteoarthritis. However, some caution needs to be exerted in interpreting
these results. The long-term effectiveness of this short-term intervention is uncer-
tain. The participants had obesity, and the results may not be generalizable to a less
overweight population. Although the authors assert that the groups were balanced,
the effect of censoring from the analysis the participants who discontinued the
intervention is uncertain. The higher WOMAC scores at baseline in the LED
group compared to the control group provides further evidence that the groups
were not balanced at baseline. This difference makes it difficult to attribute the
differences seen in the two arms at follow-up to the effect of either intervention. The
greater effect of LED as measured by a greater change in WOMAC may have
resulted from a stronger tendency for regression to the mean in the LED group.
Indeed, the Lequesne Index was equal in both groups at baseline and this measure
was not different in the two groups at 8 weeks of follow-up. Further, the LED group
preferentially received more attention with weekly sessions for 8 weeks with the
dietitian to encourage a high degree of compliance, whereas the hypo-energetic
group only met with the dietitian for once at the beginning of the study, a difference
that was not controlled for in their analyses. Finally, the study was essentially
unblinded, which may also have led to between-group biases. Nevertheless, the
results are interesting and underscore a need for further research into potential
benefits from more extreme weight reduction interventions. For instance, prelimin-
ary results from a study of musculoskeletal complaints among morbidly obese
patients undertaking gastric bypass surgery showed a 52% reduction in the number
of symptomatic sites, and an approximately 50% reduction inWOMAC score, 6–12
months following the procedure (226).

A meta-analysis of randomized controlled trials (RCTs) on changes in pain and
function after weight loss among overweight participants with knee osteoarthritis
was recently conducted (227). Four RCTs including 454 participants met the
inclusion criteria. Pooled effect sizes for pain and physical disability were 0.20
(95% CI 0–0.39) and 0.23 (0.04–0.42) at a weight reduction of 6.1 kg (4.7–7.6 kg).
Meta-regression analysis showed that disability could be significantly improved
when weight was reduced over 5.1% or at the rate of >0.24% reduction per week.
Clinical efficacy on pain reduction was present, although not predictable after
weight loss. Meta-regression analysis indicated that physical disability of patients
with knee OA and overweight diminished after amoderate weight reduction regime.
The analysis suggests that a weight loss greater than 5% should be achieved within a
20-week period (i.e., 0.25% per week).
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23.5 RECOMMENDATIONS

1. Achieve or maintain ideal body weight. Even modest weight loss in overweight
individuals with knee OA may reduce the risk of incident or progressive disease.

2. Diet and exercise interventions for osteoarthritis symptoms suggest that treatment
with the combination is more effective than either intervention alone.

3. Encourage a generous intake of fruits and vegetables, especially those rich in
vitamin C.

4. Optimize vitamin D status. For individuals not at risk of vitamin D deficiency,
supplements of 600–800 IU/d are recommended. In the event that either deficiency
or toxicity is suspected, measurement of serum 25-hydroxyvitamin D is appropriate.
Healthy persons have levels of 25–40 ng/mL.

5. Clinical trials of glucosamine and chondroitin products suggest efficacy in treating
OA symptoms. However, the question of efficacy of these treatments with respect to
structural progression still remains. Definitive results are anticipated from an
ongoing NIH-funded study evaluating the efficacy of these treatments.
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24 Post-stroke Malnutrition and Dysphagia

Candice Hudson Scharver,
Carol Smith Hammond, and Larry B. Goldstein

Key Points

� Stroke is the third leading cause of death in the USA and swallowing problems
may affect half or more of stroke patients at some time during the course of their
disease.

� Slightly more than half of stroke patients are malnourished. Pre-existing subclinical
swallowing dysfunction may further predispose elderly stroke patients to dysphagia.

� Early dysphagia assessment is important to minimize aspiration risk and to avoid
dehydration and malnutrition that can lead to further complications and impair the
recovery process.

� Stroke patients with suspected dysphagia should be assessed on a timely basis with a
clinical examination and appropriate instrumental tests.

� Recommendations for dietary modifications or specific therapeutic strategies to
assure adequate nutritional intake, hydration and oral hygiene should be made in
close consultation with a nutritionist.

Key Words: Malnutrition post-stroke; dysphagia; speech language pathologist
(SLP); clinical swallow evaluation (CSE); videofluoroscopic swallow evaluation
(VSE); fiberoptic endoscopic evaluation of swallow (FEES); aspiration; Frazier
Water Protocol

24.1 INTRODUCTION

The American Heart Association estimates that more than 780,000 persons have
strokes in the USA each year. Stroke is the third leading cause of death in the USA
and stroke deaths actually rose 7.7%between 1991 and 2001 (1). Malnutrition is an
important preventable complication that can increase length of stay (LOS) in
patients hospitalized because of acute stroke (2). Dysphagia, or swallowing impair-
ment, affects about 50% of all stroke patients and up to 75% of those with
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brainstem strokes. Estimates of the prevalence of dysphagia vary due to differences
in the definition of dysphagia, the method of assessment of swallowing function, the
timing of the swallowing assessment after stroke, and the number and type of stroke
patients studied (3–5).

Pre-existing malnutrition and subclinical swallowing dysfunction can combine to
enhance nutritional risk following a stroke. An older individual who has an acute
stroke may compromise an already poor nutritional status due to subsequent
dysphagia (1). Dysphagia recovery within the first weeks after stroke varies from
43 to 86%. When dysphagia persists, it is associated with increased mortality rates
and excess morbidity (6).

24.2 MALNUTRITION RISK FACTORS ASSOCIATED WITH STROKE

Malnutrition and stroke often go hand in hand; malnutrition is commonly
observed both before and after a stroke occurs. In a small study of 32 consecutive
admissions of geriatric patients with severe stroke, Axelsson et al. (7) found that
56.3% were malnourished at some point during a hospital stay of more than 3
weeks. In a similar prospective study of 49 consecutively admitted stroke
patients, Finestone et al. (8) assessed the prevalence of malnutrition during
patients’ stay in rehabilitation and 2–4 months following discharge. Basing the
diagnosis on abnormalities for at least two of the following – body weight, sum of
skinfolds, midarm muscle circumference, serum albumin and transferrin, and
total lymphocyte count – the incidence of malnutrition among patients decreased
from 49% on admission to 34% at 1 month, 22% at 2 months, and to 19% at 2–4
month post-discharge follow-up. Strong predictors of malnutrition upon admis-
sion were the use of tube feedings (p¼ 0.043) and dysphagia (p¼ 0.032). Diabetes
mellitus and prior stroke increased the likelihood of malnutrition on admission
by 58 and 71%, respectively. Malnutrition was not associated with gender,
location, or type of stroke (hemorrhage versus infarct), paresis of dominant
arm, socioeconomic status, or level of education. At 1 month post-rehabilitation
admission, malnutrition was associated with age over 70 years (p ¼ 0.002) and at
follow-up was associated with recent weight loss and lack of community nursing
or home nursing care. Routine interventions such as regular weighing, calorie
counts, staff attention to dysphagia, dysphagia diets, and tube feeding appeared
to contribute to the overall decrease in prevalence and degree of malnutrition in
these patients (8). In a subsequent study by this group of investigators, malnu-
trition (p ¼ 0.01) and impaired physical functioning were the only independent
predictors (p < 0.001) of increased length of rehabilitation stay for patients with
acute stroke (2). Likewise, Unosson et al. (9) reported that dependence in
feeding at admission was associated with a progressive loss of body cell mass in
stroke patients.

24.2.1 Malnutrition Due to Feeding Problems

The loss of the ability to self-feed is associated with overall disability as reflected
in scales of activities of daily living (10). The high degree of malnutrition reported
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among stroke patientsmay be due to a period of inadequate nutritional intake in the
early post-stroke period. Foley et al. (11) evaluated the protein and energy intake of
patients with acute stroke (n ¼ 91) who received nutrition through regular diets,
dysphagia diets, or enteral tube feedings at five time points within the first 3 weeks
of admission. Energy intakes were higher for patients receiving enteral feedings as
compared to patients on a regular (p ¼ 0.018) or dysphagia diet (p ¼ 0.024).
Similarly, patients receiving enteral feedings had greater protein intakes than
those on a regular diet (p < 0.0001). There was no difference in either the energy
or protein intake of patients receiving a regular diet as compared to those receiving a
dysphagia diet at any time point. On average, newly diagnosed, well-nourished,
hospitalized patients consumed 80–91% of both their energy and protein require-
ments in the early post-stroke period (11).

Kumlien et al. (12) studied stroke patients (n ¼ 40) in five nursing homes in
Sweden and found that 80% had some sort of dependence in eating. Extensive or
total care was needed in 22.5% and all these severely dependent patients were also
judged as having some cognitive impairment. Sixty percent were moderately
dependent and needed limited assistance, supervision, or meal tray set up. Seven
patients (17.5%) were independent and could self-feed. The number of disabilities
in individual patients ranged from 1 to 7, emphasizing the eating disability com-
plexities in stroke patients. Dysphagia was vaguely described as ‘‘a lot of’’ cough-
ing and was reported in 22.5% of patients. Thirty percent were assessed as having
poor food intake or poor appetite. Reasons for poor food intake included diffi-
culties due to chewing problems (15%), difficulties handling food on the plate
(17.5%), and the need for assistive feeding devices such as tools, plates, or mugs
(27.5%) (12).

Wade et al. (13) reported that 47–80% of stroke patients were affected by
hemiplegia. Trunk control problems and arm and hand weakness in stroke patients
contribute to positioning problems that may lead to posture deficits. Affected
patients may not be able to maintain their head or body in an upright position
and may have to eat one-handed, perhaps with the nondominant hand. Visual,
speech, and language difficulties hinder adequate communication about needs and
food preferences. Cognitive deficits limit the patient’s ability to carry out the
multiple sequences of activities required to eat a meal (14). Depression reduces
appetite and the desire to eat and has a deleterious influence upon recovery of
function in activities of daily living.

The high malnutrition rate (20%) in patients admitted to the hospital with acute
stroke is related to a number of associated factors (Table 24.1). Deterioration in
nutritional status occurs more often in dysphagic patients and those who are
dependent on feeding (15). Gariballa et al. (16) performed an observational
study of acute stroke patients and found that serum albumin concentration at
admission was the only nutritional status variable that had a negative correlation
with the number of infective complications (r ¼ �0.33, P < 0.0001). This finding,
however, may be confounded by the fact that albumin is altered as an acute phase
response during infection.
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24.3 DYSPHAGIA AS A MAJOR RISK FACTOR FOR MALNUTRITION
FOLLOWING STROKE

Swallowing problems may be attributed to a variety of causes. One simple
definition of dysphagia describes it as a disorder of bolus flow (17). Dysphagia is
also described as swallowing problems that may affect the alimentary tract any-
where from the mouth to the stomach (6,18).

24.3.1 Normal Swallowing and Age-Related Changes

The normal swallow consists of five stages (19). including the four active stages
shown in Fig. 24.1. A variety of age-related changes can affect swallow function.
Systemic disease in the elderly may indirectly impair swallowing. Physiological and
sensory changes such as cartilage ossification and decreased vision may affect the
pre-swallow phase and food taste sensation. Lack of ability to communicate pro-
blems may further diminish intake and lead to malnutrition. Esophageal motility
problems, achalasia, and presbyesophagus are associated with advanced age. Dag-
gett et al. (20) performed videofluoroscopic swallow evaluation (VSE) in normal
adults (n ¼ 98) aged 20–94 years while the subjects were eating solids and drinking
liquids. A continuous measure of airway protection was used to rate the swallows of
liquid and solid food. Penetration of thin liquid into the laryngeal area above the
level of the true vocal folds was observed in 7.4% of persons under 50 years of age.
Normal adults over 50 years exhibited penetration on 16.8% of swallows and larger
swallows were penetrated more often. Declining physiologic reserve in the elderly
may predispose this group to more severe swallowing problems than that experi-
enced by younger patients (21,22). Table 24.2 lists a summary of age-related
swallowing changes.

24.3.2 Oropharyngeal Dysphagia

Speech language pathologists (SLPs) scope of practice includes observation of
impaired swallow function. Oropharyngeal dysphagia may be due to weakness,
impaired coordination, or obstruction of the swallowing mechanism. Figure 24.2
depicts the anatomy of normal swallowing structures. The terms penetration and
aspiration describe the degree of airway protection during eating and drinking.

Table 24.1
Risk factors that contribute to malnutrition in stroke patients (6,18).

Distracting environment Visual difficulties

Dehydration Speech difficulties: aphasia, dysphonia, dysarthria

Deficits in posture Hearing problems

Deficits in limb control Cognitive deficits

Dependence in feeding Depression

Poor oral hygiene, dentition Lack of food preferences

Dysphagia Breathing problems

Allergies Co-morbidities
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Penetration is defined as food or liquid entering the laryngeal area above or to the
level of the vocal cords. Aspiration is defined as the passage of food or liquid below
the level of the vocal cords into the proximal trachea. Another important term is
silent aspiration. Silent aspiration occurs in a subpopulation of patients with dys-
phagia and is defined as the passage of bolus below the true vocal folds without
cough reflex or other distress indicators. The vallecula and pyriform sinuses are
spaces in the oropharynx where food and liquid normally pass through, yet often
residue collects in these areas for patients with oral pharyngeal dysphagia. The
vallecula is located at the base of the tongue and the pyriform sinuses are located
adjacent to the larynx and above the upper esophageal sphincter (UES). Daniels
et al. (23) compared VSE findings in acute stroke patients to normal controls and
found differences in bolus timing measures, airway protection (penetration and
aspiration), and residue in the valleculae and pyriform sinuses. In this exploratory
study, only one of nine stroke patients had normal swallowing function at 1 month
after stroke onset.

24.4 APPROACHES FOR SWALLOW ASSESSMENT: CSE, VSE, FEES

Assessments of swallowing function include both clinical and instrumental exam-
inations, which are performed by SLP and are defined here. The clinical swallowing
evaluation (CSE) is a non-instrumental assessment performed at the bedside that

Fig. 24.1 The normal swallow consists of five stages. The four active stages are as follows (19):
1) Anticipatory phase – affected by sight, smell, ability to hold utensils, and cognition.
2) Oral phase – affected by lip closure, buccal tone, taste, temperature, mastication.
3) Oral propulsive phase at 1–1.5 s – tongue propulsion with midline depression, nasal breathing,

1–1.5 s.
4) Pharyngeal phase, six actions at 1 s: 1 – velum elevation prevents nasal regurgitation, base of

tongue retracts; 2 – anterior and superior hyoidmovement and neckmuscles elevate larynx; 3 –
larynx closure: true folds, false folds, arytenoids anterior tilt, epiglottic base thickening and
retroversion, apneic phase: breathing halted briefly; 4 – cricopharyngeal relaxation as thyro-
hyoid muscle elevates; 5 – tongue base drives bolus into esophagus affected by bolus viscosity;
6 – stripping action of superior, middle, and inferior pharyngeal constrictor muscles.

5) Esophageal phase at 3–20 s. Involuntary stage, slower in elderly, smooth and striated muscle,
reflux prevention ensues as cricopharyngeus contracts and breathing resumes.
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assesses cranial nerve and oral motor function, screens cognition and voice, assesses
speech and language function, and provides patients with varied trial boluses of
various volumes and consistencies of materials (6). Instrumental evaluations of
swallow include videofluoroscopy and endoscopic procedures. Videofluoroscopy
(VSE) is a radiological study employed by the SLP to obtain a view of the oral cavity

Table 24.2
Age-related changes in swallowing stages (21,22).

Swallow stage Changes with age

Oral Reduced lingual pressure

Reduced tongue strength

Mastication problems secondary to dentition issues
Pharyngeal Slower swallow

Delayed onset of airway protection (true vocal fold closure
as protective measure)

Increased apnea period with age
Delayed upper esophageal sphincter opening

Esophageal Contraction amplitude decreases
Yet function remains intact for 80–90 years
Reduced frequency of secondary peristalsis
Increased reflux events

Fig. 24.2 Anatomy of the swallowing structures including the pharyngeal spaces (valleculae and
pyriform sinuses often sites of bolus residue) and the true vocal folds. Residue just above the
vocal folds results in laryngeal penetration of the bolus and residue below the vocal folds results
in aspiration (5).
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and pharynx in the lateral and anterior posterior planes as patients swallow varied
amounts and viscosities of liquids and solids mixed with barium. Fiberoptic endo-
scopic evaluation of swallow (FEES) utilizes a flexible nasendoscope passed trans-
nasally to directly observe the pharynx and larynx before and after the swallow to
detect residue and signs of aspiration. The VSE and FEES are both described as the
gold standard for detection of aspiration (24).

Of 1,000 patients aged 15–104 years (mean age 72.1 � 15.5 years) referred for
VSE, 573 people (57%) aspirated and silent aspiration occurred in 296 or 52% of
those who aspirated (25). Detection of silent aspiration is a critical component of
the swallow examination since aspiration can lead to adverse medical outcomes
including aspiration pneumonia. This suggests that VSE may be needed in addition
to CSE to identify silent aspirators prior to development of further medical com-
plications. The advantages and disadvantages of the CSE, VSE, and FEES are
discussed in the following sections.

24.4.1 Clinical Swallow Evaluation

A CSE is typically performed prior to an instrumental test such as VSE in
radiology or FEES. Ramsey et al. (26) reviewed the merits and limitations of
available dysphagia assessment methods and found that whereas the CSE is poor
at detecting silent aspiration, it is safe, relatively straightforward, and easily
repeated. Although CSE provides an important way to screen for dysphagia,
further refinements are necessary to improve diagnostic accuracy.

In a cohort of consecutively admitted stroke patients (n ¼ 128), the independent
demographic andmedical status predictors of dysphagia on VSEwere age>70 years,
male gender, and disabling strokewith Barthel Index score<60 (17). Components of
the CSE, which were independent predictors of dysphagia, were palatal weakness or
asymmetry, incomplete oral clearance, and impaired pharyngeal response (cough/
gurgle). Predictors of aspiration were delayed oral transit and incomplete oral clear-
ance. The sensitivity and specificity of these predictors were not given (17). However,
Mann (27) later published the manual for The Mann Assessment of Swallowing
Ability (MASA) that utilized clinical, cognitive, and medical status to predict the
presence of dysphagia as observed on VSE with sensitivity 73% and specificity 89%.
Sensitivity was 93% and specificity was 63% to predict aspiration.

McCullough et al. (28) performed a VSE (gold standard) on 165 consecutively
admitted patients with stroke (aged 35–101 years) to determine if CSE measures or a
combination of measures detect aspiration. Aspiration occurred most often (40%) in
the oldest age group (80–101 years) and 51% of the 43 aspirators did so ‘‘silently’’ (i.e.,
without cough or throat clear). Table 24.3 lists the CSE components and the sensitivity
and specificity to predict aspiration, thus the proportion of study participants who
aspirated and were positive or negative for clinical signs compared to VSE. A true
positive for a sign resulted if aspiration was present on VSE when the sign or history
was present on the CSE. Although time can be a factor during post-stroke recovery,
the VSEwas completed within 24 hours of the CSE during this study. In this study, the
best measures for detecting aspiration were found to be failure of the 3-oz swallow test
(coughing or choking), unilateral jaw weakness, and dysphonia. No single measure in
isolation could be used to rule in or rule out aspiration (28).

Chapter 24 / Post-stroke Malnutrition and Dysphagia 485



New initiatives to develop objective measures to screen for the presence of
dysphagia are in the exploratory stages of development. Several studies utilized
pulse oximetry in addition to the CSE to determine if patients were aspirating.
Ramsey et al. (29) reviewed reports by several groups in which a reduction of
oxygen saturation of >2% from baseline predicted aspiration on VSE. Sensitiv-
ities ranged from 73 to 87% and specificities ranged from 39 to 87%. Ramsey
(29) assessed 189 stroke patients with VSE and found no association between
VSE findings of penetration and aspiration and desaturation by either >2% or
5% during swallowing and concluded that pulse oximetry alone did not have high
enough sensitivity or specificity to be reliable for aspiration risk detection in acute
stroke patients. Another addition to the clinical bedside evaluation that is under
investigation by Smith Hammond et al. (30) is the use of airflow measures of
voluntary cough. Three objective measures of voluntary cough, expulsive phase
rise time, expulsive phase peak flow, and volume acceleration, were each asso-
ciated with aspiration risk with areas under the curve 0.93, 0.92, and 0.86,
respectively.

24.4.2 Instrumental Swallow Evaluations

The clinical swallow evaluation relies on the clinician’s subjective judgments,
whereas the VSE and FEES provide objective data based on the visualization
of the anatomy and physiology of swallowing during deglutition. Both studies

Table 24.3
Clinical swallow evaluation (CSE) sensitivity and specificity*

Sensitivity (%) Specificity (%)

Weak jaw bilaterally against resistance 15 99

Fail 3 oz water swallow 48 95

Fail 10 ml thin liquid 38 96

Fail thick liquid 21 98

Fail 5 ml thin liquid 44 94

Breathy, weak voice 16 98

Pneumonia present 9 98

Tongue strength to palpation 64 48

Lip strength to pursing; against resistance 68 49

Weak palatal gag to tongue blade 56 51

Volitional cough (to command) 42 79

Reflexive cough after swallow 24 80

Dysphonia (hoarse voicing) 54 86

Wet, gurgly voice after swallow 22 96

Aphasia (language problems) 33 78

* Subjective clinical aspiration signs to predict aspiration on videofluorographic swallow study

(VSE) (28).
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should use real foods and liquids typically consumed by the patient. The VSE
and FEES instrumental swallow evaluations enable clinicians to evaluate
potential therapeutic postures, bolus textures, and/or amounts that may help
inform recommendations for oral nutrition. Either VSEs or FEES are recom-
mended to identify the appropriate treatment for dysphagic patients (24).

24.4.2.1 VIDEOFLUOROSCOPIC SWALLOW EVALUATION (VSE)

Videofluoroscopic swallow evaluation (VSE) provides anatomic and functional
information during the swallow. The amounts and order of bolus presentation are
not standardized and are at the discretion of the clinician based on the results of the
CSE. Kuhlemeier et al. (31) studied 745 patients with acute stroke who had been
referred for VSE. Aspiration was more common when patients drank from a cup
than when they used a spoon (p < 0.001) for liquids of variable viscosity (thin,
nectar, and honey thick). Aspiration was most frequent for thin liquids (e.g., coffee)
compared to nectar-thick liquids and least frequent for honey-thick liquids com-
pared to nectar-thick liquids (p < 0.001).

24.4.2.2 FIBEROPTIC ENDOSCOPIC EVALUATION OF SWALLOWING (FEES)

The FEES enables the SLP to directly view the pharyngeal and laryngeal areas
before and after swallowing. The SLP may evaluate vocal fold function during
voicing, which is valuable because abnormal voice (e.g., breathy, wet, or hoarse) is
often associated with dysphagia (28). Water alone could not be visualized without
contrast on a x-ray; however, effects of water boluses may be observed during the
FEES. Suiter and Leder (32) performed FEES with the 3-oz water test for 3,000
individuals of varying diagnoses. The sensitivity was 96.5% to predict aspiration
during FEES and the specificity was 48.7%; 1,151 (38.4%) passed and 1,849
(61.6%) failed. Although passing the test appeared to be a good predictor of ability
of patients to swallow thin liquid, failure on the 3-oz water test should not
necessarily prevent a patient from taking thin liquids since the false-positive rate
was 53.6%. In addition 71% of the patients were judged to tolerate an oral diet so
unnecessary dietary restrictions may be avoided with instrumental assessment by
an SLP.

24.4.2.3 FUNCTIONAL ORAL INTAKE SCALE (FOIS)

Typically, the functional level of oral intake or food and liquid consistency is
recommended following the objective swallow evaluation. The functional oral
intake scale (FOIS) was developed and is reliable, valid, and sensitive to change in
stroke patients’ oral intake (see Table 24.4). This seven-point ordinal scale was
applied to 302 acute stroke patients at admission and after 1 and 6 months. Levels
1–3 of the scale refer to varying degrees of nonoral feeding (NPO or nothing by
mouth, tube dependent, or combination of tube and oral feeding) and levels 4–7
describe oral intake without nonoral supplementation (33).
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24.5 SUBJECTIVE ASSESSMENT OF SWALLOWING

Stroke patients often have dysphagia symptoms with little apparent awareness,
but may indicate swallowing problems when asked questions such as ‘‘Do you
cough when taking medications?’’ Several short, easily administered scales have
been used to subjectively assess and reassess patient complaints at bedside and after
objective swallow assessments.

24.5.1 Dysphagia Disability Index and Reflux Symptom Index

The dysphagia disability index (DDI) is a 25-item questionnaire that probes
patient opinions for functional, emotional, and physical dysphagia effects (34).
The reflux symptom index (RSI) is a 9-question subjective laryngopharyngeal reflux
scale that rates patient complaints during the previous month for symptoms such as
‘‘cough after lying down’’ and ‘‘frequent throat clearing’’ (35). These tools are
simple and ‘‘user friendly’’ but, unfortunately, currently lack extensive reliability
and validity data.

24.5.2 Patient-Centered Quality-of-Life Outcomes Tools: SWAL-CARE and
SWAL-QOL

The SWAL-CARE consists of 11 SLP swallowing advice items and 4 patient
satisfaction items for a total of 15 items (36,37). The SWAL-QOL utilizes 44
swallowing statements, such as food sticking in the throat, choking on food or
liquids, excess saliva, and gagging, rated by patients on a 5-point scale. The domains
of the SWAL-CARE and SWAL-QOL scales are shown in Tables 24.5 and 24.6.

Outpatients (n ¼ 386) with dysphagia on VSE, including 15.8% (61/386) with
vascular disease, were sampled in the scale development and compared to 40 normal
healthy adults to differentiate between those with and without dysphagia. For
example, food texture dysphagia impacted scores, with 33% of dysphagic patients
on pureed diets screening positive for major depression and 35% rating their health
as poor. The authors stated that potentially only 5% of the normal swallowers
would screen positive for major depression. SLPs, dietitians, and clinicians may
thus be motivated to provide alternative maneuvers and diet modification to
improve patient satisfaction and mental health with appropriate nutritional
intervention.

Table 24.4
Functional Oral Intake Scale (FOIS) for dysphagia (33).

FOIS Functional oral intake scale for dysphagia

Level 1 NPO

Level 2 Tube dependent

Level 3 Tube dependent with consistent oral intake of food or liquid

Level 4 Single consistency oral diet

Level 5 Total oral, multiple consistencies, special preparation

Level 6 Total oral, multiple consistencies, specific food limits

Level 7 Total oral diet, no restrictions
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24.6 INTERVENTION FOLLOWING STROKE

Carnaby et al. (38) randomized acute stroke patients (n ¼ 306) with clinical
dysphagia to one of three treatment options: (1) usual care management by attend-
ing physician, mainly consisting of feeding supervision; (2) low-intensity swallowing
therapy three times per week for 1month with environmental modifications, advice,
and dietary modifications; (3) high-intensity treatment every day for 1 month with
effortful swallowing, supraglottic technique. Of those assigned to usual care, 56%
returned to normal diet at 6 months as compared to 70% in the high-intensity
treatment group and 64% in the low-intensity intervention group. High-intensity
therapy was associated with return to normal diet (p¼ 0.04) and recovered swallow
function (p ¼ 0.02) by 6 months. Standard therapy and low-intensity therapy were
associated with a reduction in swallowing-relatedmedical complications for 46%of
those patients in standard therapy compared to 63% allocated usual care. Chest
infection due to aspiration was 47% for usual care and 26% for organized care.
Patients allocated standard care swallowing therapy (36%) compared to usual care
(48%) were less likely to be deceased or institutionalized at 6 months. Forty-six
percent of patients allocated standard swallowing therapy (1.03–1.94) achieved
prestroke swallowing functioning by 6 months (p ¼ 0.02) (39).

Elmstahl et al. (39) described nutritional effects of swallowing treatments for
dysphagic stroke patients (n ¼ 38). Dietary recommendations were made based on
the results of VSE. Eighty-nine percent (34/38) were recommended for oral nutri-
tion and almost 50% (17/38) required a modified diet; 11% (4/38) required
parenteral nutrition or means of nutrition not through the alimentary canal but
rather by injection through some other route such as subcutaneous, intramuscu-
lar, or intravenous. Swallow function as observed on VSE improved in 61% (23/

Table 24.5
SWAL-QOL domains (36,37).

SWAL-QOL – Swallowing Quality of Life – example content

Food selection – difficulty finding foods I like

Burden – dealing with my swallow problem is very difficult

Mental health – my swallow problem frustrates me

Social functioning – I do not go out to eat because of my swallow
problem

Fear – I fear I may start choking when I eat food

Eating duration – it takes me forever to eat a meal

Table 24.6
SWAL-CARE domains (36,37).

SWAL-CARE – Quality of care – example of content

Clinical information – weaker confidence in decisions

General advice – foods I should eat. Liquids I should drink

Patient satisfaction – clinician explained things
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38) of the subjects (p < 0.01). Patients (n ¼ 23, 61%) who improved their
swallowing functions increased their albumin levels after treatment from 33.7 g/l
� 4.6 to 36.2 g/l � 3.2 (p < 0.01) and also increased their total iron-binding
capacity from 44.4 mmol/l � 13.4 to 52.0 mmol/l � 8.9 (p < 0.01). Patients who
did not respond to therapy had decreased body weight from 75.5 kg � 13.3 to
72.2 kg � 11.8 (p < 0.05) (39).

Nutritional parameters and conditions should be monitored in dysphagic stroke
patients for optimal management of oropharyngeal swallowing problems.

24.6.1 Pneumonia Costs

Katzan et al. (40) conducted a large observational study of northeastern Ohio
Medicare patients with stroke from 29 nonfederal hospitals from 1991 to 1997 to
determine the effect of pneumonia on 30-day mortality. The final cohort of 11,286
stroke patients identified 5.6% (635/11,286) with pneumonia. The mean unadjusted
cost of hospitalization was $21,173 (95% CI 19,421–22,925) for patients with
pneumonia and $6,272 (95% CI 6,611–6,382) for patients without pneumonia.
Katzan et al. (41) emphasized adherence to following stroke guidelines that include
recommendations for assessing the ability to swallow before a patient is allowed to
eat or drink due to the significant costs of possible pneumonia.

24.6.2 Pneumonia Prevention

Predictors of aspiration were investigated by Langmore et al. (42) in a prospective
study of 189 subjects recruited from outpatient clinics, inpatient wards, and a nursing
home centers. Each subject underwent CSE, esophageal clearance exams by scintigra-
phy, andVSE or FEES. The best predictors for aspiration were dependence for feeding
and dependence for oral care (OR ¼ 3.031, p ¼ 0.05) and (OR ¼ 2.828; p=0.03).

24.6.3 Alternative Means of Nutrition

Bath et al. (43) assessed feeding management strategies for dysphagic stroke
patients through a Cochrane review. Often stroke patients spontaneously recover
swallowing function in the first 2 weeks although others with severe dysphagia may
require alternative means of nutrition. Some patients are fed through a tube,
inserted either in the nose and into the stomach (nasogastric tube NG) or through
the skin of the abdomen into the stomach – percutaneous endoscopic gastrostomy
(PEG). NG tubes are relatively easy to insert but many people find them uncom-
fortable and pull them out. Two controlled trials (n¼ 49) evaluated the efficacies of
the two types of feeding tubes. PEG was associated with lower case fatality rates
(odds ratio, OR 0.28, 95% CI 0.09–0.89) and treatment failures (OR 0.10, 95% CI
0.02–0.52) as compared to NG feeding.

The FOOD trials were randomized controlled studies designed to evaluate the
effect of timing and method of enteral tube feeding for dysphagic stroke patients
(44). One trial (n¼ 859) determined if early initiation of enteral tube feeding versus
avoidance of tube feeding improved outcomes. A second trial compared percuta-
neous gastrostomy (PEG) versus nasogastric tubes (NG). Patients were not tube fed
or given PO for at least 7 days and were provided with parenteral fluids either
intravenously or subcutaneously. In the early feeding arm, clinician choice was NG
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tube (n ¼ 367) or PEG tubes (n ¼ 10). Allocation to early tube feeding was
associated with a non-significant reduction in absolute risk of death. Allocation
to PEG feeding was associated with an increase in the absolute risk of death or poor
outcome of 7.8% (0.0–15.5%, p ¼ 0.05). There was no excess of pneumonia
associated with early tube feeding. A greater risk of gastrointestinal hemorrhage
occurred with early rather than avoidance of tube feeding (22 versus 11, p ¼ 0.04)
and with NG rather than PEG (18 versus 5, p ¼ 0.005) (44). The authors suggest
that enteral feeding via nasogastric tube rather than PEG tube shall be offered to
acute dysphagic stroke patients within the first few days of admission or within the
first 2–3 weeks if necessary.

24.6.4 Dysphagia Intervention and Treatment

24.6.4.1 THICKENED LIQUIDS

Modification of diet texture and thickened liquids have been the most common
treatments recommended for patients with dysphagia. In a study of various viscos-
ity samples, healthy volunteers (n ¼ 8), non-progressive brain-damaged patients
(including stroke) (n¼ 46), and patients with progressive neurological diseases (n¼
46) swallowed 3–20 ml liquid (20.4 mPa s), nectar (274.4 mPa s), and pudding
(3931.2 mPa s) boluses (45). During VSE, the non-progressive brain-damaged
patients aspirated 21.6% of liquids, 10.5% of the nectar viscosity, and 5.3% of
the pudding (p< 0.05). Neurodegenerative patients also improved swallowing with
increased viscosity as follows: aspiration of 16.2% liquids, 8.3 % of nectar, and
2.95% pudding (p < 0.05).

24.6.4.2 FLUID INTAKE MAINTENANCE

The dysphagic population may consume less fluid due to increased age, physical
disability, cognitive impairment, and the diminished palatability of thickened
liquids. This may be a special concern for older adults, who are more prone to
dehydration. Despite the typical minimum requirement of 1,700 ml of water per
day, one in seven adults aged over 65 and one in four over 85 years consume less
than this amount (46). Often, acute stroke patients require intravenous supple-
mentation to maintain adequate fluid intakes. Stroke patients are variable in
degrees of water homeostasis. Initially, patients may be drowsy, have reduced thirst,
or have infection and thus dehydrations are hyperosmolar. Dehydration may cause
a rise in hematocrit and a reduction in blood pressure, potentially worsening the
ischemic process. Dehydration is also an important predisposing factor in stroke
recurrence. Stroke patients with high plasma osmolality levels on admission had
poorer survival at 3months (6).When stroke patients were allowed to have water in
addition to thickened fluids, they had a higher overall fluid intake per day than
those offered only thickened liquids.

24.6.4.3 FRAZIER FREE WATER PROTOCOL

The Frazier FreeWater Protocol allows for unrestrictedwater intake prior to and
30 minutes after a meal with aggressive oral hygiene for acute rehabilitation
patients. Panther et al. (47) performed a retrospective chart review of dysphagic
patients (n¼ 234) whowere recommended thickened liquids and revealed that<1%
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(2/234) developed aspiration pneumonia. Patients were assessed with VSE and were
screened on water with ice chips as the usual first step in allowing water in the acute
care environment. Patients treated under this protocol received medications with
applesauce, pudding, yogurt or thickened liquid, and never with water if thin liquids
have been aspirated on VSE. The protocol emphasizes the premise that water is
relatively inert when absorbed in small amounts in the lungs (48). Laryngeal
aspiration is not the sole cause of aspiration pneumonia and general debilitation
may contribute to dysphagia (49).

A retrospective chart review of 234 dysphagic inpatients at a rehabilitation hospi-
tal compared patients who received the Frazier Water Protocol (FWP) and oral care
to a control group (50). There was no increase in the rate of pneumonia in those
patients who received the FWP compared to pneumonia rates of 9% for the histor-
ical control group (p < 0.097) and 16% for concurrent controls (p < 0.023). FWP
also increased fluid intake compared to both the historical controls (p < 0.034) and
the concurrent controls (p < 0.0031).

24.6.4.4 ORAL HYGIENE EDUCATION

The Cochrane group reviewed eight eligible randomized controlled trials of post-
stroke oral hygiene (51). Only one trial provided stroke-specific information com-
paring staff attitudes and denture plaque scores to usual care. Following training,
staff knowledge (p ¼ 0.002) and attitudes (p ¼ 0.0008) improved after 1 month and
continued to improve up to 6 months. Denture plaque scores for the 67 stroke
patients (dysphagia was not specified) showed that after an oral health care training
program delivered to nursing home care assistants, scores were reduced at 1 (p <
0.00001) and 6 months (p < 0.00001).

24.6.4.5 DYSPHAGIA EXERCISES AND COMPENSATORY MANEUVERS

Shanahan et al. (52) reported elimination of aspiration in 50% (15/30) of a
mixed sample of neurologically involved participants with the compensatory tech-
nique of chin tuck. Logemann et al. (53) examined a small cohort (n¼ 5) of lateral
medullary stroke patients with unilateral pharyngeal paresis of the pyriform sinus
which resulted in barium pooling. Use of a rotated head position to the weaker side
(65%) resulted in an improved amount of bolus swallowed compared to head in the
neutral position (33%). Anterior–posterior opening of the UES and oropharyngeal
efficiency increased (p < 0.05) for participants with head rotated. The Shaker
exercises are isometric head lift exercises designed to strengthen the suprahyoid
muscles by raising the head for three lifts of 60 s each, with a 1-minute rest period in
between (54). The isokinetic portion of the exercise consists of 30 consecutive head
lifts with constant velocity, yet without the hold, thus maximizing the strength gains
with slower velocity. The exercise is used for patients with post-deglutitive aspira-
tion, pharyngeal residue, and decreased anterior hyolaryngeal excursion resulting in
decreased anteroposterior UES deglutitive opening. Twenty-seven consecutive dys-
phagic outpatients including 56% (15/27) with stroke were evaluated by VSE and
enrolled in the Shaker exercise program. The anteroposterior upper esophageal
sphincter (UES) opening (p < 0.05) and laryngeal anterior excursion (p < 0.05)
improved for all 27 patients (55).
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During the Mendelsohn maneuver the patient is trained to ‘‘hold the swallow’’
and thus extend the period of superior and anterior displacement of the larynx at
mid-swallow to accentuate UES opening. Surface electromyographic biofeedback
(SEMG) has been used in dysphagia treatment for patients with brainstem stroke.
Surface electrodes are placed submentally and provide visual feedback of muscle
activity while the patient attempts theMendelsohnmaneuver (56). Crary et al. (57)
used theMendelsohnmaneuver to improve oral intake in a retrospective study of 25
dysphagic post-stroke patients and 20 dysphagic head and neck cancer patients.
Ninety-two percent of the stroke patients and 80% of the head and neck patients
increased functional oral intake of food and/or liquid. There was a progression to
total oral feeding for 55% (11/20) of the stroke patients (p¼ 0.013) and 25% (3/12)
of the head and neck cancer patients. The stroke group was more likely than the
cancer group to improve to normal food intake after this treatment protocol (RR¼
2.2, CI �1.3 to 3.7) (57).

Neuromuscular electrical stimulation (NMES) involves applying surface electro-
des across the skin to excite nerve or muscle tissue during a functional task such as
swallowing (58). Further investigations with this approach are needed to determine
whether NMES has greater efficacy than other swallowing treatments and is in the
exploratory stage. SLPs have also been advised to monitor vital signs and screen
patients with heart conditions prior to application of therapy techniques that utilize
valsalva or breath hold maneuvers. Maneuvers such as the supersupraglottic and
supraglottic swallow utilize prolonged voluntary closure of the glottis that may
place patients at risk for cardiac arrhythmias (59).

Adequate hydration and dietary intake while avoiding aspiration pneumonia
remains a goal for dysphagic stroke patients. Dysphagia diets include a progression
of food and liquid textures from pureed, ground or minced, soft to modified (e.g.,
omitting crisp foods) until normal textures can be consumed (60). Liquid modifica-
tions range from spoon thick (like pudding), honey like (e.g., honey-thickened
commercially prepared juices), nectar like (e.g., buttermilk, eggnog) to thin or
regular fluids with no changes necessary. Ultimately, communication among regis-
tered dietitians, SLPs, and physicians about proper treatment remains essential for
optimum nutritional management.

24.7 FUTURE RESEARCH

The number of well-designed research studies yielding positive outcomes of
behavioral interventions for individuals with neurologically induced dysphagia
remains limited.

Postural alterations, dietary modifications, and emerging therapy techniques
that improve swallowing function in dysphagic individuals should be the focus of
well-designed and controlled studies using quantifiable, relevant outcome mea-
sures. Areas of research could also include efficacy of telehealth and alternative
means of service delivery consultation for dysphagia intervention, assessment of
patient subjective complaints, and subsequent dietitian monitoring of nutritional
parameters.
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24.8 RECOMMENDATIONS

1. Prompt detection and ongoing treatment of malnutrition are recommended for the
rehabilitation of stroke patients during the acute stage and at follow-up.

2. Nutrition assessment by a Registered Dietitian is recommended for every acute
stroke patient.

3. VSE or FEES instrumental swallow evaluations following the clinical assessment
(CSE) are recommended to identify the appropriate treatment for dysphagic
patients.

4. Dysphagic patients may be prescribed dysphagia diets that are texture-modified
(e.g., soft, chopped, pureed, minced, with/without thick fluids) and often high in
calories (energy) and protein.

5. Adequate hydration and vigorous oral hygiene are recommended with attention to
aspiration and reflux precautions as medically appropriate.

6. Other treatment options require further research and include SEMG, NMES, and
positioning maneuvers, in addition to viscosity and dietary adjustments.

7. Early swallow screenings and dysphagia management by speech pathologists includ-
ing diagnosis and treatment in acute stroke patients are cost-effective and may yield
dramatic reductions in pneumonia rates.
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25 Alzheimer’s Disease and Other
Neurodegenerative Disorders

Ling Li and Terry L. Lewis

Key Points

� Major neurodegenerative disorders affecting older adults include Alzheimer’s
disease (AD), Parkinson’s disease, amyotrophic lateral sclerosis, and Huntington’s
disease. AD is the most common cause of dementia, accounting for 50–60% of all
cases.

� Many AD patients experience unintentional weight loss that has negative prognostic
implications, being associated with greater disease severity, a faster clinical progres-
sion rate, and increased mortality.

� Given that there are no curative therapies for neurodegenerative disorders, nutri-
tional management may offer an opportunity to prevent or delay the onset of these
devastating conditions.

� Multiple lines of evidence suggest that dietary interventions may have benefits for
preventing and/or reducing the incidence of these disorders but rigorous, well-
powered intervention trials are needed before clinical recommendations can be
evidence-based.

Key Words: Alzheimer’s disease (AD); Parkinson’s disease (PD); amyotrophic
lateral sclerosis (ALS); Huntington’s disease (HD)

25.1 INTRODUCTION

Neurodegenerative disorders are a heterogeneous group of pathological con-
ditions in which specific areas of the central nervous system (CNS) deteriorate
progressively, resulting in cognitive or movement impairments. Major neurode-
generative disorders include Alzheimer’s disease (AD), Parkinson’s disease (PD),
amyotrophic lateral sclerosis (ALS), and Huntington’s disease (HD). Among
these disorders, AD causes the most common form of dementia, accounting for
50–60% of all cases (1). Although the prevalence of AD is below 1% in
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individuals aged 60–64 years, it increases almost exponentially with age. In people
aged 85 years or older, the prevalence of AD is between 24 and 33% in developed
countries (2). Currently, about 5 million people live with AD in the United States,
and there are more than 20 million cases of AD worldwide. With the anticipated
increase in human life expectancy, the number of people afflicted by AD is
expected to double every 20 years (2). Therefore, AD and other age-related
neurodegenerative disorders constitute an increasing health and socio-economic
problem in the world.

In recent years, much progress has been made on elucidating the etiology and
pathogenic mechanisms of neurodegenerative disorders. In addition to genetic
factors, environmental factors play a significant role in the development of neuro-
degenerative disorders. In this chapter, we attempt to summarize the current under-
standing on the pathophysiology of AD and other degenerative disorders and
present recent findings on the role of nutrition in the disease process. Given that
there are no satisfactory therapies available for neurodegenerative disorders, nutri-
tional management may signify an effective measurement to prevent or delay the
onset of these devastating disorders.

25.2 PATHOPHYSIOLOGY OF NEURODEGENERATIVE DISORDERS

25.2.1 Alzheimer’s Disease

Alzheimer’s disease was named after a German doctor, Alois Alzheimer, who
reported the first case of AD in 1906 (3). Clinically, AD is characterized by
progressive cognitive impairment and changes in behavior and personality. It
affects brain regions such as the entorhinal cortex, hippocampus, basal fore-
brain, and amygdala that are involved in learning/memory and emotional beha-
viors. Pathological hallmarks of AD include extracellular amyloid plaques and
intracellular neurofibrillary tangles (Fig. 25.1). The main component of amyloid
plaques is amyloid-� protein (A�), containing 39–43 amino acids cleaved from
a large transmembrane glycoprotein, amyloid-� precursor protein (APP).
Neurofibrillary tangles are intracellular fibrillar aggregates of the microtubule-
associated protein tau that exhibit hyperphosphorylation and oxidative
modifications.

Although the neuropathology of AD has been known for a century, our under-
standing on the etiological and pathogenic mechanisms underlying AD have only
occurred over the last two decades. One of prevailing hypotheses for the develop-
ment of AD is the amyloid (or A�) cascade hypothesis (4) (Fig. 25.2). This
hypothesis states that genetic mutations and other risk factors cause an imbalance
in the metabolism of APP/A�. The gradual accumulation and aggregation of A�
initiate a slow but insidious cascade that leads to synaptic alterations, microglial
and astrocytic activation, modification of the normally soluble tau into oligomers
and then into insoluble paired helical filaments (tangles), and progressive neuronal
loss associated withmultiple neurotransmitter deficiencies, culminating in cognitive
failure (dementia) (4). This hypothesis is based on the discovery of mutations in the
genes encoding APP, presenilin-1 (PS1), and presenilin-2 (PS2) that cause the
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early-onset (< 65 years) familial form of AD (EOFAD) (5–7). This hypothesis is
supported further by the fact that transgenic animals carrying EOFAD mutations
in the APP gene develop some of the neuropathological and behavioral character-
istics of AD (8–10).

TanglesPlaques

Fig. 25.1. Plaques and tangles in the silver-stained brain section of an AD patient (provided by
Dr. Steven L. Carroll, personal communication).
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Fig. 25.2. Simplified amyloid cascade hypothesis.
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The majority of cases are the late-onset (� 65 years) sporadic form of AD
(LOAD). The cause of sporadic AD is very complex and not fully understood at
present. The complexity arises from the heterogeneity of the disease involving
interactions of multiple genetic and environmental factors.While aging itself is the
biggest risk factor for LOAD, one of the major genetic risk factors for sporadic
AD is one’s genotype for apolipoprotein E (APOE). There are three APOE alleles
in humans: APOE-"2, APOE-"3, and APOE-"4, with an allele frequency of 7, 78,
and 15%, respectively (11). While the APOE-"2 allele confers some protection
against AD (12), the APOE-"4 allele is associated with an increased risk of AD
(13,14). One APOE-"4 allele increases the risk of AD by three times (heterozy-
gotes) and twoAPOE-"4 alleles increase the risk of AD by 15 times (homozygotes)
(15). However, the APOE genotype predicts when, not whether, one is predis-
posed to develop AD (16). In other words, the APOE-"4 allele decreases the age
of onset. Each copy of the allele lowers the age of onset by about 10 years (13).
The question of how the APOE-"4 allele promotes AD has not been answered
completely. The protein product of theAPOE gene, apoE, plays an important role
in cholesterol transport and lipid metabolism. Apo E4 is less efficient than the
other apoE isoforms in recycling of membrane lipids and neuronal repair (17).
Apolipoprotein E has been implicated as a chaperone that modulates A� aggrega-
tion and deposition or clearance. In mice, apoE is necessary for A� deposition and
plague formation (18). Furthermore, expression of human Apo E2, E3, and E4 in
the absence of endogenous murine apolipoprotein E leads to isoform-specific
differences in amyloid load, with E4>E3>E2 (19). However, about 50% of
patients with LOAD do not carry the APOE-"4 allele, indicating that there are
other genetic and/or environmental factors leading to the development of spora-
dic AD. Recent genetic studies have identified several other candidate genes
associated with the risk of AD (20). Unlike the situation with APOE-"4 allele,
the association of these genes with AD is weak and has not been consistently
replicated. Because of the heterogeneous nature of sporadic AD, it is possible that
several susceptibility genes act in concert, each conferring only a minor increase in
risk. In addition, the risk of ADmay be modified by complex interactions between
genetic factors and environmental factors such as nutrition, which will be dis-
cussed in Section 25.3.

25.2.2 Parkinson’s Disease

Parkinson’s disease is the second most common neurodegenerative disorder. The
prevalence of PD is age related, with approximately 1% of the population being
affected at 65 years, increasing to 4 to 5% in 85-year-olds (21). The main clinical
feature of PD is parkinsonism, a movement disorder that is characterized by tremor
at rest, bradykinesia, rigidity, and postural instability (21). These symptoms arise
from the progressive degeneration of dopaminergic neurons leading to a profound
depletion of the neurotransmitter dopamine in the striatum, a central component of
the basal ganglia that is responsible for the initiation and control of movement. The
pathological diagnosis of PD requires post-mortem findings of neuronal loss and
depigmentation of the substantia nigra (SN), plus the presence of Lewy bodies
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(proteinaceous intracellular inclusions) in the brain stem (22). The main compo-
nent of Lewy bodies is the protein �-synuclein. These pathologic characteristics
distinguish PD from other forms of parkinsonism (22).

Like AD, the etiology of PD is complex and multifactorial. While the majority of
PD cases are sporadic, PD is inherited as a Mendelian trait in a minority of cases.
Studies in PD families have identified several causative genes (23). Mutations in the
gene SNCA that encodes �-synuclein (a protein that is expressed throughout the
brain and has potential roles in learning, synaptic plasticity, vesicle dynamics and
dopamine synthesis) cause a type of PD with autosomal-dominant inheritance and
typical Lewy-body pathology. The role of aggregation of �-synuclein protein in
Lewy bodies in the molecular pathogenesis of PD remains controversial (24). On
the other hand, mutations in the parkin gene cause autosomal recessive parkinson-
ism of early onset. In this form of PD, nigral degeneration is not accompanied by
Lewy-body formation. Mutations in the parkin gene appear to be a common cause
of PD in patients with very early onset (23). The protein parkin functions as an
ubiquitin–protein ligase, conjugating ubiquitin to proteins targeting them for
degradation by the proteasome (25). The potential importance of this cellular
protein degradation pathway is also highlighted by the finding of a mutation in
the gene for ubiquitin C-terminal hydrolase L1 in another small family with PD.
These findings strengthen the hypothesis that proteasome dysfunction and resulting
protein aggregation is central to PD. Causative mutations in other genes, PINK1
(PTEN-induced kinase 1), DJ-1 (an oncogene), and LRRK2 (leucine-rich repeat
kinase 2) have also been found in families with PD (23). In addition, recent
genome-wide association studies have identified many more susceptibility genes
for PD (26). However, the role of these genes in the pathogenesis of PD can only be
confirmed with replication and functional proof.

Although these findings prove that there are several genetically distinct forms of
PD that can be caused by mutations in single genes, there is at present no definitive
evidence that any of these genes have a direct role in the etiology of the common
sporadic form of PD. It is widely thought that a combination of interacting genetic
and environmental causesmay be responsible in themajority of PD cases. However,
studies of gene–environment interactions have not yet produced any convincing
results. Nevertheless, findings from genetic studies provide the rationale for devel-
oping novel therapeutic approaches to halt disease progression and have led to
powerful model systems that develop PD-like pathology. It is expected that the
elucidation of the molecular sequence of events leading to nigral degeneration in
clearly inherited cases will provide insights on the molecular pathogenesis of the
common sporadic form of PD.

25.2.3 Amyotrophic Lateral Sclerosis

Amyotrophic Lateral Sclerosis (ALS) results from the degeneration of motor
neurons in the brain, spinal cord, and peripheral nervous system. The clinical
features of ALS include weakness of the arms, legs, and face as well as difficulties
with speech, swallowing, and breathing. ALS affects women and men (ratio of
males to females 1.6:1), regardless of ancestry, and the risk of disease increases
with age. Its clinical progression is one of the fastest of the neurodegenerative
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diseases, with death (often from respiratory failure) typically occurring within 3–5
years after onset. The incidence is approximately 2 per 100,000 persons per year,
and the prevalence is approximately 6 per 100,000 persons (27).

While the majority (� 90%) of ALS cases are sporadic, about 10% of ALS cases
are familial forms, resulting from highly penetrant, monogenicmutations that cause
disease. Mutations in the SOD1 gene (encoding copper–zinc superoxide dismutase)
account for about 2% of all patients and 20%of those with an autosomal dominant
form of ALS (27). In addition to SOD1, mutations in five other genes (encoding
alsin, angiogenin, dynactin 1, senataxin, and vesicle-associated protein B) have been
associated withmotor neuron disease (although often not a typical ALS phenotype)
in a few families (28).

Little is known about the specific genes that contribute to the development of
sporadic ALS. Very recently, a genome-wide association study identified 10 genetic
loci that are significantly associated with sporadic ALS (29). The most significant
association with disease in patients as compared with controls was found for a
genetic variation (single nucleotide polymorphism) near an uncharacterized gene
known as FLJ10986. The FLJ10986 protein was found to be expressed in the spinal
cord and cerebrospinal fluid of patients and of controls (29). Nevertheless, the
function and relevance of this gene in ALS is currently unknown.

Our understanding of the pathogenesis of ALS is also limited. Numerous
mechanisms have been implicated in the selective degeneration of motor neurons
in patients with sporadic ALS, including oxidative damage, excitotoxicity,
apoptosis, cytoskeletal dysfunction, axonal-transport defects, inflammation, pro-
tein-processing and degradation defects, and mitochondrial dysfunction (30).
Most of the research has been done with the use of cellular and animal models, in
particular with transgenic mice carrying human SOD1mutations. These mice have
some features that are similar to those of patients with ALS; however, a unifying
understanding of any ALS mechanism remains elusive.

25.2.4 Huntington’s Disease

Huntington’s disease (HD) is an autosomal-dominant, progressive neurodegen-
erative disorder. HD is characterized by selective degeneration of medium spiny
neurons in the striatum, resulting in a progressive atrophy of the caudate nucleus,
putamen, and globus pallidum (31). In the later stage of the disease there is often
atrophy in other areas, including cortical neurons. Patients with HD exhibit distinct
symptoms, including chorea and dystonia, incoordination, cognitive decline, and
behavioral difficulties (31). Huntington’s disease shows a stable prevalence in most
populations of white people with about 5–7 affected individuals per 100,000. Inter-
estingly, the rate is much lower in Asian and African populations (32,33). HD is a
monogenetic disorder. The underlying genetic cause of HD is a trinucleotide (CAG)
repeat expansion in the gene encoding for a protein called huntingtin on chromo-
some 4 (34). In the normal population the number of CAG repeats is maintained
below 35, whereas in individuals affected byHD it ranges from 35 tomore than 100,
resulting in an expanded polyglutamine segment in the protein. HD can occur at
any age. The age of onset is mainly determined by the number of CAG repeats
(inverse correlation) in the huntingtin gene. However, other modifying genes and
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environmental factors have been shown to influence the age of onset for HD (35).
Although the function of huntingtin is still unknown, it has been hypothesized that
the expanded polyglutamine segment confers a dominant toxic ‘‘gain of function’’ to
the protein, leading to selective neuronal dysfunction and ultimately neurodegen-
eration (31).

25.3 NUTRITIONAL FACTORS AND THE RISK OF AD AND OTHER
NEURODEGENERATIVE DISORDERS

As we discussed in the previous section, causative genetic mutations only account
for a small fraction of cases of neurodegenerative disorders. The cause for the
majority of sporadic cases involves complex gene–environment interactions. Envir-
onmental factors (e.g., nutrition) modify the development of these disorders. To
some extent, people are what they eat. The portion size, type, and content of the
food that people ingest over a lifetime may affect whether or not one develops
dementia in the old age. In this section, we attempt to summarize recent findings on
the effect of dietary fat, cholesterol, carbohydrates, and vitamins on the develop-
ment of neurodegenerative disorders.

25.3.1 Dietary Fat and Cholesterol

It has been long recognized that Western-type high-fat and high-cholesterol
diets contribute to the prevalence of cardiovascular disease (36). Recent studies
indicate that high intake of saturated fat and cholesterol increase the risk of AD
(37–39). Kalmijn et al. reported a higher risk of incident ADwith higher intake of
total fat, saturated fat, and cholesterol in more than 5,000 individuals 55 years and
older without dementia at baseline followed for 2 years (37). Luchsinger et al.
reported similar results in 980 individuals 65 years and older without dementia at
baseline followed for 4 years (38). This was particularly evident in people carrying
the APOE-"4 allele. In a population-based study, Laitinen et al. found that a
moderate intake of saturated fats at midlife increases the risk of dementia and AD,
especially amongAPOE-"4 allele carriers (39). These findings suggest that dietary
interventions may potentially decrease the risk of dementia, particularly among
genetically susceptible individuals. In transgenic mouse models of AD, we and
others have also demonstrated that atherogenic diets accelerate and exacerbate AD-
like neuropathology (40–43) and aggravate learning and memory deficits (43).

In contrast, intake of unsaturated fat, in particular the omega-3 polyunsaturated
fatty acids (n–3 PUFAs), is associated with a lower incidence of AD. Fish and fish
oil have a high content of two important n–3 PUFAs, docosahexaenoic acid (DHA,
22 carbons long with 6 double bonds, 22:6) and its precursor eicosapentaenoic acid
(EPA, 20:5). DHA can also be synthesized in the body from the n–3 fatty acid
�-linolenic acid (18:3), which is present in certain vegetable oils, nuts, and seeds.
However, this synthetic step is relatively inefficient (44). Aside from other func-
tions, DHA is the most prominent fatty acid in the brain and is necessary for
cognitive function. DHA is especially rich in the neurons and synaptosomes of
the cerebral cortex, where it occupies the number 2 position of membrane
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phospholipids. AD patients have a decreased level of DHA in the serum and brain
compared with age-matched, nondemented subjects (45,46). Increased consump-
tion of fish (and in particular, DHA) has been reported to significantly reduce the
likelihood of developing AD (37,47,48). Two recent studies further support
the beneficial effects of fish consumption in protection of cognitive function. The
Zutphen Elderly Study (49) showed that fish consumers had less cognitive decline
over a 5-year period than did fish nonconsumers in men aged 70–89 years. A linear
relation was found between the estimated intake of DHA and EPA (DHA+EPA)
and the prevention of cognitive decline. A DHA+EPA intake of about 380 mg/day
seemed to prevent cognitive decline. This amount ofDHA+EPAwould be found in
20 g of Chinook salmon or in 100 g of cod. Two to three meals of fish per week
would supply approximately 380 mg EPA+DHA/day. The Minneapolis study of
2,251 white men and women also showed that the n–3 PUFAs retarded the decline
in cognition over time (50). In addition, several studies in animal models have
demonstrated that dietary supplement of DHA protects against the development of
AD-like neuropathology and memory impairment (51–54). Although the under-
lying mechanisms by which n–3 PUFAs exert beneficial effects on cognitive func-
tion are not fully understood, several mechanisms have been suggested including the
anti-inflammatory properties of n–3 PUFAs (55). The sum of these data provides
the rationale for a clinical trial of fish, fish oil, or both in elderly patients prone to
the development of AD. It should be noted that Morris et al. (56) linked dietary
intake of fish and omega-3 fatty acids with slower rates of cognitive decline in a
prospective cohort study of adults aged >65 years but the effect seemed to be
associated with fats (saturated, polyunsaturated, trans) other than the omega-3
fatty acid component of the diet. This might imply unique benefits from fish
consumption that are not available from omega-3 fatty acid supplements alone.
In fact, the American Heart Association has recommended that all adults consume
two fish meals per week to reduce the risk of cardiovascular disease (57).

For other neurodegenerative disorders, the information about dietary fat asso-
ciations is limited. For PD, several epidemiological studies have shown inconsistent
results on the association between dietary fat intake and the risk of PD (58–61).
Most of these studies were retrospective case–control studies focusing mainly on
intake of total fat and saturated fat. Two recent prospective population-based
studies indicate that higher intake of unsaturated fat is associated with a lower
risk of PD (62,63). In accordance with these findings, a high intake of PUFAs is
associated with a decreased risk of developing ALS (64) and treatment with EPA is
beneficial for symptom management in patients with HD (65). Clearly, further
clinical studies are required to fully explore the effects of n–3 PUFAs on any type of
neurodegenerative disease.

25.3.2 Dietary Carbohydrates and Glucose Tolerance

Another common concern about the traditional Western diet focuses on a high
intake of refined sugars, mainly sucrose and high fructose corn syrup. Compelling
evidence indicates that excess consumption of sweet foods, particularly sugar-
sweetened beverages, plays an important role in the epidemic of obesity around
the world (66). In the United States, the percentage of children who are overweight

506 Li and Lewis



has doubled, and the percentage of teenagers who are overweight has tripled in the
last two decades (67,68). Overweight children are at an increased risk to become
obese adults (69). Even moderate obesity can contribute to chronic metabolic
abnormalities leading to type 2 diabetes mellitus (T2DM) (70) characterized by
glucose intolerance and hyperinsulinemia.

Recently, numerous epidemiological studies suggest that T2DM is associated
with an increased risk of AD (71), independent of the risk for vascular dementia
(72,73). The mechanisms by which T2DM may impact AD, however, are not well
understood. Several lines of evidence indicate that insulin itself and metabolic
abnormalities pertinent to diabetes may affect the generation and degradation of
A� (74). It has been noted that AD patients have a preference for high-
carbohydrate foods (75–77) and that this shift of food preference is associated
with poorer memory (77). However, a recent study with a cohort of elderly subjects
in New York City did not observe a positive association between glycemic load and
the risk of AD (78). Recently, we conducted a study in a transgenic mouse model of
AD, in which we provided sucrose-sweetened water to the mice fed a regular low-fat
diet (79). Our results show that intake of sucrose-sweetened water (approximates
five cans of 12 oz sugar-sweetened beverages for a 2,000 calorie diet in humans)
induced insulin resistance and exacerbated AD-like memory impairment and brain
amyloid pathology (79). Our findings are of tremendous importance given that the
consumption of sugar-sweetened beverages has increased dramatically in the past
few decades and will most likely remain high in modern societies. Controlling the
consumption of sugar-sweetened beverages may be an effective way to curtail the
risk of developing AD.

In findings similar to those from studies of AD, dietary intake of carbohydrates
and midlife adiposity have been associated with an increased risk of PD (62,80).
While there is interest in the potential benefit of a low-carbohydrate/high-fat
ketogenic diet regimen for managing symptoms of PD (81), there are also concerns
about the long-term effects of consuming this high-fat and potentially unhealthy
diet over time. Although the information on the effect of dietary carbohydrates on
the development of ALS and HD is very limited, some evidence indicates that
insulin resistance/aberration of carbohydrate metabolism is associated with ALS
(82,83) and that there is an increased frequency of diabetes mellitus in patients with
HD (84).

25.3.3 Vitamins and Antioxidants

25.3.3.1 VITAMINS B6 AND B12, FOLATE, AND HOMOCYSTEINE

Elevated homocysteine levels in the plasma are a known risk factor for cardi-
ovascular disease and stroke (85,86) andmay be related to increased risk of AD as
a neurotoxin or as a result of vascular changes associated with homocysteine (87).
Homocysteine is an intermediate to methionine and cysteine. Folate and vitamin
B12 are required to convert homocysteine to methionine. Vitamin B6 is required to
convert homocysteine to cysteine (87). Thus, deficiencies of vitamin B6, vitamin
B12, and folate could lead to increased concentrations of homocysteine by pre-
venting or slowing its conversion to methionine and cysteine, respectively.
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Interestingly, in the Framingham study, homocysteine concentrations over
14 mmol/l doubled the risk of developing AD, while vitamin B6, vitamin B12,
and/or folate showed no association with risk of AD (88). In contrast, the Nun
study showed that decreased serum folate levels were associated with increased
neocortical atrophy at autopsy in participants with significant numbers of plaques
and tangles (89), whereas levels of for vitamins B6 or B12 were not associated with
neocortical changes (89).

Other studies specifically designed to measure the interactive effects among
vitamins B6 and B12, folate, and homocysteine have produced conflicting results.
Low concentrations of folate and vitamin B12 have been shown to be associated
with a high (90) to even a doubled risk (91) of developing AD. Treatment with
vitamin B12 improved cognitive function in patients with high serum homocysteine
concentrations (92), whereas vitamin B12 supplement had no effect on cognition in
demented patients (93) or had no association with AD prevention or progression
(94,95). Higher intake of folate has been related to a lower risk of AD,while intakes
of vitamin B6 and B12 have no effect on the risk of AD (96). Cochrane reviews for
folate, vitamins B12, and B6 have not supported a cognitive benefit for these
nutrients (97–99). The discrepancies among these studies may be attributed to
different patient populations, age of subjects as well as the dosage of supplements
administered. Nevertheless, experimental studies in cultured cells and in animal
models have shown that homocysteine displays multiple aspects of neurotoxicity
(100) and that folic acid deficiency and homocysteine impairs DNA repair in
hippocampal neurons and increases A� toxicity (101).

In summary, elevated plasma homocysteine concentrations have been associated
with an increased risk of developing dementia and AD. However, it is not clear if an
elevation in total homocysteine concentration is a ‘‘risk factor’’ with a direct
pathophysiological role in the development of the disease or merely a ‘‘risk marker’’
reflecting an underlying process such as oxidative stress responsible for both the
high homocysteine concentrations and the development of AD. Given that vitamin
therapy with folate, B12, and B6 lowers plasma homocysteine levels and could
significantly reduce the risk of stroke and dementia permitting healthy brain
aging, clinical trials should be conducted to evaluate the role of these vitamins
and other homocysteine-lowering treatments in the primary prevention of AD, as
well as their role in preserving cognition among persons with mild cognitive impair-
ment and early dementia.

High plasma homocysteine levels have also been reported in patients with PD
(102,103). Higher dietary intake of vitamin B6 but not folate and B12 has been
shown to be associated with a significantly decreased risk of PD in a prospective
population-based Rotterdam study (104). Interestingly, this association is only in
smokers, suggesting that the antioxidant properties of vitamin B6 rather than its
involvement in homocysteine metabolism may be responsible for its anti-PD effects
(104). For ALS, no studies in human patients are available. Experimental studies in
cultured neurons and in animal models suggest that homocysteine plays an impor-
tant role in the pathogenesis of ALS and that therapy with antioxidants and vitamin
supplement may slow the neurodegenerative process in human ALS (105,106). For
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HD, a recent study has shown hyperhomocysteinemia in HD patients compared to
controls (107). Therefore, dietary vitamin supplements that lower homocysteine
levels could provide beneficial effects on HD.

25.3.3.2 ANTIOXIDANT NUTRIENTS

Oxidative stress increases with aging and is associated with the manifestation and
progression of age-related neurodegenerative diseases (108). It is as of yet unknown
if the production of oxidative species is a primary cause or a secondary result of the
disease progression. The production and deposition of A� early in AD cause an
increase in oxidative stress by reducing redox-active copper (Cu(II)) and iron
(Fe(III)) concentrations in the brain, resulting in a subsequent increase in reactive
oxygen species, oxidative stress, and neuronal damage (109). The idea that reactive
oxygen species may be causative has led to research involving antioxidants as
possibly being involved in the prevention of the progression or even protecting
against AD.

Themajority of antioxidant research has revolved around the naturally occurring
vitamins found in the diet. These include vitamin E (�-tocopherol), vitamin C
(ascorbic acid), and carotenes. It has been shown that vitamin E suppresses signal-
ing involved in the inflammatory cascade and reduces lipid peroxidation and the
resultant oxidative stress produced by A� (110). Vitamin C could have an affect on
the production of neuronal signaling molecules norepinephrine and epinephrine.
Vitamin C also blocks the reduction of nitrites preventing the formation of DNA-
mutating nitrosamines. Like vitamin E, carotenes may have a protective effect by
preventing lipid peroxidation (110,111).

Human studies to date are conflicting concerning intake of antioxidants in
relation to dementia and AD. The benefit of dietary supplementation with vitamin
C and E have been shown to decrease the risk of vascular dementia, increase
cognitive function in non-AD subjects (112,113), and decrease the development
of AD (114). Vitamin E supplement alone (115), vitamins E and C from dietary
sources (116,117), and addition of �-carotene to the diet (118) have been shown to
decrease the incidence of AD. However, other studies have found no relation
between intake of vitamin C, vitamin E, and carotenes and the risk of AD
(119,120) The discrepancies may be attributed to the different ages and level of
dementia of the study participants during testing. The studies that found beneficial
effects were generally in younger patients with impaired cognition. The studies that
found no benefits were generally in a population of older patients in whom there are
a natural increase of oxidative species and a decrease in dietary intake, both of
which would reduce the pool of available antioxidants.

A meta-analysis of eight observational studies on the effect of vitamin C, vitamin
E, and �-carotene intake on the risk of PD shows that dietary intake of vitamin E
protects against PD (121). This protective effect was found with both moderate
intake and high intake of vitamin E, although the possible benefit associated with
high intake of vitamin E was not significant. These studies did not suggest any
protective effects associated with vitamin C or �-carotene (121). In a transgenic
mouse model of ALS, dietary supplementation with vitamin E delays onset of
clinical disease and slows progression (122). However, no clear evidence for a
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beneficial effect of vitamin E administration (123) or a variety of antioxidant
combinations (124) has been obtained in humans. In HD patients, while treatment
with vitamin E had no effect on neurological and neuropsychiatric symptoms in the
treatment group overall, post-hoc analysis revealed a significant selective therapeu-
tic effect on neurological symptoms for patients early in the course of the disorder
(125), suggesting that antioxidant therapy may slow the rate of motor decline early
in the course of HD.

In addition to vitamin E, vitamin C, and carotenes, other dietary antioxidants
such as flavonoids and polyphenols have also been shown to protect against
neurodegenerative disorders (126). Detailed discussion on these other dietary
antioxidants is beyond the scope of this chapter.

25.3.4 Dietary Patterns

Some of the conflicting findings on dietary effects discussed in the previous
sections may partly result from the fact that most studies focus on individual
dietary constituents and not the overall diet as a whole. Dietary pattern analysis
has recently received growing attention in relation to many diseases because
people do not consume foods or nutrients in isolation but rather as a variety of
components of their daily diet. Several studies have investigated the effect of
composite dietary patterns on the risk for AD. One such dietary pattern is the
Mediterranean diet (MeDi). The MeDi is characterized by high intake of vegeta-
bles, legumes, fruits, and cereals; high intake of unsaturated fatty acids (mostly in
the form of olive oil) and low intake of saturated fatty acids; a moderately high
intake of fish; a low-to-moderate intake of dairy products (mostly cheese or
yogurt); a low intake of meat and poultry; and a regular but moderate amount
of ethanol, primarily in the form of wine and generally during meals (127).
Apparently, this diet includes many of the components reported as potentially
beneficial for AD and cognitive performance. Interestingly, while individual food
groups were not significantly associated with risk for AD, Scarmeas et al. found
the composite Mediterranean dietary pattern to be associated with a reduction in
AD risk (128). This is consistent with other studies that show benefit from the
composite Mediterranean diet on cognitive performance (129) as well as protec-
tion from death from any cause (130). Recently, it has also been demonstrated
that the adherence to MeDi reduces the mortality in AD (131). Whether the
Mediterranean dietary pattern is beneficial to other neurodegenerative disorders
has not been investigated. While studies of dietary patterns more closely approx-
imate the way individuals consume nutrients in combinations, there are limita-
tions to this approach of diet analysis. Since there is no acknowledged ‘‘gold
standard’’ analytical approach for dietary pattern analysis, different conclusions
can be derived from the same dietary data depending upon the technique
employed (132) and it is impossible to make comparisons across studies (133).
Thus while this approach is promising for its ability to develop public health
messages in terms of food group servings, further refinement of the technique is
needed before conclusions appropriate to drive consumer recommendations can
be made (132).
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25.3.5 Caloric Restriction as a Preventative Strategy

As with the quality of the diet, the quantity of the diet influences health and
disease. The ability of caloric restriction (CR) during adult life to lengthen life
span has been observed consistently in many different species of mammals (134).
Findings from studies of human populations and animal models indicate that
reduced food intake may protect against AD. A prospective epidemiological study
of a large cohort in New York City provided evidence that individuals with a low
calorie intake have a reduced risk of developing AD (38), whereas excessive
calorie intake is associated with increased risk of AD (78). CR has been shown
to reduce the development of amyloid pathology in the brain of transgenic mouse
models of AD (135,136) suggesting that CR can suppress a key pathogenic
process in AD. Recently, in a mouse model of AD with both amyloid plagues
and neurofibrillary tangles, CR and intermittent fasting (IF) dietary regimens
have been shown to ameliorate age-related deficits in cognitive function (137).
The underlying mechanisms, however, may or may not be related to A� and tau
pathologies.

Other studies have also shown that CR and IF diets are neuroprotective and
improve functional outcome in animal models of PD and HD (138). The animal
studies suggest that CR and IFmay benefit the brain by reducing levels of oxidative
stress and by enhancing cellular stress resistance mechanisms. Interestingly, no
benefit of dietary restriction has been observed on disease onset or progression in
animal models of ALS (139). It is hypothesized that one reason that motor neurons
might be selectively vulnerable to low-energy diets is that they are unable to engage
neuroprotective responses to energetic stress response involving the protein chaper-
ones, such as, heat-shock protein-70 (139).

Whether we can translate findings in animal models to humans awaits rando-
mized clinical trials. Most previous human studies have compared overweight
(excess caloric intake) vs. normal weight people. It is not known whether it is
beneficial for a normal weight individual to be on a calorie-restricted diet. Also,
the actual values for optimum calorie intake and meal frequency may vary con-
siderably among individuals because of factors such as their activity level, age, and
sex.More studies are needed before any recommendations can bemade onCRor IF
dietary regimens.

25.3.6 Weight Loss in Neurodegenerative Disorders

Weight loss in AD has been well documented through out the history of the
disease. Dr. Alois Alzheimer included weight loss as one of his findings in the
original case in 1906 (3). The National Institute of Neurological and Communica-
tive Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association Work Group include weight loss as a clinical feature consistent with
the diagnosis of AD (140). Various studies have shown that AD patients were more
likely to lose weight compared to controls (141–143). Weight loss in AD has
negative prognostic implications, which is associated with greater disease severity,
a faster clinical progression rate, and increased mortality. In contrast, modest
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weight gain is associated with a slower progression rate and reduced mortality
(144). However, the questions about when and why many patients with AD lose
weight have not been answered.

Recent studies indicate that weight loss may occur several years prior to the
clinical diagnosis in AD. In the Honolulu-Asia Aging Study, Stewart et al. tracked
the progression of weight loss and development of dementia in a large population
sample of men over a period of 32 years (145). They found that on average, the men
who became demented weighed neither more nor less during middle age than those
who did not develop dementia. However, during the 6 years prior to diagnosis, the
men who developed dementia lost a significantly greater amount of weight (an
average of 0.8 lb per year) compared with the men who did not develop dementia
evaluated at the same follow-up visit. Fifty-seven percent of the men with incident
dementia had a weight loss of 11 lb or more during the 6-year period prior to their
dementia diagnosis compared with 35% of those who did not develop dementia.
Weight loss accelerated in the 3-year period prior to diagnosis (145). Consistently,
Johnson et al. also showed that accelerated weight loss precedes diagnosis in AD
(146). In this study, participants (n=449) were older adults (65–95 years) who were
enrolled as control subjects without dementia and followed longitudinally (6 years
on average). Of the 449 participants, 125 developed AD. Participants without
dementia lost about 0.6 lb per year, those who developed AD, doubled that rate
of weight loss (1.2 lb per year) during the year prior to the detection of AD. As a
group, participants who eventually developed ADweighed less (about 8 lb) at study
enrollment (i.e., when they did not have dementia) than participants who remained
without dementia. These findings suggest that weight loss may accelerate before the
diagnosis of AD and may be a preclinical indicator of AD (146).

The mechanisms responsible for weight loss prior to a diagnosis of AD are not
well understood. The years just prior to a diagnosis of AD are often marked by a
period of mild cognitive impairment (MCI), a transitional stage between normal
cognitive aging and dementia in which memory problems start to become apparent.
The current data suggest that weight loss begins concurrently with theMCI stage of
AD or perhaps even earlier in many patients. MCI is associated with many beha-
vioral, metabolic, and neuro-anatomical changes. It has been shown that patients
with MCI have a higher prevalence of apathy, irritability, anxiety, and depression
that may affect appetite or interest in meal preparation (147). Patients with MCI
have smaller hippocampi and faster rates of hippocampal atrophy than normal
controls (148), and medial temporal lobe atrophy is correlated with lower body
weight in AD (149). The presence ofAPOE-"4 allele may be associated with weight
loss in AD. Women with AD carrying the APOE-"4 allele were more likely to lose
weight than women without the APOE-"4 allele (150). It has also been found that
the presence of APOE-"4 allele may cause increased cortisol levels in the cerebrosp-
inal fluid of patients with AD compared to elderly normal controls (151). Changes
in the concentration of leptin, an appetite-suppressing hormone secreted by adipo-
cytes, may also contribute to weight loss in AD. Therefore, these studies suggest
that there may be complex relationships between APOE-"4 allele, susceptibility to
AD, weight loss, hormonal dysregulation, hippocampal atrophy, and cognitive
impairment. Ultimately, the underlying disease process is presumably responsible
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for the weight loss in AD, but the details are unclear. It is possible that weight loss is
a consequence of the pathologic features affecting various brain structures required
to maintain body-weight homeostasis. These changes may alter behavior, appetite,
and energy expenditures that lead to lower body weight. Alternatively, weight loss
may be part of a generalized stress response or downregulation of energy needs
associated with reduced brain function (152). Future multiple-year MCI and AD
longitudinal studies and clinical trials will help to elucidate the relationship between
weight loss, brain metabolism, neuropathology, and cognitive decline.

Weight loss has also been observed in patients diagnosed with PD. As in AD,
several studies have shown that weight loss precedes the clinical diagnosis.
Logroscino et al. reported that a body mass index (BMI) decline occurred about
5 years prior to clinical diagnosis of PD in a prospective study among 10,812 men
in the Harvard Alumni Health Study (153). Consistent with these data, another
prospective study showed that weight loss may precede the diagnosis of PD by 2–4
years (154).

The mechanisms for weight loss in PD may result from subclinical effects of the
disease, such as changes in dietary habits, or functional impairments secondary to
rigidity and bradykinesia. Difficulty swallowing, a common clinical manifestation
of PD, could also play an important role in decreasing food intake. Alternatively, it
may be that some of the early nonmotor symptoms, such as constipation and sleep
disorders, which can precede the diagnosis by many years (154) cause the weight
loss. Degeneration of dopaminergic neurons in PDmay induce an altered pattern of
food intake. Since dopamine acts as a potent inhibitor of feeding and patients with
PD usually have increased energy intake (59), the decline in BMI cannot be
explained by reduced energy intake (154). However, motor symptoms associated
with PD could increase energy requirements. Thus, it is possible that even in the
presence of higher energy intake, there may be a negative energy balance, leading to
a decrease in BMI. In addition, hippocampus atrophy, which has been associated
with weight loss inAD (149), has been observed in nondemented PDpatients (155)
and, therefore, may also be associated with weight loss in PD patients.

In ALS, denervation and a rapid reduction in physical activities usually cause
muscle atrophy in ALS patients, which is consistent with a reduction in fat-free
mass (FFM) (156). It is known that FFM is the primary determinant of resting
energy expenditure (REE), which represents � 60% of total daily energy expendi-
ture (156). Thus, given that ALS patients have decreased weights and FFM values
compared to the control group, one would expect overall hypometabolism or
normometabolism in ALS patients. However, several studies have reported a state
of hypermetabolism in ALS (156,157). The reason for this seemingly paradoxical
phenomenon is currently unknown. Nevertheless, in the late stage of ALS, there is a
progressive decreases in body fat, lean body mass, muscle power, and nitrogen
balance and an increase in resting energy expenditure (156). As ALS patients
experience a chronically deficient intake of energy, it has been recommended to
augment energy intake rather than increase the consumption of high-protein nutri-
tional supplements in ALS patients (156).

In HD, studies in both animal models and humans have shown that weight loss is
a feature associated with the disease onset (158,159). However, it is unknown
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whether weight loss is a component of HDmanifestation that can be detected at an
early stage of the disease or merely a consequence of increased energy expenditure
through involuntary movements. Gaba et al. compared 24-h energy expenditure
(EE) and energy intake in persons with early midstage HD with those of matched
control subjects and found that 24-h EE was 11% higher in the HD subjects than in
the control subjects (160). In this study, HD subjects were able to maintain positive
energy balance when offered adequate amounts of food in a controlled setting
(160). In a transgenic mouse model of HD, van der Burg et al. recently found
that weight loss is not caused by decreased caloric intake or increased locomotor
activity, but is associated with increased metabolic rate and changes in several
factors regulating metabolism, such as reduced levels of hypothalamic peptides
and altered uncoupling proteins (158).

25.4 CLOSING REMARKS

With the advance of modern technologies, genetic factors contributing to neuro-
degenerative disorders continue to be unveiled. Although familial forms of diseases
only represent a small fraction of cases, deciphering the cause of these rare inherited
cases helps to understand the development of the more common sporadic form of
these disorders. Establishment of animalmodels recapitulating symptoms of human
diseases through genetic manipulations has provided unprecedented tools to study
gene–gene and gene–environment interactions in the molecular pathogenesis of
neurodegenerative disorders and to test potential nutritional or pharmaceutical
interventions. However, data from animal experiments should not be extrapolated
directly to humans. Randomized clinical trials are required before any dietary or
medical recommendations can or should be made. Unfortunately, while numerous
observational human studies have been conducted, there have been no large rando-
mized trials to assess the impact of dietary interventions on the progression of AD
and other neurodegenerative disorders. Nevertheless, multiple lines of evidence
suggest that dietary interventions have benefits for preventing and/or reducing the
incidence of these disorders. As study continues in the future, new knowledge will
increase our understanding of the effects of nutrition on neurodegenerative dis-
eases. For the time being, any impact that nutritionmay have on the pathogenesis of
neurodegenerative disorders could have large implications for improving quality
and quantity of life, as well as reducing the burden on the health care system.
Certainly, more rigorous studies are needed to establish recommendations to main-
tain optimal nutrition for successful aging.

25.5 RECOMMENDATIONS

1. Because recent studies indicate that high intakes of saturated fat and cholesterol
increase the risk of AD, individuals with a family history of AD or other risk factors
should be counseled to decrease saturated fat intake.

2. Two to three meals of fish per week (supplying approximately 380 mg EPA+DHA/
day) may reduce AD risk.

3. AMediterranean-type diet has been shown in epidemiologic studies to be associated
with lower rates of dementia.
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26 Nutrition and Late-Life Depression

Martha E. Payne

Key Points

� Depression is a significant problem for older adults.
� Dietary factors related to either vascular risk or brain health may be important for

depression.
� Obesity may promote depression.
� Inadequate omega-3 fatty acid consumption or levels may be related to depression.
� Folate is important for vascular and brain health but its role in depression is unclear.
� Brain lesions and their potential dietary etiology may be significant for depression.

Key Words: Depression; brain lesions; serotonin; folate; omega-3; vascular

26.1 INTRODUCTION

Mental disorders such as depression may be amenable to nutrition interventions
as are physical illnesses. However, much less research has investigated this topic.
Late-life depression, or depression in individuals 60 and over, is a type of psychiatric
illness known as a mood disorder. Its most characteristic symptoms are sadness,
feeling blue or down, and being uninterested in typical activities. Low mood is a
persistent phenomenon as opposed to the daily ‘‘ups and downs’’ that most indivi-
duals experience. Often this dysphoria is not associated with a negative event or
situation in the person’s life. However, mood disturbance is not the only effect of
depression. Depressed individuals also have groups of symptoms known as vegeta-
tive and ideational. Vegetative symptoms include appetite and energy disturbances.
Ideational symptoms encompass feelings of guilt and hopelessness, as well as
suicidal thoughts.

26.1.1 Diagnosis of Depression

A diagnosis of major depression requires that five or more of the following
symptoms have endured for at least 2 weeks: (1) feeling depressed, sad, or blue,
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(2) loss of interest or pleasure, (3) increased or decreased sleep, (4) increased or
decreased appetite with weight change, (5) feeling agitated, restless, or slowed down,
(6) feelings of worthlessness or excessive guilt, (7) low energy, (8) difficulty concentrat-
ing, and (9) feeling that life is notworth living (1).Major depressionmay be diagnosed
by a general practitioner, psychiatrist, psychologist, or other health professional.
However, in approximately half of cases, depression is undetected and untreated (2).

26.1.2 Impact of Depression

Depression is a serious and common mental disorder. The World Health Organi-
zation has determined that depression is the fourth leading cause of disease burden
and the leading cause of years lived with disability (3). Depression is also responsible
for the majority of the 870,000 suicides per year (4). Prevalence of depression in the
older adult community typically ranges from 2.7 to 10.1% (5,6). Depression is even
more prevalent among those in poor health and those in nursing homes (3). Late-life
depression increases health-care costs by 50%, and this difference is not accounted
for by mental health-care expenditures (7). Part of this may relate to the adverse
effects of depression upon medical health and mortality rates. Depression increases
one’s risk of heart disease and hip fractures (8). Beyond the medical impact,
depression can lead to impaired psychosocial and cognitive functioning and other
disabilities which can have a tremendous impact upon the emotional and socio-
economic well-being of relatives, caregivers, and the community. Lost productivity,
financial costs, and diminished quality of life for family members typically follow.
The stigma of mental illness may lead to humiliation, isolation, and unemployment.

26.1.3 Etiology of Late-Life Depression

Prevention of late-life depression is obviously preferable to alternative
approaches. Numerous factors affect one’s risk of depression, including socioeco-
nomic status, gender, social support, genetic factors, stressful life events, comorbid
medical conditions, and ischemic brain lesions. Nutrition may be another critical
factor in the etiology of depression. Although less studied than some other risk
factors for depression, it is also more amenable to modification. Diet may influence
depression risk by promoting vascular illnesses which lead to depression, by causing
neuronal changes or other intermediary factors that promote depression, or poten-
tially by directly promoting depression (see Fig. 26.1). Likely, all three pathways
occur and there may be overlap between them.

Vascular risk factors and vascular diseases, including hypertension, atherosclero-
sis, heart disease, cerebrovascular disease, stroke, diabetes mellitus, and ischemic
brain lesions are more common in those with late-life depression than in younger
depressed subjects (9–11). Individuals with depression are at greater risk for heart
disease and diabetes, while these medical patient populations are at greater risk for
depression (12–14). In addition, patients with both a depression and an accompa-
nying vascular medical disease are at greater risk for poor outcomes, including
death. For example, after a myocardial infarction, patients with comorbid depres-
sion are four times more likely to die within 18 months, as compared to patients
without depression (15). The presence of vascular risk factors and, in particular,
ischemic brain lesions has led to the vascular depression hypothesis of late-life
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depression which states that cerebrovascular disease may precipitate, predispose, or
perpetuate geriatric depression (16,17). In this scenario damage occurs to the
cerebral vasculature, particularly the small cerebral vessels, leading to brain ische-
mia and neuronal cell death. The resulting ischemic brain lesions may promote
depression if they impact mood regulation pathways. See Fig. 26.2 for an example
of brain lesions which are seen with late-life depression.

Nutritional factors that are most likely to be related to the etiology of depression
are those which have vascular effects – a large number of candidates to be sure – and

Fig. 26.2. Brain lesions seen on magnetic resonance imaging (MRI). Lesions, believed to be of
ischemic origin, occur with aging but particularly with late-life depression. These lesions are
believed to damage mood regulation pathways which can lead to depression. Lesions are shown
here on a proton density image (left), fluid-attenuated inversion recovery (FLAIR) image
(center), and tissue classification image (right). Lesions are black on tissue classification image.
Images courtesy of the Neuropsychiatric Imaging Research Laboratory (NIRL) at Duke Uni-
versity Medical Center.
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Inflammation
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Genes
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Fig. 26.1. A dietary mechanism for late-life depression. Diet may promote (or prevent) depres-
sion by influencing one’s risk of vascular diseases, including atherosclerosis and diabetes. These
vascular diseases are known to promote late-life depression. In addition, diet may promote (or
prevent) depression by altering neuronal health, neurotransmitter levels, or other intermediary
factors. There is also the potential for direct effects of diet upon depression.
Figure adapted from Payne et al. (26).
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those which affect neuronal health. Omega-3 fatty acids and folate have been
studied more than other nutrients in relation to depression and are known to
promote both vascular and nervous system health. As mentioned above, cerebro-
vascular disease may damage the mood-regulating regions of the brain leading to
depression. In terms of brain health, neurotransmitter metabolism, myelin produc-
tion, and membrane fluidity are critical. Serotonin and other neurotransmitter
systems appear to be dysregulated with depression. Nutrient balance can greatly
impact all of these nervous system functions as well as vascular health.

26.2 ENERGY BALANCE

Weight changes are known to occur with depression but it is not clear if energy
imbalance is related etiologically to depression. Weight loss is common among
depressed individuals, and depression is considered the number one explanation
for weight loss in the older adults (18). Weight loss is of particular concern since
older adults are already at increased nutritional risk. Underweight individuals are
more likely to report depressive symptoms (19). Unfortunately, the majority of
studies which have examined weight loss and depression have been cross-sectional
so it is usually not possible to determine which came first. At the other end of the
spectrum, with weight gain and obesity, is another subset of depressed subjects.

26.2.1 Obesity

Obesity has been associated with depression and may be etiologically related via
several mechanisms: vascular risk, weight-loss dieting behaviors, and physical
impairment, all of which have been associated with risk of depression (20–22).
The Alameda County Study demonstrated that baseline obesity, as defined by body
mass index (BMI) � 30, increased the risk of depression during 5 year follow-up of
1,886 adults over age 50 (23). Baseline depression did not affect later risk of obesity.
In addition to obesity, intra-abdominal fat (IF) in particular has been linked with
depression. This type of central adiposity is considered a more potent vascular risk
factor than is obesity in general. Two small studies of depressed subjects measured
IF with computed tomography (CT) scan. Depressed women were found to have
greater IF than controls (24). Interestingly, most of the depressed subjects were
within 10% of ideal body weight. Depression may be associated with abnormalities
of IF apart from its association to obesity. The second study followed older adult
subjects for 1–2 years and found that depressed subjects accumulated more IF than
non-depressed individuals (25).

26.3 DIETARY FAT

Types of fat in the diet may be an important determinant of depression. Dietary
fats are divided into four general categories: saturated, trans-unsaturated, mono-
unsaturated, and polyunsaturated, with the latter subdivided into omega-6 and
omega-3 fats. Saturated fat, a known cardiovascular risk factor, has been found
to be higher among older adult depressed subjects than in comparison subjects (26).
Omega-3 polyunsaturated fats have been studied for their potential protective role
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in depression. Total omega-3 fats as well as the ratio of omega-3 to omega-6 fats are
believed to be important determinants of health. A decline in both of these measures
over the past 100 years has been blamed for an increase in many conditions,
including depression (27).

26.3.1 Omega-3 Fatty Acids

Omega-3s are found in fatty cold-water fish, including salmon and mackerel, as
well as vegetable seeds and oils, including flaxseed, walnuts, and canola oil. Doc-
osahexaenoic acid (DHA), found in seafood and fortified foods, is the omega-3
fatty acid considered most critical to brain health. DHA makes up 3% of dry brain
weight and is higher in gray matter than white matter (28). There are many
potential mechanisms to explain a protective relationship between omega-3s and
late-life depression (see Table 26.1). Both brain and vascular effects are likely
critical. Individuals with depression exhibit many of the same characteristics as do
those with omega-3 fatty acid deficiency, including altered neurotransmission,
decreased cerebral blood flow, increased pro-inflammatory cytokines, and neuronal
atrophy (28). Rats who were fed an omega-3 deficient diet had decreased brain
levels of DHA and increased depressive behaviors (29). Rats and pigs who were
given omega-3 supplements during development exhibited higher levels of seroto-
nin, a neurotransmitter believed to be dysregulated and insufficiently active during
depression (30,31).

Population studies of fish consumption were the first to implicate omega-3 fats as
protective nutrients for depression. An ecological study which compared nations on
depression and fish consumption found a negative correlation between the two
variables (r ¼ –0.8, p < 0.005) (32). A 60-fold difference in depression prevalence
across countries existed, and this variation was similar to differences in coronary
disease mortality, which may indicate that depression and heart disease are related
to similar dietary factors. Two Finnish population studies examined depression and
fish intake cross-sectionally, but few older adult subjects were included. One study
(n¼ 1,767) found that frequent fish consumption (2 or more servings per week) was

Table 26.1
Potential mechanisms for a role of omega-3 fatty acids in depression

Brain Vascular

Serotonin metabolism Decrease triglycerides

Membrane fluidity Decrease blood pressure

Cellular regulation Decrease inflammation

Neurite growth Decrease cardiac events

Neuron size Protection from oxidative stress

Nerve growth factor Decrease platelet aggregation

Glial cells

Protection from oxidative stress

Glucose metabolism

Taken from Sinclair et al. (28).
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associated with a decreased risk of depressive symptoms as measured by the Beck
Depression Inventory (odds ratio ¼ 0.63) as compared to infrequent consumption,
while controlling for age, sex, marital status, education, employment status, dis-
ability, region, income, general health, smoking, alcohol and coffee consumption,
and physical activity (33). The second study which examined the Northern Finland
1966 Birth Cohort (n ¼ 5,689) determined that among women only rare fish
consumers (1 or fewer servings per month) were at increased risk of depression
(odds ratio ¼ 2.6) compared with more frequent consumers, after controlling for
body mass index, serum cholesterol, and socioeconomic status (34). Another
logistic regression model which controlled for smoking, ethanol intake, physical
inactivity, and marital status yielded similar results.

Omega-3 fatty acids are believed to be the critical nutrient to explain these
seafood and depression findings. Therefore, dietary omega-3s have been studied
in relationship to depression, and several of these projects have included or focused
on older adults. Surprisingly, most of these studies failed to find a significant
relationship between omega-3 intake and depression in multivariable analyses. A
study performed in the Netherlands (n ¼ 332) found that older adults (aged 70–90)
who consumed 156 mg or greater omega-3 fatty acids per day were less likely to
report depressive symptoms than those who consumed less than 59 mg per day
(odds ratio ¼ 0.46) (35). However, cross-sectional studies in Australia, Finland,
and the United Kingdom showed no association between dietary omega-3s and
either depression or depressive symptoms (n¼ 755, 29,133, and 2,982, respectively)
(36–38).

Biomarkers of omega-3 fatty acids have also been investigated in relationship to
depression although, unfortunately, most studies have not measured dietary intake
nor have most included older adult subjects. A small clinical study found lower
omega-3 levels in the phospholipids and cholesterol esters of those with depression
than in control subjects (27). Along with other measures this result was considered
indicative of activation of the inflammatory response system, which might lead to
increases in lipid peroxidation, neuronal membrane damage, and disturbed seroto-
nin metabolism. In Crete a study of healthy adults showed an inverse relationship
between adipose tissue DHA, a long-term indicator of omega-3 intake, and depres-
sion (39). A positive association has been found between the omega-6 to omega-3
ratio and depression, including in a study of older adult heart patients (27,40).

In addition to associating low omega-3 levels with depression, studies have found
them to be associated with depression biomarkers and depression severity. Low
plasma levels of DHApredicted low levels of 5-hydroxyindoleacetic acid (5-HIAA),
a metabolite of serotonin (41). Low levels of 5-HIAA are associated with not only
depression but also suicidal behavior (42,43). A study of major depression patients
found that omega-3 levels were negatively correlated with Hamilton depression
scores (44). In addition, the omega-6 to omega-3 ratio was positively associated
with depression scores. Furthermore, these correlations were not explained by
dietary intake (27,44).

In summary, there is evidence that omega-3 fatty acid metabolism is altered in
people with depression but the origin of this dysregulation is unclear. Longitudinal
research is needed to determine if altered fatty acid metabolism leads to depression,
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is the result of depression, or is caused by a third factor. The role of dietary omega-
3s may or may not be central to lowered physiological levels of omega-3s in
depressed individuals. However, it is possible that supplementation may be used
to correct such imbalances. There is evidence that fish consumption may be pro-
tective but, given the negative findings for dietary omega-3s, other nutrients in fish
may explain such a relationship. To date, studies of omega-3 fats, fish consumption,
and depression have been cross-sectional. It is imperative to study these relation-
ships in a longitudinal manner, particularly in older adult populations, in order to
ascertain any potentially protective role for these nutrients and foods in late-life
depression.

26.4 THE B VITAMINS

Micronutrients, particularly the B vitamins, may be important to the etiology
and progression of late-life depression. Folate (vitamin B9) and cobalamin (vitamin
B12) have been the most extensively studied of the B vitamins. Both vitamins have
roles in promoting brain health through neurotransmitter synthesis, myelin forma-
tion, and energy metabolism.

26.4.1 Folate

Folate occurs naturally in green vegetables, orange juice, strawberries, starchy
vegetables, eggs, beans, and whole grains, among other foods. The synthetic form
(folic acid) is found in dietary supplements and fortified refined grain products. As
there are few body stores of folate, a steady supply is needed in the diet. As shown in
Table 26.2, folate may influence mental health through its many functions in the
brain and throughout the body. Low serum folate levels were reported as early as
the 1960s when a study of psychiatric inpatients found that half had low folate levels
(45). Temporality is unclear not only because of the cross-sectional nature of study
but because many of the low folate subjects were alcoholics or had used folate-
diminishing medications (45). Another inpatient study found that depressed
subjects had lower folate levels than either non-depressed psychiatric patients or
non-psychiatric patients (46). Folate levels were also inversely associated with
Hamilton Depression scores. Other clinical studies have consistently associated

Table 26.2
Potential mechanisms for a role of folate in depression

Brain Systemic

Serotonin synthesis Methylation

Neurotransmitter release Membrane phospholipids

Methylation Homocysteine (to methionine)

Neurotransmitters

Membrane phospholipids

Formation of S-adenosyl methionine
(sole methyl donor of nervous system)

Taken from Paul et al. (80).
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low folate status with depression and depression severity (47–51). Unfortunately,
studies have failed to control for comorbid disease and other depression risk factors.
Researchers have speculated that folate deficiency is secondary to depression
(47,52) perhaps because of increased utilization during a depressive episode (49).

Population and community studies of older adult populations have examined the
relationship between folate status and late-life depression in a cross-sectional man-
ner. Two studies found a correlation between depressive symptoms and low blood
folate levels (53,54) and five failed to find a significant association between folate
status and depression (55–59). The only longitudinal study to examine this ques-
tion was conducted with middle-aged men and found that low dietary intake of
folate was associated with later diagnosis of depression (60).

A couple of factors should be considered when interpreting the conflicting
literature on folate, namely, homocysteine and genetic polymorphisms. Homocys-
teine is a known to be damaging to both cardiovascular and neurological health and
can become elevated in the absence of adequate folate. A cross-sectional study of
older adults found a positive association between homocysteine levels and Beck
depression inventory scores, even after controlling for folate levels and other
covariates (61). Low folate levels may have been a marker for or confounded
with elevated homocysteine in previous studies. To further complicate matters,
genes for folate metabolism have been associated with depression. A 677 C!T
polymorphism (cytosine replaced by thymine at nucleotide 677) for methylenete-
trahydrofolate reductase (MTHFR) is associated with low folate levels. Individuals
who are homozygous for MTHFR (677 C!T) are more likely to have current or
prior depression (58,62,63). Disparate results from epidemiological studies may
have resulted from genetic variability in the population samples but this cannot be
confirmed at present.

26.4.2 Vitamin B12

Cobalamin or vitamin B12 is found in foods of animal origin and has been
investigated for its role in mental disorders including depression and dementia.
Vitamin B12 functions in folate metabolism, serotonin synthesis, myelin sheath
formation, and as a coenzyme for fatty acid and amino acid oxidation (57).
Cobalamin deficiency can lead to permanent neurological damage even in the
absence of anemia or macrocytosis, the classic signs of B12 deficiency (64).

Epidemiological studies have had conflicting results with regards to depression
and cobalamin status. A Baltimore study of geriatric women with physical disabil-
ities (n¼ 700) showed that those with B12 deficiency were more likely to be severely
depressed than were non-deficient participants (odds ratio¼ 2.05), after controlling
for sociodemographics and health status (57). The prevalence of depression
(31.7%) was high, as predicted by the presence of functional disabilities. A study
of vitamin status among older individuals living in Rotterdam (n¼ 806) also found
that B12 deficiency was associated with depression, after controlling for cardiovas-
cular disease and functional disability (59). In contrast, the European SENECA
project population study, the Hordaland Health Study (Norway), and an Austra-
lian community study failed to find a significant association between cobalamin
levels and depression (53,55–58). What may be critical is the distinction between
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cobalamin deficiency and cobalamin status. The two studies examining B12 defi-
ciency found an association with depression, while those looking at B12 levels did
not.

26.5 BRAIN LESIONS

Since ischemic brain lesions are considered to be important etiologically for late-
life depression, the nutritional correlates of brain lesions may be critical for depres-
sion as well. These brain lesions are seen onmagnetic resonance imaging (MRI) and
computed tomography (CT) scans (see Fig. 26.2 for MRI example) and occur with
both aging and depression (65). However, individuals with late-life depression are
more likely to have brain lesions than are older non-depressed subjects (16,66,67).
Lesions indicate damage to gray and white matter in the brain (68) and have been
linked both cross-sectionally and longitudinally with cognitive impairment and
dementia (69–71), stroke (72). functional impairment (73). as well as late-life
depression (74). Lesions are known to be associated with both the persistence
and the worsening of depressive symptoms (74,75). Postmortem studies have
shown that these brain lesions result from ischemic damage (76).

Given their ischemic etiology, nutrients related to vascular risk may be impor-
tant. A handful of studies have examined this issue. The Austrian Stroke Prevention
Study found that plasma concentrations of the antioxidants �-tocopherol and
lycopene were negatively associated with brain lesions (77). Moderate alcohol
consumption has been negatively associated with white matter lesions in the Car-
diovascular Health Study, after controlling for covariates (78). High-fat dairy
products have been found to be positively associated with brain lesions in an
older depression sample (79). This area of research is promising for the potential
to prevent brain damage and its sequelae, but longitudinal studies are needed.

26.6 RECOMMENDATIONS

Depression is a major problem for older adults. Nutrition may be one avenue by
which depression can be prevented. Folate, omega-3 fats, and obesity, as well as
other nutritional factors which affect vascular and brain health, may be related to
late-life depression. Longitudinal studies are needed in order to examine the etio-
logical relationships among nutritional status, diet, and late-life depression. How-
ever, since older individuals with depression are known to be at increased risk for
heart disease and other vascular illnesses, it would be prudent to recommend that
depressed individuals modify their diet as would be recommended for anyone at risk
for cardiovascular disease.
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NUTRITION



27 Providing Food and Nutrition Choices
for Home and Community Long Term
Living

Dian O. Weddle and Nancy S. Wellman

Key Points

� Food and good nutrition are key factors in helping older adults remain healthy and
independent in the community by reducing chronic disease risk and disability,
promoting health and supporting increased mental and physical functioning.

� The current long term care system is shifting from a nursing facility focus to one that
provides an array of services in home and community-based settings.

� A new long term care system is emerging led in part by two Federal agencies, the
Centers for Medicare and Medicaid and the Administration on Aging.

� A philosophical and operational shift needs to be made from a provider/service
driven model to one where consumers, families and caregivers are empowered to
make their own long term care decisions.

Key Words: Home and community-based long term care system; nutrition and
food services; service rebalancing; Centers for Medicare and Medicaid Services;
U.S. Administration on Aging; Aging and Disability Resource Center (ADRC)

27.1 INTRODUCTION

Food and good nutrition are key factors in helping older adults remain healthy
and independent in the community (1,2). Together, they reduce chronic disease risk
and disability, promote health and support increased mental and physical function-
ing and active engagement with life (1,3–6). Food and good nutrition play pre-
ventive roles being integral to health promotion, risk reduction and disease treat-
ment (1,7). Nutrition therapy is cost effective; it prevents malnutrition, in the form
of undernutrition and obesity, and is central to management of common chronic
diseases. Older adults are in need of a system that coordinates provision of food and
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nutrition services and programs necessary to maintain well-being and independence
to support home and community long term living (1). The current long term care
system is shifting from a nursing facility focus to one that provides an array of
services in home and community-based settings. Nutrition, nursing, social service
and healthcare practitioners can facilitate a system promoting food and nutrition
services as critical elements for long term living.

27.2 NUTRITION AND CHRONIC DISEASE MANAGEMENT

The top nine chronic health conditions in older persons, (heart disease, hyperten-
sion, stroke, diabetes, cancer, arthritis, emphysema, asthma, chronic bronchitis) all
have dietary and nutritional implications (3,4,8,9). They affect the ability to remain
independent in the community and are greatly exacerbated bymalnutrition either as
undernutrition or as obesity (3). Heart disease, stroke, cancer and diabetes are
among the most common and costly (4). When obesity is a co-morbidity, they
account for almost all Medicare spending over the last 15 years (10). Food and
nutrition interventions help control the high costs of disease treatment and hospi-
talizations through risk reduction, delayed disease onset and symptom manage-
ment. Nutrition therapy improves the efficacy and effectiveness of the associated
medical, pharmaceutical and rehabilitative treatments (1).

27.3 NUTRITIONAL STATUS, MALNUTRITION
AND FUNCTIONALITY

Nutritional status is closely associated with an older person’s functionality and
ability to remain independent. Thus, a goal of improving nutritional status through
an adequate diet is to prevent obesity or underweight, both considered malnutri-
tion, and have the greatest impact on health (3). Obesity and underweight impede
functionality and independent living (4,11). Malnourished older adults have lim-
ited muscle strength, more exhaustion and reduced physical activity placing them at
risk for falls and hip fractures (11). These reduce quality of life, threaten indepen-
dence and increase healthcare costs.

Obesity, the most common nutritional disorder, is a risk factor for age-related
chronic diseases described earlier (3,10) (also see Chapter 15). Obesity in the Med-
icare population grew from 11.7% in 1987 to 22.5% in 2002. Healthcare spending for
this population grew from 9.4% of the federal budget in 1987 to 24.8% in 2002 (10).
Obese older adults are more likely to become disabled and report difficulties with
ADLs and IADLs that impact their functional independence (12).

Undernutrition in older adults often has multi-factors which must be addressed
for a successful resolution. Several chronic diseases (e.g., cancer, COPD, and
Alzheimer’s) are risk factors themselves because the unintended, undetected weight
loss contributes to frailty. Research shows independent relationships among the
quantity and quality of diets and frailty (13,14) (also see Chapter 9). Without
nutrition therapy and other long term care services to support recovery, individuals
are at greater risk for premature nursing home placement. Unaddressed, under-
nutrition and frailty result in costly long term care services. Malnutrition,
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unintentional weight loss and dehydration are serious risk factors for development
of pressure ulcers. Depending on progression, pressure ulcers need aggressive
nutrition therapy, medication management, nursing care and sufficient time to
heal (15) (also see Chapter 12).

A nutrition screening, assessment and intervention process detects and prevents
malnutrition (3). Routine screening and targeted intervention is encouraged as a
cost-effective way to promote health and manage disease in older adults by the
Nutrition Screening Initiative (16). Nutrition screening, assessment and targeted
interventions help keep older adults in their communities and reduce the costs
associated with medications, hospital care and nursing home stays (17).

27.4 CAREGIVERS AND NUTRITIONAL STATUS

Informal unpaid family caregivers are important in improving or maintaining
the nutritional status of their care recipients. Informal caregivers provide the
majority of care for underserved populations, including those in rural areas,
those suffering from dementia and those receiving hospice care. Caregivers prepare
meals, assist with eating, and, when necessary, administer and monitor home
enteral nutrition (1).

Caregivers may not have the skills and information needed to encourage eating,
modify food texture or evaluate the appropriateness of nutritional supplements
(18). Nutrition education or individualized nutrition counseling for specific dis-
eases and conditions (e.g., Alzheimer’s disease, hip fracture recovery) is needed
(19). The responsibility of providing nutrition care and sustenance that impact the
health and life of the care recipient contributes to caregiver burden. Informal
caregivers must also be concerned with their own nutritional status. The stress of
caregiving places them at malnutrition risk. They may skip meals, consume
unhealthy foods and neglect management of their own chronic diseases or condi-
tions (20).

27.5 THE CHANGING LONG TERM CARE SYSTEM

A new long term care system is emerging led in part by two Federal agencies, the
Centers for Medicare and Medicaid Services (CMS, www.cms.hhs.gov) and the
U.S. Administration on Aging (AoA, www.aoa.gov). CMS administers Medicaid
andMedicaid Home and CommunityWaiver Programs for limited income popula-
tions including older persons and those with disabilities. The AoA administers the
Older Americans Act (OAA). The OAA authorizes the National Aging Network
(Aging Network) and the largest home and community-based comprehensive coor-
dinated service system for adults 60+ in the USA. The Aging Network consists of
56 State Units on Aging (SUAs, www.nasua.org), 655 Area Agencies on Aging
(AAA, www.eldercare.gov), 236 Tribal & Native Organizations plus thousands of
service providers, adult care centers, caregivers and volunteers. The AgingNetwork
provider system delivers the array of nutrition, supportive, health promotion and
disease prevention and caregiver support services authorized under the OAA.
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The Medicaid program is the largest source of public funding for long term care
in the United States. Of the Medicaid monies spent on older adults, 69% goes for
long term care. Facility-based long term care accounts for 70% of Medicaid
spending (21). CMS, as the predominant funder of long term care, and AoA,
with its Aging Network of HCBC agencies and service providers, are collaborating
to better serve the different long term care needs and better manage the associated
high costs of providing care to the current heterogeneous, multi-racial and ethnic
population of adults aged 60+. Further, the large numbers of those aged 45–64who
turn 65 during the next two decades will require long term care. These efforts are
rebalancing the present long term care system away from long term placement in
nursing home facilities to one providing an array of home and community-based
care options (21,22).

Rebalancing requires a different way of thinking about the delivery of and
payment for home and community-based care services. Key long term care compo-
nents integral to rebalancing include 1. provision of alternatives to nursing home
placement (referred to as nursing home diversion). 2. Promotion of consumer-
directed choice in services provided. 3. Provision of a single access point consumers
use for information and referral. CMS and AoA have been providing grants and
operational support to states as they rebalance and expand home- and community-
based care services. Table 27.1 describes three ongoing demonstrations: Money
Follows the Person Rebalancing Demonstration for nursing home diversion (23).
Cash and Counseling for consumer choice (24); andAging andDisability Resource
Center (ADRC) Grants for improved information, access and referral (25).

These rebalancing efforts are showing signs of success. A study of New Jersey’s
nursing home transition program followed all 1,354 residents discharged from
nursing facilities during 2000 for 1 year post-discharge. Of these, 628 were in the
nursing home diversion program and were transitioning to the community. Of all
1,354 persons, 72.6% remained in the community 1-year post-discharge; 17% had a
long term readmission (>90 days); and 18.6% died. Within the diversion group,
75% remained in the community, 8.1% had a long term readmission and 16.9%
died. Significant predictors of a long term readmission 1 year post-discharge were
being male, single, not satisfied with living situation, living with others, and falling
within 8–10 weeks post-discharge. The authors conclude that predisposing factors,
not need, influenced readmission. They suggest individuals needing the most mon-
itoring during transition from nursing home to home setting be identified and
provided with risk-specific preventive measures (26).

Another study examined Health and Retirement Study data to determine
whether or not state spending for home- and community-based care made a differ-
ence in the risk of a first long term nursing home admission among older adults.
Findings indicated that residing in a state with higher home- and community-based
care spending resulted in a significantly lower risk of nursing home admission
among older persons who were childless. The authors conclude that doubling the
amount of state spending on home- and community-based care for childless older
persons would reduce the risk of nursing home admission by 35% (27).

Grants to establish ADRCs have been awarded to 43 states and territories since
the program’s inception in 2003. Grantees serve persons aged 60+ and at least one
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Table 27.1
Long term care rebalancing demonstration projects

Project Purpose Current activity

Money Follows the Person
Rebalancing
Demonstration.

(www.hcbs.org)

1. Increase home and
community-based care
& decrease facility-
based care;
2. allow money to
follow the person by
removing barriers so
individuals receive
services in setting of
choice;
3. Assure continuity of
HCBS for eligible
individuals who
transition from
institutional to
community settings

In 2007, CMS awarded
31 states $1.436 billion
in grants to transition
37,731 individuals out
of institutional settings
over a 5-year period
(23).

Cash and Counseling.

(www.cashandcounseling.
org)

1. Promote consumer
choice by allowing
elderly and disabled
Medicaid recipients
who receive personal
care services to direct
their own care,
purchase services/
products needed and
select the provider

To date, 15 states have
developed or are in the
process of developing
Cash and Counseling
Projects (24).

Aging and Disability
Resource Center
Demonstration Grant
Initiative (ADRCs)
(www.adrc-tae.org)

1. Include older adults
and at least one other
younger persons with
disabilities in at least
one community of all
income groups;
2. Develop
comprehensive ‘‘one-
stop’’, single point of
entry for older adults
and individuals with
disabilities who are
seeking information,
access and referral to
home- and community-
based services.

Since the ADRC
program was launched
in 2003, 43 states and
territories have received
3-year competitive
grants (25).
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population of younger persons with disabilities in at least one community of all
income levels. An interim report reveals that establishment of the single point of
long term care information, access and referral has resulted in ADRCs establish-
ing partnerships with home- and community-based long term care providers and
institutions to better inform consumers about options. These providers include
home- and community-based care intake agencies, hospitals and discharge plan-
ners, doctors’ offices and rehabilitation nursing homes. These types of organiza-
tions and the services provided accounted for 55% of all contacts/requests made
to the ADRCs. This suggests that ADRCs have begun to be known as trusted
sources for long term care information (25). Grantees also report priority efforts
to establish working partnerships with their colleague populations of younger
persons with disabilities and to include all those with vested community interests
in the planning process (25).

A comparison of the three original Cash and Counseling demonstration projects
conducted in Arkansas, Florida andNew Jersey indicated that there were common-
alities across projects as well as variation in types of supportive services offered and
with project implementation (28). The Demonstration project showed that frail
older adults and persons with disabilities are able to assume responsibility for self-
direction and make choices about the care they want. It also demonstrated that it is
feasible to pay a family member or friend to provide personal assistance. The model
can be adapted across states and offered as a service choice. Although it is not for
everyone, Cash and Counseling participants were quite receptive (29).

27.6 OPPORTUNITIES AND CHALLENGES WITHIN THE HOME- AND
COMMUNITY-BASED LONG TERM CARE SYSTEM

Dietitians, nutritionists, nurses, social service and health-care practitioners can
make a difference in meeting the food and nutrition long term living needs of older
persons. But, to be most effective, they must understand how home- and commu-
nity-based care services are delivered and financed.

The inclusion of the full array of food and nutrition services is frequently missing
in the home- and community-based long term care system. Food and nutrition are
viewed as two separate non-intersecting parallel systems: 1. food as part of a social
and supportive services system and 2. nutrition as part of a medical problem-
oriented treatment. These systems must be joined and coordinated for food and
nutrition to fulfill their critical role in promoting health and independence for
community-residing older persons.

Medicaid/Medicaid Waiver programs are state-administered program and each
state sets its own eligibility and service guidelines. The Medicaid Waiver Program
provides home- and community-based services to frail community residing recipi-
ents who are nursing home eligible. Services vary as individual states determine
what will be provided. Although it differs by state, some do offer nutrition services
including home delivered meals, risk assessment and nutrition counseling (30).

The OAA is also a state-administered program. While it is available to indivi-
duals aged 60+, it targets those who are poor and of minority status, including
Native Americans, rural residing and those with limited English speaking ability.
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The OAA supports bottom-up, state and community-driven planning. AAAs
develop local area plans that are integrated with their state plan. Tribal organiza-
tions develop programs specific to needs and cultural customs.

At both the state and the local levels, Aging Network agencies and providers
juggle a multitude of funding streams and client eligibility requirements as they
develop strategic and operational plans to provide the mix of home- and commu-
nity-based care services to meet the needs of a consumer base with different levels of
frailty. Eligibility requirements and funding streams vary across home- and com-
munity-based care programs.Multiple funding streams are generally used to pay for
home- and community-based care. Many states provide home- and community-
based care through the OAA Aging Network structure; although the majority of
funding for these agencies may come from the Medicaid Waiver Program for
services to persons who are nursing home eligible and may be frailer than those
served with OAA funds. In addition, funds may come from other state or local
programs and private support funding (31). It is a state and community decision as
to what home- and community-based services will be offered and to whom. As a
result, there is great variability across the nation with respect to the availability and
variety of food and nutrition services provided.

A philosophical and operational shift must be made from a provider-/service-
driven model to one where consumers, families and caregivers are empowered to
make their own long term care decisions. Service providers need to ensure that their
services are more client, caregiver and family centered. As consumers begin to
choose from amenu of long term care options and service providers, they will select
services based on self identified and prioritized needs. Providers must understand
this. Providers may conduct focus groups and develop products and social market-
ing plans that explain to consumers how their services meet needs and add value.

The OAA state and local planning approach is very grassroots oriented. Armed
with convincing data and an understanding of the system, nutrition, nursing, social
service and health-care practitioners have a real opportunity to advocate for inclu-
sion of appropriate food and nutrition services. The ADRCs are becoming the
‘‘one-stop-shop’’ for home- and community-based long term care. Within their
states and communities, practitioners should work with their Aging Network
colleagues and the diverse partners involved with the ADRC development and
implementation process to build awareness of the importance of food and nutrition
to health. Practitioners must then direct consumers to accurate information and
appropriate referral mechanisms.

27.7 THE OLDER AMERICANS ACT AND REBALANCED
LONG TERM CARE

The OAA, the cornerstone of cost effective, comprehensive, coordinated, high-
quality home- and community-based services, promotes rebalanced long term care.
Reauthorized in October 2006, the OAA authorizes the Assistant Secretary for
Aging, SUAs, and AAAs to promote the development and implementation of a
comprehensive State system of long term care that enables older adults to receive
client-centered services at home in the community (32). The OAA includes
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provisions to 1. empower consumers to make informed decisions about choices for
long term living; 2. build prevention into community living through evidence-based
health promotion and disease prevention programs designed for older adults; and 3.
target high-risk, nursing home eligible, non-Medicaid or private pay individuals
and delay institutionalization through choices for home and community care to
meet individualized needs and preferences (32).

The OAA promotes a more client centered, cost effective home- and community-
basedmodel. Thesemodels increase consumer satisfaction and savemoney by lower
use of high cost emergency rooms and institutional care (21). The South Carolina
Lieutenant Governor’s Office on Aging documented the value of OAA services,
including congregate and home-delivered meals, in avoiding expensive inpatient
hospital services. OAA clients had a significantly reduced rate of emergency depart-
ment visits due to ambulatory care sensitive conditions including dehydration,
pneumonia, etc., when compared with a matched sample of Medicaid clients.
Ambulatory care sensitive conditions are typically preventable or controllable
and should not normally require inpatient or emergency care. Additionally, the
Office on Aging compared intensity of OAA services between clients receiving three
or more meals per week (higher intensity) with those receiving fewer meals (lower
intensity). Those receiving three or more meals per week had significantly lower
rates of ambulatory care sensitive condition-related inpatient admissions than the
lower intensity comparison group. With adjustments for race, gender, age and
service durations, congregate clients who ate more meals per week had significantly
fewer inpatient admissions and emergency department visits than those eating fewer
meals. Home delivered meal clients receiving more meals per week also had sig-
nificantly fewer inpatient admissions than the comparison group (33). At the time
of the study, South Carolina’s average cost of a year’s worth of home delivered
meals was $1,107 (FY 2004, FY 2005) compared to the $25,000–$37,000 average
cost of a year’s stay in a nursing home (FY 2005) (33).

The OAA and its evidence-based Nutrition Program have the experience, net-
work and programs in place for a flexible, client- and family-centered home- and
community-based long term care system. OAA services are highly rated (34). Older
adults and families turn to it for top quality, accurate information; appropriate, safe
services and competent providers to serve long term living needs.

27.8 THE OAA NUTRITION PROGRAM AS A SERVICE MODEL
FOR FOOD AND NUTRITION CHOICES

The OAA Nutrition Program can serve as a service model for preventive food
and nutrition choices in home- and community-based long term living (35). It is
popular, grassroots and consumer oriented. A key foundation service, theNutrition
Program has a history of documented, substantial contributions to the health and
social well-being of its participants (35,36). It is well integrated into home and
community settings through coordination with community partners. Its care-plan-
ning process includes nutrition screening, nutrition assessment, nutrition education,
nutrition counseling with follow-up when appropriate (32,35,36).
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The OAA Nutrition Program goals are to reduce hunger and food insecurity; to
promote socialization of older adults and to promote the health and well-being of
older adults by assisting them to gain access to nutrition and other disease prevention
and health promotion services to delay onset of adverse health conditions resulting
from poor nutritional health or sedentary behavior (32). These goals are met and
implemented through the array and consumer directed choices of services funded
through the OAA (Tables 27.2 and 27.3). There is coordination with other federally
funded food and nutrition programs to improve access to services designed to reduce
hunger and food insecurity and improve disease management (Table 27.4).

The OAANutrition Program is at the front line of primary, secondary and tertiary
prevention by providing clients with 1. safe nutritionally adequate meals, and nutri-
tion and fitness guidance for healthy lifestyles; and 2. nutrition risk screening, assess-
ment, education and counseling to effectively manage chronic disease (1,7). For
example, diabetes coupled with inactivity results in a more than fourfold increased
risk of future nursing home admissions (37). As states’ priorities differ, provision of
Nutrition Program services is not standard across the country. Each state, with local
community involvement, decides whichOAANutrition Program services it will offer.

Federal regulations require that TheOAANutrition Program adhere to the latest
edition of the Dietary Guidelines for Americans (DGA) and use the newest nutrient
requirement knowledge and guidance (32). The DGA makes specific quantitative
recommendations regarding nutrients and food components and emphasizes a
healthy weight and physical activity (5). The Dietary Reference Intakes (DRIs)
emphasize that older adults have specific nutrient requirements due to the aging
process. The DRIs help prevent nutritional deficiency, reduce the risk of chronic
diseases and improve health over the long run (38).

The OAA Nutrition Program employs a continuous quality improvement pro-
cess to maintain adherence to the latest scientific evidence and highest performance

Table 27.2
OAA Nutrition Program services

1) Meals to improve food & nutrient intakes and reduce hunger and food insecurity.
2) Nutrition screening and assessment as needed to identify nutrition related risk.
3) Congregate dining site participation to promote active social engagement.
4) Nutrition education to motivate dietary & behavioral change through information

about timely nutrition topics.
5) Nutrition counseling to enable chronic disease management.
6) Referrals & coordination to connect consumers & caregivers, for example:
� community partners for health promotion/disease prevention services,
� in-home services,
� food and nutrition assistance programs,
� facility based discharge planners for post discharge meals,
� Medicaid Waiver home and community based services to delay nursing home

placement,
� Medicare Medical Nutrition Therapy Diabetes Self Management Programs,
� Medicare Medical Nutrition Therapy Pre-dialysis Renal Disease.
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standards. Mechanisms measure customer satisfaction, analysis of dietary intake,
assurance of nutritional quality and safe food, assurances for families and adher-
ence to consistency of standards. It also provides appropriate training and guidance
on nutritional aspects to case managers as they assess for need for services, training
for homemakers and personal care assistants in appropriate shopping and meal
preparation and modification, and for family primary caregivers to help them
provide adequate nourishment for their care recipient and themselves.

The Second National Pilot Survey of Older Americans Act Title III Service
Recipients shows that the Nutrition Program successfully targets the vulnerable
and frail including the underserved, those of minority status, those residing in rural
areas and those with limited access to food. The Home Delivered Nutrition Pro-
gram serves the frailest and most functionally impaired. This important social
community link delays institutionalization (34). Participants age 75 and older
comprise 73%of home delivered and 62%of congregate Nutrition Program clients.

Table 27.3
OAA Food and Nutrition choices for consumers and caregivers

1) Community dining options including congregate sites and restaurant vouchers when
appropriate;

2) Culturally appropriate meals, entrée choices, soup and salad bars;
3) Home-delivered meals including therapeutic meals – renal diets, texture

modifications, hot or frozen meals, daily or weekly deliveries, meals for older
caregivers;

4) In-depth individualized nutrition counseling for diseasemanagement – heart disease,
diabetes, hypertension, cancer;

5) Disease-specific group counseling sessions – diabetes, osteoporosis, obesity,
unintended weight loss; and

6) Interactive nutrition education sessions on healthy eating, food labels, food safety,
and physical activity tailored to older adults and caregivers.

Table 27.4
Federally funded food and nutrition programs

US DHHS
� Older Americans Act
� Indian Health Service
� Clinical nutrition services
� Medicaid HCBS Waiver Program

(1915 b&c)
� 38 states offer meals
� Medicare
� Medical Nutrition Therapy
� Preventive services

USDA
� Food Stamp Program
� Food Stamp Nutrition Education

Program
� Food Distribution Program on Indian

Reservations
� Commodity Supplemental Food

Program
� The Emergency Food Assistance Food

Program
� Child & Adult Care Food Program
� Senior Farmers Market Nutrition

Program
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Over half of all participants live alone, including 61% of the homebound. About
70% of the homebound have difficulty with one or more ADLs and 29% have three
or more ADL limitations. The latter qualifies them as needing nursing home level of
care – a care level that indicates significant frailty (34). The mid-day meal provides
half or more of the day’s total food intake for 66% of home delivered and 56% of
congregate Nutrition Program participants. The congregate Nutrition Program
helps participants remain independent and engaged thoughmeals, culturally appro-
priate nutrition education and physical activity and social interaction (34).

27.9 OAA NUTRITION PROGRAM AND FRAIL OLDER ADULTS

Consumers are increasingly diverse with respect to severity of impairments, infor-
mation and referral needs, mix of nutrition therapies needed, and health/medical/
social services needed (1). The Aging Network will continue to target and serve an
increasingly frailer, impaired andmore underserved population (39). Thus, the OAA
Nutrition Program providers, including registered dietitians, tackle the double risk
threats to consumers’ loss of independence and lessened quality of life. The double
risks are caused by 1. inadequate food and nutrient intakes and 2. poor dietary
compliance for disease management (37). Without OAA services, about 29% of
participants receiving home-delivered meals were impaired to the extent that they
were eligible for more costly nursing home placement (22). If these individuals had
been in nursing homes, regulations would require they be carefully monitored for
malnutrition risk, evaluated for declines in nutrition status, and have a documented
care plan to prevent deterioration. Registered dietitians and health practitioners
should alert Aging Network colleagues to the potential dangers of ignoringmalnutri-
tion. Standard procedures should include care planning and treatment or referral
guidelines to prevent a problem. Continuous quality improvement outcomemonitors
and staff training guidelines should be established.

27.10 PROVIDING FOOD AND NUTRITION CHOICES FOR HOME
AND COMMUNITY LONG TERM LIVING:
RECOMMENDATIONS

Older adults willingly make nutrition-related lifestyle changes when information
is relevant to their needs and they understand how to make the changes (40). Even
with serious impairments and chronic conditions, older adults prefer to be at home
rather than in a nursing facility (22).

Prioritized nutrition services contribute to health and independence and reduce
early nursing home admissions. OAA Nutrition Program components provide
choice and can be integrated into the home- and community-based long term care
system as illustrated by the following recommendations (41).

1. Use the Aging and Disability Resource Centers (ADRCs) to empower consumers to
make informed nutrition-related choices for long term living:

� Provide One-Stop-Shopping to reduce nutrition risk and promote healthy eating
through consumer-tested informational brochures, Internet materials, evidence-
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based interventions and information about available nutrition services in homes
and the community (e.g., home delivered meals, congregate dining sites, Medi-
care-covered diabetes treatment);

� Include two to three key nutrition questions on the Intake and Referral form to
prioritize service referrals and reduce malnutrition risk, use the information for
appropriate interventions such as healthy meals, nutrition counseling, family
caregivers support;

� Reduce nutrition risk, food insecurity and hunger through information and
referrals to programs that increase access to food (e.g., Food Stamp Program,
food banks, Senior Farmers’ Market Nutrition Program);

� Ensure that nutrition needs are addressed as part of Medicaid Waiver or State
Funded home- and community-based service options;

� Inform consumers about possible private pay options for services.

2. Build prevention into community living through evidence-based nutrition related
Health Promotion and Disease Prevention programs designed for older adults:

� Regularly offer nutrition screening, nutrition education and nutrition counseling;
� Provide information and referrals for consumers and families about local evi-

dence-based Health Promotion and Disease Prevention programs;
� Partner with Health Promotion and Disease Prevention programs to increase

accessibility in senior centers and congregate dining sites; and
� Offer choices of appropriate Health Promotion andDisease Prevention programs

to homebound consumers.

3. Meet the nutrition needs of persons at high risk of nursing home placement to delay
institutionalization through choices in home- and community-based care:

� Train case managers and other gatekeeper assessors to screen for nutrition risk
and identify the need for referral for nutrition assessment, diagnosis, treatment,
care planning and monitoring.

� Provide choices in home-delivered meals including special diets, texture modifica-
tions, hot or frozen meal choices and daily or weekly deliveries.

� Provide choices in hospital and nursing home discharge planning for comprehen-
sive nutrition services including meals, individualized nutrition counseling for
disease management with follow-up indicators of care effectiveness.

The direct roles of food and nutrition in promoting health, reducing risks and
managing chronic diseases have been established. Science documents the role
nutrition has in maintaining functional independence and protecting quality of
life. Registered dietitians, nutrition, nursing, social service and health-care practi-
tioners can work with Aging Network colleagues to assure inclusion of food and
nutrition choices that support long term living for older adults.
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28 Dietary Supplements: Current
Knowledge and Future Frontiers
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Key Points

� The evidence base for the use of dietary supplements is well documented for some,
such as the essential nutrients, but it is scant for others, such as some designer
supplements and botanicals.

� Popular dietary supplements consumed by older Americans that have national
public health recommendations and established guidelines for use include omega-3
fatty acids; the B vitamins, folic acid, vitamins B6, and B12; vitaminsD and E; and the
minerals, calcium, potassium, and magnesium.

� Dietary supplements not endorsed by national public health recommendations but
with a considerable evidence base upon which randomized clinical trials can be
planned or guidelines for use might be formulated include coenzyme Q10, creatine,
and the botanicals black cohosh, French pine bark, Ginkgo biloba, and saw palmetto.

� A clinical deficiency of vitamins or minerals, other than iron and possibly vitamin D,
is uncommon in the United States, except for certain high-risk groups.

� In situations when recommended nutrients cannot be obtained by food alone
or retained by the body because of impaired absorption or other physiologic
limitations, dietary supplements can provide benefit. When taken, multivitamin
preparations should include 100% of the daily value for vitamins B12, B6, D, and
folic acid.

Key Words: Dietary supplements; nutrients; botanicals; DSHEA; needs
assessment; evidence-based guidelines; health claims
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28.1 INTRODUCTION

Nutritionists and health professionals continually stress that the establishment of
healthy dietary patterns is the core to maintaining health and well-being. However,
a large majority of the American public believes that dietary supplements as
nutrients, herbs, and other food components may help manage or lessen the impact
of age-associated disorders and conditions. The evidence base for the use of dietary
supplements is scant for some andwell documented for others. The need for vitamin
D and calcium in the prevention of osteoporosis due to bone mineral loss is well
established (1–5). B vitamins, such as folic acid, vitamins B6, and B12, play a role in
preventing blood vessel diseases and maintaining normal neurologic function
(6–11). It should be noted that clinical deficiency of vitamins or minerals, other
than iron and now possibly vitamin D (12), is uncommon in the United States,
except for certain high-risk groups. Of rising concern are the increased blood levels
of folic acid in response to folic acid fortification in the United States (13).

Evidence is emerging from a few well-designed randomized clinical trials to
suggest that some herbal supplements may also have beneficial effects. Herbs are
sold in many forms, including fresh, dried, liquid, or solid extracts, and as tablets,
capsules, powders, and tea bags. However, with many herbal preparations, it is not
fully understood how they work, nor is the active component always known. While
approximately 30% of all drugs used today are derived from plants (14–16), very
few of the herbal supplement products on the market have been vigorously tested in
clinical studies for efficacy and toxicity. The lack of solid scientific evidencemakes it
extremely difficult to quantify true risks and benefits of supplements in many cases.
Also, the risk of interactions between supplements and other medications among
the elderly may be higher because they take more prescription medicines on the
average than do younger adults. This review focuses on the rationale and evidence
base for the use of dietary supplements for health maintenance and the risk factors
associated with chronic disease. Needs, assessment tips, and resource references are
also provided through the use of tables and figures.

28.1.1 Overview of Dietary Supplement Use

Total sales of dietary supplements in 2007 were estimated to be 22 billion dollars
in the United States. Between 1990 and 1997, the prevalence of high-dose vitamin
and herbal use increased by 130 and 380%, respectively (17); however, growth
appears to have slowed in recent years. Currently the annual growth rate in herbal
sales is less than 6%. In contrast, the annual growth in functional foods has enjoyed
about a 9% per year growth rate (18). During this same time period, sales of
prescription drugs have sharply declined. For 2006–2008, the growth forecast places
specialty supplements at the top at a 7–9% growth rate followed by sports nutri-
tionals at 4–6%. And to reach these goals, consumers are switching from single-
nutrient supplements to combination and condition-specific formulae (19). One of
the most high-potential marketing practices is to cross-promote supplements and
foods with the sales of prescription medications for specific conditions. This prac-
tice can be seen in grocery stores, drug store chains, and even in health and food
magazines. For example, vitamins, multivitamins, and minerals are among the
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items most frequently purchased with a heart-related prescription drug in a drug-
store or grocery store (20). According to consumer usage model estimates, 4.2% of
U.S. adults or 9.8 million people are committed or ‘‘heavy’’ users of supplements
and 30.6% or 72.2 million are ‘‘regular’’ users (18).

Supplement use has been shown to increase with age. Use is higher amongwomen
than among men and in non-Hispanic whites. It is consistent with more healthy
lifestyles and less overweight, and is correlated with higher family income and level
of education. Findings from the Third National Health and Nutrition Examination
Survey, 1988–1994 (NHANES III), suggest that 40% of Americans use dietary
supplements (21). Approximately 56% of middle-age and older adults consume at
least one supplement on a regular basis. Use of supplements among the elderly was
highest (55%) in women 80 years and above, compared to 42.3% inmen of the same
age group (21). The demographics of any supplement use are consistent with the
use of the most commonly consumed dietary supplements: multivitamin/multi-
mineral, vitamin E, vitamin C, calcium, antacid calcium, and B-vitamin complex
(22). A smaller survey of 2,743 U.S. English-speaking residents conducted by the
FDA, the 2002 Health and Diet Survey, identified any dietary supplement use in
73% of participants, 85% of whom used a multivitamin/multimineral supplement,
77% used a specialized vitamin/mineral supplement, and 42% used herbal or
botanical supplements (23). On the other hand, when users of complementary
and alternative (CAM) practices were queried, only 18.9% noted use of herbal
products in the last 12 months and of those who consumed herbs, 57.3% used the
herbs to treat a specific health condition, but most often not in accordance with
evidence-based guidelines (24). It should be noted that cross-comparisons of
surveys on dietary supplement use do not lend themselves to pooling as the collec-
tion instruments or formats are different (phone survey, 24-h recall, food frequency
questionnaire), subjects may be queried for different time periods of use (over the
last week versus last month versus last year), and respondents may be confused
about what types of supplements belong to within the category being questioned.

28.1.2 Regulation of Dietary Supplements

The Dietary Supplement Health and Education Act (DSHEA) (Public Law 103-
417) laid the foundation for the current regulatory framework for dietary supple-
ments. This law amended the Federal Food, Drug, and Cosmetic Act of 1938 ‘‘to
establish standards with respect to dietary supplements.’’ Dietary supplements have
been defined by DSHEA to include a product (other than tobacco) intended to
supplement the diet that bears or contains one or more of the following dietary
ingredients: a vitamin; a mineral; an herb or other botanical; an amino acid; a
dietary substance for use by man to supplement the diet by increasing the total
dietary intake; or a concentrate, metabolite, constituent, extract, or combination of
any of the ingredients described above. Under DSHEA, FDA regulates safety,
manufacturing, and product information, such as claims in product labels, package
inserts, and accompanying literature. The FDA cannot require testing of dietary
supplements prior to marketing (except for new dietary ingredients); however, while
manufacturers are prohibited from selling dangerous products, DSHEA gives the
FDA permission to remove a product from the marketplace only when the FDA
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proves that the product is dangerous to the health of Americans. If in the labeling or
marketing of a dietary supplement product a claim is made that the product can
diagnose, treat, cure, or prevent disease, such as ‘‘cures cancer,’’ the product is said
to be an unapproved new drug and thus is being sold illegally.

In July 2007, the FDA announced a final rule establishing regulations to require
current good manufacturing practices (CGMPs) for dietary supplements and fin-
ished products. The regulations establish the CGMPs needed to ensure quality
throughout the manufacturing, packaging, labeling, and storing of dietary supple-
ments. The final rule includes requirements for setting quality control procedures,
designing and constructing manufacturing plants, and testing ingredients and the
finished product. It also includes requirements for recordkeeping and handling
consumer product complaints. Manufacturers are required to evaluate the identity,
purity, strength, and composition of their dietary supplements. If dietary supple-
ments contain contaminants or do not contain the dietary ingredient they are
represented to contain, FDA would consider those products to be adulterated or
misbranded. The aim of the final rule is to prevent inclusion of the wrong ingre-
dients, too much or too little of a dietary ingredient, contamination by substances
such as natural toxins, bacteria, pesticides, glass, lead, and other heavy metals, as
well as improper packaging and labeling (25).

The Dietary Supplement and Nonprescription Drug Consumer Protection Act
(the ‘‘AER bill’’) (Public Law 109-462), a bill requiring manufacturers of dietary
supplements and over-the-counter (OTC) products to submit serious adverse event
reports (SAERs) to the FDA, was passed by Congress in December 2006. This act,
which amends the Federal Food, Drug, and Cosmetic Act, will become effective
within 1 year of the date it was signed into law (i.e., December 2007). Once effective,
companies will be required to include contact information on their products’ labels
for consumers to use in reporting adverse events. Companiesmust further notify the
FDA of any serious adverse event reports within 15 business days of receiving such
reports. Under this act, a ‘‘serious adverse event’’ would be defined as any adverse
event resulting in death, a life-threatening experience, inpatient hospitalization, a
persistent or significant disability or incapacity, or a congenital anomaly or birth
defect, as well as any adverse event requiring a medical or surgical intervention to
prevent one of the aforementioned conditions, based on reasonable medical
judgment.

28.1.3 Health Claims for Foods and Supplements

The Nutrition Labeling and Education Act of 1990 (Public Law 101–535) allows
labeling of conventional foods and dietary supplements with health claims. These
are statements describing relationships between a food or food component and
disease, such as cardiovascular disease, or health-related condition, such as hyper-
tension, which is considered a surrogate marker for disease. Health claims are
limited to claims about disease risk reduction and cannot be used to suggest cure,
mitigation, treatment, or prevention of disease. To qualify as a health claim, FDA
may use several ways to exercise its oversight in determining which health claims
may be used on a label or in labeling for food. Readers are referred to the FDA for
details (www.cfsan.fda.gov/�dms/flguid.html). In some cases biomarkers are

556 Costello et al.



evaluated for predicting risk of disease, and health claims may be requested and
approved based on evidence that a nutrient or dietary supplement influences a
biomarker in a way associated with reduced disease risk. When evidence suggests
potential benefit but the strength of evidence is not considered strong, a qualified
health claim may be allowed. Qualified health claims must be accompanied by
language: ‘‘FDA has determined that this evidence is limited and not conclusive.’’
Presently FDA has authorized 14 health-disease-related claims for foods and/or
dietary supplements, to include 7 for cardiovascular, 3 for cancer, and 1 for
osteoporosis-related conditions. A total of 16 qualified health claims have been
issued: 7 for cardiovascular, 5 for cancer, 1 for cognitive function and 1 for diabetes-
related conditions. In addition, structure–function claims can be made on labels of
conventional foods and dietary supplements to describe the role of substances
intended to affect the normal structure or function in humans. FDA need not
review or authorize structure–function claims prior to use. Nutrient content claims
and dietary guidance statements can also be utilized to provide additional health
information about a particular nutrient or food component, but these typically do
not relate to dietary supplements.

28.1.4 Evaluating the Quality of the Literature on Studies Using Dietary
Supplements

In most cases the initial scientific suggestion of benefit for a bioactive food
component, botanical compound, or dietary supplement has come from epidemio-
logic comparisons of different cohorts, with interpretation limited by both different
endogenous rates of disease and varied levels of consumption of the substance of
interest. Early hypothesis-generating studies are typically supported by subsequent
case-control studies and, in some cases, larger prospective cohort studies. For
example, for cardiovascular disease, surrogate endpoints in the smaller prospective
studies include effects on low-density lipoprotein cholesterol (LDL-C), platelet
function, endothelial function, and immune/inflammatory activity (26). In some
cases larger randomized controlled trials have been conducted using clinical out-
come endpoints. Studies of herbal medicines have suffered from poorly character-
ized interventions and often studies of short duration. Independent examination
has revealed great inconsistency between product labeling and actual compound
concentration (27–29). In this setting there are significant safety concerns with
potential adulteration of supplements with active prescription compounds, contam-
ination of preparations, herb–herb interactions, and herb–drug interactions
(30–32). Research into the safety and efficacy of botanical compounds has been
hampered by this lack of standardization (33). To improve the design and reporting
of randomized controlled trials using herbal medicine interventions, members of the
CONSORT (Consolidated Standards of Reporting Trials) group have developed a
checklist to assist investigators (34).

The process of systematic review has become well established for the evaluation
of specific medical treatments and diagnostic tests. In fact, the U.S. Preventive
Services Task Force (USPSTF) has recently refined its methods of evidence review
and assessment to create more useable documents to serve clinicians’ needs (35).
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However, systematic reviews of nutrition topics and dietary supplements pose
unique challenges unlike those of conventional drugs. One challenge is that of
defining energy balance and using control subjects that are energetically equivalent
to test subjects. Among observational studies, it is critical to account for potential
confounding factors, such as background diet, food preparation method, weight,
health status, medications record, and disease-specific risk factors (36). In fact, it
may be argued that evaluating a diet–health relationship is precisely the circum-
stance in which systematic review techniques can be most appropriate and effective
because they are transparent and objective, and the search and review strategies
could be exactly reproduced by others (37). An additional value of the evidence-
based review approach is that a systematic review can readily be updated to include
emerging relevant data. The FDA is currently in the process of adopting an
evidence-based review system for the scientific evaluation of health claims for
foods and food components (38).

28.2 RECOMMENDED DIETARY INTAKES FOR THE ELDERLY

Nutrients and other dietary components are essential for normal growth, devel-
opment, and good health, including prevention of chronic and degenerative dis-
eases. In 1989 the Food and Nutrition Board of the Institute of Medicine, National
Academy of Sciences, replaced Recommended Dietary Allowances, used since 1941
to recommend nutrient needs, with a comprehensive set of Dietary Reference
Intakes (DRIs) that have broader and more useful applications (39–41). DRIs
are recommended nutrient intakes that promote functional endpoints associated
with good health and limit adverse health effects associated with deficient or
excessive intakes. In addition to categories for younger adults, infants, and children,
the DRIs include demographic categories for adults 51–70 years and 71+ years as
indicated by new evidence indicatingmicronutrient needs change with aging. Ample
evidence from studies in older people supports a need for such guidance. Aging is
associated with physiologic changes that have significant nutrition impact. Aging
and loss of sex steroids alter bone remodeling and accelerate bone loss, increasing
the need for calcium and vitamin D. Less vitamin D is synthesized in skin in older
adults. Achlorhydria (decreased gastric acidity) impairs intestinal absorption of
vitamin B12, calcium, and folic acid. At the same time, increased frequency of acute
and chronic illness such as cardiovascular disease, diabetes, and pressure ulcers and
more prevalent use of prescription and over-the-counter medications may alter
nutrient metabolism and needs. Barriers such as poor dentition, decreased dietary
variety, decreased mobility, and difficulties in acquiring and preparing foods pre-
sent additional challenges for meeting nutrition needs in older adults.

A modified food pyramid for adults over 70 years has been developed by The
Jean Mayer USDA Human Nutrition Research Center on Aging at Tufts Univer-
sity (www.hnrc.tufts.edu). In addition to suggesting numbers of servings of each
food group consistent with USDA’s MyPyramid, it includes guidelines for water
equivalents and advises adults in this age group to consult with a health care
provider about their potential need for calcium, vitamin D, and vitamin B12
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supplements. (see Fig. 28.1). The interactive MyPyramid also provides individua-
lized dietary recommendations for various age and gender categories and activity
levels, including older adults, and can be accessed online at www.mypyramid.gov.

Dietary assessment surveys examine intake of various demographic groups. In
the case of older adults, research suggests thatmany consume diets inconsistent with
science-based recommendations andmay benefit from dietarymodifications and/or
dietary supplementation. Results of a 6-month dietary assessment of adults aged
65–93 years living in rural North Carolina suggested many did not consume
recommended servings of grains, fruits, vegetables, and dairy as suggested by the
FoodGuide Pyramid but did consume excess discretionary calories (42). Similarly,
diets of over 90%of the 447 older Puerto Rican andDominican adults whose intake
was assessed via validated food frequency questionnaire did not meet estimated
requirements for vitamin E from food alone. Their plasma concentrations were
associated with intake patterns supporting the concern that alpha-tocopherol
intake was insufficient in this group (43). Mean daily servings of fruits, grains,
and dairy products among community-dwelling women aged 50–69 years from a
rural Midwestern community were below target levels recommended in the 2000
Dietary Guidelines for Americans (44). In another study, lack of dietary variety
predicted inadequate macronutrient and micronutrient intakes in community-
dwelling older adults surveyed for the 1994–1996 Continuing Survey of Food

Fig. 28.1. Food pyramid for 70+ adults. Reprinted with permission from Tufts University,
1999.
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Intakes by Individuals. Findings support the need for nutrition counseling for older
adults and perhaps a role for dietary supplements (45). In fact, when nutrient
intake adequacy of vitamin/mineral supplement users was compared to nonusers
aged 51 years and older, 80% or more of supplement users met the EAR for
vitamins A, B6, B12, C, E, folate, iron, and zinc while less than 50% of both users
and nonusers met the EAR for folate, vitamin E, and magnesium from food alone.
This analysis of adults from the Continuing Survey of Food Intakes by Individuals
and Diet and Health Knowledge Survey in 1994 and 1996 suggested that dietary
supplements partially compensated for inadequate micronutrient intake from
food (46).

The American Dietetic Association (ADA) takes the position, consistent with
most health care organizations, that the best way to meet the DRIs is to wisely
choose a wide variety of foods (47). Foods provide many compounds essential to
health and adopting eating habits that provide recommended amounts of nutrients
and other healthful substances may be the only step needed to meet current dietary
recommendations. However, there are times when recommended nutrients cannot
be obtained by food alone or retained by the body because of impaired absorption
or other physiologic limitations. In these instances, dietary supplements or fortified
foods can contribute needed vitamins and minerals and play a valuable role in
maintaining health.

Among the popular dietary supplements, primarily vitamins and minerals, con-
sumed by older Americans, many have national public health recommendations
and established guidelines for use based on considerable evidence. A select number
of these supplements are summarized in Table 28.1.

28.2.1 B Vitamins and Cognitive Function

For example, there is increasing but contradictory information that B vitamins,
such as folic acid, vitamins B6, and B12, play a role in preventing blood vessel
diseases and in maintaining normal neurologic function (6,8,48–55). High plasma
homocysteine concentrations are associated with impaired cognitive abilities and
increased risk of cardiovascular disease (56–58), and supplemental folic acid,
vitamin B12, and vitamin B6 can decrease elevated homocysteine levels (59). Data
collected from participants of the Framingham Study showed that elevated homo-
cysteine levels (>14 mmol/L) doubled the chance that a participant would develop
Alzheimer’s disease (AD); each 5 mmol/L elevation was shown to increase the risk
of AD by 40% (53). A cohort of 816 dementia-free older adults with a mean age of
74 was followed for newly diagnosed dementia and AD. Over a 4-year period
subjects with elevated homocysteine and lower folate levels at baseline were more
likely to develop dementia and AD; in subjects with plasma homocysteine >15
mmol/L the hazard ratio for dementia was 2.08 (60). Whether hyperhomocysteine-
mia is a risk marker or risk factor for dementia is yet to be determined. Four small,
short-duration studies found no effects of folic acid, with or without vitamin B12 on
cognitive decline in older adults (57). More recently, the FACIT trial examined the
effect of 3-year folic acid supplementation on cognitive function in adults aged
50–70 years as assessed by memory testing. They found that an 800 mg folic acid
supplement taken daily for 3 years significantly improved cognitive function
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d
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d
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a
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(a secondary endpoint) as compared to placebo (8). The ChicagoHealth andAging
project investigated the association between cognitive change and fruit and vege-
table intake over the course of 6 years and found that high vegetable but not fruit
consumption may be associated with slower rate of cognitive decline in older age
(61). However, researchers examining this same group of 3,718 residents 65 years
and older for associations between folate and vitamin B12 intake and cognitive
decline unexpectedly found that the rate of cognitive decline among persons in the
top fifth of total folate intake (median intake 742 mg/day) was more than twice that
of those in the lowest fifth of folate intake (median intake 186 mg/day) while high
total vitamin B12 intake was associated with slower cognitive decline only among
the oldest participants (62). A 2-year trial that provided a daily supplement con-
taining 100 mg folic acid, 500 mg vitamin B12, and 10 mg vitamin B6 to 276 healthy
subjects aged 65 years and older did not find significant differences in cognition test
scores between those receiving the supplement versus a placebo (55). Additional
studies are needed to examine these apparently contradictory results and determine
whether benefit from supplemental folic acid may be more effective when given at
younger ages or for longer periods of time. Few trials have investigated the effect of
vitamin B6 supplementation on cognition. Two small studies of short duration that
examined the effect of vitamin B6 on cognitive decline in elderly men and women
showed no effects. A Cochrane database review failed to find studies confirming
cognitive benefit of vitamin B6 on cognition in older adults and called for rando-
mized controlled trials to explore the possible associations between vitamin B6

supplementation and cognitive impairment (57). Dementia and poor memory
are among the symptoms of vitamin B12 deficiency (63). A review of 1,000
community-dwelling adults aged 75 years or older indicated that those with
vitamin B12 or holotranscobalamin levels in the bottom versus top quartiles
had a twofold risk and a threefold risk, respectively, of cognitive impairment.
This study adds to evidence linking deficient B12 levels with cognitive impair-
ment but additional trials are needed to assess clinical significance of B12

supplementation (64).

28.2.2 B Vitamins and Cardiovascular Health

To examine the effects of B-vitamin supplementation on cardiovascular events in
patients with vascular disease, 5,522 patients 55 years or older with vascular disease
or diabetes received daily treatment with either placebo or combination pill provid-
ing 2.5mg folic acid, 40mg vitamin B6, and 1mg vitamin B12 for 5 years (51). While
mean homocysteine levels decreased by 2.4 mmol/L in the treatment group versus a
0.8 mmol/L increase in the placebo group, active treatment did not significantly
decrease risk of death from cardiovascular causes. However, folic acid supplemen-
tation may positively influence vascular function. Fifty-six patients with coronary
artery disease were randomized to receive a low dose (400 mg) or a high dose (5 mg)
of folic acid per day for 7 weeks before undergoing coronary artery bypass grafting.
Low-dose supplements improved markers of vascular function, with no further
improvement from higher doses. Benefit appeared to be related to vascular tissue
levels of 5-methyltetrahydrofolate (65). To examine the effect of 5-methyltetrahy-
drofolate on coronary circulation 14 patients with ischemic heart disease were
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enrolled in a double-blind, placebo-controlled crossover trial to examine the effect
of 30 mg folic acid on myocardial blood flow. This study suggested that high-dose
oral folic acid could acutely lower blood pressure and enhance coronary dilation in
patients with coronary artery disease (11).

Additional studies are needed, and are underway, to further explore the complex
relationships between B vitamins, cognitive function, and cardiovascular disease.
The Institute of Medicine advises adults aged 50 years and older to obtain most of
their vitamin B12 from supplements or fortified food. The RDA for vitamin B12 is
2.4 mg. This level of supplementation is available in multivitamin preparations that
provide 100% of the DV. Vitamin B12 does not have an upper intake level (UL)
because higher intakes are not associated with adverse health events. Older persons
may obtain cardiovascular and cognitive benefit from consuming 400 mg folic acid
per day from a dietary supplement or from fortified foods. This level of supple-
mentation is available in basic multivitamin preparations that provide 100% of the
DV. TheUL for folic acid is 1,000 mg (or 1mg) because of the potential for folic acid
to trigger vitamin B12 deficiency. This is particularly important for older persons
because at least 30% may have difficulty absorbing vitamin B12 from food and are
therefore at higher risk of developing a vitamin B12 deficiency. There is no evidence
suggesting specific benefit of supplemental vitamin B6 but taking a daily multi-
vitamin providing 100% of the DV for B6 (2.0 mg/day) is considered safe and
acceptable. The upper intake level (UL) for vitamin B6 is 100 mg/day.

A prime example of the complex interrelationships between diet, dietary supple-
ments, and health is recent concern over increased blood levels of folic acid in
response to folic acid fortification in the United States and Canada. Folic acid
fortification of enriched uncooked cereal grains, mandated since 1998 in the United
States, has been credited with achieving its goal of reducing the number of births
complicated by neural tube defects. However, over this same time frame the down-
ward trend in colorectal incidence in the United States and Canada reversed,
leading some researchers to examine the association between these phenomena
(13). Folate is important to DNA, is a known cofactor in one-carbon transfer
reactions, and is considered a modulator of colorectal cancer development (66).
Epidemiologic studies suggest an inverse relationship between folate intake and
incidence of colorectal cancer (67). However, animal studies suggest that the timing
and dose of folic acid supplementation may influence its effect on development or
inhibition of colorectal cancer (66). In normal epithelial tissue, folate deficiency
may promote neoplastic transformation while moderate folate supplementation
may suppress tumor development. The opposite may be true in established tumors
or microscopic neoplasms, as animal studies suggest that folate deficiency may
inhibit while supplementation may promote progression of established colorectal
neoplasms (66). Researchers continue to investigate molecular alterations asso-
ciated with folic acid supplementation and methylenetetrahydrofolate reductase
(MTHFR) on the development of colorectal adenoma (68).

The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial
recently reported a potential harmful effect of high folate intake on the risk of breast
cancer. Women who ingested �400 mg/day of supplemental folic acid had a 20%
greater risk of developing breast cancer than those who did not consume
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supplemental folic acid. In this study greater total folate intake, mainly influenced
by folic acid supplementation, increased breast cancer risk by 32% (69,70). This
data contributes evidence suggesting dual modulatory effects of folate on cancer
development.

Fruits and vegetables are good sources of folate but older adults are at greater
risk of folate insufficiency because of lower dietary intake, health conditions, and
medications that may impair folate absorption (71). A study examining folate
intake and serum folate levels in adults aged 60 years and older utilized three 24-h
dietary recalls to assess dietary folate intake from natural food sources and fortified
foods and a questionnaire to assess folate intake from dietary supplements. Dietary
assessment suggested an adequate fruit and vegetable intake. Mean dietary folate
intake from natural and fortified food sources was within the recommended range
but 21% of participants consumed <320 mg dietary folate equivalents (DFE) per
day and 2% consumed more than 1,000 mg/day, amounts consistent with inade-
quate and excess folate intake. Participants with lower total dietary folate intakes
consumed less folate from natural sources and fortified foods and had a lower
energy intake than participants with higher folate intakes. Mean intake of folate
naturally occurring in food was 214 mg/day and provided 46% of folate intake (i.e.,
DFE). Ready-to-eat cereals provided 22% of folate intake, and folate from supple-
ments and fortified foods other than ready-to-eat cereals contributed 32% of folate
intake. In this study taking a dietary supplement and eating foods fortified with folic
acid were important contributions to an adequate folate intake. Using dietary
supplements did increase the percentage of participants consuming more than the
upper folate intake level from 2 to 34% but decreased the proportion at risk of
folate inadequacy from 21 to 12.5%. In subjects completing biochemical assessment
there was a low risk of folate deficiency even though 12.5% consumed less than 320
mg DFE per day. Seniors with a high total DFE intake had serum folate levels more
than twice as high as those with a low DFE intake. Folate intake greater than the
upper intake level increases risk of vitamin B12 insufficiency or deficiency because
folate can mask vitamin B12 deficiency. However, B12 intake was adequate in
subjects examined because both fortified foods and dietary supplements consumed
contained vitamin B12 as well as folic acid. Dietary assessment of older adults can
identify those who may benefit from dietary supplements and/or fortified foods to
meet their daily folate needs and who may be at risk of excess folate intake if they
consume folate in dietary supplements (71).

28.2.3 Vitamin E and Cancer Prevention

There are various forms of vitamin E. Alpha-tocopherol is considered the most
active form.Unlike other vitamins, the form of á-tocopherol made in the laboratory
and found in many supplements (all Rac-�-tocopherol) is not identical to the
natural form (RRR-á-tocopherol) and is not quite as active as the natural form.
TheRDAof 15mg equals 22 IU of natural and 33 IU of synthetic vitamin E. Studies
suggest that daily doses of vitamin E ranging from 200 to 1,200 IU are safe when
taken up to 4 months (72–74).

Epidemiologic and experimental work suggest multiple therapeutic potentials for
antioxidant properties of vitamin E. Unfortunately clinical trials investigating this
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potential have been generally negative despite the apparent relevance of oxidative
stress to atherosclerosis and cancer. Inconsistent study results make it difficult to
reach a firm conclusion on the effect of vitamin E and antioxidants on cancer risk.
The NIH State-of-the Science Conference Statement on Multivitamin/Mineral
Supplements and Chronic Disease Prevention, published in 2006 (75), states,
‘‘Most of the studies we examined do not provide strong evidence for beneficial
health-related effects of supplements taken singly, in pairs, or in combinations of
three or more.’’

Vitamin E did not significantly impact primary prevention of cancer in the
Women’s Health Study, which randomized 39,876 female health professionals to
receive 600 IU vitamin E or a placebo on every other day over 10 years (76).
However, the follow-up phase of the Alpha-Tocopherol Beta-Carotene (ATBC)
study, which randomly assigned over 29,000 50- to 69-year-old male smokers to
50 mg �-tocopherol, 20 mg b-carotene, both, or a placebo for 5–8 years, demon-
strated a 32% decrease in the incidence and a 41% decrease in mortality from
prostate cancer among subjects who received �-tocopherol supplements (77). Post-
intervention follow-up of this study continued to indicate preventive effects of
�-tocopherol on prostate cancer, but researchers believe this association requires
confirmation in other trials (78). Interestingly, researchers also found that men in
the higher quintiles of baseline serum alpha-tocopherol had lower risks of total and
cause-specific mortality than those in the lowest quintile, suggesting health benefits
of higher circulating concentrations of alpha-tocopherol within the normal range
(79). A pooled analysis of eight prospective studies from North America and
Europe examining correlations between intakes of vitamin antioxidants, multivita-
mins, and lung cancer concluded that regardless of smoking habits and lung cancer
cell type, available data do not support an association between intakes of vitamins
A, C, E, folate, and lung cancer risk (80).

28.2.4 Vitamin E and Cardiovascular Health

Research has identified a role of reactive oxygen species in promoting atherogen-
esis. As an antioxidant with inflammatory properties vitamin E may mediate free
radical reactions that oxidize LDL cholesterol and initiate or promote atherosclero-
sis (81,82). However, results of clinical trials have not supported a role for vitamin
E in the primary or secondary prevention of heart disease.

More recently, theWomen’sHealth Study indicated that taking 600 IU vitamin E
every other day for approximately 10 years did not decrease cardiovascular mor-
tality in healthy women, but there were decreased cardiovascular deaths (primarily
sudden death in women aged 65 years or older (83).. In further analysis of the same
data those women randomized to vitamin E demonstrated an overall 21% reduced
risk of venous thromboembolism (VTE). The observed risk reduction was 44%
among those with prothrombotic mutations or a personal history of VTE. The
authors also noted that overall vitamin E was associated with lower bleeding risk
than those observed for low-dose aspirin (84). TheHOPE trial, which examined the
effect of vitamin E supplementation on major cardiovascular events in people with
vascular disease or diabetes who were 55 years or older, demonstrated neither
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benefit nor risk from vitamin E supplementation. A 7-year follow-up of this trial,
HOPE-2, suggested vitamin E supplementation failed to prevent cancer or major
cardiovascular events (85).

A number ofmeta-analyses have evaluated a range of CVDoutcomes for varying
forms and doses of vitamin E in a variety of patient populations (86–90). Most of
these studies concluded that vitamin E provided no benefit and no increased risk.
However, one controversial meta-analysis did suggest that high-dosage vitamin E
supplements (� 400 IU/day) may increase all-cause mortality (88). This meta-
analysis has been criticized for its statistical design and inclusion of mixed treat-
ments including some with b-carotene and overweighting the vitamin E group for
diseases and mortality risk factors (91). Lacking frommost vitamin E intervention
trials are plasma measures of vitamin E and/or determination of a subject’s oxida-
tive stress status.

However, some researchers argue that it may be too optimistic to expect a single-
vitamin supplement to overcome effects of poor dietary habits and sedentary life-
style and their contribution to known risk factors such as hypertension and
hypercholesterolemia on the incidence of heart disease (82).

The weakness of evidence supporting treatment role for vitamin E for cardiovas-
cular disease and cancer led the FDA to reject health claims for vitamin E. At this
time there is insufficient evidence to recommend vitamin E supplements for older
adults, but multivitamin supplements providing 100% of the DV for vitamin E for
adults (10 mg) are considered safe. However, as part of a multifactorial approach to
heart disease treatment vitamin E supplements may provide value by decreasing
biomarkers of heart disease. This may be particularly important for older adults, as
indicated by a small study of 102 apparently healthy community-dwelling adults
aged 80 years and older who had plasma vitamin E, beta-carotene, vitamin C, and
products of lipid peroxidation measured. During 7.4 months of follow-up subjects
whose plasma vitamin E levels were in the highest quartile had a risk of cardiovas-
cular events one-sixth that of those with plasma vitamin E levels in the lowest
quartile (92). Additional studies are needed to further explore the benefit of vitamin
E in treating and/or preventing heart disease but older persons at high risk of
developing cardiovascular disease or who have existing cardiovascular disease
should discuss the benefit of taking a supplement of vitamin E, not to exceed the
UL of 1,000 IU/day, with their cardiologist or primary physician. This level of
supplementation is not available in most multivitamin preparations and usually
requires a specific vitamin E supplement.

28.2.5 Potassium and Cardiovascular Health

The FraminghamHeart Study estimated the 20-year risk of developing hyperten-
sion as >90% for men and women not yet hypertensive by ages 55–65 years. The
significance of this risk to health, according to a meta-analysis of 61 studies includ-
ing almost 1,000,000 adults, is that each 20 mmHg increase in systolic blood
pressure (SBP) doubles the risk of a fatal coronary event. Thus, preventing and/or
treating hypertension via non-pharmacologic and pharmacologic therapies is of
utmost importance. The Institute of Medicine, American Heart Association, and
Seventh Report of the Joint National Committee on Prevention, Detection,
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Evaluation, and Treatment of High Blood Pressure (JNC 7 Report) recommend
increased intake of foods high in potassium to reach an intake goal of 4,700 mg/day.
Combining an overall healthy diet with weight loss, lower salt intake, and higher
potassium intake can prevent and treat hypertension, according to a new American
Heart Association scientific statement, published in Hypertension: Journal of the
American Heart Association. This report (93) recommends increasing potassium
intake by eating 8–10 servings of fruits and vegetables each day. ‘‘High potassium
intake is associated with reduced blood pressure in people with or without high blood
pressure. Potassium intake reduces blood pressure more in blacks than in whites. The
recommended potassium intake level is 4,700 mg/day.However, this amount may be
too high for people with impaired kidney function or severe congestive heart failure.’’

The DASH study (Dietary Approaches to Stop Hypertension), a controlled-
feeding study, suggested that high blood pressure could be significantly lowered
by a diet that emphasizes fruits, vegetables, and low-fat dairy foods. Such a diet will
be high in magnesium, potassium, and calcium, and low in sodium and fat (94, 95).

The PREMIER study, which investigated the effects of lifestyle modifications
based on established recommendations (lower salt intake, weight loss, and physical
activity) alone and with the addition of the DASH dietary pattern, suggested this
intake pattern enhances blood pressure lowering effects of established recommen-
dations when used for 6 months (96). The FDA (97) has approved the following
health claim statements: ‘‘Epidemiological and animal studies indicate that the risk
of stroke-related deaths is inversely related to potassium intake over the entire range
of blood pressures, and the relationship appears to be dose dependent. The combi-
nation of a low-sodium, high-potassium intake is associated with the lowest blood
pressure levels and the lowest frequency of stroke in individuals and populations.
Although the effects of reducing sodium intake and increasing potassium intake
would vary andmay be small in some individuals, the estimated reduction in stroke-
related mortality for the population is large’’ and ‘‘vegetables and fruits are also
good sources of potassium. A diet containing approximately 75 mEq (i.e., approxi-
mately 3,500 mg elemental potassium) daily may contribute to reduced risk of
stroke, which is especially common among blacks and older people of all races.
Potassium supplements are neither necessary nor recommended for the general
population’’ (97). Potassium supplements other than small doses that may be
included in a multivitamin/mineral preparation should only be taken under the
specific guidance and instruction of a physician.

28.2.6 Selenium and Cancer Prevention

Selenium is incorporated in approximately 25 selenoproteins. Two selenopro-
teins, thioredoxin reductase (TrxR) and glutathione peroxidase (GPx), are antiox-
idant enzymes that provide protection against free radicals. Recent evidence points
to a role for selenium compounds as well as selenoproteins in cancer prevention
through modulation of free radical metabolism, among other biologic mechanisms
(98). Some studies indicate incidence of some cancers is lower among people with
higher blood levels or intake of selenium (99–101). It was hoped that the Selenium
and Vitamin E Cancer Prevention Trial (SELECT) would clarify the role of sele-
nium in prostate cancer but the study was halted early in October 2008 as the data
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showed no benefit that selenium and vitamin E supplements, taken alone or together
prevented prostate cancer [NCI press release]. FDA had approved a qualified health
claim in 2003 recognizing the anticarcinogenic potential of selenium (102).
[NCI.www.cancer.gov/newscenter/pressreleases/SELECTresults 2008, accessed 11/
24/08.]. There is insufficient evidence to support supplementing a diet that already
provides recommended amounts of selenium, and the NHANES III cross-sectional
datahints tohigh levels of serumseleniumbeingpositively associatedwith theprevalence
of diabetes (103). Additionally, long-term supplementation (an average of 7 years) with
200 mg/day of selenium in participants of the Nutritional Prevention for Cancer trial
demonstratedon secondarydata analysis that seleniumsupplementationdidnot seem to
prevent cardiovascular disease (104) andmay have increased the risk for type 2 diabetes
mellitus (105). It is recommended that older adults unable or unwilling to increase
dietary selenium intake may benefit from amultivitamin/mineral supplement providing
100% of the RDA for selenium, 55 mg. The UL for selenium is 400 mg.

28.2.7 Calcium, Vitamin D, Osteoporosis, and Fractures

28.2.7.1 CALCIUM

More than 99%of total body calcium is stored in bones and teeth to support their
structure. Consuming adequate calcium and vitamin D throughout infancy, child-
hood, and adolescence and engaging in weight-bearing exercise will maximize bone
strength and bone density to help prevent osteoporosis and fractures later in life. In
1993 the FDA authorized a health claim for food labels on calcium and osteoporo-
sis in response to scientific evidence indicating that an inadequate calcium intake
contributes to low peak bone mass and is a risk factor for osteoporosis (106). The
claim states that ‘‘adequate calcium intake throughout life is linked to reduced risk
of osteoporosis through the mechanism of optimizing peak bone mass during
adolescence and early adulthood’’ and decreasing bone loss later in life.

Over 1.5 million fractures per year are attributed to osteoporosis. These fractures
contribute 12–18 billion dollars to direct health care cost each year (107). The U.S.
Surgeon General issued a comprehensive report on bone health and treatment that
recommends a treatment plan including calciumandvitaminDsupplementation(108).

However, data on the efficacy of calcium for preventing bone fractures in healthy
postmenopausal women remain equivocal. TheWomen’sHealth Initiative followed
over 36,000 postmenopausal women aged 50–79 years and found that calcium with
vitamin D supplementation (1,000 mg calcium as calcium carbonate with 400 IU
vitamin D3 daily versus placebo) resulted in a small but significant improvement in
hip bone density but did not significantly reduce hip fractures (3).

The National Institutes of Health Consensus Development Conference on Opti-
mal Calcium Intake suggested 1,500 mg of calcium per day for postmenopausal
women who are not on estrogen therapy and for all men and women over 65 years
(109). However, the Institute of Medicine determined there are insufficient data to
increase the current AI to this level. Researchers continue to examine this issue but
sufficient valid data have been assembled to advise adults aged 50 years and older,
particularly those unable to consume milk or dairy foods and/or those who have
difficulty consuming adequate calories, to consult with their physician about their
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need for calcium supplements. However, in one of the first studies examining the
relationship between vascular events and calcium intake, Bolland et al. (110) found
an association between daily use of calcium supplements and increased risk of
cardiovascular events. Their work involved secondary analysis of a randomized
clinical trial designed to assess effects of calcium supplementation on bone density
and fracture incidence in healthy postmenopausal women. Subjects received either
1 g elemental calcium daily, 400 mg in the morning and 600 mg in the evening, or
placebo for 5 years. Using standardized definitions of vascular events, authors
found a statistically significant increase in myocardial infarction in the calcium
group, though not in stroke. The number needed to treat for 5 years to cause one
myocardial infarction was 44, one stroke 56, and one cardiovascular event 29 while
the number needed to treat to prevent one symptomatic fracture was 50. This study
suggests the need for more work examining this issue, especially in view of the
possibility that positive effects of calcium supplements on bonemineral density may
be offset by negative vascular effects (110). The UL for calcium, or maximum level
associated with no adverse health effects, is 2,500 mg consumed in foods and
supplements.

28.2.7.2 VITAMIN D

Dietary surveys that include metabolic measures indicate that physiologic
changes that occur with aging limit conversion of vitamin D to its most active
form. In addition, recent evidence suggests that vitamin D inadequacy is pandemic
but that vitamin D deficiency can be prevented by sensible sun exposure and
adequate supplementation. Some researchers believe intake of approximately
1,000 IU vitamin D3 per day may be needed to help maintain blood levels of 25-
hydroxyvitamin D in the recommended range of 30–60 ng/mL (111). Intestinal
calcium transport increased by 45–60% in women when 25-hydroxyvitamin D
levels were increased from an average of 20–32 ng/mL, and evidence is mounting
that a level of 30 ng/mL correlates with sufficient vitamin D (112,113). Emerging
evidence supports a role for vitaminD in bone health and suggests a role for vitamin
D supplements for adults aged 50 years and over. An evidence report by the Agency
for Healthcare Quality and Research (AHRQ) in 2006 (114) and NIH Conference
entitled ‘‘Vitamin D andHealth in the 21st Century: An Update’’ held in September
2007 noted that the effects of vitaminD alone, independent of calcium intake, could
not be evaluated in most trials. Vitamin D3 at 700 IU daily with calcium supple-
mentation compared to placebo was noted to have a small beneficial effect on bone
mineral density and reduces the risk of fractures and falls, although benefit may be
confined to specific subgroups. The AHRQ report also noted that it is difficult to
define specific blood levels of markers for vitamin D status that indicate optimal
levels for bone health. One challenge is that current methods, whichmeasures serum
25(OH) D as the marker, yield highly inconsistent results. Older evidence related to
toxicity from excess intakes of vitamin D established an UL of 50 mg/day (or
2,000 IU). However, one question addressed by a new evidence report was, ‘‘Does
intake of vitamin D above current reference intakes lead to toxicity?’’ This report
concluded that vitamin D intake above current reference intakes was generally well
tolerated from 22 randomized trials reviewed, although themost relevant trials were
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not adequately designed to assess long-term risks. The increased risk of hypercalce-
mia and hypercalciuria was not clinically significant and the only significant adverse
event identified was an increase in renal stones in theWHI trial in women 50–79 years
who took 400 IU vitamin D3 and 100 mg calcium/day (3). Results of the NIH
Conferencemayhelp practitioners determine the need for vitaminD supplementation
for their older patients, the recommended dose of vitamin D for bone health in older
adults, and the risk of toxicity. At the same time, theCanadianConsensusConference
on Osteoporosis, 2006 Update (115) notes, ‘‘Although it might not be sufficient as
the sole therapy for osteoporosis, routine supplementation with calcium (1,000 mg/
day) and vitaminD3 (800 IU/day) is still recommended asmandatory adjunct therapy
to the main pharmacological interventions (antiresorptive and anabolic drugs).’’

The Institute of Medicine, Committee on Dietary Reference Intakes for Vitamin
D and Calcium (2008–2010) will undertake a study to assess current relevant data
and update as appropriate the DRIs for vitamin D and calcium. The review will
include consideration of chronic and non-chronic disease indicators. The study will
also incorporate, as appropriate, systematic evidence-based reviews of the literature
and an assessment of potential indicators of adequacy and of excess intake. Indi-
cators for adequacy and excess will be selected based on the strength and quality of
the evidence and the demonstrated public health significance, taking into considera-
tion sources of uncertainty in the evidence.

28.2.8 Magnesium and Reduction of Cardiovascular Risk

Magnesium is involved in electrolyte metabolism, helps regulate blood sugar, is
involved in energy metabolism and protein synthesis, and promotes normal blood
pressure (116). Aging is associated with magnesium depletion. Decreases in dietary
intake, coupled with decreases in intestinal magnesium absorption and increases in
urinary magnesium losses, place older adults at risk of magnesium deficiency. Older
adults are also more likely to take medication that promotes urinary loss of
magnesium such as some diuretics. On the other hand, some older adults are
more likely to take magnesium-containing laxatives than younger adults, a habit
that could result in excess magnesium intake and possible toxicity. This may be
especially significant if there is pre-existing renal insufficiency, which can impair the
kidney’s ability to excrete excess magnesium.

In a multicenter controlled-feeding study of dietary patterns to lower blood
pressure, the nutrient intake goal for magnesium was 500 mg/day (117). The
Dietary Approaches to Stop Hypertension (DASH) intervention study suggested
high blood pressure could be significantly lowered by a diet that emphasizes fruits,
vegetables, and low-fat dairy foods. Such a diet will be high in magnesium, potas-
sium, and calcium and low in sodium and fat (94,95).

A review of over 28,000 women enrolled in the Women’s Health Study indicated
those in the highest quintile of magnesium intake had a decreased risk for hyperten-
sion comparedwith those in the lowest quintile (118). A recent review of nutritional
effects on blood pressure indicated that high levels of magnesium as well as potas-
sium, calcium, and soy seem to have some beneficial effect on hypertension but
more research is needed before specific recommendations can be made (119). An
alternate view was presented by a Cochrane review of the effect of combined
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calcium, potassium, and/or magnesium supplementation for management of pri-
mary hypertension in adults, which was unable to find robust evidence to support a
role for these supplements in the treatment of hypertension but noted that the
methodological quality of trials reviewed was not well reported (120).

Diabetes, which is seen with increased frequency in older adults, can result in
increased magnesium excretion when poorly controlled and can contribute to
decreased levels of magnesium.

Observational data is confusing andmixed regarding the association ofmagnesium
intakes and risk of developing type 2 diabetesmellitus. A recentmeta-analysis of eight
prospective primary prevention cohort studies of 9,702 men and 15,365 women aged
35–65 years with recorded intakes of magnesium by food frequency questionnaires
showed a significant inverse association betweenmagnesium intake and risk of type 2
diabetes mellitus (121) as was also seen in the analysis of the NHANES III data
(122). However, magnesium intake was not related to diabetes risk in the European
Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam study (121).

To determine the effect of magnesium restriction on glucose, cholesterol, and
electrolyte metabolism, 13 postmenopausal women were fed a magnesium deficient
diet for 78 days, then given a daily supplement providing 200 mg magnesium as
gluconate for an additional 58 days while continuing to consume the magnesium-
depleted diet. During the magnesium depletion period five women experienced
changes in heart rhythm, with four of the women necessitating early entry into the
magnesium repletion phase of the study to correct the rhythm abnormalities.
Metabolic changes observed during the magnesium depletion period include
impaired glucose homeostasis, altered cholesterol metabolism, and increased urin-
ary excretion of sodium and potassium (123). The magnesium depleted diet pro-
vided 101 mg magnesium/day, 33% of the current RDA. This study suggested that
consuming 101 mg dietary magnesium per day is inadequate and may compromise
cardiovascular health. These findings also question results of a pooled analysis of
metabolic studies that suggested neutral magnesium balance could be maintained
on a diet providing 165 mg/day in healthy subjects (124). Contradictory results of
these studies indicate the need for additional research into this issue.

While research indicates a role of magnesium in the pathophysiology of blood
pressure and risk of developing type 2 diabetes, there is insufficient evidence to
recommend magnesium supplementation for treating cardiovascular risk factors.
However, the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure states that diets that provide plenty of magne-
sium are positive lifestyle modifications for individuals with hypertension. General
multivitamin/mineral supplements often provide approximately 25% of the daily
recommended need for magnesium, an amount considered safe. Thus, those need-
ing oral supplemental magnesium will need to take a separate magnesium supple-
ment if recommended by a medical doctor. Currently it is thought that all forms of
magnesium supplements are absorbed equally well; however, some forms of oral
supplements may result in diarrhea. The RDA for magnesium for adult women
(>31 years) is 320 mg. The RDA for magnesium for adult men (>31 years) is
420 mg. The UL for magnesium for older adults, 350 mg/day, represents intake
from drugs and supplements only and does not include intake from food and water.
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28.2.9 Omega-3 Fatty Acid and Cardiovascular Health

Essential omega-6 lipids promote development of pro-inflammatory eicosanoids
while essential omega-3 lipids promote development of anti-inflammatory eicosanoids.
The anti-inflammatory effects of omega-3 fats may partially explain their cardioprotec-
tive benefit because incorporation of these fats in cell membranes promotes vasodila-
tion, stimulates antiarrhythmic effects, and promotes vascular patency (125,126).

Several large diet studies support cardiovascular benefits of omega-3 fats. The
Diet and Infarction Trial (DART) randomized 2,033 men approximately 42 days
after their first myocardial infarction (MI) to receive or not receive advice to
consume oily fish twice per week. After 2 years of follow-up and repeat dietary
consultation, the ‘‘fish advice’’ group experienced a 20% reduction in total mortality
as compared to those who were not advised to consume more fish (127). Estimated
daily intake of EPA andDHA in the ‘‘fish advice’’ group was 900mg. In a follow-up
study, DART-2 examined the effect of giving advice to eat fish or providing fish oil
capsules to men with angina on mortality. This study did not result in statistically
significant mortality differences and its implementation has been widely criticized.
Many researchers do not consider its results reliable (128,129). By far the largest
secondary prevention trial was the GISSI-Prevenzione that enrolled over 11,000
persons in Italy who had survived a MI for a median of 16 days. Researchers
examined the effect of 850 mg EPA and DHA/day and 300 mg vitamin E/day in a
factorial design. Treatment with EPA andDHA resulted in significant reductions in
total mortality (20%), predominantly by a reduction in sudden cardiac death (45%)
(130). Finally, the Japan EPALipid Intervention Study (JELIS), a combined primary
and secondary prevention trial, randomized over 18,000 patients with hyperlipidemia
to receive 1.8 g/day EPA or be a control. At baseline 20% of the participants had a
history of coronary heart disease and all patients with hyperlipidemia were treated
with simvastatin or pravastatin. After 4.6 years the primary endpoint of ‘‘major
coronary events’’ was significantly reduced by 19% in the EPA group (131). A
2006 meta-analysis of 18 trials, most of limited size and duration, reported smaller,
non-significant reductions in total mortality (13%) and total CVD event (5%) (132).

Many countries, including Canada, Sweden, United Kingdom, Australia, and
Japan, as well as the World Health Organization and North Atlantic Treaty
Organization have made formal population-based dietary recommendations for
omega-3 fatty acids. The American Heart Association/American College of Cardi-
ology and European Society for Cardiology recommend an intake of 1 g/day of the
twomarine omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), for secondary prevention, cardiovascular prevention, treatment of
post-myocardial infarction, and prevention of sudden cardiac death (133).

Overall, these studies confirm recommendations of the American Heart Association
for all adults to increase their dietary intake of DHA and EPA by consuming at least 2
servings/weekof naturalDHAandEPA food sources, such as salmon, trout, swordfish,
and mackerel. Including natural sources of �-linolenic acid omega-3 fatty acids in their
diet, such as ground flax seed andwalnuts, may also be helpful but the conversion of �-
linolenic acid to EPA/DHA may be limited. Consuming 1 g/day of an 85% EPA +
DHA ethyl ester concentrate or 1.8 g/day EPA as ethyl ester may provide similar
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protection. Older adults are encouraged to discuss these options with a qualified health
care provider, who could consider pros and cons of various treatment options, indivi-
dual needs, and potential interactions such as use of blood thinners (e.g., warfarin).

The National Heart, Lung, and Blood Institute of the NIH established dietary
recommendations based on evidence associating dietary components with cardio-
protective levels of total cholesterol, HDL cholesterol, LDL cholesterol, and trigly-
cerides. These recommendations, published as Therapeutic Lifestyle Changes
(TLC) in the most recent National Cholesterol Education Program Adult Treat-
ment Panel III document, include intake goals for total fat, saturated fat, dietary
cholesterol, plant stanols, and soluble fiber. However, the TLC diet in ATP III does
not include intake recommendations for omega-3 fatty acids (134).

Omega-3 fat fatty acids lower triglyceride levels and the FDA has approved a
prescription form of omega-3 fatty acids for treatment of very high triglyceride levels.
The prescription product contains 0.84 g of EPA and DHA in every 1 g capsule.
Approximately 2–4gof omega-3 fatty acidsperday is required for triglyceride lowering.
EPA/DHA capsules are available without prescription, but the American Heart Asso-
ciation advises people to utilize EPA/DHA therapy under a physician’s care (135).

28.2.10 Omega-3 Fatty Acids and Cancer Prevention

The American Cancer Society states that research has not yet demonstrated
whether the possible benefits of fish consumption may be duplicated by taking
omega-3 fatty acids or fish oil supplements (136). Omega-3 fatty acids have been
shown to suppress biosynthesis of arachidonic acid-derived eicosanoids, which influ-
ence angiogenesis, apoptosis, cell proliferation, inflammation, and immune cell func-
tion (137). Laboratory data also suggest that omega-3 fatty acidsmayprotect against
cancer by affecting transcription factor activity, gene expression, and signal transduc-
tion pathways; estrogenmetabolism; generation of free radicals; and, possibly, insulin
sensitivity and cell membrane fluidity (137). Preclinical work suggests that nutrition
intervention with omega-3 fatty acids may improve cell sensitivity to chemotherapy
(138). Available epidemiologic data on omega-3 fatty acids and the risk of cancer
have been inconsistent. A review of 65 studies examining the effects of omega-3 fats
on cancer risk conducted by the Southern California Evidenced-Based Practice
Center and published in the Journal of the American Medical Association did not
provide evidence for a significant association between omega-3 fatty acids and cancer
incidence and concluded that dietary supplementation with omega-3 fatty acids is
unlikely to prevent cancer (139). However, it is not clear whether omega-3 fatty acids
reduce, increase, or have no effect on incidence of total cancer or site-specific cancers,
or on cancer mortality. Additional studies are indicated to explore biochemical
potential of omega-3 fats on cancer development. At this time there are no completed
or ongoing randomized clinical trials in the United States for the primary prevention
of cancer in a general population. Therefore, there is insufficient evidence to recom-
mend omega-3 fats for cancer prevention.

28.2.11 Multivitamin/Mineral Supplements for Health Maintenance

Aging is associated with physiologic changes that diminish organ function, impair
utilization of many nutrients, and result in dysregulation of the immune system.
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Superimposed on these changes are functional deficits and sociologic barriers that
contribute to deficient eating patterns in many older adults. Together, these factors
may influence risk of chronic disease such as cardiovascular disease, increase the risk of
infections, and contribute to osteoporosis in older adults. Multivitamin/mineral pre-
parations formulated at 100%of the daily value (DV)may be an effective way to safely
maintain desirable blood and tissuemicronutrient levels and help promote good health.

An 8-week, double-blind, placebo-controlled clinical trial among 80 adults ranging
in age from 50 to 87 years indicated that a multivitamin supplement providing 100%
of the daily value was able to decrease the prevalence of suboptimal plasma levels of
several vitamins and improve micronutrient status beyond what was achieved
through a diet rich in fortified foods (140,141). Approximately 900 community-
dwelling men and women 65 years and older were randomized to receive a multi-
vitamin/mineral supplement or placebo daily for 12 months. Memory and verbal
fluency were assessed at baseline and after 12months. No benefit was evident in those
under 75 years but there was weak evidence for a beneficial effect in those aged 75
years and over and those at increased risk of micronutrient deficiency (142).

An NIH Consensus Conference on use of multivitamin and mineral supplements
(MVMs) reported thatMVMs are used by individuals who practice healthier lifestyles,
making interpretation of observational studies on the overall relationship between
MVM use and general health outcomes difficult to interpret. They reported that there
is insufficient knowledge about the actual amount of total nutrients that Americans
consume from diet and supplements. Public assurance of the safety and quality of
MVMs is inadequate because manufacturers are not required to report adverse events
and the FDA has no regulatory authority to require labeling changes or to help inform
the public of these issues and concerns. The conference report recommended that the
FDA’s purview over these products be authorized and implemented. The report con-
cluded that present evidence is insufficient to recommend either for or against the use of
MVMsby theAmericanpublic to prevent chronic disease (75).However, evidence also
suggests that older adults may not be heeding current dietary messages, increasing the
likelihood that they may benefit from multivitamin supplements. Targeting nutrition
messages through age-adjusted tools, such as the Tufts modified food pyramid, and
individual nutrition assessment todetermine the need for dietary supplements for adults
over 70 yearsmay be especially helpful. Eldersmust be cautioned against indiscriminate
use of supplements. When taken, multivitamin preparations chosen should include
100% of the DV for vitamins B12, B6, D, and folic acid, because these are key nutrients
for the elderly and surveys suggest inadequate dietary intake among older persons.

28.3 DIETARY SUPPLEMENTS WITH ACCUMULATING EVIDENCE
FOR RISK REDUCTION FOR CHRONIC DISEASE

Among popular dietary supplements consumed byAmericans there aremany not
endorsed by national public health recommendations that have a considerable
evidence base upon which large randomized trials can be launched or guidelines
for use can be formulated by professional societies. A select number of these
supplements are reviewed in Table 28.2 and several of the more promising supple-
ments are discussed in this section.
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p
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a
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n
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b
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n
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3
1
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d
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b
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p
h
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p
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a
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a
s
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n
o
n
p
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ri
p
ti
o
n
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er
b
a
l
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ru
g
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2
3
3
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m
a
rk
et
ed
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C
a
n
a
d
a
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a
N
a
tu
ra
l

H
ea
lt
h
P
ro
d
u
ct

G
S
E
h
a
v
e
sh
o
w
n
so
m
e

b
en
ef
ic
ia
l
a
n
ti
o
x
id
a
n
t

ef
fe
ct
s
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p
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li
m
in
a
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ic
a
l
tr
ia
ls
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H
o
w
ev
er
,
fe
w

tr
ia
ls
h
a
v
e
lo
o
k
ed

a
t
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ec
if
ic
d
is
ea
se

o
r
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n
d
it
io
n
s,
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n
d
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tt
le
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ie
n
ti
fi
c
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a
v
a
il
a
b
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a
m
el
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a
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n
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R
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u
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s
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f
C
V
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O
b
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a
ti
o
n
a
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C
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n
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si
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2
3
4
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U
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o
f
te
a
in

C
h
in
a
d
a
te
s
b
a
ck
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2
7
0
0
B
C

R
eg
u
la
to
ry

st
a
tu
s
is

co
n
si
d
er
ed

a
fo
o
d
in

m
a
n
y

co
u
n
tr
ie
s
a
n
d
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li
st
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a
s

G
R
A
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n
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S
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s
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o
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n
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)
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ca
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9
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0
0
6
F
D
A

d
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d

h
ea
lt
h
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a
im
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r
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te
a
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d
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D
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f
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ie
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d
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t
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r
d
ra
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c
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n
s
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u
e
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p
o
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r
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u
d
y
d
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ig
n
a
n
d

re
p
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(
2
3
8
)

R
ed
u
ce
s
ri
sk

o
f
ca
n
ce
r

O
b
se
rv
a
ti
o
n
a
l
st
u
d
ie
s

M
et
a
-a
n
a
ly
se
s
(
2
3
5
–
2
3
7
)

F
D
A

a
p
p
ro
v
ed

a
q
u
a
li
fi
ed

h
ea
lt
h
cl
a
im

fo
r
g
re
en

te
a

a
n
d
b
re
a
st
a
n
d
p
ro
st
a
te

ca
n
ce
r
(
2
3
9
)

C
la
im

1
:

‘‘T
w
o
st
u
d
ie
s
d
o
n
o
t
sh
o
w
th
at

d
ri
n
k
in
g
gr
ee
n
te
a
re
d
u
ce
s
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e
ri
sk

o
f
b
re
as
t
ca
n
ce
r
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w
o
m
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b
u
t
o
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e
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ea
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m
o
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li
m
it
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u
d
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su
gg
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at

d
ri
n
k
in
g
gr
ee
n
te
a
m
ay
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d
u
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is
ri
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ed

o
n
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es
e
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u
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ie
s,
F
D
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n
cl
u
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h
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u
n
li
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y
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n
te
a

re
d
u
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e
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sk
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f
b
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t
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n
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’
o
r
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p
ro
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n
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b
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S
P
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u
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o
n
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a
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m
en
t
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a
t
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ra
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s
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tr
a
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s
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o
m
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a
h
a
v
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b
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n
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a
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a
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e
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b
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h
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d
it
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b
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n
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n
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R
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u
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n
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v
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o
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e
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u
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a
v
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b
a
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,
a
n
d
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o
w
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h
a
v
e
b
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n
u
se
d
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r
a

v
a
ri
et
y
o
f
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n
d
it
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n
s
a
n
d

d
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C
o
ch
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n
e
S
y
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a
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c
R
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0
0
6
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o
w
n
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b
e
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o
u
s
a
n
d
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w
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o
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er
m
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b
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p
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m
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p
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n
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ra
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L
u
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P
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o
r
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o
w
d
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el
o
p
m
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o
f
a
g
e-
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d
m
a
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a
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O
b
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a
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n
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R
C
T
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M
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a
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n
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2
4
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C
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ta
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p
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d
u
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s
h
a
v
e

G
R
A
S
st
a
tu
s
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e
U
n
it
ed

S
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2
3
3
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N
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u
n
d
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A
R
E
D
S
II
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u
d
y

w
il
l
ev
a
lu
a
te
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te
in

in
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m
b
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a
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o
n
w
it
h
o
th
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n
u
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ie
n
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r
A
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D
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w
w
w
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n
su
m
p
ti
o
n
,
ei
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a
s
a
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o
d
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g
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d
ie
n
t,
a
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m
p
o
n
en
t
o
f
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o
d
,
o
r
a
s
a

d
ie
ta
ry

su
p
p
le
m
en
t
(
2
4
3
)

M
el
a
to
n
in

(N
-a
ce
ty
l-
5
-

m
et
h
o
x
y
tr
y
p
ta
m
in
e)

R
ed
u
ce
s
sy
m
p
to
m
s
o
f
je
t
la
g

R
C
T
s

M
el
a
to
n
in

is
a
h
o
rm

o
n
e

p
ro
d
u
ce
d
b
y
th
e
p
in
ea
l

g
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n
d
in

th
e
b
ra
in
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It
is

m
a
n
u
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ct
u
re
d
sy
n
th
et
ic
a
ll
y

a
n
d
u
se
d
a
s
a
su
p
p
le
m
en
t

C
o
ch
ra
n
e
S
y
st
em

a
ti
c
R
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ie
w

(A
p
ri
l
2
0
0
2
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M
el
a
to
n
in
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u
n
d
ef
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iv
e
in

p
re
v
en
ti
n
g

o
r
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d
u
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n
g
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t
la
g
a
n
d
ti
m
in
g

is
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p
o
rt
a
n
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sh
o
u
ld

b
e

re
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m
m
en
d
ed

to
a
d
u
lt

tr
a
v
el
er
s
fl
y
in
g
a
cr
o
ss

fi
v
e
o
r

m
o
re

ti
m
e
zo
n
es
,
p
a
rt
ic
u
la
rl
y

in
a
n
ea
st
er
ly

d
ir
ec
ti
o
n
,
a
n
d

es
p
ec
ia
ll
y
if
th
ey

h
a
v
e

p
re
v
io
u
sl
y
ex
p
er
ie
n
ce
d
je
t
la
g

(
2
4
4
)

F
D
A

h
a
s
cl
a
ss
if
ie
d
m
el
a
to
n
in

a
s
a
n
o
rp
h
a
n
d
ru
g
fo
r
u
se

in
ci
rc
a
d
ia
n
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y
th
m

sl
ee
p

d
is
o
rd
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in

b
li
n
d
ch
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n
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n
d
a
d
u
lt
s
w
it
h
m
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l

li
g
h
t
o
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g
h
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p
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o
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n
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)
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m
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d
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m
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d
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R
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n
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p
ro
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28.3.1 Black Cohosh (Cimicifuga racemosa)

Black cohosh has been used in Germany since the mid-1950s to manage meno-
pausal symptoms. The pharmacologically active ingredients are prepared from the
rhizome and root. The mechanism of action of black cohosh has not been defined.
Previously it was thought that black cohosh might exert its beneficial effects
through estrogen receptors to moderate menopausal symptoms and hot flashes,
but now black cohosh extracts have been shown to possess serotonergic activity
(143)Much of the published evidence for the safety and efficacy of black cohosh is
based on the utilization of a commercial extract, approved in Germany, known as
‘‘Remifemin.’’ It has been used in clinical studies lasting up to 12 months. The
quality of black cohosh products in American markets is variable. Although some
of the data are contradictory, the majority of research findings suggest that black
cohosh extract has amodest effect onmenopausal hot flashes, night sweats, anxiety,
and insomnia. The Herbal Alternatives for Menopause Trial (HALT) (144)
included 351 pre- and postmenopausal women aged 45–55 years. This 12-month,
five-arm trial included the following treatment groups: (1) black cohosh (160 mg,
70% ethanol extract); (2) multibotanical (including 200 mg black cohosh); (3)
multibotanical plus soy counseling; (4) hormone therapy (conjugated equine estro-
gen 0.625 daily); and (5) placebo. Hormone therapy was found to significantly
reduce vasomotor symptoms compared with the other four groups, and there
were no differences detected between the other four treatment arms at any point
in the trial. In general, women earlier in menopause have a better response to black
cohosh than those later in menopause. Because of the inclusion of a placebo and an
estrogen replacement group in HALT, a 12-month follow-up, and a 92% trial
completion rate, HALT provides strong evidence that black cohosh lacks efficacy
in this population for the treatment of menopausal symptoms. The National Insti-
tutes of Health has provided support for 10 clinical studies to evaluate pharmacoki-
netics, safety, and efficacy of black cohosh for menopausal-related symptoms. Addi-
tional long-term randomized controlled trials are currently ongoing; theUniversity of
Chicago, Illinois, and Columbia University are evaluating black cohosh for treating
menopausal symptoms, and a third 12-week phase IV study at the University of
Pennsylvania will evaluate black cohosh as an alternative therapy for treating meno-
pause-related anxiety. In addition to black cohosh, the UIC phase II study is also
evaluating in parallel the efficacy of red clover. It will assess the safety of chronic
dosing by evaluating uterine (endometrial biopsies), breast (mammography), and
hematology parameters (CBC and chemistry lab values) at baseline and 1 year (145).

The safety profile of black cohosh has recently been reviewed. Due to case
reports of liver toxicity, health authorities from several countries require a cau-
tionary label on black cohosh products. However, no toxicity has been observed
during phase I or ongoing phase II studies (NIH/ODS Black Cohosh Safety
Workshop, in press).

28.3.2 Coenzyme Q10 (Ubiquinone) and Cardiovascular Health

Coenzyme Q10 (CoQ10) is involved in oxidative phosphorylation and the gen-
eration of ATP. In addition, CoQ10 acts as a free radical scavenger and membrane
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stabilizer. Japanese scientists first reported therapeutic properties of CoQ10 in the
1960s. Some evidence suggests that CoQ10 might improve the efficiency of energy
production in heart tissue and thus assist the heart during times of physical and/or
oxidative stress. Most of the consistent evidence for a positive outcome with regard
to CoQ10 therapy is in congestive heart failure patients. There have been over 40
controlled trials of the clinical effects of CoQ10 on cardiovascular disease. Early
studies showed benefit in subjective (quality of life) and objective (increased LVEF,
stroke index, decrease in hospitalizations) parameters while more recent studies
have been less supportive. A recent systematic review (146) evaluated nine rando-
mized trials of CoQ10 in heart failure and concluded that there were non-significant
trends toward increased ejection fraction and reduced mortality; however, there
were insufficient numbers of patients for meaningful results. An updated meta-
analysis by Sander et al. (147)which included 11 clinical trials evaluating CoQ10 in
doses ranging from 60 to 200 mg/day for 1–6 months found a net improvement in
ejection fraction, with a more profound effect being seen in patients who were not
receiving angiotensin-converting enzyme inhibitors. A subgroup analysis suggested,
counter to current thinking, that subjects with worse stages of congestive heart
failure did not fare better than those at an earlier stage of disease. This may suggest
that less diseased hearts may possess more salvageable myocardial tissue.

Reduced plasma or serum levels of CoQ10 have been documented in observa-
tional studies and a number of randomized controlled clinical trials in patients on
statin therapies. The largest trial included 1,049 patients with noted reductions in
plasma CoQ10 levels of 38 and 27% after treatment with atorvastatin (148). The
decrease in blood CoQ10 levels with statin treatment may be related to reduced
synthesis of CoQ10 as well as a decrease in circulating levels of CoQ10, as CoQ10 is
carried in the blood by LDL cholesterol. Supplementation with CoQ10 (100mg/day
for 30 days) was shown to decrease muscle pain by 40% in patients with myopathic
symptoms associated with statin treatment (149). A recent systematic review on the
role of coenzyme Q10 in statin-associated myopathy confirmed that statin treat-
ment reduced circulating levels of CoQ10 and that supplementation can raise
circulating levels of CoQ10. Data on the effect of CoQ10 on supplementation on
myopathic symptoms are scarce and contradictory. Therefore these authors con-
cluded that there was insufficient evidence to prove the etiologic role of CoQ10
deficiency in statin-associated myopathy and that large, well-designed clinical trials
are required to address this issue (150). At this time routine use of CoQ10 is
questionable in statin-treated patients but it may be an alternative for patients on
statins with myalgia who cannot be satisfactorily treated with other agents.

In general, CoQ10 appears to be safe. No significant side effects have been found,
even in studies that lasted a year. CoQ10 chemically resembles vitamin K. Since
vitamin K counters the anticoagulant effect of warfarin, case reports associate
CoQ10 therapy with decreased INR in patients on warfarin therapy; however,
100 mg CoQ10 daily had no effect on the INR in patients on warfarin in a
randomized, double-blind, placebo-controlled, crossover trial (151). Typical
doses range from 100 to 200 mg divided two to three times daily. However, caution
is still advised if patients take CoQ10 and warfarin as CoQ10 may decrease the
effectiveness of warfarin.

Chapter 28 / Dietary Supplements 611



28.3.3 Coenzyme Q10 (Ubiquinone) and Cognitive and Neurological Health

There is also great interest in investigating the potential usefulness of CoQ10 in
treating neurodegenerative diseases. CoQ10 has shown some promise for slowing the
progression of Parkinson’s disease. In a large NIH double-blind, placebo-controlled
clinical trial, 80 subjects with early Parkinson’s disease were given either CoQ10 300,
600, or 1,200 mg daily or placebo and followed for 16 months. The results suggested
that CoQ10, especially at the highest dose, might have slowed disease progression
(152). Shults and colleagues further investigated the safety of doses up to 3,000mg/day
ofCoQ10,whichwas found tobewell tolerated (153). In amore recent trial conducted
inGermany, 131patientswithmid-stageParkinson’s disease (on stablemedications for
Parkinson’s disease) were randomized to 300 mg of CoQ10 daily compared to a
placebo for 3 months. The investigators failed to document significant differences
between the groups although both the treatment and the placebo groups demonstrated
significant improvement inUnifiedParkinson’sDiseaseRatingScale (UPDRS) scores.
The investigators concluded that the study did not support the hypothesis that restor-
ing the impaired energymetabolismof dopaminergic neurons leads to beneficial effects
in patients being treated for mid-stage Parkinson’s disease (154).

Overall, the small neuroprotection trials performed with coenzyme Q10 in Par-
kinson’s disease so far have been encouraging, but further evidence is required
before it can be recommended routinely.

Coenzyme Q10 has also been studied in patients with Huntington’s disease, an
inherited disorder affecting 30,000 Americans. In addition, another 35,000 people
exhibit some symptoms and as many as 75,000 people carry the abnormal gene that
will cause them to develop the disease (155). The 30-month NIH trial entitled
‘‘Coenzyme Q10 and Remacemide Evaluation in Huntington’s Disease or CARE-
HD’’ failed to provide conclusive evidence of a slowing of disease progression and
benefit by CoQ10 (156) in 347 subjects in the early stages of disease. However it was
an important study as it is the first to show a hopeful trend toward slowing of
disease with a particular therapy and provides clues to work with in future studies.

28.3.4 Ginkgo Biloba and Cognitive Function

Ginkgo biloba is one of the most popular medicines in Germany and France
where physicians prescribe it for memory lapses, dizziness, anxiety, headaches,
tinnitus, and other problems. Ginkgo leaf and its extracts, or GBE, contain several
constituents including flavonoids, terpenoids, and organic acids. Each of these
chemicals should exist in a specific amount in clinical quality GBE, representing a
standard for assessing ginkgo products. Although many of ginkgo’s constituents
have intrinsic pharmacological effects individually, there is some evidence that the
constituents work synergistically to produce more potent pharmacological effects
than any individual constituent. The pharmacological actions that are most clini-
cally relevant for ginkgo include anti-ischemic, anti-edema, anti-hypoxic, free radi-
cal scavenging, and hematologic effects and inhibition of platelet aggregation and
adhesion. It is not known to what extent any of these effects contribute to the
clinical effectiveness of ginkgo in dementias. Results from two independent meta-
analyses (157,158) concluded that G. biloba extract in doses of 120–240 mg/day for
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treatment periods ranging from 4 weeks to 12 months significantly improved objective
measures of cognitive function compared to placebo. Ginkgo has the potential to cause
bleeding, especially in combination with anticoagulants (159); however this was not
shown to be the case in a study of ginkgo and coenzyme Q10 in 24 patients on stable
warfarin as themean dosage of warfarin did not change during either 4-week treatment
period (151). Similarly, in a double-blind, crossover randomized trial, ginkgo com-
bined with aspirin did not alter bleeding times or other noted coagulation parameters
beyond that of aspirin alone(160). TheGinkgoEvaluationofMemoryStudy (GEM) to
evaluate the safety and efficacy of G. Biloba (EGb761), 240 mg daily, in 3,000 subjects
over the age of 75 to determine if ginkgo prevents dementia or Alzheimer’s disease was
recently published [JAMA, 2008]. The primary outcome of interest was incidence of all-
cause dementia; secondary outcomes included rate of cognitive and functional decline,
the incidence of cardiovascular and cerebrovascular events, and mortality. Study
participants were followed for an average of approximately six years. Ginkgo showed
no overall effect for reducing all types of dementia or Alzheimer’s disease in this elderly
cohort. The GEM study did not find significant adverse effects from ginkgo (161). It is
interesting to note that 27.4% of the GEMS cohort reported use of some type of
nonvitamin/nonmineral dietary supplement at entry into study (162). Over 9% of
these participants were taking ginkgo andwere unwilling to give up their current ginkgo
supplements or would not accept assignment to placebo (163). Complete ascertainment
of intake of dietary supplements is crucial for later data analysis and interpretation of
study outcomes. Similarly, The GuidAge study, a 5-year double-blind randomized trial
of the efficacyof 240mg/dayEGb761 for thepreventionofAlzheimerdisease inpatients
over70yearswithamemorycomplaint, is the largest study tobe carriedout inEuropeon
the prevention of Alzheimer disease. Final results should be available in 2010 (164).

28.3.5 French Pine Bark (Pinus pinaster Extract) and Chronic Venous
Insufficiency

Unlike many botanical supplements, one formulation of French pine bark, Pyc-
nogenol1, has received much attention in the popular press touting a record of 36
double-blind, placebo-controlled trials and is one of the fastest growing supplements
on the U.S. market with sales up 25% in 2006 (165). The strongest evidence for
pycnogenol relates to improving heart health and treating chronic venous insuffi-
ciency and has also been evaluated for reducing venous complications from diabetes.

Pycnogenol is an extract from the bark of the French maritime pine tree. It
consists of a mixture of bioflavonoids and is shown to have potent antioxidant
properties. Pycnogenol’s active constituents include the bioflavonoid monomers
catechin, epicatechin, and taxifolin and phenolic acids. In chronic venous insuffi-
ciency procyanidins in pycnogenol reduce capillary permeability, which contributes
to edema and microbleeding, by cross-linking capillary wall proteins such as col-
lagen and elastin. Pycnogenol might also help prevent capillary permeability due to
the antioxidant effects of several of its constituents (166).

The UPBEAT Study (Understanding Pine Bark Extract as an Alternative Treat-
ment) will test the efficacy of pine bark extract (Flavangenol1) in lowering blood
pressure and improving glycemic control and plasma lipoprotein profiles. Changes in
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body weight, antioxidative capacity, anti-inflammatory markers, blood coagulation
factors, and liver function tests will also be assessed. One hundred and thirty parti-
cipants with mild or moderately elevated CVD risk factors will be enrolled into a
phase II randomized double-blind, placebo-controlled study. The study is being
conducted at Stanford University and is expected to complete in August 2008 (167).

28.3.6 Saw Palmetto (Serenoa repens) and Prostate Health

Saw palmetto has been gaining in popularity for many years as an alternative
therapy for treating the symptoms associated with benign prostatic hyperplasia
(BPH). The ripe fruit of saw palmetto is used in several forms, including ground and
dried fruit or whole berries. It is available as liquid extract, tablets and capsules and
as an infusion or a tea. Modern saw palmetto preparations contain lipids extracted
from the powdered berries. The primary ingredients include saturated and unsatu-
rated fatty acids, as well as free and conjugated plant sterols (168). Many saw
palmetto products are standardized based on the fatty acid content. Saw palmetto
has been shown to have anti-androgenic, anti-proliferative, and anti-inflammatory
properties that seem to be responsible for improving BPH. Saw palmetto does not
seem to affect overall prostate size, but shrinks the inner prostatic epithelium. Saw
palmetto might slow prostate cell proliferation by inhibiting fibroblast growth factor
and epidermal growth factor and stimulating apoptosis (166). The fruit of saw
palmetto has been shown in vitro to inhibit the 5-alpha-reductase and aromatase,
to prevent the conversion of testosterone to dihydrotestosterone, which may be
significant in the development of BPH (169). In a number of double-blind controlled
studies, some lasting up to 1 year, saw palmetto was found to improve urinary flow
rate andmost other measures of prostate disease compared to placebo. However, in a
recent (2006) well-designed clinical trial, 225 men with moderate-to-severe BPH
found no improvement with 320 mg saw palmetto daily for 1 year versus placebo
(170). However, at this time there is not enough evidence to support the use of saw
palmetto for reducing the size of an enlarged prostate. Saw palmetto is well tolerated,
is essentially nontoxic, and has no known drug interactions. An advantage of saw
palmetto, unlike the standard therapy of Proscar1, is that it does not appear to affect
PSA readings allowing clinicians to more accurately screen for prostate cancer.

28.3.7 Combination Supplements with Demonstrated Efficacy

The Age-Related Eye Disease Study (AREDS) was designed as a study of the
clinical course of age-related macular degeneration (AMD) and lens opacities, as
well as a randomized controlled trial of high-dose antioxidants and zinc to reduce
progression of these diseases. The nutrients evaluated included 500mg of vitamin C;
400 IU of vitamin E (synthetic DL-form of alpha-tocopherol acetate); 15 mg of
b-carotene; 80mg of zinc as zinc oxide; and 2mg of copper as copper oxide. AREDS
enrolled 4,757 participants, 55–80 years of age between 1992 and 1998. Participants
were randomized to one of four treatments: (1) zinc alone; (2) antioxidants alone;
(3) a combination of antioxidants and zinc; or (4) a placebo. The benefits of these
nutrients were seen only in people who began the study at high risk for developing
advanced AMD, those with intermediate AMD, and those with advanced AMD in
one eye only. In this group, those taking ‘‘antioxidants plus zinc’’ had the lowest risk
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of developing advanced stages of AMD and its accompanying visual loss. Those in
the ‘‘zinc alone’’ or ‘‘antioxidant alone’’ groups also reduced their risk of developing
advanced AMD, but at more moderate rates compared to the ‘‘antioxidants plus
zinc’’ group. Those in the placebo group had the highest risk of developing
advanced AMD. The combination of high-dose antioxidant vitamins and zinc
provided a moderate reduction of the risk (34%) of developing advanced AMD
over a median of 6.3 years of follow-up in persons at high risk (171). However,
these nutrient supplements had no significant effect on development or progression
of age-related cataract. The AREDS formula is the first demonstrated treatment for
people at high risk for developing AMD. The findings of a protective effect of zinc
alone demonstrated in AREDS were confirmed in the Blue Mountains Eye Study,
an Australian population-based cohort study of 3,654 participants followed for 10
years for incident early, late, and the development of any AMD. However, the
findings of a protective effect shown in AREDS and the Rotterdam Study of a
combination of high doses of zinc, B-carotene, and vitamins C and E on AMD
could not be confirmed in Blue Mountains Eye Study (172).

Because of the success of AREDS, the NIH has launched a follow-on phase III
efficacy study, AREDS II (173). AREDS II is a multicenter randomized trial of
4,000 participants designed to assess the effects of oral supplementation of high
doses of lutein (10 mg/day) and zeaxanthin (2 mg/day) and omega-3 long-chain
polyunsaturated fatty acids (1 g/day) as docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EPA) for the treatment of AMD and cataract. The main study
objective is to determine if these nutrients will decrease an individual’s risk of
progression to advanced AMD. As in AREDS, this study may help people at
high risk for advanced AMD maintain useful vision for a longer time.

The cost-effectiveness of vitamin therapy (antioxidants plus zinc) for AMD was
evaluated using a 50-year projection model. Individuals older than 50 years with AMD
usingU.S. cost andprevalence datawere included in themodel. Incidence of earlyAMD
was based on published studies. Post-incident disease progression was included with
unpublished data from the AREDS study. Compared with no vitamin therapy, vitamin
therapy yielded a cost-effectiveness ratio of $21,387 per quality-adjusted life years
considering extent of disease progression, years and severity of visual impairment, cost
of ophthalmic care and nursing home services. The percentage of patients with AMD
who ever developed visual impairment in the better-seeing eye was lowered from 7.0 to
5.6% (174). The authors concluded, despite some assumptionsmade in formulating the
model, vitamin therapy compares favorably with other medical therapies to prevent
visual impairment fromAMDand to improvehealthmore generally and support theuse
of vitamin therapy in patients 50 years or older diagnosed with AMD.

28.4 GUIDELINES FOR SAFE USE OF DIETARY SUPPLEMENTS

Dietary supplements influence drug therapy within and outside of acute care
facilities. Recognizing widespread consumer use of dietary supplements and their
potential effect onmedical status and treatment, the Joint Commission has included
vitamins, herbals, and nutraceuticals in their scope of medications addressed by
safety standards. Health care facilities are expected to establish standardized
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processes to compare current medication orders to medications usually taken, thus
eliminating medication errors such as omissions, drug interactions, duplications,
and dosing discrepancies in care settings as diverse as admission, surgery, discharge,
and all transitions of care. In the case of dietary supplements, this requires health
care staff to inquire about use of vitamins, minerals, herbals, botanicals, and
nutraceuticals. Registered dietitians (RDs) are very familiar with most vitamin
and mineral supplements and many herbal, botanical, and nutraceutical products,
many of which incorporate vitamins and minerals. However, admission assessment
interviews are most often conducted by registered nurses (RNs), who are often
unfamiliar with dietary supplements. Shared accountability encourages processes
that utilize input from all disciplines.

Complicating safety assessment of dietary supplements is the absence of standardi-
zation regulations for dietary supplements. As stated on the Office of Dietary Supple-
mentsWeb site, ‘‘Standardization is a processmanufacturersmay use to ensure batch-
to-batch consistency of their products. Standardization may involve markers that
couldhelp identify a consistent product andmayprovide ameasure of quality control.
Because no legal or regulatory definition for standardization exists for dietary supple-
ments, there is no association between standardization statements on dietary supple-
ment packages and quality.’’ The FDA, to address this concern, published a rule in
June 2007 regarding good manufacturing practices for dietary supplements.

Some hospitals have banned patient use of dietary supplements because of
inconsistent manufacturing standards and concern that admission assessment of
such substances will not be accurately completed (175). Directors of pharmacies in
acute care settings were surveyed in 2004 to determine institutional policies and
practices related to the use of dietary supplements. Responses were received from
25% of pharmacy directors surveyed. Of these, 62% reported having policies in
place but 30% of those reported a policy preventing use of dietary supplements
(176). Pharmacy directors reported concerns about the consistency of dietary
supplement formulation and lack of FDA review of supplements.

28.4.1 Safeguarding Against Potential Interactions with Dietary Supplements

Herbal products, unlike most conventional drugs, provide a complex mixture of
bioactive entities, which may or may not provide therapeutic activity. The active
ingredient is frequently not known and complete characterization of all the chemi-
cal constituents is lacking as described in Table 28.3. As with conventional drugs,
many herbal products are therapeutic at one dose and toxic at another. Concurrent
use of herbs may mimic, magnify, or oppose the effect of drugs. The importance of
unrecognized interactions between herbs and conventional drugs is particularly
relevant in cardiology because many cardiovascular drugs have a narrow therapeu-
tic window. Additional references for herb–drug interactions are listed in the
Appendix and the reader is urged to consult these for more detailed information.
An herbal product can affect clinical laboratory test results by direct assay inter-
ference, most commonly with immunoassays; exert physiologic effects through
either toxicity or enzyme induction; or produce interference by contaminants.
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28.4.2 Clinical Needs Assessment for Dietary Supplements

Given the prevalence of inadequate dietary intake of many vitamins andminerals
among older adults as well as the potential for inappropriate supplement use in this
group, health providers should routinely screen elderly clients for the need for
dietary supplementation and risk of excessive supplement intake. The following
questions can identify conditions, symptoms, or situations that suggest the need to
consider counseling on the use of fortified foods and/or dietary supplements in
addition to advising older adults to make appropriate dietary changes.

1. Has the older client been diagnosed with physical conditions or does he/she display
symptoms that may indicate a need for fortified foods and/or dietary supplements?

� Osteoporosis: calcium, vitamin D, magnesium
� Alcohol abuse: ‘‘B’’ vitamins, magnesium
� Gastrointestinal abnormalities including diarrhea, fat malabsorption, and

atrophic gastritis: vitamin B12, fat-soluble vitamins (A, D, E, K)
� Renal insufficiency: vitamin D
� Cardiovascular disease: vitamin E, folic acid
� Nutritional anemia: iron, vitamin B12, folic acid
� Weight loss, anorexia, nausea, or other symptom indicative of an inadequate

intake: general multivitamin supplement

Table 28.3
Distinctions between herbal versus manufactured drugs

Criteria Drug Herbal

Time frame
of use

Typically a short
tradition of use

Typically a long tradition of use

Ingredient
characteristics

Active ingredient
known

Active ingredient often not known,
marker compounds used as a standard

Pure compound
available

Pure compound not available, often as
mixtures

Composition constant Composition variable – due to season,
temperature, and harvest conditions

Mechanism of
action

Mechanism often
known

Mechanism often unknown

Safety Toxicology often
known

Toxicology often not studied but at least
evaluated

Frequently a narrow
therapeutic window

Generally a wide therapeutic window

Adverse effects
frequent

Adverse effects rare or unknown and not
well characterized

Regulatory
oversight

Require FDA
approval for
marketing

Does not require FDA approval for
marketing
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2. Does the older client have intake behaviors that place him/her at high risk for
nutritional deficiency or excess?

� Eats fewer than two complete meals per day
� Drinks one or more (women) or two or more (men) alcoholic beverages

per day
� Eats less than two servings of vegetables per day
� Eats less than two servings of fruits per day
� Takes multiple dietary supplements per day
� Takes doses of vitamin andmineral supplements that exceed the RDA unless recom-

mended by a physician (pay particular attention to intakes greater than theUL)
� Is unaware of doses of supplements taken

3. Do body composition changes or physical limitations suggest potential for nutrient
deficiencies?

� BMI < 21
� Has unintentionally lost or gained 10 lbs in the last 6 months
� Has difficulty chewing or swallowing
� Has physical disabilities that limit ability to shop for and/or prepare food

4. Are there lifestyle habits or conditions that may impair normal intake?

� Is housebound
� Has clinical evidence of depressive illness
� Needs assistance with self-care
� Demonstrates mental/cognitive impairment

5. Does the older client have disease or medical condition that may contraindicate use
of dietary supplements?

� Do medical problem(s) such as impaired renal function limit excretion of supple-
ments such as magnesium?

� Are medications taken that may adversely interact with dietary supplements?

On a daily basis clinicians are faced with interpreting the evidence, established
and emerging, in order to provide the best care for their patients. Decision making
occurs on many levels. Level I decisions are influenced by one’s personal experience
with the disease and capacity to deal with risk as ‘‘Would you have this done for
yourself or for someone else in your immediate family?’’ A clinician making level II
recommendations for his/her patient will also be influenced by prior experience, but
the strength of the scientific evidence may play greater role. Lastly, a level III
recommendation may be viewed as an across-the-board public health recommenda-
tion for a population, and this recommendation must be based even more on
rigorous assessment of the scientific evidence. As the data on dietary supplements
become more robust and evidence accrues clinicians will feel more confident in the
recommendations on the use of dietary supplements for health maintenance and
risk reduction both at the individual and at the group levels.
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APPENDIX: REFERENCE SOURCES FOR INFORMATION ON DIETARY
SUPPLEMENTS AND HERB–DRUG INTERACTIONS

Monographs

� American Herbal Pharmacopeia and Therapeutic Compendium (AHP)
Monographs are available through theirWeb site by to writing the AmericanHerbal

Pharmacopeia PO Box 5159, Santa Cruz, and CA 95063. Phone: 831-461-6318,
e-mail: ahpadmin@got.net. Web address: http://www.herbal-ahp.org.

� The Complete German Commission E Monographs
Blumenthal M, Goldberg A, Brinkmann J, eds. Herbal Medicine-Expanded Com-

mission E Monographs. American Botanical Council, Austin, TX, 1999.
The American Botanical Council, PO Box 201660 Austin, TX 78720. Phone: 512-33

1-8868 and Web address: www.herbalgram.org.
� WHO Monographs on Selected Medicinal Plants

The World Health Organization (WHO) monographs are published in ‘‘WHO
Monographs on Selected Plants,’’ vol. 1, by WHO, Geneva, Switzerland, 1999,
ISBN 92-4154517-8. The WHO Web site is http://www.who.org.

Books and Publications

� Barrett M. The Handbook of Clinically Tested Herbal Remedies. Haworth Herbal
Press, 2004. 2-volume set. ISBN: 0-789-02723-2.

� Coates PM, Blackman MR, Cragg GM, Levine M, Moss J, and White JD, eds.
Encyclopedia of Dietary Supplements. NewYork, NY:Marcel Dekker, 2005. ISBN:
0-824-75504-9.

� Fugh-Berman A. The 5-Minute Herb and Dietary Supplement Consult. Philadel-
phia, PA: Lippincott Williams & Wilkins, 2003, 475 pp. ISBN: 0-683-30273-6.

� Institute of Medicine of the National Academies. Dietary DRI Reference Intakes:
The Essential Guide to Nutrient Requirements. Washington, DC: National Acade-
mies Press, 2006. ISBN: 0-309-10091-7, Web site: www.iom.edu/CMS/3788/29985/
37065.aspx
Description: A reference volume which reviews each nutrient and recommendations

for daily intake.
� Newall CA, Anderson LA, Philpson JD. Herbal Medicines—A Guide for Health-

Care Professionals. London, UK: The Pharmaceutical Press, 1996.
� Schulz V, Hansel R, Tyler VE. Rational phytotherapy: A Reference Guide for

Physicians and Pharmacists, 5th ed. Berlin: Springer-Verlag, 2004.

Databases

� Consumer Labs

www.consumerlabs.com
Consumer labs evaluates commercially available dietary supplement products for

composition, potency, purity, bioavailability, and consistency of products. The
Natural Pharmacist database offers consumer-oriented information. Products
that meet their criteria can receive a ConsumerLab seal of approval (annual
subscription fee of $29.95).
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� MedlinePlus

MedlinePlus Health Information, National Library ofMedicine, National Institutes
of Health.

Herbal Information page contains up-to-date, quality health care information on
herbs and herbal medicine. Dietary Supplements page provides links, including
the latest research, on dietary supplements.

Herbal Information: http://www.nlm.nih.gov/medlineplus/herbalmedicine.html
Dietary Supplements: http://www.nlm.nih.gov/medlineplus/dietarysupplements.html

� Natural Medicines Comprehensive Database

www.naturaldatabase.com
Created by the publishers of the Pharmacist’s Letter. You can search by DS or

commercial product name. Monographs include extensive information about
common uses, evidence of efficacy and safety, mechanisms, interactions, and
dosage. It is extensively referenced and updated daily. Also CME, listserv, and
interactions information available (individual subscriber $92/year).

� Natural Standard

www.naturalstandard.com
This is an independent collaboration of international clinicians and researchers who

created a database which can be searched by CAM subject or by medical condi-
tion. Quality of evidence is graded for each supplement (individual subscriber
$99/year).

� International Bibliographic Information on Dietary Supplements (IBIDS)

ods.od.nih.gov/Health_Information/IBIDS.aspx. IBIDS is produced by the Office
of Dietary Supplements, NIH, along with the Food and Nutrition Information
Center, National Agricultural Library, andUSDA. The IBIDS database provides
access to bibliographic citations and abstracts from published, international, and
scientific literature on dietary supplements. IBIDS contains over 750,000 citations
on the topic of dietary supplements from four major database sources: biomedi-
cal-related articles from MEDLINE, botanical and agricultural science from
AGRICOLA, worldwide agricultural literature through AGRIS, and selected
nutrition journals from CAB Abstracts and CABHealth. IBIDS is easy to search
and available free of charge through the Internet.
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29 Minimizing the Impact of Complex
Emergencies on Nutrition and Geriatric
Health: Planning for Prevention is Key

Connie Watkins Bales and Nina Tumosa

Key Points

� Complex emergencies (CEs) can occur anywhere and are defined as crisis situations
that greatly elevate the risk to nutrition and overall health (morbidity and mortality)
of older individuals in the affected area.

� In urban areas with high population densities and heavy reliance on power-driven
devices for day-to-day survival, CEs can precipitate a rapid deterioration of basic
services that threatens nutritionally and medically vulnerable older adults.

� The major underlying threats to nutritional status for older adults during CEs are
food insecurity, inadequate social support, and lack of access to health services.

� The most effective strategy for coping with CEs is to have detailed, individualized
pre-event preparations. When a CE occurs, the immediate relief efforts focus on
establishing access to food, safe water, and essential medical services.

Key Words: Disaster relief; food insecurity; humanitarian crisis; undernutrition

29.1 INTRODUCTION AND DEFINITIONS

The most common issues impacting on the nutritional well-being of elderly persons
are comprehensively addressed in the preceeding 28 chapters of this edition of the
Handbook of Clinical Nutrition and Aging. This chapter focuses on a different type of
concern, one that can overshadow all other threats to health when a serious disaster
strikes. That subject is the welfare of aged persons when catastrophic events pose a
direct (or indirect) threat to nutrition and health (1,2). While there is a large body of
literature on the health impact of natural and man-made disasters (e.g., droughts,
floods, military conflicts) and associated long-term food shortages in the third world,
surprisingly little information is available about the short and intermediate-term
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consequences of emergency situations in developed countries. In these situations, high
population densities and heavy reliance on power-driven devices for day-to-day
survival (e.g., electrical power for mass transit, elevators to reach living quarters,
medical devices, and refrigeration of foods and medicines) can accelerate the speed
with which a catastrophic, health-threatening situation develops. In 2005, the plight of
the elderly evacuees from New Orleans (pre-storm population approaching 485,000)
following Hurricane Katrina provided a dramatic demonstration of how essential
services can rapidly deteriorate in a well-developed, highly populated urban environ-
ment following a major disaster and place older individuals in eminent mortal danger.

29.1.1 Definitions

In order to lay the foundation for this discussion, we begin with some definitions
(See Table 29.1). While terms like ‘‘disaster relief’’ and ‘‘humanitarian crisis’’ may be

Table 29.1
Glossary of terms

Complex emergencies Any of a number of crisis situations that greatly elevate
the health risk of individuals in the affected area;
examples are natural disasters like floods and
earthquakes; urban health emergencies like fires,
epidemics, and blackouts; and terrorist acts like
massive bombings or poisonings of food or water
supplies. Resolution of these emergencies requires
collaboration between multiple groups.

Acute protein/calorie
malnutrition (PCM)

PCM or ‘‘wasting’’ is associated with recent rapid weight
loss, i.e., as in emergency situations (as opposed to
chronic malnutrition).

Chronic energy deficiency
(CED)

An intake of energy that is below the minimum
requirement for a period of several months or years.
In order to achieve energy steady state, the energy
expenditure must drop to match the low intake,
ultimately leading to underweight and low levels of
physical activity.

Nutritional rehabilitation Restoration of weight and healthy nutrition through the
provision of appropriate foods based on established
protocols.

Food rations A shelf-stable pre-packaged dry ration that meets
minimum daily intake recommendations for calories
and other nutrients. Used to temporarily meet critical
nutritional needs when food supply is inadequate.
Examples: Meals Ready to Eat or MREs (1,250 kcal)
are often distributed in complex emergencies in the
United States; General food rations or GFRs
(2,100 kcal) are distributed in many countries in
sub-Saharan Africa.

(continued)
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more familiar, the most broadly acceptable term for these threatening situations is
‘‘complex emergency’’ (2). Complex emergencies (CEs) can occur anywhere and are
defined as any of a number of crisis situations that greatly elevate the risk to
nutrition and overall health of individuals in the affected area. Examples include
natural disasters like floods and earthquakes, urban health emergencies like fires,
epidemics and blackouts, and terrorist acts like massive bombings or poisonings of
food or water supplies (see Table 29.2). CEs were originally associated with wars,
genocide, and political strife, where innocent civilians were forced to endure loss of
access to shelter, food, appropriate clothing, and timely medical care. Such emer-
gencies have traditionally been associated with populations in developing nations,
not those in the so-called developed countries. However, with increasing

Table 29.1
(continued)

Complementary food
ration

A complementary ration to the general food ration is
sometimes provided. Typically, it consists of fresh fruit
and vegetables, condiments, tea, etc. It is especially
appropriate when the population of concern is
completely reliant on food assistance.

‘‘Wet’’ feeding Food rations prepared and cooked on-site as opposed to
rations that are taken home for preparation in the
household (dry rations).

Fortification of foods Typically, fortified foods have had supplemental
vitamins and/or minerals added.

Hunger The uneasy or painful sensation caused by lack of food.

Malnutrition The medical condition caused by an improper or
insufficient diet that can refer to undernutrition
resulting from inadequate consumption, poor
absorption, or excessive loss of nutrients.
Malnutrition results from an inappropriate amount or
quality of nutrient intake over a long period of time.

Food insecurity The inability to obtain nutritionally adequate and safe
food; or the inability to obtain it in socially acceptable
ways

Food insufficiency Inadequate amount of food intake due to a lack of food.

Epidemics and pandemics An epidemic is a disease outbreak that affects numbers of
the population in excess of what would normally be
expected in a defined community, geographical area,
or season. A pandemic refers to this type of disease
outbreak that is occurring over a wide geographic area
and affecting an exceptionally high proportion of the
population.

Source: Borrel, A. Addressing the nutritional needs of older people in emergency situations in
Africa: Ideas for action. HelpAge International Africa Regional Development Centre, Westlands,
Nairobi, 2001.
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globalization of the world’s societies and economies and news coverage document-
ing world events, it has become clear that CEs can and do occur in both developed
and developing world locations.

Nutritional risk is commonly elevated in CEs and is most likely to occur when the
crisis is protracted or recurrent. Table 29.1 includes definitions for factors related to
inadequate food intake (e.g., food insecurity, hunger), the resulting nutritional pro-
blems (e.g., malnutrition, acute protein/calorie malnutrition), and terms used to dis-
cuss interventions for undernutrition (e.g., food rations, nutritional rehabilitation).

29.1.2 Food Insecurity and Federal Food Assistance Programs

Even in the absence of a crisis, older persons are well recognized to be at greater
risk than the remainder of the adult population for food insecurity and hunger.
Some of the many factors that contribute to increased nutritional vulnerability of
older adults are listed in Table 29.3. In 2001, food insecurity and hunger affected at
least 1.4 million households in the United States that contained older members (3).
People in 20% of those households also experienced hunger, in addition to food
insecurity.Most of these older persons are suffering from food insecurity due to lack
of income or due to their place of residence. Residents of the South are more apt to
experience food insecurity, as are residents of cities and all elders who live alone (3).

Table 29.2
Examples of complex emergencies that impact nutrition and health

Natural disasters and extreme weather

Hurricanes, tornadoes, floods, tsunamis, tidal waves

Earthquakes, mudslides

Ice storms and blizzards

Heat (#1 killer of the elderly)

Unintentional and intentional man-made and population-related emergencies

Fires and structural collapse

Terrorism and bio-terrorism

Explosions and implosions

Intentional contamination of food and/or water supplies

Epidemic or pandemic infectious disease cut break

Table 29.3
Risk factors for food insecurity in older persons

� Household composition
� Poverty
� Functional impairments
� Social isolation
� Reduced ability to regulate energy

intake

� Lacking access to nutritionally
adequate diets

� Depression
� Reduction in taste, smell, sight, touch
� Poor health
� Poor dentition

Source: Magkos et al. (41).
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Recognizing the day-to-day nutritional vulnerability of its poor and elderly
citizens, the U.S. government has a number of programs in place to provide
assistance to elders at risk for food insecurity and hunger. Mandated by the Older
American’s Act, the Elderly Nutrition Program (ENP) provides a minimum of one-
third of the daily calories required by recipients through daily meals and nutrition
services to people aged 60 or older in group settings, such as senior centers and
churches, or in the home, through home-delivered meals. The ENP provides an
average of 1 million meals per day to older Americans. These meals are targeted
toward highly vulnerable elderly populations, including the very old, people living
alone, people below or near the poverty line, minority populations, and individuals
with significant health conditions or physical ormental impairments. On an average
the meals generously meet the RDA requirements, supplying more than 33% of the
Recommended Dietary Allowances (RDAs) for key nutrients, thus significantly
increasing the dietary intakes of ENP participants. The meals are also ‘‘nutrient
dense’’, that is, they provide high ratios of key nutrients per calories. The most
recent evaluation of the ENP program occurred in 1996 and was conducted by
Mathematica Policy Research, Inc. (www.mathematica-mpr.com/nutrition/
enp.asp). The resulting report clearly confirms that the ENP program recipients
are at nutritional risk. It was found that between 80 and 90% of participants had
incomes below 200% of the poverty level (twice the rate for the overall elderly
population in the United States). More than twice as many Title III participants
lived alone, compared with the overall elderly population. Approximately, two-
thirds of the participants were either overweight or underweight, placing them at
increased risk for nutrition and health problems. Title III home-delivered partici-
pants had more than twice as many physical impairments, compared with the
overall elderly population. Although (and perhaps because) the success of the
ENP program is well recognized, 41% of Title III ENP service providers have
waiting lists for home-delivered meals, suggesting a significant unmet need for
these meals. It would appear that even in times of relative calm and prosperity for
most Americans, there are elderly citizens who are persistently in a state of nutri-
tional crisis.

29.2 COMPLEX EMERGENCIES THAT THREATEN HEALTH

When nutritionally and medically vulnerable older persons encounter a complex
emergency, there is an increase in morbidity and mortality rates. This is due to both
short-term insufficient nutrition and the resulting long-term increased mental stress
and disability, decreased resistance to infection, and exacerbation of chronic dis-
eases (4), all of which make obtaining proper nutrition more difficult in a cyclic
pattern. Many different types of CEs produce similar challenges. The consequences
of a shortage of edible food and/or potable water, regardless of the type of emer-
gency that produced that shortage, are multifold and can lead to increased physical
and mental harm to older people (5). Reduced access to essential medical care
heightens the immediate risk. A more extensive listing of the immediate impact of
various complex emergencies and the resulting nutritional and health consequences
is shown in Table 29.4.
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The likelihood of having to provide care for older persons during a CE is greater
than one might think at first. As previously noted, Table 29.2 provides a list of
common CEs that have the potential to cause nutrition-related health risks. The
impact of these crises on the nutritional state and overall health of older adults is
discussed in more detail in the following sections.

29.2.1 Natural Disasters and Extreme Weather

29.2.1.1 HURRICANES, TORNADOES, AND FLOODS

The 2005 hurricane season in the United States, most notably Hurricanes Rita
and Katrina, left no doubt that older persons continue to be disproportionately
affected by hurricanes (6,7) just as they were with Hurricane Andrew in 1992 (8).
Older Floridians who were affected by Hurricane Charley in 2004 found that the
hurricane not only disrupted their quality of life but also disrupted their medical
care (9). Persons with pre-existing conditions such as diabetes mellitus, heart
disease, and physical disabilities were especially affected. Approximately one-
third of the older residents in the area had a worsening of their conditions post-
hurricane, including a lack of access to prescription medicine and loss of routine
medical care for pre-existing conditions.Medically related deaths were linked to the
loss of power (resulting in loss of access to oxygen) and to exacerbation of cardiac

Table 29.4
Immediate impact and nutritional/health consequences of complex emergencies

Immediate impact Consequence

Loss of access to safe, adequate water
supply

Dehydration; increased risk of delirium:
inability to administer medications or
keep sterile medical materials

Loss of safe, adequate food supply Acute protein calorie malnutrition

Lack of access to special foods,
nutritional products

Acute undernutrition due to loss of
availability of pureed foods, tube feeding
formulas, thickened liquids, other special
foods

Loss of access to life-sustaining
medical care, e.g., insulin injections,
dialysis, respiratory support

Deteriorating medical condition, renal
toxicity, hyperglycemia, etc.

Emotional trauma Increased confusion; exacerbated dementia
symptoms; poor food intake even if food is
available

Loss of basic utilities Extremes of heat/cold; inability to preserve
foods and medications; inability to
prepare foods

Damage to or loss of housing Functional limitations, dysmobility or
secondary injuries due to lack of lighting,
safe environment
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disease. Hurricane Iniki in Hawaii and the Great Hanshin-Awaji Earthquake in
Japan were associated with an increase in the rate of diabetes mellitus-associated
deaths for a year following the disaster (10,11).

In a study of residents in the high-impact area of Hurricane Andrew, one-third of
persons had high levels of PTSD (12), which was attributed to variables such as
property damage, exposure to life-threatening situations, and injury.

Tornadoes, while typically more limited in the size of the area affected than a
hurricane, are often even more physically destructive. Although no research has
been published on their specific effects on physical and mental health, it is well
recognized that tornadoes can lead to many of the same dangers noted for hurri-
canes; the disruption of home care services and meal delivery to homebound elderly
persons are of concern. The situation can become life threatening not only to the
older persons who are critically dependent on these services but also to their
dedicated care providers who often risk much to ensure the delivery of food and
medical care to their clients (personal communication from Area Agency on Aging
of Southwestern Illinois grantees to NT).

Floods are a relatively common disaster and are often associated with earth-
quakes or hurricanes. Besides trauma and drowning, the most common conditions
associated with floods are an increase in gastrointestinal symptoms. Increased
preventable conditions following the crisis include gastroenteritis (13), acute
respiratory infections including asthma (10), and increased post-traumatic stress
which can persist for years after the event (14).

29.2.1.2 EARTHQUAKES

In the aftermath of an earthquake, as with the other natural disasters already
mentioned, access to basic life-sustaining nutrients and hydration as well as to
basic and specialized medical care may be partially or completely disrupted. Due
to the magnitude and scope of the destruction that occur with a major earthquake,
the restoration of infrastructure to fully support the inhabitants of the region may
take months or even years to be accomplished. Earthquakes result in a three-fold
increase in deaths from myocardial infarction, a doubling of the frequency of
strokes, increased blood pressure levels, and increased coagulability of blood
(15,16). Increased rates of cardiac arrests occurring after loss of power (17)
and deaths due to increased incidence of coronary heart disease (18) and myo-
cardial infarctions (19,20) are also reported. Deterioration of mental health
occurs and post-traumatic stress is also prevalent (21,22). Emotional stress can
persist for months (23,21). In particular, the displacement of elderly persons from
their places of residence and their social and medical supports can have a dramatic
negative effect on health and quality of life (See Fig. 29.1). Displacement following
a CE has been linked with a significant increase in mortality rates (15,16). The
confusion of the displacement, as well as loss of access to appropriate diet and
medications, prevents older individuals from monitoring and treating their med-
ical conditions. Inappropriate diet has been directly linked to decreased glycemic
control and increased mortality in diabetic patients following an earthquake (11).
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29.2.1.3 EXTREME HEAT AND COLD

The type of naturally occurring CE that is most threatening for older persons in
terms of numbers affected each year comes during periods of temperature extremes,
especially heat waves, claiming about 400 lives annually in the United States alone,
more than the deaths caused by all other disasters combined. At greatest risk are
poor persons who live in inner cities, those with chronic illnesses, and those home-
bound. Heat disasters are often aggravated by power outages, which prevent people
from keeping cool, bathing properly, and storing food at proper temperatures (24).
In the 1993 heat wave in Philadelphia, there was a 26% increase in total mortality,
with a 98% increase in cardiovascular deaths, particularly in those persons over

Fig. 29.1 In emergency situations, evacuations displace elderly persons from their social and
medical support systems and can negatively impact health and quality of life.
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65 years of age (25). In France, during the period 1971–2003, there were six major
heat waves, resulting in thousands of deaths; the mortality ratios increased with age
after 55 years and in the over age 75 years cohort; the death rate was higher for
women than for men (26).

Although little research has been published about the health effects of ice storms
and blizzards, the loss of power leaves older persons stranded at home, increasing
the risk for ingestion of inadequate calories and inappropriately prepared food and/
or spoiled food. The risk of exposure combinedwith the risk of house fires or carbon
monoxide poisoning due to use of unsafe heating devices pose serious threats at a
time when emergency services may not available due to the extreme weather
conditions.

29.2.2 Unintentional and Intentional Man-Made Disasters

29.2.2.1 FIRES

Fires increase the extent of cardio-respiratory problems, which results in exacer-
bation of chronic diseases (27). People who already suffer from mental health
problems or medically unexplained physical symptoms (28) and gastrointestinal
morbidity (29) can develop an exacerbation of these problems (16,29) once they
become a victim of a fire. Even when no injuries result, fires almost certainly force
displacement of their victims, adversely affecting quality of life andmanifestation of
chronic diseases.

29.2.2.2 EPIDEMICS, PANDEMICS, AND UNINTENTIONAL FOOD BORNE ILLNESS

OUTBREAKS

A serious infectious global pandemic is one of themost threatening of all complex
emergencies, and calls back memories of the most devastating infectious disease
outbreak on record, the Great Flu Epidemic of 1918–1919, which killed an esti-
mated 20–40 million people worldwide. The spread of this epidemic was linked to
the trans-global transportation of soldiers duringWorldWar I. Today, world travel
and the importation of foods and other products are very common. Thus, in the
event of a serious epidemic in one country, there is a high likelihood of quick
transmission to others. The outbreak of SARS, a severe acute respiratory illness
caused by a coronavirus, was first reported in Asia in February 2003 and spread to
more than two dozen countries in North America, South America, Europe, and
Asia (sickening 8,098 and killing 774) before the global outbreak was contained
(http://www.cdc.gov/NCIDOD/SARS/factsheet.htm). In recognition of the severe
strain that a major disease outbreak can place on health systems, the World Health
Organization (WHO) advocates for an ‘‘integrated global alert and response system
for epidemics and other public health emergencies’’ that allows for ‘‘a collective
approach to the prevention, detection, and timely response’’ for these emergencies
(http://www.who.int/csr/en/). The WHO is currently coordinating the global
response to human cases of H5N1 avian influenza (bird flu) with regards to the
threat of a future influenza pandemic.
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A widespread illness or intoxication from a food source could also threaten nutri-
tional and overall health.While these outbreaks are typically limited in scope and short
lived, the potential for more widespread and dangerous effects exists due to the
centralized nature of the US food distribution chain and the clustering of very large
populations into a small geographical area. (Seemore on this topic in Section 29.2.2.3.)

29.2.2.3 TERRORISM AND BIO-TERRORISM

While other complex emergencies produce far more damage and deaths each
year than are caused by terrorism, the destruction of the Twin Towers in New
York City and a portion of the Pentagon in Washington DC on September 11,
2001, focused the attention of Americans upon the potentially devastating
effects of an intentional man-made disaster. The development of the Depart-
ment of Homeland Security was a tangible product of the national response to
implied threats of bio-terrorism.

A terrorist attack such as one causing explosions and collapse of buildings would
result in the interruption of basic living functions in a manner similar to previously
discussed emergencies like earthquakes, tornadoes, or fires. Disruptions to neces-
sities of daily living and loss of power and access to medical care would be major
concerns. A bioterrorist attack would have very different potential consequences
for the well-being of the elderly, potentially causing widespread illness and/or
hunger and dehydration. The propagation of an illness over a wide geographical
area could be lethal for a substantial number of older adults, who are typically
among the most medically vulnerable. During the anthrax attacks in 2001, all
emergent cases involved adults over 50 years old, with the one fatal case affecting
a 94-year-old woman (30). Intentional contamination of food or water supplies
with a toxin or infectious agent also has the potential to cause an outbreak of
poisonings or illness over a wide geographical area. In this situation, the outbreak
could be slow and/or diffuse and the cause difficult to ascertain, delaying the
recognition and treatment of the problem. For example, in 2006, bagged spinach
contaminated (unintentionally) by Escherichia coli infected over 200 Americans
(killing three) in 26 states before the strain was isolated and eradicated. Similarly,
intentional waterborne diseases or toxins would be difficult to detect and could
impact a vulnerable population more severely than a healthy population, due to
delayed recognition and reporting of the contamination (31). In the case of delib-
erate food/water contamination, nutritional health is affected directly (by reducing
the availability of safe food and water) as well as indirectly (by the symptoms of
illness and the reduced access to an over-burdenedmedical care system). In fact, the
deliberate poisoning of food has already occurred in theUnited States, when in 1984
members of the Rajneesh religious cult contaminated salad bars in The Dalles,
Oregon, with Salmonella typhimurium. Though it was only a trial run for a more
extensive attack that was planned to disrupt local elections later that year, the
contamination caused 751 people to develop salmonellosis in a 2-week period.
Other isolated examples of intentional food contaminations have also been reported
in the United States and Canada (32).

Coping with complex emergencies due to terrorism is for the most part a new
challenge, at least in the United States. Despite considerable effort to prepare for
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these scenarios, our experience in dealing with the aftermath is limited, yet, unfor-
tunately, our experience is likely to grow in the future. Experts warn that a major
terrorist attack on the United States is very likely (29–50%) to occur within the next
10 years (CFR Online Debate).

29.2.2.4 SUMMARY

Heat, cold, hurricanes, tornadoes, floods, fires, illness, terrorism, and other
disasters endanger health and claim elderly lives. Sometimes the effects are immedi-
ate, butmore often an increase inmorbidity andmortality occurs progressively after
the disaster as survivors experience a continued decrease in the quality of life and
increased nutritional risk due to displacement and a loss of basic resources. These
events result in increased disability, which further impairs the ability of older
persons to maintain access to safe food and water and sustain proper nutrition
and hydration, and so the spiral continues downward. Recovery from food inse-
curity and poor nutrition is more difficult for persons who are poor, socially
isolated, cognitively impaired, and/or old. The more risk factors people possess,
the faster their decline.

29.3 MINIMIZING NUTRITIONAL AND HEALTH RISKS DUE TO CES

All of the disasters described in this chapter threaten nutritional and metabolic
health because they disrupt access to food, water, and vital medical treatment (33).
Older persons with pre-existing chronic conditions are particularly vulnerable to
these disruptions. Preparation for and resolution of the aftermath of these emer-
gencies require collaboration between multiple stakeholders and takes time. There
are no easy fixes to CEs.

29.3.1 Conceptual and Programmatic Overview

The underlying causes of malnutrition in older adults during CEs are (1) insuffi-
cient household food security, (2) inadequate social and care environments, and
(3) poor public health and inadequate health services (2). The basis for current
governmental and humanitarian responses to nutritional crises builds on lessons
learned in the earliest organized relief efforts (circa 1940–1950). During the 1970s,
guidelines began to be published following experiences with relief efforts in places like
Biafra and Ethiopia (2). In the subsequent decades, the experiences of various crises
have progressively shaped what are, today, the characteristic challenges, and avenues
of support available to older adults who are caught in CE situations in any given
country. With increasing recognition that the elderly are uniquely vulnerable to CEs,
efforts are underway to develop specific recommendations and resources for this
population group. Table 29.5 lists some of the resources available, along with web
links. HelpAge International (www.helpage.org) is a global network of more than 70
not-for-profit organizations in 50 countries who are working for improvements in the
lives of older people. This grouphas published amanual of guidelines for best practice
during disasters and humanitarian crises (See Table 29.5). The Sphere Project Mini-
mum Standards in Disaster Response project (http://www. sphereproject.org/con-
tent/view/27/84) advocates for the use of community-based systems to implement the
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care of older individuals in these circumstances. In the United States, a number of
national organizations, including the Federal Emergency Management Agency
(FEMA), The American Red Cross, and various branches of the military take
responsibility for rescue and relief efforts following a major CE but the contribution
of the private sector to the relief effort is traditionally also a substantial one. This type
of broad-based support is necessary but makes it more difficult to consistently
implement age-related guidelines for relief efforts once they are in the field. Coordi-
nating the advance preparation efforts for CEs, however, is a more tangible goal.

29.3.2 Emergency Preparedness in Structured Living Communities

As is true for almost all health issues, the best way to address the nutritional and
related health risks that accompany CEs is to take preventivemeasures. In the case of
nursing homes and assisted living facilities, many states require that these institutions
have a substantial reserve food and water supply and that they have a well-
delineated disaster and evacuation plan. The specifics of these requirements vary on
a state-by-state basis. However, attention to the development of specialized

Table 29. 5
Resources (Web sites and links to publications and bulletins)

(Title or description, followed by web link)

American Red Cross

www.redcross.org/services/disaster/0,1082,0_217_,00.html

Federal Emergency Management Agency (FEMA)

www.fema.gov/areyouready/

Food and Water in an Emergency

http://www.fema.gov/pdf/library/f&web.pdf

Food and Nutrition Service (FNS) of the USDA

http://www.fns.usda.gov/disasters/disaster.htm

HelpAge International

Addressing the Nutritional Needs of Older People in Emergency Situations

http://www.helpage.org/Resources/Manuals

National Recommendations for Disaster Food Handling

foodsafety.ifas.ufl.edu/HTML/tn001.htm

Hunger Issue Brief: Hunger and Food Insecurity Among the Elderly

http://www.centeronhunger.org/pdf/Elderly.pdf

Sphere Project

Minimum Standards in Disaster Response:

http://www.sphereproject.org/content/view/27/84

Food Safety Risks

http://www.ific.org/publications/other/consumersguideom.cfm
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evacuation plans (individualized for resident needs) is more focused since the nursing
home-related deaths recorded during the hurricanes on the gulf coast in 2005. Two
such incidents included the drowning of 34 nursing home residents in St. Bernard
Parish, Louisiana, due to a failure to comply with evacuation orders during
Hurricane Katrina, and the bus accident in which 24 Houston, Texas, nursing
home residents being evacuated from Hurricane Rita died in a fire that was sparked
by mechanical problems and fed by the explosions of the passengers’ oxygen tanks.

Beyond the obvious need for institutions and organizations like long-term care
and hospice agencies to have detailed plans for evacuations and emergency condi-
tions, there is also a need to identify ‘‘at risk’’ older adults living in the community.
This would involve developing registries of ‘‘vulnerable populations’’ of elders based
on degree of factors like contact need, predominant special impairment, and pre-
dominant life-support supply need, if any. By doing so, vulnerable elders could be
easily identified in the event of a disaster and better supplied with assistance. Such
registries are currently implemented in some instances (examples are available in
California, www.aging.ca.gov, and Florida, www.broward.org/atrisk), but a more
systematic approach has yet to be employed. These registries will most likely need to
be local in origin and maintenance in order that control of sensitive health data
would remain confidential. However, it would be preferable for the structure of the
databases to be developed in a uniform format in order to facilitate the sharing of
important data across local and regional entities. Once successful programs and
examples are created, their implementation by all interested parties should then be
straightforward.

29.3.3 Emergency Preparedness at Home

Emergencies require flexibility and the ability to survive changes in regular
routines. This flexibility can be easier to achieve if people have a few necessary
and familiar objects with them to assist with performing certain everyday chores,
such as eating properly, taking medications, and changing into clean clothes. In
order to assist people in getting prepared for the disruptions that inevitably occur
during an emergency, the FEMA and The American Red Cross recommend that
every family have an emergency preparedness kit that contains food, water, cloth-
ing, medical supplies, flashlight, and other supplies that will aid their survival for
3–5 days. By the time recommended objects are placed in a backpack, the entire kit
weighs between 45 and 50 pounds. This is clearly too much weight for an older
person to handle safely.

29.3.3.1 HELPING OLDER ADULTS TO BE PREPARED: A QUALITY IMPROVEMENT STUDY

OF EMERGENCY KITS FOR ELDERS

The Health Resources and Services Administration (HRSA) provided funding to
the Gateway Geriatric Education Center of Missouri and Illinois (grant number
D31HP70122) for train-the-trainer programming to teach 150 health-care profes-
sionals in the spring of 2006 how to create an emergency preparedness kit that was
light, compact and specific for older adults. This kit consisted of a small satchel, a
flashlight, a photo album (to store copies of prescriptions, insurance cards, evacua-
tion plans, contact phone numbers, and family pictures), a pill box and a pamphlet
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introducing the FEMAWeb site. The trainees were then taught what other materi-
als should be added to the kit to make it appropriate for a particular individual
(Table 29.6). Upon completion of this training each of the 150 trainees received two
complete kits, one to use as an example during their subsequent training sessions of
other health-care providers and the other to be given to a disadvantaged older
person whom they deemed at risk during an emergency. Each participant provided
an e-mail address in order to be contacted 1 year following their training to
determine the outcomes of their training.

One year after training, the 150 trainees were contacted by e-mail. Twenty-three
of the e-mail addresses were no longer valid. Of the remaining 127 trainees, 67 filled
out and returned the survey within 2 weeks (53% response rate). An additional
18 surveys were returned after a second e-mail blast (85/127, for a final response rate
of 67%).

The survey asked if, as a result of their training, had the trainees:

1. Given the extra kit to an older adult?
2. Determined if that kit had been used during an emergency?
3. Used their own emergency kits for training, and if not, why?
4. Used their own emergency kits during an emergency?

Responses to the quality improvement survey are summarized in Table 29.7. The
majority of the trainees (94%) had given the extra kit to an older person and many

Table 29.6
Senior-specific emergency kit contents

� Bottled water � Emergency contact information

� Family pictures � FEMA’s ‘‘Are You Ready?’’ booklet

� Cash (at least $5) � Three days to 1 week supply of medicines

� Pet evacuation plan

� Identification bracelet

� Flashlight and batteries

� Extra pair of glasses and hearing aids and extra
batteries

� List ofmedications andwritten prescriptions for
those medications

Table 29.7
Responses to quality improvement survey

Question: Did you?
No. of yes

responses (%)
No. of no

responses (%)

1. Did you give the extra kit to an older adult? 120 (94) 7 (6)

2. Was that kit had been used during an
emergency?

59 (46) 68 (54)

3. Did you use your own emergency kits to
train others?

19 (15) 108 (85)

4. Did you use your own emergency kits
during an emergency?

23 (18) 104 (82)
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of the respondents indicated that the person was either an older relative or a
neighbor. However, few respondents (15%) had provided any training to other
health-care providers on how to create these kits. Barriers cited included lack of
money to purchase kit contents, lack of commitment or permission from super-
visors, lack of time to provide the training, and lack of time for their colleagues to
receive training.

The percentage of older adults that were reported to have used their emergency
kits by the time of the end point survey was higher than expected (46%), especially
given that only 18% of the (younger) trainees reported using their kits. However, a
review of the disruptive weather patterns in the 11 counties in eastern Missouri and
southwestern Illinois where the trainees (and therefore, presumably of the older
adults receiving the extra kits) lived, indicated that three area-wide power outages
had occurred between August 2006 and January 2007. All of these three power
failures lasted 1–3 weeks, with the rural areas in southwestern Illinois being the last
to get power restored each time. Each of these power failures affected at least a half
million citizens each time. Numerous cooling or heating stations were set up for
older adults, thereby allowing them to evacuate from their homes during the days in
August and to receive warm meals during the November and January power fail-
ures. Multiple public service announcements encouraged people to evacuate their
homes completely until power was restored, so many older adults either moved in
with relatives who did have power or went to hotels. Under those conditions, it is
reasonable to expect older persons to take their emergency kits with them. Many of
the health-care provider trainees reported that they had gone to work daily. A brief
second query to 10 trainees who had used their kits and 10 trainees who had not
used their kits indicated that both sets had gone to work daily and returned home at
night, even if they had no power at home. (These health-care providers worked in
facilities with working generators.) Several of those that took their kits with them
indicated that the kits provided them with some measure of safety while traveling
icy roads in November and January. Those that had not used their kits indicated no
perceived change in their normal safety.

This quality improvement study shows that emergency kits for older adults are
used during an emergency. Community-dwelling older adults appear to be more
vulnerable to weather emergencies than are the health-care providers who care for
them, as evidenced by the differences in usage rates of the kits by both groups
through three lengthy power outages. Upon review of the barriers that prevented
trainees from providing training to other health-care providers, it is possible that it
would have been more appropriate to provide train-the-trainer programs to older
adults rather than to health-care providers. Peer-to-peer training might have had
the added advantage of motivating trainers to find community funding to make kits
for distribution because of a greater perceived personal need for the kits.

29.3.4 Intervention Strategies: Providing Aid During and Following a CE

Because every emergency event presents a unique challenge, this section offers
general information about coping with the major nutritional concerns, namely
shortages of food and water and overall loss of access to social support and
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health-related resources. Optimal public health and nutrition relief includes a broad
range of interventions and needs to utilize strong programmatic interconnections to
meet the aforementioned needs.

29.3.4.1 COPING WITH FOOD AND WATER SHORTAGES

In the immediate aftermath of a CE, the supplies of food and water may be
extremely limited. In this event, food can be more safely rationed than water.
A general guideline is that the minimum adult ration be one well-balanced meal per
day, with the utilization of vitamin/mineral supplements, protein drinks, ‘‘power
bars’’, or other fortified foods as meal extenders if available. However, water should
not be rationed due to the very rapid effects of dehydration. Individuals are advised to
drink what is needed today and search for more water on a daily basis. Indicators of
dehydration in the elderly differ from those in younger individuals; increased thirst,
reduced skin turgor are not reliable markers. Better indicators include tongue dry-
ness, longitudinal tongue furrows, dry mucous membranes of the nose and mouth,
eyes that appear sunken, upper bodyweakness, speech difficulty, and confusion (34).

When there is a loss of power to the home, perishable foods are to be consumed
first, followed by foods from the freezer. Frozen foods should be safe to eat for at
least 2 days following the power loss. At this point, nonperishable, staple foods
would be the only safe source of nutrients.

As conditions stabilize, food aid will begin to become available. The recom-
mended actions to be facilitated for older adults include (1) achieve/improve access
to food aid (rations, supplemental feeding programs, etc.); (2) ensure that the
rations are easy to prepare and consume; and (3) assure that the rations being
usedmeet the nutritional requirements of older adults (35). The USDA’s Food and
Nutrition Service (FNS) coordinates with State, local, and voluntary organizations
to provide food for shelters and also distributes food packages and authorizes states
to issue emergency food stamp benefits to individuals. As part of the National
Response Plan, FNS supplies food to disaster relief organizations such as The Red
Cross and the Salvation Army for mass feeding or household distribution. These
organizations, along with other private donors, support the supply of water and
food rations to affected areas.

There are several concerns related to the access and appropriateness of food aid
for elderly individuals (again, see resources listed in Table 29.5). Access to the aid
is a concern because disabilities and medical problems may prevent elderly indi-
viduals from reaching the distribution centers. Another concern is the composi-
tion of the food rations, which may not be appropriate in consistency for persons
who have dentures or who lack teeth and that may not be adequate in nutritional
composition. Food rations vary in composition; not all are developed for the
primary purpose of post-CE relief. In the United States, the Meal, Ready-to-Eat
(MRE), although first developed for use in the space program and now widely
used by the armed forces, is one form of ration that is commonly distributed to
civilians who need food following CEs. Having been designed for soldiers in a high
activity situation, the MREs are much higher in sodium (5,500 g) and fat (136 g)
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than is optimal, especially for older adults (36). Likewise, the texture, packaging,
and preparation of MREs were not developed with the intention of use by older
adults.

In an effort to supplement the nutritional needs of elderly citizens and to meet
federal recommendations for increased emergency preparedness, the Administra-
tion on Aging (AoA) sought and received special funding to provide shelf stable
meals that could be delivered to participants of the home-delivered-meal programs.
These meals, which have a shelf life of approximately 16 months, are delivered with
instructions to consume them during emergencies when regular home-delivered
meal service is disrupted. The program is new so, to date, no evaluations have
been done to determine what becomes of those meals (e.g., are they saved for
emergencies or eaten to supplement other meals). No policy has been created to
determine liability for any sickness caused by consumption of meals that are beyond
their expiration date (personal communication from Area Agency on Aging of South-
western Illinois and the MidEast Area Agency on Aging to NT).

Obtaining adequate food and water is only one step on the road to recovery
where elderly persons are vulnerable to food insufficiency. Once food is obtained it
must then be stored properly, prepared properly, and then ingested without health
risk. In each of these steps, older persons are also at increased risk, compared to the
rest of the population. This is because these older persons have additional risk
factors for poor nutrition such as functional impairments, social isolation, reduced
ability to regulate energy intake, greater susceptibility to depression, decreased
ability to taste and smell, poor dentition, and poor health. All of these items (listed
in Table 29.3) can lead to malnutrition, if not starvation, in older persons.

29.3.4.2 RE-ESTABLISHMENT OF BASIC SERVICES AND ACCESS TO MEDICAL CARE

Following a CE, the speed with which basic services such as heating/cooling,
shelter, and water supply can be restored will be a major factor in the recovery of
older persons. Past experience has shown that cold, loss of mobility, access to
services, and psychological stress and trauma are some of the most important
factors contributing to undernutrition in older people following a CE (37,38). In
particular, the loss of social networks and support systems increases the vulner-
ability of these individuals (2) and needs to be corrected as soon as possible to
prevent further deterioration as the days following the event go by. The best
approach is to utilize programming strategies that address the needs of older adults
without undermining their independence and discouraging their ability to support
themselves (39,2).

The restoration of medical facilities and the provision of transportation to
appropriate medical facilities in unaffected areas are not under the control of the
individual clinician or caregiver. These efforts are usually dependent on the local
police and military forces who take charge post-CE. Additionally, medical facilities
will vary in their ability to handle the CE, depending on the type of emergency. For
example, the response to a CE such as a hurricane (which would probably slow
down access to the facility) would be very different than that required for an
infectious disease epidemic (when admissions might very quickly exceed capacity)
(40). The challenge for the clinician on the front line is to stabilize the older patient
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until access to more formal support can be restored. Thus, the aforementioned
preparedness efforts are key in preventing the acceleration of medical conditions
from chronic to life threatening. The availability of medical records and prescrip-
tion medicines, as recommended for the evacuation kits of older adults, can play a
critical role in this regard.

29.4 RECOMMENDATIONS

In summary, the long list of complicated and threatening CEs that can affect the
nutritional status and overall medical welfare of older adults underscores the fact
that ALL older adults and their care givers, as well as administrators of structured
living facilities, should plan for and be physically and psychologically prepared for
the event of a serious CE.

1. Home-dwelling elders should be prepared for a CE by stocking a 2-week safety
supply of food, water, and medications, having a carry-away disaster pack with
medicines and other essential supplies, and having a delineated evacuation plan.

2. Administrators/Medical Directors should ensure that nursing homes and assisted
living facilities are prepared with food and water supplies and an alternate source of
power and have detailed, individualized evacuation plans for each resident. Ideally, a
multidisciplinary team should utilize age-specific guidelines to design and implement
a CE-preparedness plan.

3. In the future, there is a need for conceptual advances in understanding the causes of
undernutrition in older adults during a CE and the development of better advance
preparations and response mechanisms.
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